
 
These records are from CDER’s historical file of information 
previously disclosed under the Freedom of Information Act (FOIA) 
for this drug approval and are being posted as is.  They have not 
been previously posted on Drugs@FDA because of the quality 
(e.g., readability) of some of the records. The documents were 
redacted before amendments to FOIA required that the volume of 
redacted information be identified and/or the FOIA exemption be 
cited.  These are the best available copies.   





Summary Basis of Approval 
Cover Form 

;nrfll1""'1J!RD :~' 
Reviewing Div: 110 

'ft'adli!' D!M'f''E?elt¥SR''i" ·f·lSU'llt.RE PUll!!llM'PB}'~~t0M 
UR~t'i~ HltMe: · 

Approval Letter: y Statistician Rev:i.ew: y 

SBA For.n: N Bio/Di.ssolu·:ion Reviaw: y 

Final Printed Labeling: y Microbiolo·;Jist Review: y 

Medical Officer Review: y NAS/NRC Review: N 

Chemist Review: y Pharmacologist Review: y 

Federal Register Notice: N Corr.pletion Date: 13-MAR-96 



• 

, 

APPROVAL. 



DEPARTMENT OF HEALTH I~ HUMAN SiRVIC!S 

NOA 20·491 

• 
The UpJohn Company 
Attention: Hendrik J. de Koning Gans, M.D. 
7000 Portage Road 
Kalamazoo, Ml 49001 

Dear Dr. G;;i1s· 

V.J t1l&.r.'.l ................. 
Food encl Drug AdNllllb1111on 
Rockvlle MD 2007 

OEC28~ 

Please refer to your October 27, 1994 new drug application submitted under section 505(b) of 
the Federal Food, Drug, and Cosmetic Act for Corvert (ibutilide fumarate) o.'l/mg/mL in 10 ml 
Injection. 

We acknowledge receipt of your amendments and correspondence dated October 31; 
November 11; and December 27 and 29 (two), 1994; January 5, 12, 19, 27, 30 and 31; 
February 2, 10, 15, 17 (two), 21 and 27 (two); March 1, 2, 3, 9, 10, 14, 16, 20, 27, 28, 
29 and 31; April 6, 12, 14, 21 and 26; May 15, 17 and 30; Juna 30; August 3, 4, 7, 11 
and 25; September 11 and 15; October 23 and 26; and November 1 O and 14; and Dacember 4 
and 18, 1995. In addition, we acknowledge receipt of the facsimile copy of your 
December 27, 1995 amendment. 

This new drug application provides for lbutillde injection to be used in the treatment of atrial 
fibrillation or flutter. 

We have completed the review of this application including the submitted draft labeling and have 
concluded that adequate information has been presented to demonstrate that the drug product is 
safe and effective for use as recommended In the e;nclosed marked-up draft labeling. 
Accordingl)I', the applicetion is approved effective on the date of this letter. 

The final printed labeling (FPL) must be identical to the enclosed marked-up draft labeling. 
Marketing the product with FPL that is not identical to this draft labeling may render the 
pl'oduct misbranded and an unapproved new drug. 

Please submit slxteen copies of the FPL as soon as it is available, in no case more than 30 days 
after it is printed. Please individually mounl ten of the copies on heavy weight paper or similar 
material. For administrative purposes this submiesion should be designated "FINAL PRH. rED 
LABELING" for approved NOA 20-491. Approval of this labeling by FDA is not required before 
it is used. 

Should additional information relating to the safety and eflectiveness of the drug become 
available, revision of that labeling may be required. 
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In addition, plea5e submit three copies of the introductory promotional material that you 
propose to use for this product. All proposed materials should be submitted in draft or mock-up 
form, not final print. Please send one copy to the Division of Cardio-Renal Drug Products and 
two copies of both the promotional material and the package insert directly to: 

Food and Drug Administration 
o ... ision of Drug Marketing, Advertising and Communications, HFD-240 
5600 Fishers Lane 
Rockville, Maryla'ld 20857 

Please submit one market package of the drug when it is available. 

We remind you that you must comply with the requirements for an approved NOA set forth 
•mder 21 CFR 314.80 and 314.81. 

If you have any questions, please contact: 

Enclosure 

Ms. Diana Willard 
Regulatory Health Project Manager 
(301) 594-5311 

Sincerely yours, 

Robert Temple, M.D. 
Director 
Office of Drug Evaluatior I 
Center for Drug Evaluation and Research 
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DRAFT PACKAGE INSERT 

CORVERP b\jection . 
(brand ot'ibudlide t\unuata iDJeotion) 
For intravL"\O\lt iOf\uion only 

DESCJUPTION 

8301 5945495;1 2 

OORVERT ~ (ibutllide tumarate ~~a utiur~ clrq with 
predomfn•ntl1 dw m (~ ~ ~Ual prolonptkm) pl'Opertiu ·accordhia' to 
the Vaqhan WilJl•m• Clauificat.ion. Each :ntJHUuw ot CO!WERT 1.qf60tion OODtaint 
0.1 me ofibutilide t'umarate (equi'Yllent to 0.087 UJll ibudlide he hue), 0.189 mg 
llOdiW11 aeetate trihydrata, 8.90 ma 1odium chloride, hydrochloric acid to a<\just pH to 
approximately 4.6, end 'Nater for Iajection. 

CORVERT !Jtjectfon le an ilotonic, clear, colorleu, sterile aqueoue eolutioo . 
• 

Ibutilide fumarate has one chiral center, and eidata ••a racomate of the(+) and(-) 
enantiomel'I. 

The chemical name for ibutilide fu.ruar1tte ii MethaneaulConamide, N-{4r(4-
(ethylhept)tlamino).l-hydroxybutyl}phenylJ, (+) (·), (E).2-butenedioata (1:0.6) 
(hemifu.marate aalt). Its molecular formula is C1.ffw~101S and its molecular weight is 
'42.62. 

Ibutilide fu.marate i• a white to oft'.white powder vAth 1111 aqueoue solubibty of over 100 
mg/mL at pH 7 or lower. 

The structural formula is represented below: 

- 05 CH•CODI' 
• . II 
HOOC-CH 

lbudlide Fumarate 
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ClJNICAL '\'BA..-.wA.COLOGY 

Meolumimn of Action: CORVBRT h!Jection prolonp action pot.ential duntion in 
iaolated adult c:ardiac m;voc,t.ea and mereuu both at.rial mad ftlltriaular n&ac+orinu1 
in vlvo, i.e., clul III tlleotl'ophytioloiic eft'ecte. Voltap cbmlp ltudln IDdlcate that 
CORVERT IJtjec:Uon, at 11•n0111olar conamtnticma, dalaJ8 repolariu.Uon. b,. aetivation of 
a .iow, inward current (predominantly llOdiW11), nUher •Juui by bhx:Jdnr outward 
i;atauium CIUTUtl, which it the mechwnfam by which IDOlt other olau m 
antt.rr~es ed. '111.tte eft'ect.t lead to piolon,rat.foa o£ atrial ad V.Otriaular actioD 
potential duration ad~. the predominant electropbJtiolol'ie properUe1 of 
CORVERT hiJtlcli011 in humans that are thourht to be the bull fi>r ite antiarrhythmic 
etfect. 

Eleotropb:8dolollo Efl'eote: CORVERT bijection produce8 mild lllowina' of the 1bua 
!'ate.and atriovent.ricular conduction. CORVERT I~ection producea no clini~y 
11igni6.can°' effect on QRS duration at intravenou1 doaea up to 0.08 mg/kg adminilltere<t 
over a 10..mi:iute period. Although there it no eat.abldhed relationlhip ootween plasm.I.. 
concentration 1:nd antianhythmlc effect, CORVERT Injectio·1 produce& dole-related 
prolon1ation or the QT interval, which is thought to be &l'll':iated with its 
anclarrhythmic activity. CBee WARNINGS for relationship between Q'I'c prolongation 
and toreade1 de pointea-type arrhythmias.) In a atud)r in healthy volunteer&, 
intravenoUI infim.,• at CORVERT Injection resulted in prolonption or the QT 
interval/ that 'PW'directly ootrelated with ibutilide pluma concentration,/ duriiig ar.d 
after l~minute and 8-hour infuaiona. A steep ibutilide concentrailonlree~nte (QT 
prolon1ation) relationahip wa1 eh:-wn. !'b.!i> mawimum etl'ect was r. f..in.ction or both the 
doee of CORVERT Injection and the infua2on rat.ls. 

Bemodynamlc Ettecte: A study or hemodynemic function in patients with ajection 
fractions both abov,s and below 35'11> ahoweci no clinically aigni1icant eff'ectl on cardiac 
output, mean pulmonary llrte-:iPJ pressure, orfl>Pill<".ry wedge preHure at doses of 
CORVERT up to O.OS mg/kg. ~..-0.,.~ 

PharmacokJ.netlCI: After intravenoua infusion, ibutilide plar.ma concentrations 
rapidly decrease in a multi-exponential fashion. 'I'he phannacok'netica of ibutilirle are 
highly variable among &ubjects. Ibutilide has a high systemic plasma cl"arance Ulat 
approximates liver blood 11ow (ah<lut 29 mUmii7i large steady-state volume or 
distribution (about 11 IJk.g) in l-,ealihy volunte rs minimal (about 40%) protein 
bindinr. lbutilide ia also cleared rapidly and h diatributed in patiente being 
treate!-3atri flutter or atrial fibrillation, The elimination half-life average• ubvut 6 
hours range/from 2 to 12 hours). The phazmaco)cinetice oributilide are 
linear with re& ct to the doee ofCORVERT Injection over the doee range of0.01 mg/kg 
to 0.10 mg/kg. The enantiomers ofihutilide fumarate have pharmawkinetk pro;it1rtiE's 
similar to each other and 1,o ibutilide fum11rare. 

The phannacokinetics of CORVERT Iajection in patiente with atrial flutter or atrial 
fibrillation are similar regardless of the type of aIThythmia, patient age, 11ex, or Ule• 
concomitant use of diio.cin, calcium channel bloekere, or beta blockers. 

Page 2 
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7tt-I 
~~ 
;.•c,..,, ,.,._t 

Patients m r:linical tria.la were hemodynamically atable. Patients witli Gpecific 
cardiovascular conditions such 11.11 symptomatic heart failure, recent)..?;' and 111•steble '-~ 
aniina were excluded. About two third.B had cardiovascular symptom'T., and the , ';'1.:~./i 
majority Qf patient.a ha<! left atrial 4'nlargernent, c.lecreaeed left ventricular ejection ht h 
fraction, a history of valvular disease, or previous hietory of atrial fibrillation or Rutter. ..... 
Electrical cardioversion was allowed 90 minutes after the infusion V'BB complete. 
Patients could be givPn other anttm-rhythmic drugs 4 hours p08t inf\:eion. 

Hesu!te of the first two studies are e.hown in the tables below. Conversion of at.rial 
flutter/fibrillation usually (70;,occurred within 30 minutes of the start of infusion and 
waa dose related., Most conver d patients remained in normal sinus rhythm for 24 

our . rill responses in th e patients, defined "8 termb1ation of an·hythmias for 
any length of time during or wi · in 1 hour following coll:pleted infusion o.f' randomized 
dose, were in the range of 4~ % at do&ee ebove 0.01215 mg/kg (vs 2% for i:,lacebo). 
Twenty-four hour refponeee w e similar. For these atrial arrhythmias, ib:1Hlide was 
more effective in patients Wit nut.ter thar.. fibrillation (>150% vs <.40%). 

page 3 
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PBROSNT or PATIENTS WHO OONVl!:ln'BD (ftnt trial) 

J.butllid• 

p)Meb( 0.006 0.01 o.o~ o.~ _, _ _.._ -
¥\ ' If t ~· ~ 

. .... - ·-
Mrld .. i 0 l' 80 68 M 
ftv.tter ~' 

d-24 ... 0 1, 80 68 GO 
b!)ur•' 

. 

.al ,~~ 6 10 86 82 40 
t • ..ir!llatlon time 

.t2• ·ltll a 10 26 28 36 
ho\ll'a• 

Both 
i - .. ... :ii 12 33 'Ii 48 ti;;· r~ 

.tM 2 12 28 42 4S 
hour•' 

" Porctnt of pat1enta who couvert<Jd within 70 minute• alter th• 11tart of infuai6U. 
t Percent of patient. who remained in ainua rhythm 24 houra after dosing. 

PERCENT OF PATIENTS WHO CONVERTED (eecond trial) 

Atrial 
I'!. utter 

Atrial 
fibrillation 

Ibutilide 

• Perc~nt of patient. who convarh.d within 90 minutes aftor th~ start of infusion. 
# Perc,;ni of J;>'ltien•a who rC'ltluined in oinus rhythm 24 houte after doaing. 

Page 4. 
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~th-:'; I 
The DWlllben of patienta who remained In the COD"8J'Wd rhythm •t the end ot 24 houra 
were alishtlJ leu t.ha:o. thole paUeiita who COAV but the 
cW!'enmoa between conYenion rate. for ib\lt.ilide Pend to placebo wu •till atatitlt:loal17 
lipfi'lcat. ID iva.-term tbllow-up ~pproxlmateq ~ ot .ii· patienta rem.at1*1 ~ "''°° · ISOt> da7t der acute treatment, nlU'dleu ot the llletbod ot CODV91"eion. 

Patienta with more 11'8C1Dt .:meet at arrh)ttharla had hi1her rate of convetlion. Reapome 
ratu Wlt1'll 4BIJ' and GO* for patlente with umet of atrial t!hrillatiOD/fluner for l'9Q than 
80 d.,. ha the two eBiCMMIJ' atudi .. compared to 1Ho ad 81'ii in .thoM with mare cW.nm!o 
arrbJt)un!u. 

lbutllide wae ~ ef!'ective in patientl below and above 66 188JW of ap and in~ :: . 
:;o:::;~ =:rc:.'!W.b!s?•1;.;;;~:~.:~·;!1!~Jz ~ ·~. 
CORVERT ~ection ii indicated for the rapid convenion of atrial fibrillatioc or atrial 
flutter of recent onset to einia rhythm. Patiata with •trial arrhythmi11a ofloneer 
dl·~ation are ltiae likely to respond to CORVERT. The dect.iveneaa of ibutilide baa not 
bef'~ determh.ed in patient.I with arrhythmia o£lnore than 90 daya in duration. 

LIFE THREATENING ARRHYTHMIAS • APPROPRIATE TREATMENT 
ENVIRONMENT 

CORVERT can ca=ee tial.IJ ffH!.~u, particularly 1uatained polymorphic 
ventricular tAchy asu uan~·-wi-oi. QT prolonaat.ion (toi'••-'.,. de pointee), 
but eometime11 with t'J 122ented Qr prolonption. In clinical 1tudiea, these ~ 
arrhy~hmiu which requirea·ovarsion, OClCUrr&d in 1.7"' of treated patients duri Ir 
within a number of boun of CORVERT. These B1Thythmias can be reverse 
t&wated promptly (1ee Wa , Proarrhythmi~ It ii eaaential that CORVERT be "• 
adm;· · .. n"Sct in a settin1 of continuous ECG monitorinr and by poreonnel traioed in 1 d.i ~ f lrc:at, 
tree• '·of acute ventricular arrhythmias, pnrticu!<&riy poiy.:\orphic ventricular -
tac! .iia. Patients with prial fibrillation "' ;11orw than~~ days duratwn mu at 1H .__........., 
adequately a11ticoa.gukit1?~fgenerally for a~ leMt two weelcar. 

CHOIClf OF PATIENTS 

Patients with clironic atrial fibrillation ha'le a at.lone tendency to revert after 
conveniion i;o einue rhyt.}un (see Elir jcaJ i.udies) and treatment& to maintain ainua 
i·hythm ca1Ty risks. P11tiel'ta to be treated with CORVERT, therefore, should be 
carefully 1elt>cted 1uch that the exp'!lcted benefits of maintaining 11inue rhythm 
outweigh the immediate riaks cf CORVERT and the ri1ka of maintenance therapy and Cl to(.. ( <f4t 
offer aD.l'Pll&t&a• advantare compared to alternative manaaement. 

/ -· db 
CONTRAINDICATIONS 

CORVERT Injection is contraindicated in patier. ' who have previ.oualy demonetrated 
hypersensitivity to ibutilide fWI1arate or any of ine othe~ product components. 

Page 5 
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WARNINGS 

Lib otba= autlarrbytbmic apnta, CORVERT I~ection can inducie or wonen ventriculllr 
anbJthm1a1 bl llQl.Qe patientl. Thia may have potentiall)' fatal cohlequenre•. Torudea 
de paint.., • pol,.morphic Vllntricular tlichycardLt that develops m the .. ttlnc ot lt 
:p1'0lonpd QT interval, ma7 occur because of the etrect CORVEitT ~eetiOD ha on cardiac 
repolarisat.km, but CORVERT can alto ea1.11e pol:rmorpbio VT tr. the ablenge of eitCMliw 
proloq'ation or the QT iDtarvel. In pneral, with dJ'Ull 'hat pralon• the QT inten.J, the 
rilk ottonade1 de pointea ill tboush.t to increue PJ'OIJ*Jively u the QT interval te 
p:rolonpd and lllll7 be worsened with brad,cardia. a v81'1intr heart rate, and h,poblemia. . 
In clhric'll triala oond~ 'j\patienta with atrial tlbrlllation and atrial flut,ter, tba.e 
with QTc wtcval1 >-. were not U3uall7 allowed to pa!'ticipate and ~ • . 1 
to 6i il>OVe 4.o iliE41li thouih chup in QTc wu dole-dependent for ibutilide, 'UiiftY'•SsJ" 
waa no cloar l"elat.ionahip between rilk or eerioua proarrbytbmia and doae in clinical 
1tudie1, poesibly due to small numbty;p(' oventl. In clbdcal triale or intravenous ibutilde, 
patientl with hletory o{heart failu~~ow left ventrirular ejection f'.rattion &PI'&ared to 
have a h:tghef m,iiCliiiiei' of &Ulltained pol;ymorphic ~an those wjthoyt iw:h ppdcWripg 
conditlona; for 11111tained polymorphic VT the rat.a WU 6.2i b-1 l'&tienta with a hittory or "~. 
CHF and 0.8"' without it .... ~ere W81 alao a •uae•tion that WO!llen had a hirhar riak or ~ 
pl'Oarrbytbmia, but the ~ difference wu not oblerved m all 11tudie1 and wu uwet 
prominent for non1uatained ventriculer tach7cardia. The incidence of 11u1tained 
ventrl.cular arrhythiniu wu 1imilar in znale (1.8'!1>) and fe14ale (1.~'ll>) patie11ta, pc.a1ibl,y (ti: 
due to the small number of 1venta. CORVERT I~ectfon iii not ~oaunenned in patientl 
who have previou1l7 demonstrated polymorphic ventricular tachycardia (eg, tor11ade1 de 
polntee). 

Durin& clinical trial&, 1. 7% of patienta wit.h atriill flutter or atrial fibrillation treated With 
CORWRT Il\ieetion developed auatained pol,ymorphic ventricular tachycardia requirillg 
cardiovereion. ln tb1111 clinical trials, mBlly initial cpilO<ies of polymorphic ventricular 
tacbyc:ardia occurred after the CORVERT uuuaion Wtll stopped but generally not more 
than 40 minutes after the start of the firat infuaion. There were, however, instances of 
recunent polymorphic VT that occurred about 3 hours after the initial infueion. In two 
caeee, the T do nerat.ed into , requirin1 immediate defibrillation. Other casee were 

~uJ,,., mana wi card1a.: pacm11 and magnesium au.fate infusions. Nonsuataineil 
~ "1tll.fii polymorphic ventricular tachycardia occurred in 2. 7'l> of patients and nonau11l;ained 

monoinorphlc ventricular tachycardias occurred in 4.9% of the pationte (See Adverse 
P.eactions). ~f.ll"'d..:O,c.. ..... 1 • ei-4'.t~I. 

f'tl.O."':'\ ~""'· ~ .,. 

including cardiac monitoring equip~~d defibrillator, and medication for treatment of 
Proarrhyt.hmic eventa must be ant1cip d. Skilled pereonnel am! proper equipment, 

•

, /sustained ventricul ardi in:~~~i polym.01phic ventricul~\GAIC..!lrdi~""Wee 
V' · , muet bo available dunnir)mnfnietrltion of 

CORVERT. Before atment with CORVERT, hypokalemi& e.nd hypomarneeemia should 
be corrected to reduce the potential for proarrhythmi&. Patient.a ehould be observed with 
continuous T~CG monitoring for at lea't 4 hour• following infusion or until QTc h11s 
rAturned tc baaeJlne. l..onger monitoring is Nquired if any arrhytlunic activ!ty is noted. 
,, .. -- --
Mana~ement of polymorphic ventn.cular tachycrnd1i.1 includes discontinu<ili.)ll of Jbutilide, 
correc.1on of electrolyte abnormal1l1es. especially potassium and ni·igncs·iurri ca....Alo · ,, · d. 

· · . . • ' · ·.-: verunve car tac 
pae;my, electncal card1overs1on, or defibrillation Pharmacolog·1c tti >ra ·e · I d · If 1 . . . . · ' " < p1 s 111c u e magnesium 
su a e ,,1fus1ons. Treatment with ant1-arrhythmics should generally be avoided. 
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PUCA'UTIONS 

General Proeautlonm 

6nti!!tthnhmicp: Clall ia mtiaZThytbmic drup CVan(ban Wmiame Claqtft~t.ion). •ueh 
.. ditlop7"8mide, quinidine, arid pftleldnamlde, sDd otb91' elaA Ill clrup, mch u 
amioduone ~d 10talol, ehwld not b. sfYen COlle"'t'llitantl;y with CORVRRT hQecdon or 
within 4 bou111 po9t lnfuaion becaute of their potential to proloq ~. In the 
cliutcal triaJa. cleu 1 or otbR ... m utlazrlvtbmic ..-w weN wfthhel ftJr ' hcNn 
a1l.r Mein.a, but t.h8rea&r ,..,. lll1owed at the p~cllUl'e diKretion. "&er or 
Qther drug that p1"Plgng tho Q'f lpttry@l: The potential for prOPrrhyt.hmia mlQ> lncn f4 
with the •dJninietration of COKVERT Utjectlon to paUonte who an bem. treated with I,.,,., · 
drup that prololl&' the QT interval, 1uch u phenothlazlnu, tricyclic &DtidaJ>1"1&!1. te. ~~ 
tetrac)'clic antideprHsanta, and certain antihiatamine drup (Hl reoept.or antqonilta). f\>...;h ( 

....... l .. ta.. 
Heart Bu~: Of the 9 (1.15%) ibuWlde·treated patiitll.l.d with reporta,.of heart block, 6 ha 
flnt deP."N, S had 1eoond degree, and 1 had c:omple:.e heart block. 

Laboratnl')' Teet Interaction•·. None known. 
,e l)O.t ,-· ~:tfruPC. I ~otlou: ~ . 1 ____ .&. • 
7 • No • ·c.. ~ -' czt«e.t" t.w-.-J.. Q,...,_ ~.,............. ~ ~ ""'t· ~ ~ 

pjpmdn, Supraventr'.cular arrhythmias may mu"t. the c:ardiotoxicity aNQC.iat.ed with 
ea:ceenv1 diiolriti levele. Therefore, it ie advisable to be partir.ularly cautious in patiente 
wh~ plum.a digoxin levels are above or suepected to be above the usual therapeutic 
ranp. Coadmini•tration of diSoxin did not have eft'ect. on either the allfety,..r\f!'icacy of 
ibutilide in the cliuical triale. t;rr 

Qalclnm chlnnel. b1oskin1 apnta: Coadministration of calcium channel blockers did not 
have any efl'ect on eitiier the •afaty or efl\cacy of ibuUlide in the clinieal trials. 

Beta Mmner!rlc Blocking Agent!!: Coadministration of beta edrenergic blocking agents 
did not have any effect on either the safety or efficacy of ibutilide in the clinical trials. 

Carclnopnetda, Mutarreneais, Ii.-npairment of Fertility1 

No animal 1tudiea have been co.iducted to determine the carcinogenic potent' al of 
CORVERT Injection; howave,·, it wae not rauh9aah aP pnotoxic in a batt9ry o! uaaye 
includinr the Ames aeeay, mammalian cell forward gttne mutation aaeay, un1cheduled 
DNA eynthe•i• assay, and mouse micronncleua as&ay. Similarly, no drur-ralated effects 
on fer'dlity or mating were noted in a reproductive study in rate. . 

~ .,... ~ (0 "· ~ t;.e.uoaJaik -fJ11!! Preirnanoy: Prernancy Category C ~ J. 

~ CORVERT Injection was teratogeuic (adactyly, c en palate, s"°~is) Rtid embryoc:idal in 

(
-{ re~roductio~ et':1die6 in r~~· '-mD~eia the "~ 1 adverse effe~~ in Jira! • 

• arumal studi jll"l\pproio a ft.~~, Ill' the mwamum recommen e um ae; · 
e rat-0gerlic dose was e, tJ.ie MRHD on a mg/m1 baeia. CORVERT 1houl:i not 

outweighs the poWln al risk to tho fetus. 

~ (_io'""l(~(...,~ . 
I lo·~~ Page 7 
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' 

NwuaM~--

T'.be acntlon aflbutrude iato br1Ht milk._ not 'baa etudied; ~. ~ 
lho>Jd be~ d1lrins tUraP7 with 001WDT. 

P.djatrJ.o u .. 

C&iolal t.riabi with OORVERT ~eaac.. ill patfen+.a .nth ~ilatklp ~ 
Ou"8r dlcl ~ ilduda PJOD9~tp.,.of18. S ow" ~l 

~t;~ ~ r-'-'-~ r~ .M~ ·~''''-' 
• The mean ar• or patlenu ia cliQical &rida wu 65. N<i are-ralated dlir&ntDCN were 
ol>Mrved in pbanucold.netic, .m ... 01. or at, parmne\.ert tor patittDta lue than 815 
oompand to paUente Ila :re&n and older. 

Uae In Pactenta wUb il-i>atlo or Renal D)'9fwaoUo.::1 

' 

The uf'et.;y, elfec;(.lvenNt, and piulnnacolrilletics of CORVERT bijection have not been 
eatabJl1bed in paUente with hepatic: or rual dJ91~. However, It k unHJrel)- that 
doeinf aciju.tmenta woulcl ba neaeuar,. ia patleott with c:ompromleed renal or Upe,tic 
tw:actioi-. bued on the tollowin1 couiclentlcme: 1) CORVERT bijection it indicated tbr 
rapiJ intrtvenout therapy (duration $ 80 llUD:.itflt) and i1 doted to • lmowo, well-Mtmed 
pharmacol~t action (termination of a1TbJthm :a) or to • maximuzn ot two 1 ().minute 
infu.toaa; 2) lut than 1°" of the dole otCOR\tERT IJUection i8 excreted wic:hanpd in 
tha urine; .a~ thr k1••• a:Lw:telk ebanmtv C4ttlactUd& II p&1:ratw;al8 li1&Ih• and_!) 
druJ cffl1tr{b1,1.tfon &ppean to be OAll of the prim1tr7 ~edianfllmt ~lponaitlle f~ _ L 0 
tarmtnaf:ion otthe phann~c eft'ect. t:f;t.~,_.~, D.911f~ \JP"l' _,...,..,. "''"" 
I..~ ~e\!Ol,J..,, S~ IA: U.. f/'I~!"&•, _, t .,;...,,.._ ~ ~ 'f ~· 

::1.--"Tn~ patientl with atrial fibrillat.lor.. or atsial fiutter who were treat.eel with CORVERT ~ 
Irtject.ion, the clearance ofibutllide wae independent of renal function ••e1acazed by 

IOiW...A"il creatiaine cleare.nce (ranp 21 to 140 ml.Jniin). ~.tcsr, '--. .., 
ADVERSE REACTION3 '.J ~ 

-CORVERT Injection waa pnerally well v-•-,rawt in clinical trial11. Oftbe 1586 pt.ti•nta 
with atrial fibrillation or atrial flutter who receivtod CORVERT Irijection in phaae II/III 
atud!ee, 149 (25'*1) reported mlldical event.I rela~d to the cardiovascular ll'ttem, 
inducllnr •u•tained polymorphic ventncular •.achyCP.rdia (1.7'111) and nonau1tained 
polymorphic ventricular tachycvdia (2,.7'111). 

Other clinice.lly important advene events with unc&!'ta.ln rclationabip to CORVERT 
injection inducle the foll11win1 (0.2~ repre1111ta 1 patient): 1u1tained monoa:orpbic 
ventricular tacbycardia (0.2%), noneuetaiud monomorphic ventricular tachycardia (4.99&), 
AV block (1.5'J'), bundle branch block (1.9'111), ventricular extraayatolee (G.l'll>), 
supravel!t.ricular extruy1tole1 (0.9*), hypot&n1ion/pr>atural hypoteii1fon (2,0*), 
brac:IJcardia/1inue bradycardia (1.2~). nodal arrhythmia (0. 791.), con&eative baa.rt failure 
(0.5%), tachycardia/1inua tach)cardia/11upraventrieular tac:hycordia (2.7"'), idioventlicullll' 
rhythm (0, ~), syncope (0.3%), and renal failure (0.S~). AJ•ho: 11'r en CP""'&m.ct 

'-- ">.A) <f1 
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'°"Al Cf< 
reJrt'ooebjp.lze· hsra uNil r I J;:i. incidence of thlN event., ni:ept fttr t)'DC(lp9, w• ~ 
put.r in the CORVERT l':rlfeetioD ll'OUP than fn the placebo 110up. ~ 

ADotber adven• ruction that mq be eNOdated with the adm!Diatratioo of CORVJCa'l' 
~ wu nauaea, which OOCUZftd with a frequency ,,....i.r than 1,. mc:n in ibutilid.­
tntaW patientl than th.on treated with pl-bo. 

The mectiul eventl re~ fbr mOJe than 1* of the pla,,...,,,_ and ibutilide-truted 
patienta 111'8 tho1l'D in the followfn• table. . 

T tlm •- ............. wttll .. - ..• .. . 
l'MquMJ et -.n.. 1 .. aaA~ 'l'luia '1'llat of PJaoallo 

l'luebo ATI 
lblsdlld. 

Event N•117 N"'688 

Pal:ltnu Pali'llt9 
n .. n ,., 

CWID10 '"8CITLAll 
Vantrioulrr ~·• l 0.8 3~ 15.l 
Nonau1blin1d monom~o VT l 0.8 29 ••• Nonauetalned polyruafP c V'r .. - 18 2.7 
l!>'pot.nllon 2 1.6 12 2.0 
Bu1>.U1 branch blook .. .. u 1.9 
Su1tainecl polymarphlc VT .. .. 10 1.'1 
AV block 1 0.8 9 1.11 
~rt.noion .. .. 7 1.2 

MIJD9llt p1'0lonpd .. .. 7 1.2 
Bndycardla 1 0.8 7 1.2 
P•lpilation 1 0.8 6 1.0 

_ _!:.~hYw'cll• 1 0.8 16 2.7 

CMI'l\OINTEilTll'IA.L 
Nau11a 1 0.8 11 1.11 

CENTIVJ. NCRVOUS 8\'l!ITIM 
Htadech• • 8.1 21 8.6 

OVERDOSAGE -Acute Experience in Animala: Acute overdose in aninialb reeultR ir. CNS tol'icity; 
notably, CNS depre88ion, rapid ruping breathin1, and r.onvulsion&. The intravenous 
median lethal dose in the rat w1111 more than ISO mglkr which ia, on a mg/m1 buis, at 
111aat 2'50 times the maximum recommended human doae. 

Human ExpGl'ienoe: In the clinical trial& with CORVERT Injection, four patienta 
wue unintentionally overdosed. The larpat dose wu 3.4 mg adniinietered over 15 
minutes. One patient (0.0215 mg/kg) developed increased ventricular ectopy and 
mooomorphic ventricular tachycardia, another J?atient (0.032 mg/kg) developed AV 
block-3rd degree and nonsuatained polymorphic VT, and two patients (0.038 and 
0.020 mslkg) had no medical event report•. BaHd on known pharm11Cology, the clinical 
effecta of an uverdoeag;e with ibutilido oould exaggt-rate the expected prolongation of 
repolarisatiol'l seen at usual clinical dosoa, Medical evenla (eg, proarrhythmia, AV 
block) that occul" after the ')Verdosago should be treated with measures appropriate for 
that condition. 
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DOS!'-.GE AND ADMINJSTRATION 

The recommended doH baaed 1>11. eontrolled t.rial• (see Clinkal Studies) k outlined in 
the table below. Ibutilide iniUaion ahould be 1toPlled 11 soon u the preeeatiq . 
an"hythmia i1 terminated or in the -t of euatained or non .. U6tained ventriCular 
tach7cardia, or marked prolongation of QT or Q'l'c:. . 

Ion 

. 
BO kt/ (132 b) or more - vMJ (1 mg lbutlffh tum.,,.J 

...... 
In a trial c.-. mparini; ib~t.ilide and eotalol (eee Cl!nic:al Studies), 2 D1B ibutilide f\Jmante 
admil\l:1tered ae a single in£uaion to patientl wei1hin1 more tban 60 kg waa alao 
eft'ec:tive in terminating atrial fibrillation or atrial flutter. . · 

Patiente ehould be OO!:l'lrved with continuo111 ECG monitoring for at least 4 hours 
followinf infu1ion or until QTc: hae returned to baseline. Lonpr monitorinf i• re_quired 

ce~:"!(' if any arrhythmic activity ia noted. Skilled penonnel and proper eq~men~"'* u fe · ,,,.. 
, T .... _ defibrillator, and medication for treatment or sustained ,-entricwar ;,rcai'c1i U8t • ( r. 
~ availabla during administration of CORVERT and eubeequent monitoring of patient. ~ ~ 

Diluth>w CORVERT Injection may t.. adminiatered undiluted or diluted in 60 L of i~ 
diluent. CORVERT Injection may be added to 0.991> Sodium Chloride Iltjection or IJJ 
Dutroee Iajectio11 before inrueion. The contents of one lO·mL vial (0.1 mglmL) m be 
added to a 50-mL infusion bar to form an admixture ofapprozlmeteq 0.017 mg/mL 
ibutilide fumarate. Parenteral dnig productl 1hould be inspected visually for ' 
parti(lll)ate matter and discoloration prior to ad.ministration whenever aolution and 
container p,rmit. ~ 

Compatibility and Stability: The followinr diluents are compatible witb CORVERT, ~" -
Iajec:tion (O. l mg/mL): c:,. 

15% Dextrose I!Yection 
0.9% Sodium Chloride Injection 

The following intravenous solution containers are compatible with admixtures of 
CORVEKT Injection (0.1 m&fmL): 

polyvinyl chloride plast.ic bags 
polyolefii:. bags 

Admixtur!IB of the product, with appl'Oved diluent&, are chemically and phyaic:ally stable 
Cot 24 houre at room temperature (15° to so•c or 69° to 86°11') and for 48 hours at 
refrii"ll'ated temperaturea (2° to s•c or 36° to 46°F). Strict adherence to the use of 
aseptic technique during the preparation of the admixture is rec;immended in order to 
maintain sterility. 
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' CORVBRT Il\lection ia eu»Pllecl u au 11C11tate-bu1fered ilOtouic IOluticm at a 
eoncimtration ot 0.1 ..:iir/ml; that bu bea acijutted to appl'OJdmatel7 pH 4.8 tn 1~ 
clear slue f!ip·top vtafi. . 

' 
8torap: St.on tha procll!Ct at OODtrolled room temJJ91"11tun. (2<>° to U-C or W to 7'7'T) 
[tee USP]. Keep the product iD ltt orislDa1 tarton until ueed. 

10.mL vial c:ontainin1 1 m1 ibutmde fbmarate in 10 mL (0.1 mf/mL) NDC 0009-8'194--0l 
Caution: FedeJ'al Jaw p.ohi'bltai ~ wf.t'!MNt preecdptlon. · 

The UpJohn Company • Kal•ma ....... Miobisan 411001, USA Revieed: Deoembr 1998 
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Background 

CSO overview of NOA 20-491 
Corvert (lbutlllde fumarate) Injection 

Updated December 21. 1995 

DEC 2 8 1995 

This NOA was submitted by The Upjohn Company on October 27, 1994 for ibutlllde. injection to 
be used in the treatment of atrial flbrlllatlon and flutter. The related IND Is 

At the November 30, 1994 filing meeting, it was determined that the sponsor would need to 
submit follow-up data beyond the 1.0 hour post-infusion for Study Pn550/0014 and 1.5 
hours post-infusion for Study Pn550/0015. At a meeting held with the sponsor December 9, 
1994, Dr. Lipici<y Informed Upjohn that the Division did not believe enough informe•· "n was 
present In the application to arrive at a favorable approval decision. In addition, the DMslon 
did not accept the limited scope used as the criterion for success. Upjohn wa.1 Informed of the 
need to supplement the Information In the application with more follow-up data gleaned from 
the patients charts as the review was underway. This follow-up Information was sllbmitted to 
the application on March 14, 1995. 

Originally scheduled to go before the Advisory Committee In June, 1995, Upjohn asked for a 
delay In order to submit to the application a major amendment (that would move the User Fee 
Due Date forward 90 days) containing the results of a non-IND international study comparing 
the safety and efficacy of IV dl-sotalol and IV butilide In terminating atrial flutter and atrial 
fibrillation. The results of this trial were submitted to the application on August 3, 1995. On 
October 19, 1995, Corvert Injection was presented to t11e Cardio-Renal Advisory Committee. 
The Committee recommended by a unanimous vote that ~.;:..1vert Injection be approved for 
marketing. 

Group Leader MP.r11orandum 

In his December 4, 1995 memorandum, Dr. Chen coricludes that ibutilide appears to be an 
effective and safe treatment for acute termination of atrial flutter/fibrillation. Approval is 
recommended. 

Medical Reviews 

Study P/7550/0014: 

In his review of Study P/7550/0014 dated September 28, 1995, Dr. Raczkowski states that 
the generalizeability of this trial is limited to relatively healthy adult male patients with atrial 
fibrillation or atrial flutter due to the popul'ltion enr'llled. The treatment effect in this trial 
was probably overestimated somewhat because early relapse rates in ibutilide·treated patients 
were not systematically recorded. The treatment eflect was also probably further 
overestimated somewh3t due to spontaneous conversions that were not measured beyond 70 
minutes. 

Regarding safety, Dr. Raczkowski writes that treatment with ibutilide was associated with 
significant toxicity. For marketing approval a judgment must be made whether these safety 
risks generally exceed the benefits; at least in some patients, at some doses of ibutilide, or 



under certain conditions. 

Study P/7550/0015: 

In her October 12, 1994 review of Study P/7550/0015, Dr. Gordon states that compared to 
male patients, female patients had a much greater propensity to experience .proarrhythmlc 
events. There Is some lndicatlori that lbutlllde causes more headaches and nausea compared to 
placebo. "f"here Is no evidence that lbutHlde affects any laboratory value. 

The adverse events caused by lbutlllde in this study are Hmlted primarily to sustained and 
nonsustalned ventricular tachycardia and almost all of these ever.ts occurred while lbutllide 
was being infused (or shortly after) and while the patient was under close observation. 

Dr. Gordon's review concludes that ibutllide is able to termln11te atrial flutter and to a lesser 
extent atrial fibrillation when coml)ared to placebo. 

Supporting Studies: -
In hi1s reviews dated September 22, 1995, Dr. Chen reviews the supporting efficacy studies. He 
states that Study P/7550/0003 can be considered as a positive study supporting the short­
terrn effectiveness of ibutilide in termination of atrial flutter. Study P/7550/0005 supparts 
the short-term effectiveness of ibutllide In termination of atrial fibrillation. Study 
P/7550/004 enrolled only one patient. Uttle was gained from this study In understanding the 
pharmacology of lbutilide and no efficacy data were gained. Study P/7550/0018 was an open 
lat.al pilot study that contributed very little to the development of ibutilide. 

Study P/7550/0019 was a comparative study of the safety and efficacy of intravenous lbutilide 
with Intravenous dl-sotalol to terminate the recent onset of atrial flutter or atrial fibrillation 
in patients who are hemodynamically stable. Dr. Chen writes that since comparative studies are 
not required for approval and it has not been demonstrated convincingly In this study that the 
benefit/risk ratio of ibutilide Is more favorable than a therapy not yet firmly established, data 
from this study are probably not useful in the regulatory deliberation of this application. 

There are several on-going studies that are Included in Or. Chen's reviews. 

Statistical Review 

In his review dated September 29, 1995, Dr. Hung states that the ibutilide 1 and 2 mg groups 
had a significantly greater rate of conversion of atrial arrhythmia than the sotalol group. 
lbutllide 2 mg seemed to be more effective than sotalol in all subgroups. Numerically, the 
superiority of ibutilide 1 mg over sotalol did not seem as apparent in males, patients with 
AFUAF, or patients using digitalis within 24 hours prior to infusion as in other subgroups. 

All treatment gmups showed a significant increase from baseline in OT and OTc intervals at 
Minute 30, Minute 60, and Hour 7. The ibutilide 1 mg and ibutilide 2 mg groups appeared to 
have a significantly greater increase in QTc than sotalol. The ibutilide 2 mg group appeared to 
have a significantly greater increase than the ibutilide 1 mg group. 



r 
. 

'·' 

Pharmacology Review 

Or. Gill-Kumar'• October 19, 1995 review states that the non-clinical information submitted 
does not contraindicate approval of Corvert Injection. 

The review does &fate that If this drug Is approved, the ~ should be required to determine 
the rate of production of I . · · 

. during storage. The poasibllfty exist& that this • 1ay also 
form during storage. 

Blopharmaceutlcal Review 

In his August 22, 1995 review, Dr. Marroum wrote thet this NOA appears to be acceptable for 
meeting the blophannaceullcs requirements provided that the comments on pages 9 and 1 o of 
his review are adequately addressed by the sponsor. A letter was dratted for Dr. Llplcky's 
signature with Dr. Marroum's commentG to be sent to the firm. Dr. LJplc:ky did not sign the 
letter and stated thftt these are not Issues the sponsor needs to formally address. The sponsor 
received the blopharmaceutlcs review In the Advisory Committee package. Dr. Mal'roum's 
comments were conveyed to the sponsor In this manner. 

Chemistry Review 

In her chemistry Review #5 dated September 27, 1995, Ms. Cunningham states that additional 
information is necessary for Methods Vafidatlon. In general, the methods are acceptable for 
regulatory purposes. The appllcatlon Is acceptable tor approval from the chemistry 
perspective. 

Microbiology Review 

In his review dated November 21, 1995, Dr. Stlnavage recommended approval based on the 
information supplied by the spc>nsor. 

Envlronmental Assessment 

A FONSI was signed by Dr. Berninger on November 21, 1995 and by Dr. Sager on November 22, 
1995. 

Summary 

1) Labeling lssuas raised in the blopharmaceutics and pharmacology rsviews (Attachments 
1 and 2, respectively) have been addressed by Dr. ChE. 1 in his marked-up labeling (in 
the package under Proposed Labeling) and December 8, 1995 memorandum to 
Dr. Llpicky. 

2 ) Dr. Gill-Kumar's concern raised in her pharmacology review (page 7 unc!<'r 
Recommendations) that ii the drug Is approved the sponsor should be re'luired to 
determine the rate of production of ' during stora11e was addressed in Chef'l"istry 
Review #1. In her November 29, 1995 addendum to Chemistry Review #1, 
Ms. Cunningham states that the impurity was identified and the limit set for 



decomposition product 
Corvert injection. it is below the 

o be present in the lbutllide fumarate 01 

mit that could cause safety concems. 

3 ) For one of the clinical Inspection sites only a draft lettor to the 
investigator Is available. COMIS has "PENDING" listed for this reason. The draft 
letter is included In the package under OSI audits. 

4) For I clinical si(e, Dr. Pierce's November 16, 1995 E-mail (Irr the 
package under OSI audits) has raised two concems. In his December 4, 1995 
memorandum to Dr. Liplcky, Dr. Chen wrote that the problems at 's site 
were minor and lncons~uentlal (last sentence on page 1 of the memorandum). 

5 ) CDEl'l Labeling and Nomenclature Committee had a concern that use of the syllables 
"Cor" and "Vert" could constitute puffery in that the name would Imply that the drug 
"converts the heart" to normal sinus rhythm when this may not always be the case. 
Also, if the product Is later approved for another indication, the name could possibly be 
misleading at some future point in time. In a conversation with Ms. Willard ,Qn 

December 21, 1995, Dr. Wolters stated that the Division has no concerns with the name 
Corvert. 

6) On page 13 of his Team Leader Memo under Conclusions, Dr. Chen wrote that "Further 
studies to better define the benefit/risk ratio in certain populations (e.g. CABG study) 
and to "ilxplore the higher doses should be a strong post-approval commitment.• 
Dr. Liplcky does not want these studies to be placed in the AP letter as a Phase IV 
commitment (see page 4 of Dr. Lipicky's transmittal memo). 

7) On page 4 of his transmittal memo to Dr. Temple, Dr. Lipicky wrote that he would !!ke to 
suggest to the sponsor that "randomized, not placebo-controlled clinical Irie.ls where the 
infusion rate of ibutilide is low and the total dose is varied" be conducted. Dr. Upicky 
would not like this In the AP letter (see page 4 of Dr. Llpicky's transmittal memo). 

cc: original file 
HFD-110 
HFD-111/DWillard 

Diana M. Willard 
Consumer Safety Officer 
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DEPARTMENT OF tl!:"ALTH AND HUMAN SERVICES 

- I I' \ W1 lili\ro 

FOOD AND DRUG ADMINISTRATION Publle; Health Service 
Divjsjoo of Cardio-Renal Pruo Products 

DATE DEC21~ 
M~morandum 

FROM Director, Division of Cardio-Renal Drug Products, HFD-110 

SUBJECT: Approval of NOA 20-491, Intravenous lbu1111de, The Upjohn Company 

TO Director, Office of Ol'U{l Evaluatiol'l I, HFD-100 

Introduction 

I can !ldd little to the revif1WS and considerations that are In th& attached loose-leaf volumes. Intravenous 
lbutlllde should be approved, all reviewers, the Medical Team Leader, the Cardiovascular and Renal D1<1gs 
Advisory Committee, and I each c-.arne to that same conclusion. The Division's comments regarding 
labelling have been sent to Upjohn. Attached Is the latest draft from Upjohn. the one Identifiable with the 
label Latest Upjohn Draft (along with an 1BM floppy and the label from WordPerfect 5.0). They hnve 
incorporated those suggestions made by the Division that they thought were approprtete, amended some 
of the changes suggested, and await your suggestions. I think that all aspects of labf>lling are reasonable 
and that your mark-up could be the basis for "Approved-on-draft." 

A brief overview from me seems appropriate, else I am Indeed reduced to merely signing leave slips. 

The sJ>"Cll'Um of atrial fibrlllationlllutter varies from the variety that is clear1y in the category of paroxysmal 
supraventricu!ar tachycardia (I.e., relentlessly recurring, most often self limiting. young healthy patients 
with no organic heart disease) to chronic atria! fibrillation (I.e., patients with mltral stenosis and large left 
atria, who have had unremitting atrial/ltutter flbrilMlon for many years). At the extremes there is little 
difficulty deciding what Is what. In between, there are frequent ambiguHles. Upjohn's clinical 
development program was Intended to enroll patients with chronic atrial fibrillation. To be enrolled In their 
trials, patients had to tiave had sustained atrial flbrlllatlonlftutter for at least 3 days and then had to be 
adequately anticcagulated for 2 weeks (or longer) and had to be In atrial flbrillatiorvflutter at the time of 
randomization. That this was chronic atrial fibltllatloNfl\ltter, I think, was confirmed by the only 2% 
spontaneous conversion rate of patients who received placebo. 

Al:>out half of the patients enrolled had symptoms consistent With symptoms being produced by atrial 
flbrtuation/llutter. It Is unfortunate that symptoms post-randomization were no: recorded, something the 
Division overlooked when the protocols were being reviewed. All patient; randomized were patients that 
physicians would attempt to convert from atrial fibllttatlonllluttar to oormal sinus (symptoms or not) Is 
inJeM a certainty. The Advisory Committee was specifically asked If the patients enrolled were patients 
that each of the members of the Advisory Comm!ttee would altempt to convert. The Advisory Committee 
said y13s. The studies that support approval of lbutlllde were conducted al over 70 tertiary care centers 
nation-wide. All patients that did not convert (not all, only 98%) during ihe randomized portion of the trials, 
were converted by one means or another (usually electroverslon). So, the investigators certainly thought 
the patients randomized should be converted. So, symptomatic or not, the studied population should be 
conslde;-ed a population that v.ould ordinarily be c011sidered for the therapy. lt is true that high risk 
patients (except In study 19, ibulilide vs sotalol, where patients were at higher risk than elsewhere) were 
not enrolled and It Is also true that patients with hepatic disease have nut been studied at all. 
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There is no drug that has been approved in the last 50 years lo~ the conversion of chronic atria• 
f1brillatlon/flutter on the basis of clinical trial data. Drugs to control ventricular rate in tt1e face of continued 
atrial fibriilationJllutter have been approved, drugs t:1at lengthen the time between recurrences of 
paroxysmal atrtal llbrtllationlflutter have been approved and a single drug that converts paroxysmal atrial 
tachycardia (PA n has been app!'OYed for that purpose (but it was not successful in the case of atrial 
fibrlllatlOnlll.ttter; in fact it is a form of diagnostic t~ to c111ferenliale PAT from atrial !lutterlfibrtllation). So, 
!tfJtllk.1e Is not another drug, it Is the only drug that (If you agree) will be approved in the 20th century for 
convr,rsicn of chronic atrial fibrillationlllutt&r to normal sinus rhythm. 

Cllnh:al Trial Data-Base 

Cgriversloo to NQ!IDBI Sinys Rhythm 
From the data of the 5 controlled trials that were submitted (821 randomized patients), O!le can conclUde 
that ibutilide was unquestionably, statistically slgnlficant!y (ttlmost all p values less than 0.0004) .... :perior to 
pla.:ebo for converting chronic atrial fibrlllatlon/llutter to normal sinus rhythm, as well as being.cuperior to 
other drugs (in the sotalol comparison, p less than 0.0001) that are not approved but are used for this 
purpose (sotalol and procainamide) There is no quest1c;n, ibutilide converts chronic atrial fibrlllaticn/llutter 
to normal sinus rhythm and conversion rate Is related to tha dose of ibutilide infused. That lbutiiide is 
superior to placebo is clear whether one sticks with the prospectively defined endpoint (normal sinus 
rhythm for any period of time, one hour after the termination of iniusion of ibutilide) or any other arbitrary 
time period (i.e .. for al least 24 hours, !Ill the next Intervention) that w<J retrospectively imposed for 
purposes of understanding the phenomenon. 

We know that atrial fibrillation/flutter recurs. lbutllide is not intende.:i to alter that phenomenon. It is of 
'II;,., some importance to note that convc:slon from atrial fibr!llation/flutter from ibutilide does not alter the 

subsequent course of patients followed for 500 days (e.g., page 16, Dr. Gordon's review of study 015, 
page 7 of Dr. Chen's secondary review). Of course, thi·; Is not a negative s:atement. lbutlUde should not 
alter what happens after conversion, and it Indeed uues not (although It conceivably could have an 
adverse long-term consequence, or make patient's more difficult to manage; !! :loes not) . About 50% of 
patients conve1ter1 from atrial fibrillation/flutter to )rmal sinus return to atrial fibrillatlon/llutter by 100 days, 
irrespective of the mode (ihutl!lde, spontaneous, electroversion) of conversion. 

Proarrhvthmic Effects 
lbutilide is also easily distinpulshable from placebo on th<1 basis of new ventricular arrhythmias, AV-block, 
ancl lengthening of QT interval (corrected, of course). Vontricular tachycardias, sustained and non­
sustained were the principal arrhythmias noted and Torsacles de Pointe, being the ventricular arrylhmia 
that one would expect from a Class Ill agent was promine11tly noted. Both the degree of lengthening of 
the QT0 and the incidence of Torsades de Pointe were related to the dose o/ ibutilide infused, more 
lengthening and greater incidence, the higher the dose. Ail told there was a 2.4 % Incidence of sustained 
polymorphic ventricular tachycardia (Torsades), but the total arrythmia incidence approached 23% (page 
13 of l"l!. Chen's secondary review). 

Patients experienced ventricular arrhythmias (including Torsades) whether or not the~ co:werted lrom 
atrial fibrillationlllutter to normal sinus, or stayed in atrial fi':>ri:iation/llutter. All patients were able to 
managed satisfactorily, being in the hospital and in a setting where resuscitation equipment and trained 
personnel were available. There were no deaths observed during the controlled-trials in any group 
(placebo or ibutilide tre<.tad) while in hcspltai. The patient population was at some risk, during the 3 month 
follow-up from the time of conversion, there was about a 3.5% incidence of death. But. again, none 
during the trials nor during the hospitalization that was reeiuired to enter the trials. 
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Oiber Tul!{ls to Consider 
The table on page 10 of Dr. Chen's review Is a l'l98SOll8ble sum. iary of a;: the side er:ects that might be 
relevant. lbutilide is relatively hemodynamlcally benign. Protocol 19 (the sotalol comparator), brought no 
new side effects to light and there were "slckel" patients enrolloo In that trial. 

lbullllde Is a teratogen, as weD as being embryocidal. Appropriate labelling has been drafted ~ Ors. Giil­
Kumar and Resnick. in thlS regard. 

Mlacellanaoua Random Thoughts 

The pharmacoldnetics of lbutllide are well described (see page 25 of the Upjohn notebook distributed to 
the Advisory Committee for the Advhury Committee meeting). lbutilide is optically active (existing as a + 
and • enantiomer, it is metabolized (by oxidation, enzyme not Identified despite in-vitro liver mlcrosome 
studies) and the metabo!!tes are eliminated by the kidney. The enantiorll8rs are both active.and the 
metabolites by and large are not. Both enantlomers are handled about the same when Introduced Into the 
body, both enantiomers are conlrolled for during manufacture. 

It is, I think important to note the three distinct phases (without biological attribution to the phases), with 
the terminal phase having a long (hours) half life. Also of note is that the volume of distribution Is large (20 
Liters), compared to plssma volume (about 4 liters). So lbutlllde distributes to tissues, and dose so fast, 
half Ufe In minutes. 

A 1 O minute Infusion of lbutllide, considering Its kinetic pl':)pertles, Is much like a bolus Injection of 
ibutllkle. The plasma concentration being nowhere close to steady state at the end ol a 1 o minute 
Infusion. In this regard It is Important, I thi:ilr, to note that only 111bout 50 % of patients who converted from 
atrial flbrillationlllutte; to normal sinus, converted during the 1 O minute lbutllide infusion. The remaining 50 
% converting at some later lime, up to 30 minutes after the termination of the ibutilide Infusion. 

Similarly, less than 20 % of putlents who developed ventricular tachycardia, developt.~ the ventricular 
tachycardia during the 1 O minute ibutllide infusion. The remainder taking up to 40 to 50 1-:iinuta'i after the 
10 minute lbutilide infusion was stopped. 

For these phenomenological reasons, I think the extensive and elegant analysis perlo:med by the 
sponsor attempting to relate the plssrna concentrations of ibutlllde to the effects observed were to no 
avaH. It seems reasonably clear that the elfecta ol lbutlllde (either conversion, o~ ventricular tachycardia) 
can occur when the plasma concentration Is falling. So, ii the drug-receptor Interaction Is dependent on 
the concentration of lbutlllde (and I think that Is a reasonat:.le expectation), the concentration that need' to 
be related is not the plssrna concentration; rather some compartment (far lack of a better term) outside of 
the plasma (the myocardium would be a reasonable assumption). 

So, a question then would be, is the concentration outside the myocerdlal -:ell or Inside the myocardial cell 
the critical determinant. Unpublished observations from my laboratory, are that when lbutlllde is applied to 
the Inside of the squid giant axon (by Internal perfusion) and the concentration of ibutilide In the bl.ik 
phase salt water outside the axon Is zero (by superfusion), lbutili<Je blocks both the voltage-dependent 
sodium and voltage-dependent potassl•Jm current of the squid axon. So, that is evidence that the Internal 
concentration of lbutilide can be a determinant (but, at present, I have no experiments that sh'lw that the 
internal concentration of ibutilide is thti only determinant). Of incidental note is that both !he enantiomers 

1so block sodium and potassium currents in the perfused squid axon. 
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The available data then are consistent with (but do not prove) the following: 
1) lbutllide exerts Its electrophylk>lo effects from the Inside S'.lrface of the 
membrane. 
2) The principal detennlnant of the elactmphyslologlcal effects Is the 
concentration of lbutlllde Inside lhe myocardial cell. 
3) Followin; a to mlnute lntravanous Jnlualon of lbutilide, as the plaama 
concentratiM of lbutllkle is f:tl!lng, the tlleue concentration is still rising. 
4) If one wanted to get a leeffng for the relationship between concentration of 
lbutillde and its effects, one t.IUld use the plasma compartment as the 
measurement of concentration, provided that the infusion wai; to steady-state (an 
infusion mucn longer than 10 minutes). 

The available data are also consistent with (but do not prove) that the proarrythmlc effect of ibutlllde has a 
dose-response that is to the left of the dose-response for conversion. However, either !00 lbutllide is less 
effective at producing proarrythmlas than It Is at converting or the dose-respons1:1 for proarrythmla is 
shallower than that for conversion. Either way, one mu&t experience some proarrythmlc effect (from the 
point of view of the incidence in a population treated) H one Is to obtain convel"'!"ln. 

I think this is testable. by conducting randomized, not placebo-controlled, clinical tr1als where the Infusion 
rate of ibutllide is low (say over a 4 hour period) and the total dose (over that 4 hour period) Is varied. This 
could, at the least, pro~de insight Into whether H would advantageoui;. to have a different dosing sctw.lule 
than we are approving here. I would like to suggest this to the company. 

cc 
Orig. 
HF0-110 
tiF0-11 O/Project Manager 
HF0-110/RLipicky 
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MEMORANDUM 

bill: 12'64195 

DEPARTMENT OF HEALTH&: HUMAN SERVICES 
Public Health Service 
Food and Dri1g Adminiskation 
CDER/ODE-1/DIV CARDIO-RENAL DRUGS 

From= 
Throush: 
Isl: 

Shaw T. Chen, M.D., Ph.D., Medical Group l.cadc.r, HFD-110 
Director, Division ofCardiorenal Drug Products, HFD-i 10 
~10r. Office of Dmg Evaluation I, ~100 

SUBJEC'[: NDA 20-491, COVERT Injection <'l>utilidc fumarate injection) for TC!mination of 
Atrial Flutter/Fibrillation, Approvabtlity 

QVERYIEW 

This memc:andum and the attached material constitute the Division's recommendation that 
'~A 20-491, Covert Injection (ibutilidc fumarate injection} be approvl"d for acute termination of 
atrial flutter/fibrillation (AFI.IAF). _ 

Clinical Sections of the NDA were reviewed jointly by the following team: 

Clinical Pharmacology: 
Efficar,y: 

Safety: 
Statistics: 

Dr. Raczkowski 
Dr. Gordon (Study 15), Dr. Raczkowski (Study 14), 
Dr. Chen (Supporting Studies) 
Dr. Gordon 
Dr. Hung 

As of the date of this memo, the chemistry, biopharm11CCutical, pharmacological, microbiology and 
statistical reviews have been completed. There are no major. unresolved preclinical issues which 
may affect the action recommended. Rclatec1 labeling have:. been suitably edited. 

Ibutilidc fumarate is a racemic mixture containing equal amount of two enantiomus, wl1ich 
have slightly different pharmacology. Ibutilidc, referring to the racemic in this memo, is a new 
antiarrhythmic agent with predominantly class m electrophysiologic properties. It was develc1pcJ 
to minimize undesirable properties of current ther11pics, such as negative inotropic effect, class I 
activities, or interaction with autonomic nervous systems. However, although ibutilidc may have 
distinctive: in vitro electropliysiologic properties (see Clinical Pharmacology review), its safety 
profile is indistinguishable ti'om those expected in similar antiarrhythmic drugs. While ibutilide is 
more effective than placebo in termination of atrial flutter/ fibrillation, whether there is a real patient 
benefit of such use may not be easy to determine from the data submitted. Nevertheless, the need 
of converting atrial arrhythmias in certain clinical settings probably justifies the risk, and the use <'~ 
ibutilidc in some, although not all, of these conditions has been studied in clinical trials. Approval 
can therefore be entertained, as also recommended by the Advisory Col'l'lrn!ttee at the meeting of 
10/19195. 

The adverse experiences in the NDA have been amended with the First Safety Upda;l'.s of 
02121195. Selected major trials have been inspected. and there was no major deficiency which may 
invalidate the results (see DSl report, problems at J Here minor and inconsequential). 
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PJlECLINIC.\L EVALUATIONS 

Chemistry/Microbiology 

NDA20-491 

While additional infounaticm on method validation was requested by the chemistry 
reviewer, manufacturing and rnntrol processes have pasied the Agency's inspection 
successfully. The microbiologic reviewer's concerns regarding steriliiation (Review of 
4113195) have been satisfactorily addressed by the sponior. Tliere are no outstanding 
approvable issues which may affect the recommended regulatory action. 

Preclinical Pharmacology 

lbutilide has been adequately characterized with respect to its preclinical phannacokinetic 
and pharmacodynamic properties. T'aere are no unresolved issues related to animal toxicity 
or carcinogenicity which may change approvability of the drug. 

In her phannacology review. Dr. Gill-Kumar was concerned that tlle degradaeion protl.uct 
on storage had a •v :ban the parent drug, but if the extent of decomposition 
remains below there will be no safety problem. The stability of the drug on storage 
was indeed acceptable according to the chemistry reviewer (Addendum to Chemistry 
Review). Thus additional data requested by Dr. Gill-Kumar are not needed. 

Changes in proposed labeliPg, as recommended by the pharmacology reviewers, are 
summarized aud c.:;mmented i>elow. They have been adopted with minor modification . 

Hemodynamic effects in animal (Page 2) were measured in a poorly designed 
study, thus have been deleted from the sponsor's draft labeling. Human data are 
sufficient. 
As a potential teratogen, the no-effect dose for ibutilide in rats, on a mg!M2 basis, is 
close to that of maximum recommended human dose. This statemeut w..s added to 
the section on Pregnmicy, Labor and Deli~ery (Page 5). 
Overdose experiences in animal (Page 9) was described for rats only, as the mouse 
study was small and did not use the same formulation. Doses should also be 
expressed in mg!M2 for comparison between animal and human data. 

2 
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CLINICAL PHARMACOLOGY 

Pharmacokinetics/Pharmacodynamics 

The pharmacoldnetics of iv ibuti~de has been well characteriz.ed in both normal subjects 
and patients with atrial fibrillation/flutter. Since neither dose nor plasma drug levels were 
clearly correlated with efficacy or safety (at least for the doses used in the clinical studies), 
detailed description of pbarmacokinetic parameters has little bearing on the clinical use of 
ibutilide and dosagr/administtation of ibutilide are to be titrated for termination of 
arrhythmia. Furthermore, pharmacoldnetic properties of ibutilide were not dependent on 
patient demographics, past medical histories, or concomitant mediClltions. 

Several studies described the pharmacodynamics of iv ibutilide. Results of 
electrophysiologic measurements were consistent with the sponsor's claim that ibutilide is 
an antiarrnythmic agent with Class m activities. In contrast to clinical en~,,oints, 
prolongation in QT intervals was more sensitive to dose, infusion rates, plasma 
concentrations, and patient age. However, it was not much useful as a titratieri endpoint 
for efficacy or safety puiposes. Ibutilide has no appreciable inotropic effects 

Biopharmaceutics 

The application is approvable from the perspectives of biopharmaceutics. The development 
program of ibutilide suffered from the minor problems of the small sample size in 
radioisotope ADME study, inadequate sampling for population analysis, and high residual 
variability in the sponsor's two-compartment modeling. 

There were no systematic studies in the renal or hepatic impaired patientr.. However, renal 
clearance was not a determining factor in the initial distribution phase ar.d no significant 
difference was obs¢rved in the 24 patients with renal dysfunction (serur.a creatinine above 
2.0) in clinical trials. Total lack of data in patients with hepat' impairment (one patient) 
may be more oft. labeling concern, but the drug is intended tv ~ used as an acute, iv 
treatment. Accumulation with one-time use is not a concern and the concentration of active 
metabolite conRitutes only 10% of parent drug. Besides, there was no correlatic,n between 
blood level and efficacy or safety and the infusion will be titrated for arrhythmia 
termination. Dosage adjustments for patients with hepatic/renal impainnent are not 
ne...essary and further post-marketing studies are not required. 

The changes in labeling as proposed by 01. Marroum in his biophannaceutical review 
(Pages 9 and 10) are all appropriate and have been incorporated in the marked-up draft. 

3 
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CLINICAL; BFFJCACY 

Clinical Trials Supporting Approval 

Ibutilide has been evaluated for acute conversion of atrial flutter/fibrillation in five 
completed studies!. Of the total 821 patients enrolled in these studies, 339 were wared 
with ibutilide and 127 \\ith placebo in two double-blind, parallel placebo contiolled studies 
(Studies 14 and 15), which constitute the major support for the claim. The sponsor also 
submitted in an amendment results of another comj>leted trial (Study 19), a sotalol 
controlled, 3 l~patient study (ibutilide 211, sotalol 108). The remaining 36 patients 
received both ibutilide and placebo in two open label pilot dose-ranging studies (Studi'!S 3 
and5). 

Sb.lib: Doses2 &lministratiQD Patismts 
0014 0.005, 0.010 10 min single dose infusion 100 AFL, 100 AF 

0.015, 0.025 mglkg3 (approx 40/group) 
0015 1.0 mg followed by up to two 1 O min infusions 133 AF?:: 133 AF 

0 . .5 mg or 1.0 mg (approx 89/group) 
0019 1 mg or2 mg up to one 10 min infusion 59 AFL, 260 AF 

0003 0.005+0.01 +0.02 up to three 10 min infusions 
(approx 106/group) 
17 A.FL 

mg/kg 
0005 (same as Study 0003) up to three 10 min infusions 19AF 

The atrial arrhythmias evaluated in these efficacy trials are of relatively recent onset 
(durations of 3 hours to 45 or 90 days). Patients were hemodynamically stable, adequately 
anti-coagulated, a'ld may be asymptomatic (about half of all patients, 59% in Study 14 and 
35% in Study 15). Specific cardiovascular conditions such as symptomatic heart failure, 
recent MI (in 1-3 months) and angina (Study 14 only) were excluded from the two large 
placebo-controlled trials, but majority of patients had left atrial enlargement, decreased left 
ventricu!ar ejection fraction, or history of valvular diseases. Patients in the sotalol-
1:ontrolled study (nearly half of patientc~ in Study 19) were more symptomatic from 
hypertension, MI, coronary bypass surgery and heart failure. In ail fi\oe studies, actual 
doses of ibutilide administered to each patient were variable, since infusion 9f i~utilide was 
discontinued whenever the atrial arrhythmia was terminated (but not necessarily converted 
to normal sinus rhythm). The primary efficacy end;x>int in theM: studies was termination of 
AFUAF, for any lengtb of time, during or within I hour following completed infusion of 
randomized dose. After this evaluation period, cardiac rhythms were monitored by 
telemetry for up to 24 hours. As pointed out by Dr. Hung, there is no discrepancy between 

I Four additional completed or tenninated studies were also listed as supponing efficacy trials in NDA. Two 
(Studies 7,13) were phannacodynamic studies in non-AF/AR.. patienls and had no efficacy data. The other 
t\\O (Studies 4, 18) were open label and tennina\ec! after total enrollmtnt of 3 patients. Three other large 
trials (Studies 17, 20, 21) are not yet complc•.ed (see Medical Review of Supporting Trials for protocols). 

2 For patients weighing less than 60 kg in Study 15, doses were based on body weight; I.() mg infusion was 
replaced with 0.01 mg/kg and 0.5 mg infusion with 0.005 mg/kg. 

3 Not all dose groups wer.: studied concurrently, but not an issue for short-tenn treatments. 
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per-protocol (evaluable p'\tients, primary analysis) and intent-to-treat (all randomiml) 
analyses, and only results of the latter are surnmari7.ed below. Results of the two smaller 
pilot studies (Studies 3 and 5) are in general con&istent with that of the two major placebo-
controlled trials and are referred to the primary review. · 

Overall Treatment Effects vs Placebo 

The primary eft'lcacy data in Table 1 below demonstnte that ibulilidr., at 0.010-0.025 
m;'kl'. adminjstered either as one Bingle 10 min iafuaion or m two divided doses over 30 
IDiDUfe8. was consistent11 and significantly ~ effective than p1ac:ebo in tetmination of 
AFUAF (data from Statistical Review). At this dose ;ugc, die placebQ-MJcracted net 
response rates ranged from 31 to 46%, reaching a plateau around 0.015 mg/kg. Treatment 
effect was not significant for the 0.005 mg/kg dose by pair-wise comparison. 

lbutilide was significantly effective within both the AFL and AF strata, but not 
surprisingly, success rates were lower in the latter: 

For arrhythmia termination, total dosage was probably more important than the number of 
infusions. Despit extensive discussion in the NDA, whether two infusions were more 
effective than one infusion in Study I 5 could not be determined, since patients were 
observed for only ten minutes before the ',econd infusion. 

4 Fixed doses of 1.0-2.0 mg in Study 15 are equivalent to 0.0125-0.025 mg/kg, based O'I mean body weight 
of 80 kg (Table 8.F.3 of NDA). 

5 
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Dose Respo-.se 

Due to safety concerns of QTc prolongation ::nd proarrhythmia, doses higher than 0.025 
mg/k~ was not studied. Although responses to the effective doses o~ 0.010-0.025 mg/kg 
were mdistinguishable in the two major trials (Studies !4 and 15), further increase in dose 
may still have additional improvement in response. Thus the high dose Sllldied may llOI'. be 
the optimal effective dose and the dose-response relationship$ bas not been Completely 
delineated. While available ~response data are marginally adequate for prescription 
instruction, .,&ti·. '1tional dose-range studies should be considered, as, despite the theOretical 
concern, p!Vimh= (VTs) have not been shown to be dose-related in the clinicil trials 
(see also Proa thmias in Safety). In the two major placebo<onttolled studies, treatment 
succ.ess was not related to plasma concentration of ibutilide. 

Time-Effect Relationship 

For patients responded to treatment as prospectively defined, tefrnination of arrhythmia 
occurred with means of 18-20 minutes from the beginning of i!lfusion in stu<I, 14, with 
70% within 20 minutes and little variation for flutter or fibrillation. Onset of treatment 
effect was slightly later (23-30 minutes) in Study 15 (48% within 20 minutes), when 
d1,,.;ing was prolonged in two infusions for some patients. 

Concerned that conversion for 1-2 hrs, as originally defined endpoint, may be too short­
lived und not clinically meaningful, the primary medical/statistical reviewers also examined 
the number of patients who remained in convert.:d rhythm at the end of 24 hrs6. The 
success rates for this post hoc endpoint were slightly lower, but remained statistic< ly 
significant (except for a marginal p value, 0.095, for the attial fibrillation stratum in Study 
14, see Statistical Review by Dr. Hung): 

During the first 24 hrs, while a majority of patie.1ts who failed the study drugs had their 
arrhythmias tenninated by other means (53-58% of treatment failures, see Management of 
Treatment.Failures in Safety), a small number converted spontaneously (5% of failures}. 
As noted by Dr. Raczkowski in his review, because of the additional interventions 
provided, true rate of spontaneous conversion could not be determined and the real 
treatment effect in the first 24 hours was probably different from that observed in the 

5 ~ange of actual doses delivered was probably narrower than the nominal randomized dose, since duration of 
infusion for the highest dos~ in Study 14 was significantly shorter than lower doses (see Primary Review). 

6 Arrhythmia status at Hour '.'.4 was prospect vely specified in Study IS and the tt.sults ''vere consistent · .h 
the reviewers' analyses. 1hc numbers were slightly different (by 1-2 patients) in the Statistical and the 
Medical Reviews, due to intent-to-treat and per-protocol analyses. 

6 
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clinical trials. However, the spontaneous conversion rate could not be high, since 35-40% 
of failures remained in atrial fibrillation/flutter at Hour 24 despite other therapies), al 
adjustment due to this unc~rtainty was most likely insignificant. 

Despite the problem& in study design and data collection, the magnitude of the effect and 
the coPSistency between studies suggested IMl the ibutilide treatment effect lasted for at 
least 24 hrs. . 

For long-tenn effect beyond the 24 br period, it is not clear bow much longer the patients 
should remain free of arrhythmia~ short-term, iv conversion for ibutiliCle to be 
considered clinically efficacious. Retrospectively collected infonnation suggested that by 
400-500 days, approximately 40-50 % of all patients remained recurrence free (see the 
Kaplan-Meier curves below, note that the two figures have different scale for the time, or 
be rizontal axis). Differences between treatment groups were small and inc:onsistent, 
favoring ibutilide in Study 14 (left figwe) but not in Study 15 (right figure). ~pointed 
out in the Primary Medical Reviews, these post hoc data may not be reliable arid should be 
viewed with l'P..servation. Confounded by other interventions during long-teRR follow-up, 
wbetber patients remain anhytbnia-free months later could not be attributed to ibutilide 
therapy and was more of 'l safety than efficacy question (see below, Management of 
Treatment Failure in Safety). 

- ..... - ----- - -~ -........ .. .. .. .. .. 
v 

f: .. .. u .. •• 
---~~~~~~~~~~ - - - - ---- = 'IOIZI := -

_________ ....,._, __ ......... --.............. - ........... __ ........... ,, ... ...._.. .......... _ .. _, ...... ,,_ 
For details of these figures, sec pri-:na:y medical reviews (page 23 for Study 14 and Page 16 for Study IS). 

Responses in Subgroups 

lbutilide was equally effe.ctive in patients below and above 65 years of age and in 'Jlale and 
female, but female patients were under-represented in the major studies ( 16% ). 

While there wa~ no interaction between dose and duration of pre-existing atrial 
arrhythmias, success rates appeared to be higher in anhythmia of shorter duration. This 
was suggcste.:i by the two pilot studies (Studies 3 and 5) and confirmed in the two major 
trials (although less evident in Study 15). Mean dnrations of arrhythmias were 18 days for 
success vs 27 days for failure in Study 14 (outliers truncated at 90 days, similar difference 
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between fibrillation and flutter), and 12 days (success) vs 15 days (failure) in Study IS 
(with a reversed relationship for fibrillation). Using 30 daya as an arbitrary cut-off, 
difference in success ra:es were 42% (acute) vs 16'1b (chronic) in Study 14 and 509& vs 
31 % in Study 15. Labeling should reflect this finding to discourage over-use in patients 
not likely to respond. 

There was no evidence in the clinical trials suggesting that treatment succeas was related to 
left atrial si7.e, left ventricular~ fraction, or presence of valvular heart dis rare. Dr. 
Raczkowski was concemed (see bis review) that tefflity of patlenta' eardlllC 
dlse11es may be over-stared by these~ and the need for temUnating atrial 
fibrillation/flutter was not as apparent in Study 14. Specifically, patients with more severe 
heart failure or significant conduction abnormalities were·not incfuded in the major trials. 
Nevertheless, the:re were evidence that anti-arrhythmic therapies were considered clinically 
indicated by the investigators and not just because the patients were recruited for the 
ibutiHde studies, as 90 % or mote of patients who did not respond to the study drags were 
treated su~uently with other modalities for their atrial arrhythmias (see Management of 
Treatment Failure in Safety). Although QTc prolongation increases with dose; it could not 
predict treatment effect and is therefore not a clinically useful endpoint for efficacy d~­
titration (see below for safety). 

Treatment effects of ibutilide in patients with hepatic or renal impairment have not been 
evaluated systematically in any of the clinical trials. While there was only one patient with 
hepatic failure in the clinical trials, experiences in 24 patients with serum creatinine above 
2.0 did not suggest any distinguishable qualitative changes in phannacodynamics by the 
disease state. As noted above in Biopharmaceutics, dosage adju tments tl.ue to kinetic 
variations in these subgroups are not required. 

There were no Interactions between ibutilide dose and concurrent use of digoxin, beta 
blockers or calcium antagonists, and response to ibutilide was probably not related to the 
use of these common cardiovascular medications. However, in Study 14, patients taking 
digoxin or betablockers seemed to have higher success rate of ibutilide treatment. As the 
effect was not seen in Study 15 and was just one of the multiple comparisons, the finding 
was inconclusive and labeling should remain silent in this respect. 

Comparison with other Aatiar1·hytbmlcs 

lbutilide (I or 2 mg) appeared to be more effective in termination of atrial flutter/fibrillation 
than sc.~alol ( 1.5 mg/kg) in a large, direct comparison study (no placebo control, Study 19). 
This study was very similar in design to the two major efficacy trials (see comments 
above), except for a sicker patients group (more inclusive with heart failure, Ml and 
coronary artery surgery patients) and collection of Holter recordings. Number and 
peccentage of patients whose atrial arrhythmias were terminated for any length of time 
within one hour of starting infusion (treatment success) are shown below: 

Arrh thmia 
All (n=319) 
atrial flutter (59) 
atrial fib 260 

ibutillde 1 m lbutlllde 2 m 
28 (27%) 52 (48%) 

9 (53%) 14 (70%) 
19 22% 38 43% 

8 

13 (12%) <0.0001 
4 (18%) 0.0027 
9 10% <0.0001 
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However, aside from the problem of suboptimal dosage for sotalol, the relative benefit/risk 
ratio of ibutilide may not sound so favorable as the response rates suggest. Compared to 
that observed in the sotalol group, hypotension was not as common !n the ibutili&-treated 
patients but proarrhythmia was a~ serious and frequent safety concem (Id primary 
medical review). It should be emphasked tha '•despite its conmm off-label use, sotalol 
has not been approved for ICUle raminarion of atrial fluUerlfibrillation. Bt!icecY md safe.ty 
of ibutilide relative to that of placebo cannot be infened from this active-contiYiled study. 

lbutilide appeared to be m<e effective than t'fOC&inamide, a commonly used agent in 
eractice. hi a small study (two ~ps of 30 patients each), SUcce:iS rates were 42-47% for 
1butilide vs 0-9% for procainllDlde (~llary of Study 14). Without submitting a full 
report to the Agency for review, the sponsor also prese ~ted the following preliminary 
report of Study 21, a 127 patient procainanide controlled study, at the Advisory Committee 
meeting of 10/19/95: 

Arrhythmia lbutlllde ... r-1=62 pr~inamide N•65 chi-sq~l'lt .P ....... 
1-2 ma 400-1200 ma "' 

All (n=127) ,53% 17% 
atrial flutter (41) 76% of nz17 13% of n=24 <0.003 
atrial fib 186} 51% of n=45 20% of n=41 <0.003 

Agm11, there are no adequate and well-controlled trials to support the use of procainamide 
for conversion of atrial flutter/fibrillation and this indication of procainamide has never bee 1 
approved . 

While comparison with agents of unp "Oven efficacy was neither useful nor required for 
approval, the experience of ibutilide i1, the sotalol study may offer some support for the 
claim and may be included in the labeling (on clinical trials)7. As noted above, patients in 
the sotalol studies were more symptomatic and less exclusive than that of major placebo 
controlled trials. Treatment effects of ibutilide in such patients (approximately 40-50% 
response) were very similar to that observed in the r>lacebo controlled trials, Which should 
provide some assurance about the clinical benefit ol ibutilide in patients whose need for 
tennination of atrial anhythmias was better justified. 

CLINICAL: SAFETY 

Database 

The database appeared to be adequate for assessment of s&fety for short-term uses of 
ibutilide , which includes cumulative experiences of nearly 1.400 patients/subjects as of the 
Safety Addendum. Of the total, 88 w~re nonnal subjects in l'hase I studies, 679 were 
treated with ibutilide and 247 were given control agents (139 ph1cebo and l 08 sotalol) for 
conversion of atrial flutter/fibrillation. Some of the remaining 382 patients in the three 
ongoing trials also received ibutilide for the atrial arrhythmias, but the exact number is 
unknown since the study drug assignments are still blinded. 

7 Results of the procainamide study (Study 21) should be reviewed before deKTibed in the labeling. 

8 As 10-20 minute iv infusion for acute treatment. Repeated use in the same patient was not evaluated. 
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The c:ompa1ative safety analyses were based on the experiences of 502 patients (37S 
ibutilide, 127 placebo)9. A great majority were from two completed, double-blinded, 
placebo-controlled efficacy trials (Studies 14 and 1 S), but the i&utllide patients also include 
36 from two open-label and baseline controlled studies (3 arid S). The <femoarapbics of 
these J18dents were elsentially thole of Studies 14 and IS, i.e., mostly white (78CJJ) and 
male (84.,). Por ibudlide patiems, IJ1Cft than half received total dose greater .than 1.2S mg. 

Data from the fifst 120-day safety Update (212819S) and from the Safety Addendum of 
814195 have been ineo'lponded info the following summary. 

Comparative Experiences 

As pointed O'Jt by Dr. Gordon in her Safety Review, while there was little difference 
between groups m advene experiences of other organ systems, cardiovascular events were 
3 times as frequent in ibutilide 111> in placebo-treated patients. 

The percentage of patients who reported any adverse event was slightly hilfier in 
ibutilide than placebo group (38 vs~). Among the adverse experiences, the following 
were more common (by I% or more) for ibutilide than placebo with incidence of~ 1 % 
(rank by difference between groups): 

ADE lhutiJjdc£2fil E'.IDbo<!!l 
N=37~ N=l27 

VT, NS, polylO 4.0 0.0 
VT, NS, monolO 4.0 0.8 
extrasystolel I 3.S 0.8 
VT, sustained, polylO 2.4 0.0 
nausea 2.7 0.8 
AV block, all degrees 2.7 0.8 
headache 4.8 3.1 
hypotensionl2 2.9 1.6 
hypertension 1.3 0.0 

As expected, the most commonly reported adverse events were related to ibutilide's 
pharmacological effects and in general, these events were more cor.unon in patients who 
received 0.7"img or higher, but the frequency did not increase further with dQSC. 

Experiences in about one-seventh of the patients who reported an adverse event were 
considered serious (5.3% ibutilide, 1.6% placebo, Safety Review Page 27). Except for 

9 Data from Studies 7 and 13 were included in the Safety Update analyses (increased to 465 ibutilide and 139 
placebo patients). However, subjects in these studies did not have atrial BJTbythmias, the diseast to be 
treated. Adding these patients but did not change ovcrall rrofilc (see below on Overall l:lxposure). 

10 VT=ventricular 1:ichycardia, NS::non-sustained, mono=monomorphic. polr-polymorphic. 
II Ventricular, including b1geminy. 
12 Including postural. 
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proanhythmia-relatcd experiences, these predominantly cardiovascular events were 
reported in patients with complicated cardiac diseases and the causal rclationlbips were 
difficult to aeterminc (see case descriptions on Page 28-30, 33 of Safety Review). The 
imbalance in hquencies between groups was mostly due to proarrhythmia events ar.d the 
abs<llute number of non-anbytbmic cases was too small to serve as a signal of any rare. 
serious safety conc:cms. 1be only case of death reported in the controlled ltUdies was a 
placebo-ueated pllient. . 

Approximately 6., of all ibutilide treated patients in the8e concrolled ltUdies were 
wltlacln'lnl from the study drug (vs O'fJ in placebo) for advene effects. The small 
numbers did not suggest any dose relationship (Safety Review, Page 34) and all 
discontinuations were due to cardiovascular events (mostly proanhythmias, see below and 
Safety Review, Pages 35). As pointed out by Dr. Gordon, the above rate of withdrawal 
due to adverse events may be under-estimated. Since ibutilide dosing Wll5 of short 
duration, there was probably not enough time for registering some withdrawal-leading 
complaints before many patients completed the infusions. 

Of 375 patients who had routine clinicaJ laboratory evaluations, abnormal findings were 
scattered, non-serious, and without a clear trend or causality (see Safety Review). Other 
than two ibutilide patients who had substantial treatment-emergent increases in serum 
creatinine (from 1.4 and 1.8 to 2.3 and 3.1 mg/di, re11pectively), laboratory data for 
individual patients were largely unremarkable. 

Relative to Gther antiarrhythmic apnts commonly used (off-label) in tennination of 
atrial arrhythmias, ibutilide was more tolerable with respect to hemodynamics (hypotension 
due to sotalol or procainamide) and other known r?on-clrdiovascular adver!e experiences 
(of procainamide)l3. However, proarrhythmia or other rhythm disturbances were more 
frequent in ibutilide than sotalol (twice as common, see below and primary medicaJ review 
of Study 19) or procainarnidel3 treated patients. Although neither sotalol nor 
procainamide has been approved for the same indication (termination of atrial 
flutter/fibrillation), because of their wide use, safety of ibutilide relative to these two agents 
may be described in the labeling (clinicaJ trials)l3. 

Overall Exposures 

Due to completion of various studies at different times and sequential submiasion of safety 
updates and study rep:>rts, adverse experiences in the following databases have been 
examined by Dr. Gordon in her review: 

Total lbutilide- Additional Studies*.14 Adverse Experience Tables 
treatr4 patients included in Safety Reyiews (Pue No.> 
465 7, 13 20 (all events), 32 (serious), 3G (withdrawal) 
586(Al1Paticnts) 19 (Addendum) 15&16 
679 CAii Subjects> 4, 7, 13, 18, 19 <Addendum) 17 Ceycntsl. 19 <serious) __ _ 
•In addition to 4 controlled studies (14, 15, 3, 5). Footnote 14 on next page 

13 From sponsor's f>tesentation of Study 21 (procainamide study) at the Advisory Committee meeting. No 
study report has been submitt~d and reviewed y~I. 
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fAM. c;.-ol!.N'il Alibi f5l MIMI ,,,,,., 
N•37S NmSl6 N=679 

VT, NS, polyto 4.0 2.7 2.7 
VT, NS, monolO 4.0 4.9 4.6 
cxtruystolel 1 3.S S.3 4.6 
VT, sustained, polyto 2.4 1.7 J .8 
nausea 2.7 1.9 1.9 
AV block, all degrees 2.7 1.9 1.8 -
headache 4.8 3.6 4.0 
hypotensionl2 2.9 2.0 2.4 
hypertension 1.3 1.2 1.0 

Other complaints notable only in all patients/subjects were infiequent and not clinically 
serious, which included: 

fAM. All fJlicntsl!i) All&tim<5.l 
N=.586 N=679 

tachycardia 2.7 2. l 
bundle branch block 1.9 1.9 
~longation 1.2 1.2 

ycardia 1.2 1.0 
chest pain 2.1 
local pain 1.3 
palpitation 1.0 

Pattern and frequency of ..-ious experiences iu the "All Subjects" database (Addendum to 
Safety Review, Page 19) were similar to that of the controlled trials (Safety Review Page 
27). Of 679 patientl/subjects who received ibutilide, one death occurred 20 days after 
tMatment with ibutilide and was attributed to sepsis and pneumonia. lbutilide had no 
significant effect on blood pressures. 

14 Studies 7 and 13 were not on palienla with atrial arrhylhmias. Study 19 was SOlalol controlled, no placebo. 
Studies 4 and 18 were tenninated with \Olal of 3 patients enrolled. tlelcriplion of 1111- events in 
unblinded, on-going studies (17, 20,21) is refemd lo Dr. Gordor.'s review. 11- lldditional studies were 
not plKObo-controllcd, thus no rccumulaied comparison with placebo was provided in the previous section 
on Comparative Experi.ancrs. 
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Ovenll safetY u.perie!ICCI were not significant)y influenced by p.dent 9 and sa. 'lbere 
were. small dlfreaences in some of the studies which may sugpat ~==-risk of 
"""""4wth.n;as for female than male patients (see below on pioanb · ), but the 
fiMi.;~ inconsistent and appeared to be limited to llOIHUltained Vi's. Pktiettts with 
dllt11 t ltatel which ID8}' affect the phannacoldnetic nf lbudlide Infusion have not been 
studied fYl'Amattrally in fhc ~ ........ dma llfety flf ifmdlide in dleae l!plCitl 
patieats a'tt 19\y on infeteoee from the clnlgcl1ua:e dltt (see. atn;ca'I Pfulimacology 
Review). Recent use of some cardiovascular ~:obably did not change the risk of 
Pl'O&tlh~ (~below), but other advene due to ................ have not 
been fully inV"llbP"'d 

Proarrbythmtu 

Not a sutPrisinl finding, treatment-associated arrhythmias were more common in the 
ibutilide than die placebo lfOUP· In controlled studies, the incidence of .U UThytbm&e• 
was 22.99'a in 37S lbatllkle patients v~ 4.7., of 127 placebo patients, with little 
dependence on the dose (Table on Page 20 of Safety Review). Although veatrlcular 
tachycardia (VI') was less frequent, it remained as the most serious safety concern of i.v. 
ibutilide in these patients: 

In the "all-patients" database (N=S86), lhc 9S,. confidence intervals were 0.7-2.7,. for 
sustained polymorphic, 1.3-3.~ for nonsustained polymorphic and 3.2-6.6111 for non­
sustaincd monomP,lc VTs. Again, in this database, Incidences of Vfs were not dosc­
related (most Hkcly due to small number of events and lack of power), except for non­
sustained, monomorphic vr (from Table on Page 16 of Review on Safety Addendum). 

In the only study that using Holter monitoring (Study 19, sotalol controlled), additional 
episode<i of VTs were identifi~ on the recordings (see MOR page 7) but not reported as 
medical events. However, blinded readings of the same tapes by a panel of cardiologists 
were variable and there were no baseline data. Thus it is not clear how many of these extra 
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cases were treatment emergent and the clinical meaning of these asymptomatic, odierwise 
non-dctectl;~lc llThythmias remained to be detennined. 

Moat of the proanhythmias cccwred within one bourl5 of trcatr.lcnt, consistent with the 
sponsor'• speculation that thcle events were mad to spUces in ibutilide concentration near 
the end of infusion. 1bus it is somewbal reuaaring that the ventricular arrbytbmiaa should 
be menaplbie while She padeats arc ltill under clGse monitorillg. In ctinicaf tl'iahl, while all 
padent1 with llMtainc!d polymorphic VI' received DC abock, dtere was no evidence that 
dley WCR dift'k:ult to treat. Tluee of She 9 VT1 (in the c:onDolled trials) degenerated into 
fiba'illation, but no deaths have been reported in the ibU1ilide group ("aJI patients", N=S86). 

In an ldtelnpt to identify (pre-treatment) risk factors for proanhythmias, the sponsor has 
screened demographic ana clinical variablca (ICC sponwr'1 presentation at Advisory 
Committee meeting) with univariate correlation analyses ancl perfonned stepwise logistic 
re~Slion analyses on those of p s 0.2. Of the 1 q variables, only pre-dose slow pulse 
(<60 bpm, p=0.0078), low body weight (p.=0.0112), and history of heart fpilure 
(p=0.0098) appeared to be potentially significant predictors for polymorphic ~s. 
However, the numbers of patients in subgroups were "1nal1 and the variabilities in heart 
rates and body weights were too large to make any sense out of these associations (no 
difference in per kg dose). The inctea:lC in polymorphic VT in patients with heart failure 
and/or low ejection fraction, on the other hand, should be addressed in the labeling: 

0.8 
2.2 

5.2 4.9 
("All Patients", N=586) 

0.6 
3.9 

2.7 3.9 
(Conttolled Trials, N=302) 

While proanhythmias have been rcport=i more commonly in female than male patients 
(reference 30, NOA Item 8), ~his re1ationship was not consistent in ail trials and appeared to 
be limited to non-sustained VTs in ibutilidc studies. Sustained VTs were probably too rare 
to show the diff'ercnce and the Advisory C.ommittee concluded that there was no overall 
correlation with gender. 

(from Sponsor's presenlalion at Advisory Committee Meeting) 

Among the other factors examined, incidence of proarrhythrnias did not appear to be related 
to presenting arrhythmia (flutter or fibrillation), the dose of ibutilidc received, pre-dose and 

IS Moslly within 20 minu1es after infusion. Two patients bd polyme>rphic VT 3 hrs after dosing. lot 
contrast. monomorphic VTs may oc:ur up to 11 hrs laler. One patient had monomorphic VT 2 days after 
ibu1ilide therapy while being s1aned on quinidbc. 
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chanaea in QTc intervals, or prior use of certain cardiovll8Clllar medication!. Lack: of 
Cc>r19lation in some of these factors, however, may be solely due to inadequate power. AB 
useless for predicting treatment success, QTc intervils at baseline or increase after 6ose 
could not be reMd upon as a warning sign for polymorphic vr. · 

Mauqement of Recurrence or Treatment Faftures 

If one 888UIJle8 dJ8t tennination of atrial fibrillation and flutter is desirable clinically, 
wheCher inlravenous treatment with ib11tilidc will compliclte further management of the 
anhytbmia fi?5' ti.. who failed to respond initially or relapsed after successful therapy is 
a legitimate concern. Unfortunately, some of the following information was not 
piospectively de ned endpoints, but ln...etead collected at the request of the Agency during 
regulatorY review of completed studies. Since the randomization codes remained unbroken 
until all patients completed the studies, further management of arrhythmias was supposed 
to be blinded even the data collection was not. 

AB described above in Thte·Effect Relationship of the Efficacy section, nearJ¥ half of the 
pati.,nts whose atrial arrhyl'1mias were 111Ceesstally terminated by ibutilide during 
the study remained recurrence-free at 400..500 day follow·!lP. and the percentage was 
indistinguishable from tiaose of other treatment groups. While the retrospectively collected 
data ~}' not be as reliable, there is no evidence that patient> responded to ibutilide therapy 
had higher risk: of relapse than those treated with placebo. However, there is no 
infonnation on whether recurrent arrhylhmias in these patients were more difficult to 
manage than in those never received ibutilide. 

For ibutilide treatment failures, subsequent management of the index arrhythmias was 
not more difficult than in those received placebo in the controlled trials. The success rates 
of conversion by othc r means w~ not lower in patients rx:eived ibutilide: 

Approximately 60% of 1111 treatment failures were converte<I successfully within the first 24 
hrs, with little difference between groups. Thus the initial success with ibutilide was no( 
offset by later difficulty of treating failures with other means. Total rates of conversion by 
ibutilide and other interventions at 24 hrs are: 

Study 14 
Studv 15 

plEtcebo 
58% 
63% 

lbutllide 
72% 
87% 

. ~ 
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For patients no: responded to ibutilide, conversion of atrial arrhythmias did not require 
more aggressive methods than those used in the placebo patients, as the following tables 
shows. 

As the majority of non-responsive patiellts were electro-cardioverted, the numbers of 
attempts and .!nergy required suggest that ibutilide therapy, even not effective.may make 
cardioversion easier (no formal statistical test): 

168/433 
2~0/454 

(Amendment 022, pp 2/39-2140, MOR of Study 15, p.22) 

F'.lr patient,<, who failed the ibutllide treatment and remamed in atrial flutter/fibrillation, 
management was not significantly different between groups: 

(emergency conversion not included) 

Less ibutilide-tre<1ted patients in Study 15 did not response to electroversion than did tt.e 
placebo patients, a finding consistent · ith the difference~ in the numbers of attemi;ts and 
energy requirement for those successfully cardioverted. (Note that in the abow table, the 
percentages of patients who remained in arrhythmia and not treated with other methods 
w.~re relative to the treatmentfailu,.e in each group, which were about 10% of total patients 
ra11domized with little variation b~tween groups, see below on Ber1"fit/Risk. \ 

Fo.· th0se patients who received phannaccutical intervention for persistent or recurrent 
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arrl_lythmias, t!iere was no substantial difference. between t!Nhnent sn>!1P' ms· .of 
anti-arrhythmic agent use after~ drug t:herapy (sponsor's presentaaon at · 
Connrittee meeting). Most commonly .uSed agents were procainamidc, quini<tne 
amiodarone. 

Long-Term li'ollow-up 

In addition to further antiarrhytbmic ma''gnunt of tremnent failure or recuamice, lorlg­
tenn adverse experiences be)'Cllld 24'-72 hj PQ8t study were also considered cs1 lial jD 
risk/benefit assessment. As Jl.Ofed in ffie f.10 Safety Review, follow-up information up to 3 
months post treatment was coUected 1et1uspeclively after submission ofNDA. To monitor 
the process, the primary medical reviewcrS for the two major efficacy trials, Drs. 
Raczkowski and Gordon, also inspect.ed dittdly the patient records at the participating 
clinical centers. 

As a result of this post hoc search, follow-up data for total of 431 patients, or 929' of 
randomized patients in the two major efficacy trials (Studies 14 and 15), werNvailable. Of 
these, 118 were on placebo and 431 received ibutilide. The percentages of patients who 
died or had serious adverse experiences were similar in placebo and ibutilide groups (see 
Table below). Likewise, incidences of cardiovascular ({,'Vs) events or ventrical11r 
arrhythmias (VTs) were not significandy different. 

There was no substantial variation between the i11Wv1dual studiesl6 (see MO Safety 
Review) in the above safcity parameters and causes of deaths were mostly due to underlying 
disellSC and not remarkable. Heart failure was more common in follow-up of Study 15 
(7.2% :n ibutilide vs 1.2% in placebo), but the finding was not observed in Study 14 and 
remained inconclusive. 

BENEFIT/RISK ASSESSMENT 

There is little doubt that ibutilide is more effective than placebo in termination of atrial 
flutter and fibriiiation of recent onset, with a better response rate in the former variant of these 
arrhythmias. The studies were of appropriate desig:i and execution was without ~rious problem 
that statistical interpretation of the drug effect was relatively easy. 

The basic regulatory issues for approval of this application we, therefore, clinical ones: is 
the disease worth the treatment and does the benefit, if any, justify the risk. 

Ample experiences have suggested that control of ventriculw rates with adequate anti­
coagulation can prevent m11:ior morbidity associated with chronic atrial flutter/fibrillation, thus the 

16 In Study 15, collective !espiratory events were reported more frequently in the ibutilide patients (S.3% vs 
3.7%, see MO Safety Review). but individual adverse experiences in the collection were rare (1-3 reports), 
non-specific (cough) and unrelated to each other (pneumonia and lung carcinoma). 
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arrhythmias were considered relatively benip and non-life threatening, especially in asymptomatic 
patieota without serious underlying heart ctiaeaSOll. For these chronic cases, temporary conversion 
without long-tenn maintenance of normal sinus mythm is most likely of little benefit On the other 
hand. rapid conversion of these atrial anhyt!unin to sinus lhydun in certain l1lORI acute elinical 
settings is leas questionable. Patienta who are poll cardiac surgery or symptomatic with sericllS 
underlying structural or functional cardiac diseases, are clearly appropriate (;andidate for acute 
conversion of their atrial arrhythmias Unfortunately, die NDA was submitted before the CABG 
lltlldy ia completed and there was no systa retie evalualion of patients at higher risk of 
dei::ompensation in the development propain. 

Jn the absence of such studies, however, there is evidence in the completed clinical trials 
that tennination of atrial flutter/fibrillation was clinically desirable for patients in the studies. Jn 
both efficacy trials, a great majority of noo-rcsponders to study drug were treated with other 
methods during or shortly after study, with approximately 90% of all randomized patients received 
either rharrnaceutical agents or electrical conversion/pacing (see above in Management of 
Recurrence or Treatment Failures). 11\el'efore few unresponsive patients were left untreated "11th 
other means and patients were recruited into the 1butilide studies for clinically indicate4.treatment, 
not just for participating in drug development. 

While entry criteria in die two large placebo-controlled efficacy trials excluded patients with 
more serious cardiovascular diseases (s~matic heart failure, recent MI and angina), they were 
not totally asymptomatic and in fact, majonty of patients had left atrial enlargement, history or 
echographic evide11.c.. of valvular diseases, or decreased left ventricular ejection fraction. 
Experiences in th~ sotalol controlled studies, although did not offer additional support for the claim 
vs placebo, also provided some reassurance that ibutilide was effective (same n...ponse rates as in 
placebo controlled trials) in a patient population with more symptoms of hypertension, myocardial 
infarction, heart failure and history of c0ronary artery bypass surgery (se.e primary MO review). 
Thus it is reasonable to extrapolate the results of the clinical studies in this application to a specific 
patient group with more stringently defined indication for termination of atrial flutter/fibrillation. 

Whether an individual patient with atrial flutter/fibrillation should be converted and by 
which method is a clinical judgement which can only be made at beds!de. If one leaves that out of 
the regulatory thinking, then acute conversion with iv ibutilide can be considered as one of the 
to..1ls for physicians to use. The effectiveness and risk of iv ibutilide should be evaluated against 
that of other methods available, not DIB!ly of which, with the exception of electric shock, have been 
shown to be effective for the indication being sought. While there was no direct comparison with 
non-phannaceutical interventions, ibutilide is probably less effective, but oonceivably causes 
signifir.antly less discomfort and without excessive risk of proarrltythmias (e.g. serious 
bradycardia from electroversion). As a tool, the cl.inical benefit derived from its use is usually too 
remote from the imrn~diate consequence of treatment. Patient outcomes depend on subsequent 
management of underlying diseases and are affected by many confounding factors over the time 
course which are beyond practical control in a short-term study. If, especially as in the case of 
atrial fibrillation/flutter, there is no effective maintenance therapy to sustain the short-tenn effect, 
the long-term clinical benefit of the tool would be even more difficult to demonstrate. But lack of 
maintenance treatment should not inhibit development of short-term therapy for some patients who 
may benefit from it. Intravenous ibutilide may be such an effective tool for the physician, its use 
will result in the implicit, but difficult to prove, benefit. 

As noted in the Safety section, major risk of ibutilidc treatment for termination of atrial 
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fibrillation/flutter is cardiovascular, e:.pecially the proanhythmic effect. Overall ir:cidence of all 
Vi's in all treated patient.<: (N=586) was approximately 10%, half of which were the relatively less 
serious fonn of non-sustained monomorphic VI'. Sustained, polymorphic VT was reported in 
1.7% of patients, none of which resuJted in death or was particularly difficult to treat. As it was 
shown in the clinical trials, proarrbythmia was less of a safety concern in the controlled, closely 
monitored setting, ibutilide should be administered in practice with the same degree of vigilaua:. 
There is no evidence that iv ibutHide treatment will complicate further management of atrial 
fibrinationlflutttt in treatment failure or recurrence, or associated with long-term adverse 
experiences up to three months after ibutilid: therapy. Thus the risk is small, rarely serious and 
manageable, whether it is justified by the potential benefits depends on the severity of symptoms, 
underlying disease and hemodynamic decompensation. 

The benefit/risk ratio of iv ibutilide therapy for acute tennination of atrial fibrillation/flutter 
is, therefore, acceptable in symptomatic patients with serious underlying heart diseases. Such 
patients were reasonably well-represented in the clinical trials. 

PEDIATRIC/GERIATRIC/FEMALE USE -
There are no clinical trials assessing the efficacy or safety of ibutilide in pediatric patients, 

either CO"'J)leted or in progress. The sponsor claimed that the drug has little potential for use in 
children and thus did not commit to any study in children. 

Efficacy and safety of ibutilide as treatment for atrial flutter/fibrillaticm in the elderly (65 
year and older) are not significantly different from that of general patient popt•.lation. 

Female patients should be treated with ibutilide in the same manner as male patients. In 
ibutilide studies, higher risk of proarrbythmia in female patients was limited to non-sustained VTs 
and appropriate warning was included in the labeling. 

DRAFT LABELING 

The draft labeling submitted by the sponsor has been edited. 

CONCLUSIONS 

lbutilide appeared to be an effective and safe treatment for acute termim~tion of atrial 
flutter/fibrillation. Approval for such indication with the edited draft labeling is recommended. 

Further studies to better define the benefit/risk ratio in certain populations (e.g. CABG 
study) and to explore the higher doses should be a strong post-aprroval commitment. 

cc: 
ORIG: NOA-~91 
lil'D-110 
HID-110/CSO 
HFD-11 OIMGordon, VRaczkowski 
HFD I IO/SChen/12/04/95 

~ 
.D.,Ph.D. 
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lllD'CAl OFFICER'S REVIEW •o• 
Dllll: 22 September 1995 

To: Raymond J. ~ M.D.; Dlraotor 
DM11on of Cen:11o-Rena1 Drug Produota; HFD-110 . I:,. ~ {_ J2 (. • 

From: Victor F.C. Raczkowski, M.D., M.S.; Medlc:el Officer V ~ I- • · ·i,. ~ L 
Dlvllion of Canlo-Renal Drug Productl, HFD-110 O 

Through: Shaw Chen, M.D., Ph.D.; 8upervleory Madlcal Officer 
DMeton of canlo Renal Drug Producfa, HfD.110 

Subj1cL NDA 20-491 Corvert111 lnjedlon (lbullllde bnarate lnjectlon)-"Protocol #14" 

--Thill document c:ontalna my nM8W for A P11c1ba Conlrolled Do11 A11panea 8tudy to AlllU 
Ille Elfwts .al hillaMIOUI lbullllde In P1dfel ... with Atlfal tlufter or Atrial Flbrlhtlon 
(Protocol Number: Pn560I0014; Technical Rt9p0rt Number: 7216-94-007). I have reviewed this 
study In conaldenlble detail because this la one of the principle atudiee aubmltted by the sponsor 
in support of efficacy of this drug. A table of contents follows the abatracl. My Ut1888ment of the 
study may be fOUnd on pages 41-46. · 

1. ABSTRACT 

This was a randomized, double-blind, placebo-controlled study of a paraUel design that waa 
performed at multiple clinical centers In patlenta with sustained atrial flutter or suatalned atrial 
flbrlUatlon. The 8IUdy was designed to evaluate the safety and effectiveness of single 00..s of 
lbutllk:le fumarate (0.005, 0.01 o, 0.015, or 0.025mglkg) administered as ten-minute lnfualona. A 
response was define:f as 'the termination of atrial flutter or atrial fibrlllatlon. 

Two-hundred patients with austalned atrial flutter or atrial flbrillatlon were treated In the study by 
nine Investigators. The study wall designed In two tiers to allow for an Interim safety evaluation. 
In the first tier, fifty patlama (evenly stratl!led between atrial fibrlllatlon and atrial flutter) were 
randomized to a ten-mlm; Inf~ of placebo, 0.005 mglkg lbutlUde fumarate, or 0.010 mg/kg 
ibutUk:le fumarate. When safety waa aacertalned, Tier II was !nltlated with. fifty new patients. These 
patients were randomized to a ten-mtnute infualon of placebo, 0.015 mglkg lbutlUde fumarate, or 
0.025 mg/kg ibutllide fumarate. After 111868 first 100 patients were enrolled, the protocol wu 
amended t~ Include an additional 100 pat'enla rai;w.tomlzed to placebo, 0.005, 0.010, 0.015, or 
Ci.025 mg/kg lbutlllde fumarate. The number of patlentll enrolled 111 each treatment group (placebo, 
0.005, 0.010, 0.015, 0.025 mg/kg) were 41, 41, 40, 38, and 40, respectively Overall, the 
errhythmla termin.ited In 34% (54of159) of the patients treated with lbutillde tumarate, but In 2.4% 
(1 of 41) of the patients treated With placebo. By treatment group, the conversion rates In the 
groups treated with t!>utlllde fumarate (0.005, 0.010, 0.015, and 0.025 mg/kg) were 12.2, 32.5, 44. 7, 
and 47.5%, respectively. For patients suc:cessfully convert&;J in this study with lbutlllde fumarate, 
doses of 0.005, 0.010, 0.015, and 0.025 mg/kr, corresponded to average absolute doses of 0.44, 
0.79, 1.24, and 1.86 mg, respectively. Tcnnlrn1tlc"'I of arrhythmia was not directly related to plasma 
concentration. 

The likelihood of successful termination of the arrhythmia was Inversely correlated with the duration 
of the arrhythmia. Other factors, such as conccmitant treatment with beta-adrenerglc blocking 
agents, or not being treated with concomitant dlgoxin also wero correlated with successful 
ter.r.ination of tt>e arrh) thmia in S')me strata . 
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Pharmaookinetlc data were analped from only 83 ol tlle 169 petiala Who 18Cllv9d lbulllfde. 
Because c.f 1119 variablllly ol 1119 plume eot IC&i lbatton data. the eellmates of the pharmacoldnetic 
parameters were allo highly variable. But overall, lbullllde had a large volume of dla1l'lbullon 
(mean=6.6 Ukg) and had a high &yltemlc clearance (meen-37 ml ml!r'lkg). Thia eslln•t• of the 
volume of dlstrtbullon may be aJ1lllc:lally low because blood samples for plasma concentration 
analysis were not gathered beyond thl98 hours. 

Atrial cycle length, the QT Interval, and the QTc Interval went al prolonged by lbullllde lnfUllon. 
lbUllllde did !10t appear to allat QAS duration llgnllloantly. Data were ln111tftclent 10 dnlw 
concluaklns about the elfecll of lbUllllde on lhe PR Interval. 

lbutlllde had slgulllcant, pe18111&11t, ar.d posslbly doee-r9latad elfecll on ~~ This effect can 
probably be attributed to termination of the atrial anttythmla. ll>ulllde did nor aPPeaf to have any 
consistent, significant, dose-related, and persistent 8'fect8 on eyetolc or dlastollc blood pressure. 

Fifty-four of the 200 patients enrolled in the trial operferlcclcl at least one adverse event, hal! of 
whom experienced an ac:IV8rse llV8llt of the cardlovascular system. Eight patients treated with 
lbutlllde experienced sertous adverse events, al of whlCh were related to the cardlovascular 
system. These Included slX cases of polymorphic ventriculat tachycardia. OveraH, eteven patients 
experioncecl proarrhythmla and six patients were cla881fled u having hypotenslon as an ac:IV8rw 
event. Two patients treated with lbutllkle fumarate required emergency deflbrlHation. Several 
medical events in the study (sinus arrest, severe AV blook, severe bradycardla) confirm that 
potentiaUy adverse electraphyalologlcal properties of lbutlllde a;e not llmlted to the induction of 
ventricular tachycardia. The safety ol electrical cardlovenlon after administration of lbutiHde is 
difficult to assess from this study because the dais were not gathered prospectively . 
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3. FIEIULT8 

3.1 DltpDlltlon of lubJt ata 

The lluctf .... petfOlmld m.n Apll 1991 ~ JlnuMy 1tKIS ..... etudy ..... CM!al. 
20211111i.a went 1 1111nld lll1domlzllllor nllllblnt. Of hie, two""""*' (ft:905 n nss1) 
went 1tg111d to p&lllrU In the axtlNlon etudy who ..- newr trlilUd. • 

Of lhe NmMmg 200 ........ 102 enrohd In the original piotocol, - 98 In the utlntllon. Al 
200 Plllent• oomptatldthe eludy QOUIM, However, five Cf ... 200 patlarQ exp8lltncld medical 
ewnta thal cauaed dllaontlnulllan of the WUllan ( ... the HCtlon on ..rely). Of then 
200 pallentt, 187 Wenl OOl'llldlnld to be..,... ... for affUcJ: 100 In the orlgllllll piotocol, and 87 
bt the utanelon. see the top Wble on the next page. 

e.o.,.. the patltnt• w... atndllld on the bula «their .,,...ming anhylhrnla, Nldl phase Cf the 
study enroled approximately eqll8I nwnberl ct patient• with 111181 ll>rMlon n wlh atrial flutter. 
OWl'al, epproxlrnl(ely 40 patlente W8l\I anrolld In each of lhl five doM gnlUp8; eout 20 pallan!I 
Wllh 8'11111 flHtllatlan and lboUt 20 with llrlal flulter Wll'I tnatad wtlhln Mdl dole group, See the 
bottom table on the next page. 
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TlllN d t. 200 tNllld Pllilla ... oonlldlNd non ....... by lie lpClnlOr. BI •• lhll 11 
8ldl a .... numblr,-**" °' .._ Plllll• tiam tie pm.v sffloaat ..._; .. na1 If.iv 
aler fl'lf oonclullanl ll1lll .. dnlwn. FlllthlltllOl9, whllt ._ 11Ne owa .. nMlaed 
hlvldullv • ....,_ 1111r -*"'" ftaft the flnal en 1r a rt rll lfl of._.... Pllllla" 
does nal 111111• to ..... mudl of a 111111. Nalllltl1l111, In tdl lllWllw I fOOUI lllllllllv on lie 
dlw ................ fnlm ..... ipllaf ... pllllnltrlliledwlh ........ lort.(Mllw .... 
Clfl II 0 trt't ...... flllllllU) In Oldlrto llllflFlllln Ill ,._. llot1-to INll° ......... . · 

"'"" 11201 (AFI) ni11tvec1 a 1&m1nu1e WUllan of 0.02& mg'kg for• lotll do9e o1 8.87 mo anc1 
t1IMi the ...... 11112Ullllll/ ....... Ho•1uer, Ill' epaMOr OOl-id this ....... 
non.-mt ........ WI ..... doll ~ ltudV end ..... NOIMld I dclw of dn19 much 
hlalMr'IWI fl'lf ol tlie dolle9 cllllr.t In lie piuloool.0 'Ibis...-.. w ,_.by Pmlilnt 11228 
(AFI), who Wll8 sn'iplld to lie ...,. lrWll•• end allo w IUDCINllfullV oonwrtld wllh lie 
lrlullon. 'lbul, for puipa 111 ol lie flnal lflloauy 1¥11111.Uon d °8Ylllullbh0 p!llllrU, one "IUDC na• 
among .... n.lld wlh lbt• ... W ll!lllo:lld with MOltlar 01UOCI•.• 

PM""' n11e (AF) rwtved an unknown lmOll\t ol HnMnoul ltudV mldblllon becavw the 
lnfnivenom bl oame ow al lie win end lie dnlO WM lliUlld lllboutlneoUllv (a terHnlnule 
lnfllllon ol 0.010 rr9kg for a prldlatld total do9e of 0.88 mg). The ~ fellld to COl'IV8lt 
wtllm 24 hou.'S. 1'hll pellent w.e l'lpllotled by Pllllltw 12128 (AF) ..-0 WU H ll!Jled to the amne 
treetmtnt (• ten-mhlle lnfuelon of 0.010 nv'lca "" • lotll dole ol 1.1411111). 1'hll palisnl'• 
anhylhmla allo fdld "' uorwert wll'*t 24 holn. 'lbul, for purp a 111 ol fhe flrllll lftlcaoy evaluation 
ol "waluable" plllllnte, one "fd.119" among pllllilntltreatlld wlh lbul.,. waa l'IPlaold wllh lnOther 
"fdute." 

~ (AF) .. treatld acxMdlna to the "'*°°' (l90SIYld a tll'l-llmut• lnflllloe\ of 
plaaebo) but, &I tt.tUd by the eponeor, WU lmtr fO\IWi to haV9 nal bMt\ In llit.I titer or 
Wion end lhould nat have been er.«111111 hi lie ltlJdV. Noneth1l111, on the flnal llflcaJy 
evaluation the pllllln WM oi..llld • a "lallut'I." 111 the AF/AFI cld na1 terrnNle dWlng the 
24 hollrl. This patient WU nal NPiriold. Thue, for pu!p08M of the flnal sffloaat evaluation of 
"evaluable" pllllente, one "rd.119" among the plllilnle natld wlh pllioebo waa not oounted. 

Demoar.hlce nd Baeellne ~ 

Demoar.hlce 

Of the 200 treetld !Mllnt•, 79'1. were cl&lllllld u Y4hlte, 1n. u blllolc, and 3% .. hlspenlc. 
Elghly-elght percent ~) W8l'll men •.d 12% W8l9 women. At bu111ne, the patients had a mMn 
(:t 1.cL) age or 84.3 :t e.s ,..,., The )'OllllQlllll patient waa 2S v-- old. the oldeet 82 , .... o1c1. 
ov.r 55% of thfl patllnts wena 111 ..... es,_... or ave. The patient• had am..-. welQht or t84.o 
:t 32.0 Ila Wld a mean~ or 89.2 :t 3.6 trichol. Overall (I.I., ooneldlrlng the combhlld APIAF 
strata) and within each stratum (I.a., Iha AF stratum or the AFI ltllltum), the dost group1 were 
almllar for age, h~. ~t. and rwlalti."llclly. Aa lhown In the table on the top of the next 
page, acroea doSI gtQupS the combhled et rat um (AFlf AF) and the AF llratum were balanted tor 
aex. The lndMdual AFI lllnatum, however, showed an :.nballnca In the dlslrtbution of m1n and 
worn.an acroea dost groupa (po.0.0498). Baseline charactaltlllcl of Ille patllnls ani summarized 
In Iha t<lbl1 ?II pages 8 and 9. 
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MDI o..810 OMS = ..... Jllldm ma!lra mallrt 1'llll 
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AR • 0 20 1 ID 0 1f ~ 17 I IZ 8 

jf JI I JI I ll l ll 1 JI a • . l& 

ltRAF aa a ., 4 • 2 as 6 84 • 180 20 -• 
8.U Bu8'1Mtfclodpr111lftMd ....... 

N. bullkla, lie 21» •••had• .-i (*I.cl.) 8'lt:Ac blood 11111 a• d 189.3 :t; 21.4 n111Hg, 
• mem 1r 11G1o llfoodprw 11in d 80.8 11: 11.2 mmHg, mt• ll'MIM ..._ d a 1 11: 23.8b1.wmti. 
Aaole daee ..-... lhe uon..,.. ltnltum (AFfAF) waa btl IOid for aystolc blood pnr1111re, 
dlllllolc blood,, ............ pu!M. 

Ovenll fur,... on wham be nflll' .-..1omdDgi;pl.., cWa WllRI m 1' t'ils, the mean (:1:1.d.) 
QRS N«Vlll w 104.8 :t 15.0llllllC, the,_ QT,,..,.. wu.-.s:t 60.8 "'"°•the 111891 QTc 
heMl'-481Al:t 41.0_,.(X1000), nllhemean lllllllcrda ..._ waa243.4 :1: 39.Sflll8C. 
Ovwllll !n the anmbhld AFfAF alnUn, nl wlllm emi 111a1um, the dole~ M119 llmllllr for 
du1'lllon of QFIS, QT, lllld QTc lnteMlll. 11le 1111111 cwale llndfl Wiil llmler across dole grot.lp8 
for the comblMd I.RAF ltndlln. M only SIM,..... had a b:11111ne meaaurarnn ol the PR 
lnl8Mll, b 11111:18 almllllly could net be 111 Hiid. 

W BwllneechocAl*tlillH 

Of the •llnll who had an echocllldlcgrwn Ill baaellne, 74% (140 of 189) hid an enlarged left 
lllrlum, 4"' (88 of 180) had a dlcn111d 8'ectlon fNlcllon, and 5"" (114 d 184) had a hlltory of 
wlwlar heart dl11aea. 

I.I.I CancamltMI uee of mecllclllloM a: l>Mellne 

C>wnll:, 55% (111 of 200) oi Ille pllllenta WM Ullng conoomtn dlgc»drl, 41% (fl2 of 200) were 
llling a concomhnl calchn-chaMel bloolclng agr.t, and 18'lfo (38 ol 200) were U8ll1g a 
COllCOl'lllant p.adNnerglc l:loclchg egent. 

a.a.a Hl8loly of 111rtai fKHlli.llon or flutter, and aymp1C111111 111 .,,..... 

Oven11, 88.5% (133 cf 200) ol lhe paflema had a hlatoiy ol lllrill fl>dlllllon or flutter (57% of the 
AA l*lada and 78% of the AF patlaiU). At 8CR1an, 41'JI. (82 of 200 pallllta) reported symptoms 
conllltllll with 1111111 flblllallon or lllrill fluttor. 'fllt1 moat frequent aymptoma Included 8hortne.. ·. 
of bRllllh, ..-1on3, dlz.:'n ... , and fatigue. 
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'-.--·-
0 '',o< - - !; - ' 

RllQt" (W/8IO'f .... 
(lft) 

~=~) 

Dla1Caln Blood PrlllUnl (mrnHg) 
(IMllAl:l.d.) 

Nie (illllllfmft} 
(m Unt:I d.) 

~ ...... .,, .... 
i"R .,.,-.)* 
QRS (mnc)• 

(m1111M.d.) 

QT(mlec)4 
(mlM*S.d.) 

QTc (aec.li x 1ooor 
(melnt.a.d.) 

11111111 .. lilnalh' 
(mlmtta.d.) 

.... .. 
et.7 
:tl.8 

179.7 
:1:418.1 

182.7 
:1:21.8 

80.9 
:1:11.2 

90.2 . 
:1:21.7 

105.8 
:dfi.4 ... 
*58.8 

486.4 
M&.9 

227.1 
:1138.3 

llNW Wt 

#II. -14.1 6&1 
'llB.7 '1147 

11D.7 115.4 
:ll0.16 ta1.4 

138.81 .... 
:1:16.0 .... 
81.1 I0.7 

:1:12.S :tU.O 

14.9 86.1 
:t!S.8 :1:22.2 

111.45 100.a 
f:Zl.4 :ta4.S5 

887.1 310.IS ... :t50.1 

427.6 481.45 
*'41.8 :di.I 

ft.A &t.e 
Ml.Cl& :tlfl1.8 

• Number Of •mf111ta by IWl'lth.ilcly: W/l/O • WhhlBlllalrlOlh 
- The ti 111h PA lnleMI w IMW'ICI In only nm PlllerC• 

,,,., ' 

-...... 
d.4 

17'.7 
111111.S 

186.1 
J:17.2 

80.0 
:1:11.5 

87.2 
:1:19.8 

1Cll.1 
*24.1 .... 
*40.S .,, 
••• 
141.t 
:tl8..8 

• TclUI n-117 (II by doll gioup: plactbof0.006/0.01Qf0.015/'0Jl21 SQ/4Ct/44W8140) 
' Tdal n-191 (n by dole gn:KIP: placebo/O.OO&I0.01Qf0.015l'0.02541138f«W7189) 
• Toll! n-180 (n by dole gn:KIP: placebol0.005I0.01Qf0.015/'0.0&4f/Slll40/le/S9) 
I Total """'1 (n by daet group: plaotboo'O.OO&I0.010f0.015I0.025-17121/11fi18f18) 

.. 

-... 
:1:11.2 

188.1 
1118.a 

121J.8 
:t18.3 

78.8 
:1:10.2 

92.9 
:1:2!i.4 

101.3 
:1:28.4 

Sl8.9 
=!M-3 
4*>.8 
*42.2 

211G.7 
tlll.2 



=:>""~"- J- "<-': "o- """i;'~'o;~~'''°"'"'·-'fc}iC-, -,,_=-;c-o_c._~- -,- '" 
_:_-;?,_·_ 

~-:,: __ -. -,;"_-.',;_;-~~~4-it_L.;:~~f~::,_"'~~:;;-';;.:,'i',~;:..:·; ____ o· - - ,_ '-\-, 

· =''.~;·~~~f?iii1~1!:!:,11,J'.!e1····•i.rrr~1~·il;c:i~'~·1· ........... ··•·· ... I. ·" 

j 'lli!ll '1 ······-·· ' ..... _.,;.;,_....,;_._ 

IA ... _._,.. 
' ........... . 
llfJ .!I . .,.tr"' 
tlif il'[f Ii ' ., • 

'1{stJ3J-1L R I W 
il11M11J1• 

~Jr' Sr1"Mlhamel 
bll:IJ ......... 

l'M 1Q d AR or AP (n); ...,.... 
-..w1• II WI (ll); 

6Wslo) 

• Tt • ...... ) 
' .. 

MU 

t.S 
O.S-1418.4 .. 

11111 

IW11 

1HI 

.. 
(II;, .. .... .. .... .... 

,., arm ... ... t.U 11.1 
1.485.1 0.441&4 o.&6f7.4 .,.. MM na 

11117 24114 

181'1& 17111 1IJllO 

22111 .., 21118 

11122 - 17118 17121 

• Aaaidl *1iiw' .. •ft'lll--.nat .. 11sll11a...,h 111•11 t ,,,,..,... 
~ Oenu: tllnt•Gf•-..-•' P•d••wllllfn .... ~pdor•lnflllllln 

~ .... 

t.1 
U...8 

1Ql80 

24118 

1Ml6 

24'18 

1UI 

• '-J1llFJ .......... t»tllilll !. llfl Wdt!Nd•lllll .... j sllirafa..,_..._""' 
ml;'kafhflllltilf..,fDf .. 1111'' 1,.t1111nwla1•11t1u P IJ. 

• ..,_p:uta111.•11 d • d411 ll:n .. pt1Jtd1d1Df•,.lnN1ttd' ctcatoasfMlllmL lm'f 1\.4n 
...... JJilbh lrllh1 nfap•~· 

Dnl91 I HUl9 

Of lie 2GO.,...... lllllltd wlh dtlctt clnlt. lilc tll1lf n:1111Ad .. WftlllO dllee or bed clffblltH 
wlh ctucJ &ltllll .... lbL 1 FofpvrjtHll Of ................. ...,. In 111 dDae grt)Ull 
oor :'111111 wlh the dDae aalulllo; ....._ ... l'llher ._.. ht dclN IJ'OUP to whllltt twv _. 
flndomlzed. A l8wnlh ~11111' may lllMI l9Clt.#9d hO .atM dluf, ~ he WU IWldomlud 

• """"-..... Plllllltllll 1111>1 .nt 12118 (cf"JI '*"'9), 11111Pdlllll11114, 11218. 11144, llld ... (Wllh d -­
ISHll'lld a dw clllll'llll '111111111 llll9111d 1¥ NlllbPiiallGll), 

' Allllrlt m1a 
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U.1 

.. f!IO•b• o.a. ......, . .,,.. TNt•hNC'edlla ..... •llllpfd wllh ... group to which ...... 
•HID!i* d '9.0ll mc;kg). ' 

The me.. dunllk!n d the Nllllon In Mdl ao. llRXlp II llloMa In fie tllble below. One ._,. 
1nllllftl!I ol'i..._ CANOVA) Illa uu1d a ataslll:•l dll••MIOlll .. rn.t dB ll!Alaaflrfuilon 
In the AF llMlllnl ... In .. oo;::Mlld NfN'f 151m1Um. Pllllwlll OClll--11 a11C1111111111 dllle 
...,. .... udttlliltllt dllrlllfanef lnfulllln In .. o.erm ...... fl'CIUP .............. 
In Ml of .. allllrfourclole 9ftqll. No allw plhlllt ODll ... 1\118 anong do8I 9f'll4M ..... 
I 2' Uu'IJp•-·· 

Oon111ltlf ai 1111 .......... 8 Cf 11 ~) Cf .. p&lllt t .. lit .. O.CllB lillfdu t1111t1P who 
IUCXl I 11'11. , .IOIW'llted to llOllllllll llnul llT;l111 cld not ..... lie ... 1Ckilhll lrfllllan. 11111 
C1n bl oonbwt«I wllh 1111 16 d u {Intl of Ill Pllhea CMl'llll who oon...mid to normal elrlUI 
rt¥hm prior to ~ d Ill ... 1C>-mlnlal lrNtlan. ...... bolh lholtll' lnhllllona and 
ewanaful .ion...,... llllflW to bl ,..,.tlac:I cillpnlpo!!tloillhly In Ill group lhlll L'IClll.'ld 
0.026 tnWkcl of l>tdldl OOll1l**I to ha oCher four trNllMlll gl'Ollpl. 

M ... DuratlOo'I of lnllllllon (rnlnti•) 

0.005 0.010 0.016 0.026 OV811111 
plembp mglkg .mma .mma .ama pv#yt* 

AFI 10.00 10.19 11.llO 9.811 9.65 0.42 

AF 10.00 9.90 9.70 10.00 8.80 0.007 

AFVAF 10.00 itl.05 II.BO 11.96 9.18 0.003 

• From on.way ANOVA 
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W T...,._,_,11d 
The w .._ "'*'""' lnfuud (tluscl on ~ ....,. mid the dunllfon ol ._ Infusion) for • 
IUOalllH and ...... 81'8 lllO'M\ In 118 tClll bawl; 

Total Doee ol llullllde Rsaskld lllr ,..,., ... wlll aa 111ftl or~ 
Temilnllkln GI .Miil FltS 5 111 or Atllll ~ 

8ucaHUI Fiat-. 

D<"MGm!I! .ti M19r'1 Tollll Do. .ti Mean Total Dole - -IBll. 
Plaosbo 1 0.00 4fO 0.00 

0.006 mg/kg 6 0.44 38 0.43 

0.010 mg/kg 13 0.79 27 0.84 

0.015 mg/kg 17 1.24 21 1.20 

0.025 mg/kg 19 1.88 21 1.92 

Total 55 1.25 146 0.71 

3.6 PHARMACOKINETIC RESULTS' 

Of the 200 patlente treated with atudy meclr.atlon, 169 were treated wlh ldllde ftlnarate (I.e., '10 
palienla had been randomized to receive placebo, and one patient received placebo by mistake 
1nat.i rA b.tllllde). or these 169 patielU wlh plasma COl'Miimatlon data, ~ 93 went lnclucled 
In the pharmacolclnello analyala. eoi ... madon data from 88 pllllenta were excluded from analyala 
tor four major l9llllOll8: a) an lnmllalent lll.lllber ol obeeMdlona for NONLIN flllng (n-21), 
b) analytical lnterference(n-19), c) erratlcconcenlratlon-tprofilee (n-18), and (d) inapploptlate 
matrix for analyale (whole blood) (n-8). 

In geneial, plnama CUllOfll illatlona of IQllde deonlued Npicly after the "''llllde lnlullon In a multl­
exponentlal fuhlon. Plasma COllOllllndlonn were typiclllly mound 1 ncJ'ml within one hour after 
the beginning ol lhe 1o-mncie lnfUllon (eee the figures and table on page 13). 

E!ecat.• of the variabllily of the plnama concentration data, the eellmates ol the pharmacoldnetlc 
pararnatera were Ulo highly variable. aw CMl!d, lbutRlde had a large vcha1le of diatrbitlon 
(mean-e.e Ukg) and had a high ay.temlc clHranoe (mean-37 ml m1n·111cg). The clearance of 
ibutillde was similar in palienta with atrial tbfllaliorVllutter and in healthy volunleens. However, the 

1 For a camp1919 • s •nant Ill 1he phBnnacoldnello raUla, - Iha -iuallon by 1he biopha'"**llcal nwi-r. 
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3.1 EFFSCAC'l llEIUL 18 

) U.1 Alllnd dp I lie 

Cawld1ltnfl II 200 pillllnl INlled wllh llUdy drug, the ....,..... WM IUOC I I fJly termNted 
In 84.~ (54 d 188) d the pldlrU INllld wllh lbdde fmaatt. but In 2.~ (1 Of 41) ol lhe 
....... trwltld Wlh pllicrlbo. For Ille 100 pll6da wlh .,. ftar IJ•lied wlh ...... dnlg, the 
.mr,thnllll wte IUDCINlhlllr tem*lttcl In •• 75 (81 d 80) d ... ~ II Illa ... lell wlh ...... 
..._..,but mo.~ fl a1 IO) cth.,..... b111«1 wlhplal.11>. Fortlle 100 ,..,.wlh.,,,,,, 
llll.'fldonll..adwlhlludy-1118 ....... MCH:lfut/t."*-9cllnl9.1" {lad 78) 
Gf the .,..... llsd.Jd wllh bdde flllMllll•, but In 4A (1 Gf 21) Gf lie.,.... ... treelld wlh 
plllolbo. The folowlng lllllfe md flgunl lhow Ille "luc>Ds..- ..... by tr•11•'t. ~In 81 200 
1111111111 tnalld wlh lludy drug: --

Ptlnolpll l!llloeoJ Reeu119-An,........ ,..,.... -(11)-.... (lltof I ..,,. •••• 1-.111 M .......... ,_ ..... ....., .... t-i 

_,.......,...__ 
,_ UGI t.010 ...,, .. p-

II II So II II So II II So • II s II II s 
APJAI" 41 1 .... 41 • 11.1' 40 11 ... II 17 ... .,. 40 1t -a.a" <0.8001 

,.,,. IO 0 .. ll'I I tU" • • 11.0" tt 11 ~ ... ., 11 ..... UOOI ,,. ll'I t ...,. IO I ...... IO 7 11.0" ti • 11..- ., • .,,. 0.8411 

N • ,._ ....... ., Pllllnle 111 ...... 
-"' ft• -vf polllnle I lbd •a '1 I 'Oii Illa_......, a 'ullloft 

• e1111.-pW1ua __ ...,.. 
• ..._.,,,,. __ ...,.,,...._.flM-pWlua-SUL 'llla-"A," ... "llld"O"_llle_..ol.,.._. = p ·- .................... _ ...... ,., lllfnld (pdJll)...,,. _ _..,.., ,._ .. .,.._.. 

~ofMrlal~ 
la All Pallnt1 .._...._ Medloaihl O'f-118) ... ,,....~~~~~~~--~..,-~~~-

.- . 1:1------ II I 
. I I . I 1 : ....... __ I I . I 

~· I_ . I · I ; · ·1 .......... 
Dalm ... .... . ,,,.,. .... .., 

1 

-15· 

• 



..... • .. ,,. ••• - II Hp I 

CGNll' till ... 181 aw' II 11 35 nta 11111id wlh lludt.. - .... ....,. ... _ •"Cln 1turtt 
................ crt 1S7)of ................................... ~(1ol40) -
crt ......... trnred ..... a, For ... • ...... ti I r 111111 wlh liltltll Alilr. .. 
.............. W IUllllSIMIJ .... lllli lrt aft (IOol 71) of llefJI AIJ lrHlld ... ,,.. 
,._ ... lalrto.ftfJcrtm)'Gf ... pilllllllQIHlledwlllptiieo. Farllell._.""'e" ....... 
YfltlatW&tT t' n,llell---illlwtmal! l•t1tibAiililUdllt..-(lld'11)crtliep Ir di 
lrlllllwd Wiii llrdlle IWlm I lo la lrt 4A (1.if ID) d "'9111111 Ill II I Sid wllt,plmlllbo. TM 
Waat119tlllleawlflllnlhDw .. wc111" ,...,,,..,•• lla!IP lrtll D.,... 'INllfd 
wllh ... drug: 

........ Elia llJ R•a• Al l!\:11 . Ila N Iii .. 

..... (II) .. ,_j!l.Jdll 111 llp,.,.. 111 a..1tMllWll U l'llllllls..-mJ 

........ .. ..... ..... .. ....... 
• • s • • .r. • • s • • .r. • • s ,,.,. 40 1 Ii 41 I 11.1' • 1:1 .... • 11 4U" • 11 ...., .. .a..i 

""' • • .. II • tU" • • ... 11 u ""' 11 111 .... -,,. • 1 1:11' • a ..... 1' 1 ~ 11 • .... • • ... ..... 
....... - ............... 
....... .,,.._]' .. ••e"e' ,............... . H • ····-,--........ • ,..... .. , ... 111•-•P•li WMlllll9...ap .... _11 ... 111e ..... 0A.''1.' .. '0" .... a._111.,._ 

111111111- ............... ...__ .... t. ' ....... ....,.. ... ___ ,......eollll....,M. 

I:,,_ 
I -1-------

.......... 
DClllC. ..... . ,,.,,, ..... ,, 

l 

-16-



' I _. . ...., 
' 

<.;; :~:"· ··r ·:·"'" ·. 

! 

.. • > :oz I~ ~ ~ I E 
'~ i f 611~ ~,,.I,. ;il1ilJi I"' :ii; a.•11rl' 1· i "l la I J1! .. Jl 1 JI } a. I.. -~-!--~-;- ':!. ll 
I~ .. ~ ,,, .~,n~•~1r•11! -. -.. ' I 1§1!;: 

I
-Ill 1 .... 1

:: .. -1·111• fJ 11 ~___:__!~- :g I 11,. ;1 .. 
·ff 'lf S : JJf 1'.s. 1•1 I s I !! ~ 1Z •' .. •. . • ..... '· .~~ •.. I . 

6 ~ ? a f I i Ir I ! J .. • • .. i · I . j, .a 

I... l.. ;j - I t -'I Gt• J I 
~'11~1111 lf-ll'li .. i(tl'-t" r 1- ~ : 111•' Ill-. 

1Si __ 11.1P1 1 a.1111 !!e1111 _1_. ··a. 

jilt}~~i l1''f1'Ji j!jli ~, a a ~ IZ I 1~ .. I 111·· .. •.··. 
1I11111 • 1; .. ;; 11 I! ' :: ' .. ! I I . ·3r1'.· 
l - a- I 11 r 1J r: - ! ~ ~ 1111 1 ~ 
) f _ J I ~ f ~ 'I J !I' • 1 1 a iz . ! I 
)!i'J !sJi 1111~1 If l~ ..,, ..,, 4i. ... ; .. !! r1t (! f ii - r. a isl 

' I 

' 



8' CNtlitAlll, In the "Alplll Dole 8IUdY" (I.a, "Sludy 11" or P mla a II Pl7UGt'0011). .... 
kw• ta 'a. WM..._ ... qur lion PNllP•lllN• on the_, ..,... folm. On h - NflOd 
fofm lnllll& fllUdy, .... ..__MN lllMd ID INilar r, .. fot>wlllt II IYUtu•t: 

"For ............. llllllflblllllllolVlltemft111d"'1tlmedultngthe24-tlourllbldy, 
fftlm the ttme crl lwnnllillllon !he pllflent: 

• 
(1) Alllllllned In nolmlll *-~ ~ Hour 8' 
(2) ...... 1n .. ..., .... ...,... .......... 111t11~----(olhfrlbln 

NIJR) linluPi Haar 24 
(8) A81i11twd to ... ftb.1'11aQn 11111 .......... lliltll lld !bi ........ Hour Z4 
(4) ~ID 1111111 ftulttr llld 1•1-- In ...... Mier II- Hour Z4. 
(G) AhmaPld .,.. ... ..,... ,.,,lfltlon. ..... fUtwr, ... "°""" llnulrdlylhm. Rh)ictwn Ill 

Mour24: 
(e) Olher. ••• • 

a.u nme ~ twmtnaton or ••tiylhnilll 
For ... !I of the 200 pelaittl ll'lllltd wlh atuctJ dntO .... .nhylhrnla telmlnl&ed fUOlllllfuly, 
"'8 tn. to ttllmlnltlon (u ~ tmm lhw l.IWQlnftlna ct the WUllon d tlucly drug) IW'CJ9(f from 
3 1Tlftler to 70 mllUN. The meM .nd mwdlln """8 to tennNl!Dn .. fhoWn In the table belaw. 

M89I .nd Medllll Tlmee for 1111 8UOGt11flll TtmdnlllOn d Anhythmla 
Among Tr411ded P8illta On "*"-er) 

O.OOIS 0.010 0.015 o.oa 
pieoem ama mg/.k; mat.Ila mcdlG p ,,...,. 

AF1 (N-91) 
n 0 3 8 11 11 
llMllR - 34.0 17.2 24.S 13.8 0.14 
IMClln 23.0 18.0 18.0 10.0 

AF (Nor24) 
n 1 2 7 e 8 
llMllR S1.0 10.5 17.8 24.5 10.9 O.SD 
median 31.0 10.5 10.0 18.5 10.0 

AP/AF (N-55) 
n 1 6 13 17 11 
mean 31.0 28.2 17.4 2<1.36 12.8 0.05 
median 31.0 23.0 15.0 18.0 10.0 

• From one-way ANOVA 8CIOSS doff groupe 
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Temlhlftln dlle.,.._.nlacldnot 1pp1•tobe NllllCll9t;dly 10bddeplm:1awdiillbL 
The IWlg8 ~ ....... p's Ima OOJIOllllallbl9 In plUlnta wtlOl9 .tlyJwnll Will not IUOCHlf&ll)r 
tenMllllClwllmllrtolle,..... al OOJWWWdllltlOni In_.... a•.,._, ha cld tv111*-•· 
<Mnll, the Mflylhmll hilmlnlllCI In 91allie2001NllUd ......._ PIHma oonoanlrllllor.8 m 
ar'ablefor480f,....pallanls,lnaNclngone,....dwlw....,._nla .. 11lll•1C1.,....111a1Mng 
pm1bo. The mmt (M.d.) 1111111• •-llNllat• • whlah the.,..,.., ... ~ In'- 41 
...... - 1.78 * 11.84 nitml (ootflll ltnl al •llAl•t8"), and lie meclarl .. 4.' illfmL 
The .,.. llllQld f1om o.o '9ntl (below the 1M1 al cllleallan) to 11.8 flfPtl, Hldt llW 1l1nt 
pll 11 .. oonJJllitlilllOI• OllCllinad dUllng and lmmefalely toloWliiU lbldlde NUllon (lie rartg9 WM 
Oll•llly blho•• fOand so nWmt•lle end of lie WUllan) and !WdydrOpplCI lo nworbllow 
1 nct'ml wltm an hour of the lnfUllon. .. · · · 

a.1.e.1 Durallon of ant1rttnla 

The dllllltlan Of the anhythmla v.• M1911y 1'91aled to the llcelllood of IUOOlllful a..dlawrllon 
wllh l:Mdlde. l.oglllla regre11lan dlmarwtilllled M In bolh the oamblned (AFV AF) and atrllll Mer 
(AFI) aftlla, lfter ~ tor dol9, the dundlan of anhythmla WM llgnllcantly related to the 
IUOOll8 nde (p.0.014 Ind p.088, nNiplCtlvely).11 11tal la, the longer the dur.tlon d the 
Mhylhmll. the lower the llcalllood Of IUDDlll. In the lltdal fllrlllllllon (AF) atnt!um, however, the 
duilllllon or lie lll'lhylhn1le waa nor llgnllcantly NllllCI lo lie 1UGC111 lllte (po0.207). 

In PlllarU who tt.:t lhelr Mt\ylhmlawallfut/ tennlnlled, t. rneclan dundlon of the arrtlythnu. 
In the oarnblnld atl'llturn (AFVAF) IDftlll .a dDl9 G1011P8 WU 7.4 daya, In the atrllll flutter (AFI) 
atr.t1111 I WM 1.6 daya, Ind In the atrlll lllllWlon (AF) aillllum I waa 12.8 daya. In oontl'Mt, In 
Pllfala whole ~ wu not llllCICIMIMy tennN:ld, the median dundlon of the arrhythmia 
In the oornblnld llillllum (AFVA!=) IDftlll II dDl9 QIOClpl wa1 22.1 dava. In tha atria! flutter (AFI) 
lilnttum I WM 14.0 days, Ind In the atrlll tlMtletlcn (AF) ili.turn ii - atl.2 d&ye. 

3.1.U ljeallon fniDtlon 

Loglltla 19gr111lcn lhowed a llgnllaant 1111cDt111Dn balWIM'I ljlatlon fraction (nonnal 
ve. dlar1111 d) Ind auoc111 rato only In pmlln• wllh 1111111 flutter (AFI). After adjuatlng tor dol9, 
pmllna wllh llll!al flulter Ind a nollMI ajaatlon frllDtlDn Md a~ auaoe11111t1 then piilllna wllh 
alrlllflulterlnd a dearlu1d ejectlonfrwlllon (p.0.048). Howwer. IDGllllD regre•lon demonatratlCI 
thal In both tha OOMblned (AFVAF) lnCI atilll flHtlllllon (AF) at• lfter ICIJutllng for doee, ejection 
traction waa not algnllcantly related to the euaoe• ;ate. 

a.1.6.a Laft 111r111 dllrnew, ftllvui. 1twt dl11111 

Neither left ltrill dlamat11r (nonnal va. abnonnal) nor Yllvular heart dllH18 (preeent va. abalnt) 
W9l9 ..iated to the llcelltood of auaoel8ful aanloverslon wlh llMlllde. Thal la, loglatlc regreaaton 

'' In Iii laglello 19gi.11lw., lhll du1111lon ol lhll •nhV'hmla - tn.lnollled at llO clllva. and 119 9*lllCtlnn •nn ol 'doM brf dulllllan 
ol antlyl111111i' - elmlnai.cl (Le., lhla lnltraollon llnn had not been 81g11lllc11d when I had bMll Included In lie ~ 
NQNHbn of 'cMatinn of &trill tlbtlla~). 
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............... 119d for dotle nr .......... :atrlf.• •ts.,, ... UH 1' Han Int HI ... 
lllfillhlll• ... h111at1•lllle,nora1flllla•ll Fl 1 'r1 Rilllw•0Pllllr''r'-t J u ............... . 

1.1.14 Pt hn11¥1nof0To"*'NI 

The QTc lnt8Mll wa1 net PftllCnQld am rnnl'll pni1 •r" \'..._In r' 111 ..... -
"tuQQUII .. er IA ..... who .... , n ..... 'n.t It, llllil)III al ........ tor lltrnpr ..... 
t •••lnlleQTolnlerwll18 cldllddlmolt I llalllJilmlldllatwwLee t•M1111• 
I ..... ll't/cflledotle~lrllledWllllMSh • 

....... C1PIDI I 111 W GI ..... ttbldll lam 

1.1.1.1.1 Conaonllanl ... Gldlgllllln 

Ocnoomlanl 1111 ct dlgoxt1 W11 anamtotd wlh biNr •"lelnt Rlel IR two GI lie awe 111I1a. 
Logllllo l'ICINIWIM dlmollllllllld !hit In boll the conNd (ARAF) llnlllln .id lie 1111111 tktlllr 
(AFl)llllll&m. after...,_.,tcrdotle, .-....notm1tmgdlgaodit,_. •"W*IUCC!•• lltet. 
ptlllnte NCilvlng dgc»dl1 (Jl-0.088 .id p.0.0ID, fl~· The OU .... IUDH• ... 

(todlclng pttlleiU ••Imo plwbo) ... ""' (II of •> In ........... not ••Ima cllgadt 
OOl'lli' I lld IO 27% (2S Gf 81) In llOle l'IClllvlng cllclrlm· In a. .ial fld :::on (AF) llnlbm, 
howl..,, a. UM cf dlgcm1 WM net llgnllail*t l'llllled IO lie IUDCHI IWe (po0.888). 

For_,.,.., lie ftuin below lliowa a.11.1111• .... (bv dole '10UP) In lhe ooi111*oed (AFVAF) 
....... fer pllllia who cld a tor P111a11t11 who cld net m1twe dlgoJdi1. Not• M ttlll flgln 
oonlld9l1I aniv , .. 1w ·eve .... • pt11entL 

lbulldl cld net lffeol dlgoa1 blood 11¥111. ChllnUll fNm b11111rte In dlgoxln levela ...... llml'olr 
ICIOl9 CIR of .. trelitmll't groupe (I.e., .. pllicetlo (liaup and ... tour Wiide ....... : I A groups). 

11 Qwlgll lralll b111lne -Ollcl*lild Uli18 llie orw.i-ECG beowM IW llie Ollil' time polN Iller ... ln-.ion Mcllla 
- llhai.dfarbclh l!l!lQllUll Md..__ 

11 In tlll laglella IWgnllllon. t'9 lnlllllClan 1111111 cl 'dale ,. U80 cl cliaO*i' W lllMlllilcl (Lt., .. lnlltnlaliol1 111111 h9d MM 
110M1011llo11~...., I h9d bMrl IYMllW In"' logll1io Mg1111lan cl 'no IM va, '"d dlgoidn') . 

.. 
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, ... 1------......... _ _. . ... ... ... 

DG•6lltld 
......... ,. 2 

3.&.1.1.2 Concomitant UH of p.adreMrglo blocklng ....,_ 

L.ogiallc regression showed a aignllicmit 881 oolatkin betWMn U88 Of jl-adrenerglc blocking 8' '118 

and tile auccees rate in palled& wlh alrlal tldtar (AFI}. After adjuatlng for dose, patients with ai.tal 
flutter who were taking j5-adrenerglo blOCldng agents had a ~ aucceaa rate than patients with 
alrlal flutter net taking p.adrenerglc bll;lolcilg agenlt (pa().0045)14

• 11"..i overaD aucce88 rate In thle 
llratum (excluding patient& l'llC6ivlng placebo) wae 79% (11 of 14) tor t:\Ose taking beta-adrenerglc 
blc>olmlg agents compared 'o 30'lf, (20 of 68) for thoee not ualng th88e agents. However, logiltlc 
:egresalon demonstrated thlll In both tile oomblned <AFVAF) Ind atria! tl>rilalkin (AF) alrata, after 
adjusting for dose, uae of ~era WlllJ not alsPflCll\tly 19laled to the auocess rate (p..0.075 
and p.0.658, reapedlvely). For example, the overall ~" iate (excluding patl9nta receiving 
placebo) In the COll'l'°!!r1tld (Ar!l4F) llndum was ~ (15 Of 30) tor thOae using beta-ad1'81'1erglc 
blccki1g ager.!;;, compared tc> 30'lf, (39 Of 129) tor thoee not using th888 agents. 

3.1.1.5.3 UOncomitant UH of calclum-channel ~loclclng agent. 

Conoomitaot use of calclum:dlannel blockilg agents was not related to the likelihood of successful 
cardklversion wlth ibutllldtl. L<lglallc ;egreaaion analyses that were adjusted for dose did not 
demonstrate a t'lgntllcant llllSOCiation between use of these agents and the success rate. 

" In thi9 lo\;&tic reg .. Mian. the inlllnicUon tenn ·~ "dcM l'I uee cl bellHllocker" wrs Jlrni>.ato:: ~.o .. lhi:> irlteraction tenn had been 
ncinaigr;!ftodnt when It Md been , raluated In the loglalic 141111 'leion Of 'no uee "'· •w ol b.>~1-blockvr") . 

.. 



a.1.7 a.o ............. .. 
Atthe t9qUflt of the FDA, the 1p01110r perfonned a 1alrolptclllve chlllt nwi.w a. nnus the long­
tlml~ of P6rU lrlllllllll lnllllldlnlanl .. Kllplnn-MellrOUM19."81991'181al«IWlhthe 
.. I ...... to...,. the lllngltt of ttne --..... fr& of ..... anl1dlmfll for .... .,... 
o; pallsnts that had been .-llOlld In the lllnl: (a) those auoc1llluly llOfl'.wt.SWlh lbe.,.........,, 
(b) u- who ftillsd to be ooi1111ted Wlh IMlllJ1 but who .,... then woai rllt{ um..., by 
Giiier maw (n.80), .:; (o) r..,.. who fdld to be convtltld Wiii plaatbo but v.tlo .-.. then 
SUOCl91fuly OOIMlltld by Giiier mHnt (nall!O), llUlpNtalion of th8ll data 9'W """Oll!lfld by 
"*Y f8ctora (e.g., deaVl ••· lhllolt•llM or epondc fOIDW.q>, low al d••• ,_.,, 
GDnfolna1o n.edkallu.11, Ito.). Narltlll•l111, the Kepfnn-Meler CUM11 are ahown h the,._ «i 
the folowlng page. . 
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1.7.1.1 PR 1nbii ..... 

PA lrt«Wlll..,. dlllcul or lmpa 11119 to m •••in • bH1l1e When lie paUera..,. In lliilll 
fMler or Wion. Acooicl"'1, dllB uuutno dltllgla In the PR lnleMll fnlm baullnl or 
OCll ... lng ..... In the PA lleelWli llllOllO dale gniupe W8l9 ~and nol helpful. 

a.1.1.a QM dtt•an 

1119 QR8 dll a., • lnulM ... nat .,.._.., dlluilfll mw ~ The ontv 
....... dlmaaa fnlm banlnl WM In ... o.oa mW!ll dale~ ere the 11111!11 fllllr 'Inn (AF) 
111111um. For ... eewn flllllelQ wll08I Mhylt1111a lennNlled Cbtng tile Wualon (and Who.allo 
hed ... QRS dunlllon llll8U'8d a ID the), ... QRS dunltlon lncn 111d from bas9lne by a mean 
d 4.88 mtee. 11111 Wiii llal"'k aD; llgnliollt (po0.0487). AcrUl8 cloee grouoe, howe119r, 11111'8 
went no llgnllallll d11811111081 In dwlge d QRS dunltlon llaM b111111 to Hour 1 •. Th• change­
fnim11111h (CFS) "n" fortheee groups llqlllls 192 pdiellla. 

a.1.1.a Allttll cycle ........ 

At b•ll18, the alflll cycle length (111818111'11d In pallenl8 In the mrial nutter atndum) WU not 
~ dffWll llCRNlll dole groups. The mlll ayllll llrlfllh lnar1a11d 19fi:ardly flom 
buall!W In al ere the Wide traalltllift groups upon ~ Of the arrhythmia during Wuelon 
(CFB n-20). In conlrlllt, the plFabD group hed no blnnlnlllona of the arrhylhmla during the 
WUlion. Th8le 1118111 •IOI 11aa In the lliilll ayllll llrlfllh IWIClld flan 679 to 798 maec. The mrlal 
ayllll llllQlh waa .i.o alanllolntly lncrn11d from b1111r.a at Hour 1 In the 0.010, o.Gi5, and 
0.02S nQ'lcg gniups by 190, 424, and 280 11118C, nMpeCtlvely (OFB n-48 In these 1hnle groups). 
In con11111t, In ... pllDebo group 1he 1111181 cycll llrlfllh lnarl••d nontii(Jlllcnly (+12 lllll8C; 

.,..0.20) fnlm ba8el!ne al 1 hour (OFB n-17). 

Anaty• of vmi.ce for chmige fnlm benllne dlmonltnlted a histily lllgnllcn cllfenmce 
(pdl.0001) among doee groups. The pUwl88 oomperllloNI lhowed a al(Jlllcn cllferance 
between ... 0.015 ms;kg group and tha plaoabo, 0.005, and 0.010 ~ groups, 88 wel .. 
between tha 1).025 ms;kg group ....... pl80lbo and 0.005 ms;kg gioupa. 

lbl•llkte allo llgnltcaitly lncrlaeed the atrial cyde langlh flom baaelrte al Hour 1 In groups of 
pallln• wll08I antlythmlee did not termlnal• o.e., , ...... ,. The oycle llrlfllh lncreaaed 
slgnllolntly from beeellne to Hour 1 In the 0.010 and 0.025 ms;kg groups by 18 and 43 maec, 
l'llP'Jdlvely (CFB n-21 In these two gioupe). In oontrul, n the ~ group In which al of the 
pallenl8 were iallurea, • the alrlal cycle langlh lncr1u1d ~ly 'mm ba11llne at 1 hour 
(+12 meec; pa0.20). 

3.7.1.4 QT Interval 

The duration of the OT lnl8Mll al baseline was not slgnllcnly cllferent across dose groups. For 
the 40 patients whose anhythmla tennlnaled during the Wullon (and wl".o also haJ changes from 

11 Dala In this eeotion 11111 for 'evaluable' patients ottf (n..197). 
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'3111ll1t or the QT W8Mll rneatUIWld at Ullll tble), ltw QT W8Mll lncrt ... d ~horn 
bM1h In .-i of dole groupe lnlldld wlh lblllllde At._._ GI_..... llimfllillton during 
lhe lnluelan In ht four,,......, ... ..,.. llfVllPlt the QT lrtlMll m1a11dfftlm ba1111n8 bV ma ane 
tlllt twlGld fn:im 78 m11C to tG mNC. In lNldl Of the four lbl•"""4nllllcw Q10UP1 al Hour 1 
(CFB n-161), the QT lre1IVlll •1JC1"1111cl from be11llne ~ maw tlllt twiged from 22 rneec to 
73 lllMC. BV oontrml, at Hour 1 In 1141 plllclbo group (CFB n-88) "9 QT lnterwl had anantlaltf 
not changed fn:im baa tine (cllcraw Of 0.14 meec, p..0.97). 

~ d ,,....._ idcllled. hlahlY ....... dlfaNI• (IM0.0001) ••ICllCI dcNlt gniupa In .. 
chlnae err QT tttlMI fftlnl b1111ne to Hour 1 tn Ill CCllTlbNd (APtAFI) llllllllll end In the atrial 
tMtar <AFO -~· The dlflltlnC» - alto ...... •'1 ....,... (p-0.0081) In ...... 
Wien (AF) lblllum. Palrwlle ocniplllllcn ... lhown In 319 t.lllle below, end n...-. Changee 
from bu•h In the QT lreerwl for the ocmblned (AFVAF) ~ ... lllOMI lrtth8 flguN on the top 
Of 1he next pllgl. . 

.... ._ • ._ ......... llaqi'bl .... C-) 
. 

0.8111 0.010 II.OU o.Oll Ortrall ···- PIMlbo ...... ...... ...... ...... P-Valm 

AWAP .0.14* +a.11 +111.w +t0.14-tt +'lll.Tt-ff <0.0001 

AJ'l .a.II +17.'lf +BB.a +11.ea•tt +u.11-n <0.0001 

AP ..... .... '141.'71 +61.n- +94.Wt 0.0081 
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1.7.1.1 QTo lnllrvlll 

...... -
ICl&la'lul 

.. 

. 

'Thellngltl d Ile QTo llttMf •bu b w nct ... ..._~ clllaa• ~ cloee .,.._ For 
........ In the 0.010..S O.Oll.& nVkl ... GftMlllll wllOll ~ i8mllnllted dwlng the 
Wtllkln (Ind who llllO Md cMrlgll fnlln b sh·d !he QTo ....-wnd • M ttne). lhe 
QTolrnMI lncnnnd ---- nm 11111111• by m•- d 11mnd 11.-.(XfllOO), 
...,.c11ve1y.1n..,.a1-.rour111•~~•Hour1\CFli.141),theQTclraMI 
lnonl111dllomb111hby"r .. u. .. l(llldtnim19to&2_,. ex 1000). lyCCINlllll,lllHour 1 
In lie plmsl» ~ (UFB ,..Y) V. QTo lnllMll Mdat.iged a.nm In 11llne (d9arl1• crf 4.7 
..,,. (X 1000); p..0.29). 

~ of VWlm'loe lndlallld a highly IVllmnt ~ among cloee llftXIPll In the ot.1gll d 
QTo lnteival from ll111b to Hour 1 In the oomblned (AFIAFI) 11111111111 (p40001) ..t In the lllrllll 
tMter (AFI) lllatum (p.C.0003). The dlf....,. was aleo llllllillladli; lllJlflollll (p..0.0187) In ttie 
llMI Wion (AF) etiatum. Palrwlle oompMeonl ..... In the table an the n8ld p11g11, ..t 
mun ohangM from buellne In the QTo lllllMll for the oomblned (AFVAF) group .,. lhown In ~'Mt 
figure on the next pege. 
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a.1.a Eft'eota on ¥Hal atgna 

tbutllde did not appear to have q oonelltn, IV!lllcll1l, da11 related. mid pelllltn llfeete on 
•ollo or dlutoilc blood .,......,,.. The only lllllltlclllly algnlflclnt cllfw'8n09 ecrou groupe In 
change flUITI ba8a11ne OOCUrred Ill Mlmde 40 In ayatollo blood preuure (p.0.0021). Pllllwlle 
oomparlaona llhowed that lhti -e.93 mmHg ctecreaae flom baaallne In the 0.026 "9ka grc)llp Wl8 
llgnlfloantly dlfentnt flQITI the cNnge In the plaoebo glOllll (+ 1.09 mmHo. palrwlee p.0.0068), lie 
change In the 0.006 mWkQ group (+0.83 rnmHg, pilrwlae p.0.0097), and the chlnge In the 
0.010 mC>'l<Q group (+S.63 mmHg, pellwlae p.O.<I004). N. Mlmde 40, lhe 0.01S ms;kv ~ 
("'.ae nvnHg) allO had a lllgnllcll1lly gNalar decreaar flom balelne when oompared wllh the 
0.010 mG'kG group (+S.63 mmHg. pUwlle p..0.0077). 

In oontraat, l>utlllde had~. penlatent, encl pa11llty do1e related eftect8 an pulae. Thia 
effect can probably altltbuted to t8lmlnatlon al lie llrlal anhylhmla. Analy8l8 al varianoll Indicated 
that there were algnll'lclWlt cllfenincee among dole groups In change from balellne at Minute 10 
and Hours 1, 2, 4, 8, and 18. Palrwtae comparlaona Indicated that the cllferences wel9 between 
the highest dose group (0.026 mWkg) and the placebo, 0.005, and 0.015 m9'1<; groups. The higher 
dose groupa alao axper1enc:ed lerger m.., decraaaea In pulae than the lower dQse groupa or 
placebo. See the figure below. 

Consistent With the notion tnat the decrease In pulae might be attributable to tennlnatlon ol the 
atrial arrhythmia, a change from baseline analysis was done at Hour 1 for failures only. Among the 
failures, there were no lllatlatlcally eVilfl!lant changes from baaellne In any of the dose groupa. 

--

-12 

-16 

--· 
• .. • • . .. ..,_ ............ ·• 

~. '·\.. ·-·--·-·-·····-·-· -·-· -·- .. 
• ........ ......... .-·· .... _ .--· ··- -· ··- ..... --

-20 ....... _....-. ....... _._....._..._...._.._.__. ....... ___ ..._.-..... 

0 4 15 

Source: Table M.3.3 
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a.e SAFETY Re8ULT8" 

1.&1 

Thll MnmllrY crf the --,..... wll ••iphallze major ..... events. Thele ... unmarized 
In the table on the next Pllll'· NarrlllllvM for patklra who 8lCPlll'lenclld mator or norable adverM 
ewnts .,. loclded In HCllon S.8.6. 

a.e.1.1 llloet oommon 1111u ... .,..... 

Flty-lour (64) crf h 2CIO pilllllla •idld In the 11111 ~ 111111111one8IMMw 9V911l, heir 
of whom upei1lnald 1n lldu••..,... cr1111e -*i11UC11lllr8Yllem. n111111. ~of 111e11 pet11ra 
....-ICld 1n ..... 8Wl1t d the aanlowllculll' 8Yllem: 14 an u.,.. .. .nt of the body ea 
a whole, end the rllNllnlng 18 axperllnuld lldv8ll8 events !hi& W819 IOltt81'8d among the oth« 
body aylteme. lw lhown In the tllble below, adYer8e IVlllta reported In lhlM or more patlerde 
lncludedhypotenelon,nonlUllelnedmonomorphlcventrtculartactl)'C(VT),headache,auatakled 
polymorphic VT, and ohelt plln. 

lfadl•I.._ 

S,11ae•ll• r 

N-1• lud ••1• 1WaVT ........ 
............ 
~mpblaVT 

a..pa1n 

a.e.1.2 llalor advefee eventa 

I ' 
N '•elP 111 •• &Hh• ...... ..................... 

O.GOI 0.010 0.011 
Pl...i. ...... ..... ..,. 
or..u Cl(ooU) (N.60) ac-aa> 

I 1 

1 1 2 

1 1 I 

1 1 

1 1 

.... ...-. Tatal 
QWO) <1'.tOO> 

a • 
1 I 

1 I 

2 • 
1 a 

Th• table on the l\llCl paoe aummartzu lh• malor adverse IV8llta that VlloOJrred In lh• trial. No 
patlenta died durilg the oou1111 of the trtal. Eic;.t plllanl• treated with lbutllldl QlCPtlrllnoed .. r1cua 
adverse IY8llta, an of which were flfatad to Iha cardiovascular ayatem, lncluclng six cues °' 
po~rphlo ventrlcUlar lacllycartla. No patients wll\ldraW from the trial blolUM d ad'IW8ll 1Vantl. 
HoW9Yflr, Iha 1Q.mlnute Infusion wu discontinued In five patients becaUl9 of adverae ewnta of 
Iha caidlovaacular ayatem, Including tour caaea of ventrloUlar taohycardla. Eight patients 
exp1rlenoed 11 adverae events of ffvere .. 9Mlly. nearly an ot which ware nilated to the 
cardiovascular system. OveraD, eleven patients experltnced SV\lflcll'lt cardiac arrhythmias a.id 
six patients eicperlenoed hypotenalon. One patient eJCP&rienced a notable Increase In BUN and 
creatlnlne during the trial and died five days following the study. 

II 8llely iNuea 8111 diet ISl"d compiehenllvely In Dr. Goftlon'I 19View. 
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Mmjor ~ Ev91118 

C.1g0ty n' Plllent ID DoH 
Group 

DMlhl 0 

Serious Ever.• 9 01104 Atrlll Anhylhmll, Ell!llyltOlll !3iglmn.f 0.ll06 
1222& ~Aoolcllld PLA 
f2847 Dizzt1111, HypcUnllon 0.ll06 
12126 Nonlult8ilecl Polymolphlo Venlricullr TllCh)vlrdla 0.010 
t2308 Sulmlned Polymolphlc Venlrlcular T~ 0.026 
11108 au.lned Pot/malpllJc Ventrloullr TICllycardla 0.010 
m14 Suallloed Po!ymorphlc V.mrlcullr TICl.ycerdla -~-~" 0.016 
11~18 Sullalnld Polymcxphlc '/enlriaullr T~ 0.026 
12218 Sultlilld Polymolphlc Ventrlcufau TllOhyolnll 0.026 

Withdrew from Trial 0 

Olecontinued lnfulion 5 11304 QT 89gment Prolonged 0.025 
12328 NC>Mllltllined Monomorphlc Ventrlcullr TllChycardla 0.005 
#2308 Nonellltalned Polymorphic Ventricullr Tachycardie 0.025 
11108 Sustained Polymolphlc Ventricullr T IChycerdla 0.010 
12218 Sustained Polymorphic Ventricular Tachyclrdla 0.026 

Severe 8 11108 SU8181nld PolylllOIPhlc Vantrioular Taohycardil 0.010 
12214 Sustained Polymorphic Ventricular TllOhyolnll 0.016 
12218 Suatalnld Polymolphlc Ventricular Tachyclrdia, Hypotenei~ 0.026 
12347 Hypoteneion 0.005 
t2345 ChNI Pein, Slnue Arrhythrria 0.010 

- 11311 Bladycardia, Hypotelllion 0.025 
11318 Suetalnld Poly11101Phic Ventricular Tachycardia 0.025 
t2308 Non-SU8111ned Polymorphic Ventricular Tachycardia 0.026 

Proenhythmia 11 11108 Suatafned Polymorphic Ventricular Techycardla 0.010 
11318 SU81afned Polymorphic Ventricular Tachycardia 0.025 
12214 SU81afned Polymolphlc Venttlcular TIChycerdla 0.015 
12216 SUSNlnld Polymorphic Ventricular Tachycardia 0.025 
12125 Nonsuetelned Polymorphic Ventricular Tachycardie 0.010 
t2308 NOlllUltlllned Polymolphlc Ventricular Tachycardia 0.025 
11341 Nonallltlllned Monomorphlc Venttlcular Tachycardia 0.025 
'2207 Nonaualalned Monon.orphlc Ventricu!ar Tachycardia 0.015 
121~3 NonsUllalned Monomorphlc Ventricular Tachycardia 0.010 
12328 NonsUllained Monomo!phlc Ventricular Tachycardia 0.005 
t2330 Nonallltained .MonOl!IOl!Jhlc Ventricular Tachycardia 0.015 

Hypoteneion 8 1112-4 Hypotenelon o.oos 
11301 Hypotenaion 0.015 
#1311 Hypotenaion 0.025 
#2213 Hypotanaion 0.025 
#2216 Suatalnad Polymorphic Ventricular Tachycardia, Hypotension 0.015 
#2347 Hypotension 0.005 

Olher Notable Events 1 #1116 Increase in BUN and creatinine; subsequent death 0.005 

' Patients may belong to mere than one category 
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a.t.1.1.1 De..,._ 

No dlldha occurred dullng .. ttlll. 

8.1.1.2.2 e.tou•...,.,....,..... 
M lhown In the table below Ind 1un•1alad In .. fllllle ol .......... 81illlte on 119 30, 
9pallert8 ~ 11 eerloUI .... ...._ Ttn Cll ..... 11 lldoul ...._ A•U 
OOOUR'9d In pill.na l8lldamlud to t111ilb1ililA wlh h...., md one to a _. !mcforV*'d to 
plaoebo. NantWI for ............. """ be fOund In wllon U.S. 

Noblbly, eadl or the nr1ou1..,.. ewn1e In the p1111 nta IMleclwllh IM"ldt wwe relded to aw 
oanloYucullr ..,, hlludlng Ille WU or ...,.,.ilOqlhlo ••llNIW lldt)Mcla (lour of which 
wentlllltaNd). Thele0111H•dllcue21dfurlhlrlnthewllononpwwillylt11llabelow. Finally, 
c.ne plllllnt treated wllh Wide (Pllllnl 11104) dl\sltped elnul nodl abnom...._ folowlng 
oveldrlve pacing 1hll lndo.Jded llrlUI Mut (ftve llOOlldl) Ind elnul ~ (44 bpm). Thie 
Wllll folowed by a )unctlonal ltlylhm with 11e1111tcular blglmhy. 1he plllllnt w treated with 
temponuy cardiac pacing for aboul 24 hou111. 

n •rretP •h••• a,,.,.,..,, ............ I 

0.006 0.010. 0.011 ··-.... ..... ..,. .... .... Tollll 
lhdiml Jina& (N'"41) Of-ti) (N8'0) (Nall) (N""°) <NalOO> 

AINI~ 1 1 

~ 1 1 aoddd 

Diiiin- 1 1 

llidaW)8&ol• 
blpmiJlal l 1 

~ l 1 

NWlll*elDld 
PGIJmorphlc VT 1 l 2 

Suc.lned 
1 1 2 .. polJml!lpbla VT 

Bo.n.: 'l'a6lc P.14 
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1.1.1.:.s wt11•••• •1111 11 ot ••aw ....a.s 

U.1.a.4 ~ EYenl9 c.u.lng DllDanllnulllhn ot lnfu8lon 
• 

M lllOMI In thefllble below and 1111111•1ad In thetlllleof maiar ..,_. ewnt9on P1101 30, Die 
........ apettencad 811 ..... went thlt OIUllCI dl8oanlhlllllll of the lnrllllan. NmndMla tor 
... plllllnta llllLY be found In llGllon a.a.I. 
Eacll ot tht98 advtNe ....nl9 lfleclld the D8ftllo\'11 ne• aylllm, and In tine p1ll111ta the ev.u 
wen1OOllllda'edtobeM1toi11(PalllrUHt!I08,11108, and 11218; .. MCllDnS.8.1.2.2 on 
Pllll 81, llMM). In ........... nlnl mhlt9a of .,.. .... lnfUllon ....... '1804 dllvelcip9d 
mmted Pft)lonalllan ol 1'9 QT NaM11 (IRll'll 8 to 880 muo) and QTc lltlMll {tRllll 0.458 to 
0.781 MD'). Flndy, ,..,. _.developed i'IDlllUlllMd lllDl~tllcwntlbdar~ 
during the IMlida lnfUllon (I.e., I nil al four beall and 8 Rll of IW!I blall), 

• .. ., .......... MI' .. , I - Dllt u .... ., ... • • ..... 0.010 o.ou o.-........ ..... ... ..... ~ TNI 
IWIOlllhW (ff.41) (N.61) <N.CO> OWi) OfMo) cNdlO) 

I 111• 1 1 I ....,. rr•1r 'VT 

Q'l'1 psmt 
Pl I •11111 1 l 

N 11 •1 lrM ··- plalc 'IT 1 1 

"-...... 
~VT 1 1 

OveraU, eight patients experienced 11 adverse eventa of a uv..,. lnt4llllly, all of wtilch ooculNICI 
In pallenla randomized to and treated with l>Ullllde. Four of theae ev«1t1 oocumld n patlenta at 
the hlgheat ~q level (0.025 m!>'kg). All eleven HVllnl adverM eventa Involved the ca.dlovaacul11r 
ayatem. Thaae 1 I uvare adverse events Included the lolloWlng: cheat pain (1 cue), alnua 
arrhythmia (1 cas11), bradycardla (1 case), hypotenslon (3 cases), nonauatalned polymorphic 
ventricular tachycatdla (1 can), and auatalned polymorphic ventricular tachycamla (4 caaea). 

All noted above In aectlon 3.8 .1.2.2, In alx pallenta th• adverae eventa went alao clasalfled u 
eerloua (Patients #1108, 2214, 2218, 2347, 1318, and #230e). In addition, al the end of the 
lbutlllde Infusion, Pallant #1311 developed an abrupt Increase In AV block, aevere bradycardla 
(HR-47 bpm), and ae\/8re hypotenalon. These resolved wllhoul Intervention. Finally, Patient #2345 
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c11w ' r•d ..... llnl• ~ (tlnul pa11111) on ... daV af .,...._ 11W111..,. and ..... 
dllll ...... day lifter bWhlilill wlh lbulllde. 

Aa 8hown In the table beloW and IUnlllllll1Pd In the blble or mirp .,.... .,,..,.. on pmg1 ao, 
8.11% (11 ol 168)of lhef)lltllnlslNlledwlh !Mids....,. ..... ,...,....,...,..,.. 8u11'hld . 
polymorptilc wnlrlculllr ~ (VT) OOClllNd h 2.ft (4 d fll) d lie ....... lnlllld wlh 
lbddl;nonlllalnld~VT ooeutwelln 1A (laf 1N);and~mcmamorphlo 
VT oooun9C1 In 8.11' (&of 168). N11N11Ve1 tor..._ ........ "'- bl fOllld In ..U0.18.1.1. .. 11!; •• •• 

O.CIGI 0.010 0.011 o.m 

~=" 
...,. .... ..... ..... fiW _...,.... (Netl) OMO> QWI) CN..-> CNlllOO) 

lllr±d . - . VT 1 1 I • 
NWGlh._. ....., llP•lcVT 1 1 I 

N1M111I I 111 

•• 11UeVT l 1 I 1 g 

Th• !!:;.fl (:J:l.d.) plurM OOflCllltnlllon Iii which pl'Ollllhylhmia oaourrad In thlN 11 palilnla WU 
7.46 * 8.19 llf>'ml end Iha meclln Wiii 6.68 nWrnL Howwtr, pillma OOllOlrlllllllonl of lbullllde 
were nol olMoully l'llllted to the ocourrenoe cl thlN pnlllThylhmlc event•. In plUt 1111 wu 
l.>eoallM lhe pillma llvtla W818 highly vwllbll: the ooefliden al wrlltlon WU 11K, 8lld the 
Ylluee ranged lnim 0.833 ~ to 29.0 nWmL 

In hedhy ¥Dll.rlt-., lllCh ennlomer Of lbullde (Ll.82208E Ind U-82208E) makes up 
eppl'Oldmalely 50% of th... l1IC8llllc mlxl1118. To lllllkl • oompaltlon wlh pallent1 who hlid 
81Cpotrilnced • pl08l'lhythmlc event, the eponeor dltermMd the lllllc cl the two enantlomll'I thllt 
make up racemlo lbullllde In el llx of the pallent1 who ~ palymorphlc ventrtcular 
tachycardia (auet&Nd: Plllent• #1108, #1318, '2214, and '2218; non1ualned: Plllenta #2126 
and #2308). Tw.ity-abc l8lnplea fnim lheee llx pallanta W8l8 uayed using dllral-apeclllc 
methodology. Rellllla '·¥919 elCpl'988ed as the percent cl total drug .aoounted for by the (+)-laomer 
of butlllde fumaratc, U-82208E. The average for th• 28 plaelna NmPIH waa 63.3:1:1.11% 
(%CV• 3.7%), auggntlngthlltthc ndlool l!Wlllomcra lanol algnlllcantlylk1w1cH1om 1:1 lnthlle 
patients. 

Five of Iha six palllnta who had epleodca of polymorphic VT had a deol9888d ejection traction. 
The ejection ll'l'lcllon was nol reported tor Iha sixth pmlent, but left ventricular function was 
deacrblld as "mlidly decreaacd. • Three of the six pallenta also had a hleto~ of congestive heart 
failure. ThAll ot thli six al8o had a QTc at baaallna greater than o 440 ace . 
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Al four IPIHd I .. IUll her "°""'"* ww•• ... 1 ........... J' 1111d •--. .. 
au uJNd...., ctumg ...- lnluJlan or wlt*l 17 n..,. lftlrlle Ind Of lie Wullan. kl tw d 
..... w (Pllllra !1108n11211) lie 1111"""81a w aug w.r wlh lmnwll '1 ••• 
IAM OOltllqtllnOM HlltallllO cwclsuw1lan er dla1I "••" The two GClw.,.........., 
................ (P ....... 11214 .ndt'fS'll). Amonlllletlwle ........ had ..... 
d non1111b*lld monomoiphlo VT, the 1ortg111...-. w 11 ...... 

1.1.1:1.7' 11n111111llan 

M W•lll4 In ... 1lltlle d .. ......... an PllgltlO, lllr ....... 111 ........ 
fl'JPal11111111 Np did •• MldlDll ..,... Niie• .... tor ............... be ro.m n 
llGllDI: s.u. -The RIMI (*ML) pllllma OGI"** llllll 11 wtlldl twal=illlon OODllNd In ..... Ille Pllllnia W 
.,..... • ...,1.11 *'·'' nr/ml(OOlfllallo1tal.......-.11a).nlhenlldlll1w11PP10ldlt~ 
4.21 ftl1'mL The -- ranged tnlm o.o nrlml (below ... Ml d dlltiltlolt)"' 22.7 ncfml. 

Ollie Ille ptllllnll wllh h)'polerlllon ,.,.... •• mecbl .wnt, cine a.e Wiii ~-· (Plllllrlt 
M47) - ........ al ..... liUnlly (Plllllnls tl847, 11811, - 12211). ,.... .... 
OOCYINd In ... temponll 1'11111'°"""' to lie lnfullan, - - ........ g alllld Wllh enhythmJ11· 
(a) Pllllllt 12211 blOllM llypolll\llve lfter dMlaplng ........ ~ VT dudna 1he 
HUllcln, (b) hllwll 1131'1 dw1laped lllfupt AV bloak II lie Ind al the lnfUll.ln nt became 
~IM!ve; (o) Pl!tllrt #2218 ~laped mid hypoillilllon thll l'l90lwcl epontMIOUlly five 
mlnut•llterlhe lnlullon. lnecfdlloll, Pltlltltl1301dewlapldmad1iat•i1Mlol11111Gn111aall'«i 
wllh a dlol'l•H In hNft 11111 (llhtll fMter wllh .__.. oonduallon) Ol1I hou• tft91' the lnlualon. 

Flnlly, 1W1M1 01111 wen1 ccirdoun1ld by lllfmlnlil!atlo ol other mdcf!llonJ: Pllllnt 11124 
dlvelaped mid hypolenllon liter rllMMlg f~ (b) Pttln 11801 ( ... mm.cllltely llbove) 
dwTlaped rnoclllll• ~lllllon Ind - l'IOllWlg clllltzem ll1d nlioglyoarln, .nd 
(c) Pltllnt f2347 dMlaplQ W l\)'potlllllon 1nJ WU llllo rlOIMng 191anm, procMwnlde, 
llnd ... 

17 In Palilnl' 1108 lie polymolphlovenldculm'lllchyoanlaepontanlOUllydelano..i.dlovenlltcUllrlbrtlalion hi iwqu;, 9CI 111 clltoal 
delldatlan. In Patient #2211 t. ~ venlricufar !Mllyoanlla reau11ac1 In - hypoklnllcn. Wit. DC cardlove..ion 
.. palllnt clewklped v.~ lllltlllion that requll8d det!bllll'llon. 
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Several patllrU who fahd to oorMllt to nonnal sinus rhythm liter r11c11Mng placebo or after 
l1ICllMtg Wide illb81q11811tly llldalWent lllltemPled ~. These groupa of patientf ware 
oompanid lo a11ea whether Wiide hBI an advel1l8 Impact on 8Ub119quent cardloveralon. Given 
the vartabllily af the dala, the 8ITlllll numbe111, and the way In which the dala went gathered, :he 
numberB nonelheleaa do not auggeat an obvious adv8nle effect af lbutlUde on aub119quent 
cardloveralon. See the table b4low and "" II» next page. 

Thfl88 1'88Ub are af ll'IC8rtaln rvllabllly as they went ol>t*ed thfoucti a retroepecllve chart review 
(at the raqueat af the FDA). By oont111111, In the "Repeat Dole Study" (I.e., "b'tudy 16" or Protocol 
P/7650/0016), each Investigator waa llllked plOllp8dlvely to supply lheee data on the case report 
fonn. On the cau report form In that study, ~\leatlgalors went asked apeolftc8Uy to eupply the 
number af attempts at electrooardloveralon and the number af joules used for each attempt. 

Nlmber ol Electrocan:liove18ion Allampla R9qWwcl lo Tennlnele Abnonnal Rhythm: 
Prior IO Hour 24 and NIM Hour 24 

N Mlllln Mlt:llo j..~ U.QI_! 

To tennlo@ta obng~ol rbytbm 
prior tp Hour 24 

FkAter 
Placebo 8 1.0 1.0 1, 1 
lbutilide .12 ill ill .1...1 
Total 18 1.0 1.0 1, 1 

Fibrillation 
Placebo 9 1.7& 2.0 1, 3 
lbutilide 21 .1.112 ill u 
Total 30 1.67 1.0 1, 3 

.Em abnormal rhvttm om 
llDDlrJlbld dudog ~-hot.I[ 1tudy 

Flullsr 
Placebo 
lbutilide a .:..z J..I! .L.J 
Total 3 1.7 1.0 1, 3 

Fibrillation 
Placebo 3 3.0 3.0 2. 4 
lbulllide ! 2.11 aJ2 .L.J 
Total 7 2.7 3.0 1, 4 
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.......... J.._Al .. 1dbTet111t•M1:111.a ....... 
Nwto'HaurM end,.., HlurM 

.Ill .,_ .... 11\Mn 

Ial I•• 1-· ............. 
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a.a.a 12s1eac1 .i1C1rocarc11ogrwn 

... , Sarr.y dlita from the 12-lead ellctlOClrdlogrmna did no: demonstiate any conalatently advenie 
effects of l>utlllde Allated to AV conducllon, bundkM>ranch block, Qswaves, T wave8, ST segments, 
acute m)ocan:llal lachemla, old myocan.tlll ill.Wlona, or acute mYQCaldlal illan:tlons. 

8.8.4 l..l:bonltOry valuea 

ChMgN In safety laboralorln went gelWlllly cl uncertain cllnlcal slgnllcance. For example, 
cfeonla911 from baaallnll In hemoglobin a hemat~ occurnd In the butlllde 11fOUP8 and In the 
placebo group. Slrnllalt/, about 10%-12% of pallenta had ncrmlll hemalocrfts and hemoglobln 
valu8!l prior to the illualon, but dlcraaaed hematocdta and h~ values afterwards. Most 
ll<ely these were related to frequent blood aampllng, hydration cl the patients, or bolh. 

Creatlne ldnaae lncreuad markadly from baaellne In several patients. Th888 Increases were 
readily uplalned by .iectrical c:aldlo\IMalon. 

Aa noted In the tab!• cl major modlcal events on page 30 (under "other notable events") 
Patient #1118 had undergone a heart transplant about five years prior to the stUdy and was 
8JCperllnolng mild rejection. During the trial, he 8lqJ8rienced an lncreaae In BUN and creatlnlne and 
died five days fOllowlng the stUdy. The iwestlgator fel the death was unrelated to the Infusion. 
Further lnfonnatlon 18 provided In the patbnt narratives (saotlon 3.8.5). 
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3.8.IS Pllllent NMTatlvu 

These nanatlves provide d8Wll on paltenta who experienced major or notable advel88 events, as 
listed In the table on page 30. The nanatlves an1 organized by Pallant ID number 

Patient #1104; Attia/ Arrhytf"mla, Extrasystolea Blgemlnal (Investigator deec11ptlon: sinus arrest, 
ventricular blgemlny): This 85-year~ man with AFI received a ten-milute Infusion of lbutlllde 
(0.005 ml>'kg). The drugdkl not tennlnlllethe AFL One hour andalx minutes after the and of Iha 
illuslon the patient wu paced cU or AFL He developed sinus~ (approxln)alely 44 bpm) 
and had a five second pause (alnua anvst) folowtng oonveralon. This was followed by jooctlonal 
lhythm with ventricular blgemily. The poet-termlnllllon junctlonel bnqoardla luted approximately 
30 mlnutea. Temporary pacing wu utllzac:I 111 Iha drug sffeat on m~thrn won1 off. Temporary 
paolng was oontilued for approximately 24 hours while the patient was glvan1'J'()calnamlcle. The 
pacemaker was removed and the paid l900varad. Both the alnua amNll and vantllcularblgamlny 
wen1 considered to be serious and or moderate iltenslty. (Total doH 0.43 mg l>utDlde fummate) 

Patient #1106; Susta/ned Polymotpldc Vsntttcflar Tachycardia (ln•1estlgator description: Sustained 
Polymorphic VT}: Thia 65-year-old man whh AFI had a history of CHF and. aortic va.'ve 
replacement. H• was randomized to a ten-minute illuslon of lbutlllde fi:marate (0.010 mg/kg). His 
QTc at Minute -10 was 0.417 sec". After seven minutes of the infusion he had significant 
prolongation of the QT Interval to 660 mnc (baseline .. 400 msec), frequent premature ventricular 
contracllons, and seven runs of 3-4 beals of nonsustalned VT. The ilfuslon was discontinued and 
he lmmedialely developed polymoiphlc VT which degenerated to ventrlCiJlar fibrillation. The patient 
was rapidly caldtoverted with restoration of AFVAF with frequent couplets. His QTc at Hour 1 was 
0.474 sec". Thia adverse event was classlfied as serious and of sevtare intensHy. (Total dose= 
0.66 mg lbutlllde funiarate) 

Patient #1116; Increased BUN and creatlnlne; subsequent death: This 54 year-old man had a 
heart transplant prior to the study and was In mlld re!ectlon. He had no prior history of AFI or AF. 
At baseline his BUN was 23 ml>'dl (normal range: 9-21 ml>'dQ, with a creatlnlne of 1. 7 mlJ'dl 
(nonnal range: 0.8-1.5 m(>'dQ. He was treated with l>utUlde full18!8te (0.005 ml>'dO for nine 
minutes, at wl1!.:h time he converted to NSR. Following the Infusion his BUN rose to 51 ml>'dl, wttn 
a creatlnlne of 2.2 ml>'dl. The patient died five days following the study. The lnvesllgator fell the 
death was definitely unrelated to the infusion. (Toi.al dose..0.54 mg lbutlllde iumaratej 

Patient #1124 Hypotenslon (Investigator description: Hypotenslon): Thia 61 year-old man had a 
history of coronary arteiy dissase, CHF, hypertension, COPD, and non-Insulin dependent diabetes 
mellltus, and gout. The patient was randomlzoid to lbutillde fumarate (0.005 mg/kg) for conversion 
of atrial flutter. At Minute -10, Minute .S, and Time 0, hl3 blood pr ... ures were 107/63, 101/68, 
and 107/63 mmHg, respectively. He received the entire ten-minute Infusion, and converted one 
hour following the infusion. Nine hours following the beglmlng of the Infusion the Investigator 
reported hypotension lasting for 11 hours. The blood pressures reoorded during that time period 
were 89161, 97/52, 87/52, and 120/70 mmHg. The Investigator felt the hypotenslon could have 
been due to study treatment or to a high dose of Intravenous laslx given an hour prior to the 
hypotenslon. The hypotension was not classified as serious and as of mlld Intensity. (Total 
dose=0.54 mg lbutllide fumarate) 

Patleni #1301 Hypo tension (Investigator description: Decrease in Blood Pre86 ·ire). This 73 year-old 
woman had e. history of myocardial Infarction, pacemaker for bradycaldia, 'iWo-vessel coronary 
artery disease, PTCA x 3, and atrial flutter. Ghe was enrolled In the protocol for conversion of atrial 
flutter and was random~ed to lbutllide fum!lrate (0.015 ml>'kg). Al Minute -10, Minute -5, and 
Time 0, her blood pressure.i ·3 122/80, 117170, and 121179 mmHg, respectively. She received 
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the entire ten-minute lnfualon and remained In alrlal flutter. At Hour 1 ohe developed hypotenslon 
lasting for 6Y.i houra. Tr1e blood prNSUIN recorded during that tme period ware 6W54, 100f80, 
84/80, and SC:V82 mmHg. Flulda were given and the patient's C&ldlzem and NTP were held. The 
patient remained uymptomatlc. The lnveatlgalor noted thal after Minute 20 the patient's nite 
began to slow and the ECG Illustrated alrlal flutter with varlable conduction. The patient's blood 
pte88Ure deoreaeed wllh the clecreeae In heart rate. The adverae event was not claaalfled as 
serious and was of modenlte Intensity. (fatal doae=1.01 mg lbutlllde furnarate) 

Patient #1304; QT Seomn PmlcrnOed (Investigator delcl lptlon: Prolonged QT): Ttlls 87 year-old 
woman with AFI had a h181ory Of prolonged QT Interval aeoondary to qulnklne and a history Of 
toraadea de polntea ucondary to hypokalemla and ~ She wu randomized to 
lbutBlde (0.025 mgkg) and reoelved nine minutes Of the lnfllllcn al Which time the Infusion was 
dlsconUnued becaUl8 the QT Interval l!ad Increased from 428 to 880 "'88C;Wld tlm QTc Interval 
had Increased from 0.468 to 0.731 uc". At Hour 1 the QT had decrea8ecl to 800 msec and th11 
QTc had decreased to 0.852 sec•. The patient was canllovertsd to alnua rhythm (paced) an hour 
after the end Of the Infusion. Thia QT prolongation was not clarialfled as serious and was of mlld 
Intensity. (fotal cfoae=;1.42 mg lbutlllde fumaJate) 

. 
Patient 11311 Hypotenslon, BradycartJla NOS (lnveatlgatorctu;qrtlon: Hypotenalon, Braclycaldla): 
Thia 53 year-old man had a h181nry of myo::ardlal Infarction, coronary-artery-bypass-graft surgery, 
cerebrovaacular accident, and atrial fibrillallcrVflUtter. The patient was randomized to lbutUide 
fumarate (0.025 mo'k:;i) for conversion of atrial flutter. At Minute ·10, Minute -S, and Time 0, his 
blood pressures were 121/92, 127/97, and 13r:i'15 mmHg, reapectlvely. He received the entire ten· 
minute lnfualcr., and remained In AFL At the end of the infusion there was an abrupt Increase In 
AV block with a heart rate of 47 bea'a per minute and blood pressure decreasing trenslently to 
64142 mmHg. Wlhfn 1-2 minutes the ventricular response returned to 90 beats per minute and the 
blood pressure lncreaeed to 88169 mmHg wlth..Jt Intervention. The reported hypoter:slon lasted 
for two hours, with blood pressures recorded during that period of 94/69, 92172, 98175, and 
112176 mmHg. Neither the hypotellslon nor the bradycardla were classllled as serious; both were 
classified es of severe htenalty. (Total dose=1.98 mg lbutlllde fumarate) 

Patlan\ #1316; sustalll6d Polymorphic Ventrtculsr Tschycardla (lnvestigalor description: Sustained 
Polymorphic VT): Thia 45-year-old man had a history of congestive heart failure, hypertension, 
cardiomyo:iathy, and mlral valve disease with a mlral valve replacement. He entered the trial in 
AFI. His magnesium leval was 1.6 m!;>'d (1.8 m9'dl = low normal). He received supplemental 
magnesium, reaunfng In a 2.2 m!jdl IQvlll prier to Infusion. His QTc at Minute -10 was 0.448 sec". 
He received a ten-minute Infusion of lbutlllde fumarate 0.025 m!71<g. Seventeen minutes after the 
end of the Infusion his AFl terminated and he develvped polymorphic VT requiring cardioverslon 
with 360 joules. His QTc at Hour i was 469 sec11

• Thia adverse event wes considered to be 
serious and of severe Intensity. (Total dose =1.84 mg lbutlllde fumarate) 

Patient #1341 Nonsustalned Monomorphlc Ventricular Tachycardia (Investigator description: 
Nonsustalned Monomorphlc. VT): Thia 52-year-cld man had a history of moderate pulmonary 
hypertension, global left ventricular dyi:functlon, am:I significant mftral regurgHation. His QTc Bl 
Minute ·10 was 0.410 sec11

• He was randomized to ib11tlllde fumarate (0.025 mo'kg) for conversion 
of atrial flutter. He received the entire ten-minute infusion and remained In AF. At Hour 1 his QTc 
was 0.494 sec". One hour and five minutes after the end of the Infusion the patient had a run of 
nonsustalned monomorphic VT. The investigator Indicated that the patient had runs of VT 
throughout the admi:lslon, but Indicated he felt this episode could have been due to the study 
medication. This adverse ev~nt was not classr.ied as serlcus and was considered t-.> be of mild 
Intensity. (fotal dose=1.98 mg lbutilide fumarate) 
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Patient #2113 NoMUStalnsd Monomotplic Ventttcular Tadlycattlla (lnveatlgalor deac:fption: 
Nonsustaned Monomoqihlc VT): This 79-year-old man wllh a hlltory of hprtenelon, hypertrophlc 
cardlomyopathy, CHF, and OOIO!l&IY I.. .... "' ulseaae. At Minute ·10 hla QTc WU 0.441 secll. He 
was treated wllh ten-minute mluillon of lbutllkle fumwate (0.010 ~ for conversion of AF, which 
was successful. At one hour his QTc was 0.476 ar"'. T\\'O houni poatlnfualon he had an 11.IJeat 
Rl"I of monomorphlc VT. This adverse event was not olwllled as eeltous and was considered to 
be of mild Intensity. (Total doae=0.84 mg lbutlllda fllmarate) 

Patient #2125; ~ Polymoq#) Ventttcular Taohyctltdla (lnv8811gator delcrfptlon: 
Nona~ Polymorphic VT): This 74-year-old man wllh a hlaloiy of two myocanlal Infarctions, 
a coronaiy artery bypass graft, and both AF and AFI emolled In the study with AF. He received 
a ten-minute lnfualon ol lbutlllde (0.010 ml>'kl!). His QTo at Minute ·10 was 0.469 sec•. He had 
some ventricular ectopy at baaellne. One minute after oomplallng the ten-mli'lute lnfualon ha 
developed a few ahort runs or Mlf-tennlnallng polyrrlolphk VT (longest run 16 seconds). He 
remained In AF. His QTo al Hour 1 was 0.491 sec•. The nonauetalned polymorphic VT was 
considered aaitous and of moderate Intensity. (Total dose "0.63 mg lbutlllde fumarate) 

Palient #22.<11 Nonsu~ttllned Monomotplic Ventttcular Tachycatdla (lnv881igalot description: 
Nonsustalnec:I Monomorphlc VT): This 68-year-old man With AF waa randomized to lbutillda 
fumarate (0.015 ml>'kl!). .t.t Minute ·10 his arc waa 0.468 s80,.. He had a 5-beat run of 
monomorphlc VT al i\4inute e of ttoe lnfualon. The Infusion was completed and the palient 
converted al Minute 20. At one hour his QTc was 0.492 S80,., The Investigator felt the VT was 
either due to ibutUlde or pacer stimuli. This adverse event was not clas&ifled as aarious and was 
considered to be of moderate Intensity. (Total doae=1.29 mg lbutUlde fumarate) 

Patient #2213 Hypotenslon (Investigator description: Hypotenslon): This 45 year-old man had .l 
nistory of atrial fibrillation. He was randomized to ibutUlde fumarate (0.025 m!Jkg) for conversion 
of atrial fibrillation. At Minute ·10, Minute -5, and Time o, his blood pressures were 154/86, 138/92, 
and 124/74inmHg, respectively. He received the entire ten-minute infualon, and remained in AF. 
Five minutes after the end of the infusion his blood pressure dropped to 69155 mmHg. Five 
minutes later It retumod to 123171 mmHg. The hypotension was not classified as aarious and was 
considered to be of mUd Intensity. (Total do88=2.23 mg ibutlllde fumarate) 

Patient #2214; Sustained Polymorphic Ventricular Tachycardia (Investigator description: Sustained 
Polymorphic VT): This 67 -year-old man with a history of hypertQOSfon entered the study in AF and 
with a QTc of 0.385 secK. He completed the ten-mint:ltt Infusion of ibutlllde fumarate (0.015 m!Jkg) 
and immediately developed 30 seconds of ectopy, followed by polymorphic VT. He was DC 
csrdioverted with 200, 300, and 360 joules and was simultaneously given one gram ol magnesium 
sulfate. The VT was tenninated within two minutes and the patient remained in sinus rhythm. His 
QTc at Hour 1 was 0.360 secK. This adverse event was classified as serious and of severe 
intenstty. (Totni close= 1.37 mg ibutilide fumarate) 

Patient #2216; Sustall16d Polymorphic Ventricular Tachycardia, Hypotenslon (Investigator 
deocriptlon: Sustained Polymorphic VT, Hypotenslon): This 40·year-oid man had a history of 
hypertension and congestive tieart failure. i-le was admitted with AF, and was randomized to a ten. 
minute infusion of lbutillde fumarate (0.025 m!Jkg). He had a QTc of 0.384 secK at Minute -10. 
At Minute ·10, Minute -5, and Time O his blood pressure was 118194, 128187, and 136194 mmHg, 
raspectively. Alter six minutes of the infusion he developed lncreasfXl premature ventricular 
contractions and went into sustained polymc!phlc VT. His bloc;d pressure dropped to 49129. Wfth 
DC csn:lioverslon he was converted tnto ventricular fibrillation, and then was cardioverted again to 
nonnal 11lnus rhythm (QTc "' 0.551 "). Following DC can:lioversloo his blood pressure was 
150/120 mmHQ. The sustained pol).morphic ventriculartachycsl'lfla was conr;idered to be serious 
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and of nvere lnlenally; the hypotenalon · wu not conaldenld to be sertoue and was of HYere 
lnterllllty. (Total do98 • 1.86 mg lbutlde fumaaate) 

Patient 12225; C.rebrovucular aoddent (Investigator descqitlon: CVA). This 62-year-old man 
wllh newo()flHI AF received antlooagulatlon with hepam and the nut day received a 1C>-mlnute 
lntuelon of placebo. One hour alter the lnluelon he was DC oardloverted to nomiai a1nua mylhm. 
The next rnomlng he was ambulal0ry and oriented. However, he suddenly Jeveloped expreealve 
aphaala and ~-ekled w11lm2111. His lnlJll CT emn revealed no evkleuoe of bleaclng and no 
llCUle lnln. His aymptome of ~ ~and expreaelve aphaala Improved •. (Total dose • 
o mg lbutllkie fumande) 

Patient '2308; Nonauatalned PolymorpNo V"""1kUar Taohyoatrlla (lnveatlgator deao,_,tlon: 
Non~ Polymorphlc Ventricular Tachycaidla): Thia 66-year-old-.maii with AF wae 
randomized to reoelve a ten-mtlute lnlllllon of lbutlllde fumande (0.010 ~· The phannaclst 
Inadvertently mixed the drug for a O. ?25 ml>'kg Infusion. Alter three minute& l'le lnfualon was 
discontinued beoauae of polymorphic VT. TM nurse deUvered a precordlal thump with no efleat. 
The VTtennlnaledapontaneoualy4 aeoonda laterand ~e remained In AF. His QTcat Minute ·10 
was 0.453 HC" and at Hour 1 was 0.464 HC". The nonsuetalned polymorphic VT Vl'8 considered 
earlous and of eevere Intensity. (total dose= 0.54 mg lbutlllde fumarate) 

Patient #2323: Nonsustslned Monomotph/c Ventrtcl4sr Tschycsfdls (lnvestlgritor description: 
Nonsustalned Monomorphlc Vl): This 67 "Gar-old woman with AF was randomized to 0.005 ml>'kg 
lbutUlde fumarate. At Minute ·10 her QTc w.::11 0.381 uc". A1. Minute 8 of the ten-minute Infusion 
a four-beat run of VT waa noted. At Minute 9 the patient had an 8-beat run of VT and the Infusion 
was stopped. TWo grams of magnesium suHate were given and no other ectopy was eaen. The 
patient remained In AF. At Hour 1herQTcwas0.480 sec". This adverae event was not classified 
aa aerlous and was of ll'oder&le Intensity. (Total dose=0.42 mg lbutlllde fumaiate) 

Patient #2330 Nonsusta/ll#KI Monomotph/o VMtrfcular Tachycarrila (Investigator description: 
Nonsustalned Monomorphlc VT): This 59·year-okl woman had a history of chronic angina, 
hypertension, CHF, and mKral regurgitation. She was randomized to a ten-minute Infusion of 
lbutlllde fumaiate (0.015 ml>'kg) for conversion of AFI. At baseline her QTc was 0.409 sec•. She 
converted to normal sinus rhythm at Minute 3 o! the Infusion. Eleven minutes after tho end of the 
Infusion she had a 4-beat n:n of monomorphlo VT. She was given two grams of magnesium suHate 
and no other VT was seen. At one hour her QTc was 0.464 seci.. This adverae event was not 
classlfled as serious and was considered to be of moderate Intensity. (Total dose=1.01 mg lbutlllde 
fumarah1) 

PatiGr1i #2347; Dlzzinsss, hypotens/on (Investigator description: dizziness, hypotenslon). This 72· 
year-old mlll! with AF had mlld dizziness during the screening phase of the study. He received a 
ten-minute Infusion of lbutlllda fumarate (0.005 ml>'kg). The AF was not tennlnated by the Infusion 
and he was electrically cardl<>verted to sinus bradycardla. The day following the Infusion he was 
too dizzy lo walk and was hypotenslve (62/30 mmHg) at the time of the Hour 24 vital signs. His 
blood pl'8ssure had been 1ml77 mmHil at Minute ·10 and 120/74 mmHg el Time O and remained 
11 tt.a same range through Hour 24, when the hypotenslon was apparent. He was given 
k1travenous fluid lll1d his blood pressure Increased to 110/70 mmHg within 30 minutes. His 
hospllallzatlon was prolonged until the dizziness subsided to the baseline level. Other medications 
included digoxln, procalnamkle, and dlltlazem. The hypotenslon was considered to be serious and 
of severe ;;itenslly. The dizziness was considered lo be serious end of moderate Intensity. (Total 
dJSe = 0.52 mg lbutlllde fuma:'llte) 
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4. REVIEWER'S ASSESSMENT AND COMMENTS 

4.1 Trial dealgn 

This was a randomized, double-blind, pJacebo-controlled trial of a parallel design (five arms) 
performed by nine principal lnvestigatorrs. The study enrolled 202 patients with sustained atrial 
Huttar or flbrlllation, about 40 per treatment ann, and was executed over about 20 months. Each 
patient received a single dose of lbutillde fumarate (0.0, 0.005, 0.010, 0.015, or 0.025 mg/kg) 
administered as a ten-minute intravenous illfuslon. In the protocol an efficacy rellponse was 
defined as "the termination of atrial flutter or atrial flbrlllatlon.' In the case report fonn, however, 
successful Gtlnveralon was operatlonslly defined as termination of the arrhythmia during the Infusion 

· or within one hour foltowlng the Infusion. FolioW-up In the trial was nearly com_pJete. Two hundred 
patients actually received study drun. and 197 were considered 'evaluable'by the sponsor. The 
treatment groups were generally similar at baseline. 

The atudy was orlglnaUy planned e1S a Phase II stll<I)', and because of safety concems the study 
was Initially designed to have two Tiers, each to Include about 50 patients. Lat'3r an additiC'nal 
Extension was added that included about 100 more patients. Wiihln each of th.ase three periods, 
patients were randomly allocated to treatment with placebo or a specified dose of lbutilide. For 
purposes of analysis, placebo patients from each period were pooled into a single 'placebo group.• 

As a consequence of the design, none of the active-treatment grol!ps (ibutillde-treatment groups) 
WP" represented In all three pe1rlods of the study, even though each was Included In two of the 
periods. This increases tha possibility of confounding period effects. These possible period effects 
were not formally discussed or analyzed In the body of this review. However, the lack of 
concurrent treatment with study drug for the entire duration of the trial for each of the five dose 
groups will not likely alter any of the major conclusions about efficacy or safety. In addition, In the 
last period (the Extension) patients were randomly allocated to concurrent treatment in each of the 
five dose groups. 

Overall, the trial appears to have been designed adequately, was of a sufficient size, and was 
executed satisfactorily to r&juce the likelihood of bias. 

4.2 Representation of varlou's groups In the trial 

Women were under-repreE;ented in the trial, only 24 were included among the 200 treated patients, 
but this Is almost certainly because the majority of the participating centers 11ere affiliated with the 
Veterans' Administration. The elderly were well represented: over 55% of the treated pati1;1nts were 
at least 65 years of age. In contrast, pediatric patie'lts were excluded from the trial; the youngest 
patient was 18 years of age. 

The sponsor's study report emphasizei. the percentagfis cl patients with enlarged left atria, 
decreased ejection fractions. and valvular heart disease. But reliance on ihese surrogate 
physiological measures as indices of clinicaliy·meaningful cardiac impairment overstates the extent 
of cardiac disease in this patient sample. tn fact, patients with congestive heart failure, angina 
pectoris, or a recent myocardial infarction were a!i specifically excluded frorr. this trial. Similarly, 
patients were requimd to have a serum K' of at least 4.0 mEq/L, a serum creatlnine of less than 
2.0 mg/di, and hepe,tic enzymes not more than twice the maximal normal value. Patients with 
serious diseases of other body systems were excluded from participation. 

Consequently, the generalizeability of this trial is limited to relatively healthy adult male patients 
with atrial fibrillation or atrial flutter. The lack of diltG on the effects of intravenous ibutilide in 
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palllfltll with •ubatantlal mec:hanlcal cardiac llTlpalrment or with subalan'.:at eleotrlcal cardla.; 
~nt are major ahortcomlnga both for this tllal and for Iha overall development program of 
the drug. For example, It would be of great practical value to know. how patients with congestive 
heart fallure of New York Heart Association (NYHA) functlonal cla8a IV, patients with sick sinus 
syndrome, or patients with advanced degrees of heart block respond to or handle the drug. In the 
absence of data, the relatlv11 eafety and effecllvencn of thll dnig In these populations remain 
larg41y epeculative, u do Instructions for use In these populations. 

4.3 "Eftloaoy" 

OVerall, atrial fibrillation or atllal flutter terminated within l8Vflnty minutes" In about one-third oi 
patlenla (I.e., 64 of 159) treated with Infusions of lbutlllde-at the doael used Jn this study. In 
contraat, lnfuslone of placebo were assvclated with only about a 2% conversion rate within 
seventy minutes (I.e., 1 of 41 patients). By treatrnsnt group, the conversion rates In the groups 
treated with ibutlllde (0.005, 0.010, 0.015, and 0.025 mglkg) were 12.2, 32.5, 44.7, and 47.5%, 
respectively. For patients successfully converted In this study with lbullllde, doses of 0.005, 0.010, 
0.015, and 0.025 mg/kg corresponded to average absolute doses of 0.44, 0.79, 1.24, and 1.88 mg, 
respectively. 

At the doses use<J In the study, thesa approximations probably overestimate the 'efficacy' of 
lbutUide for at leaiJt two reasons: 

• First, after lnltlal successful conversion, the protocol did not provide for systematic evaluations 
of early recurrences of the arrhythmia. Clinically, these early relapses would be regarded as 
therapautlc failures. But for purposes of the protocol they were counted as 'successes.• 
Stated differently, If the atrial armythmia reours within a short time, particularly within a matter 
of hours (I.e., a clinical fa!iure despite initial successful cardloverslon), then the patient hasn't 
experienced much of a benefit. 

At the request of the FDA, therefore, the sponsor performed a retrospeotlve chart review to 
get some estimate of the acute relapse rate. In this analysi~. the overe.!! estimates of 
"efficacy" were slightly lower at the 24 hour foUow-up than those seen Immediately within an 
hour of the termination of the Infusion (see section 3.6.3 on pages 17-18). Unfortunately, 
ttiese data were difficult to assess and were Incomplete because the sponsor was forced to 
rely on Indirect and retrospective measures to ass&ss the rhythm for the full 24 hours. 

• Seoond, the protocol did not allow for a good estimate of the spontaneous ::onverslon rate 
over 24 hours In placebo-treated patients, a more meaningful number thari the spontaneous 
conversion rate over saventy minutes, as measured by the study. That Is, olten patients 
randomized to placebo whose arrtlythmla did not terminate within the first seventy minutes of 
the Infusion of study drug shortly thereafter underwent elootrlcal cardioversion, 
pharmacological cardloverslon, or pacing. Stated differently, If the atrial arrhythmia would 
resolve spontaneously within a short time in non-treated patientii, then there is less clinical 
value in treating patients with drug rati ier than adopting a 'wait and see• approach. 

In summary, in this trial the treatment effect was probably overestimated somewhat because early 
relapse rates In ibutlllde-treated pathmts w~re not systematically reoorded. S!milarly, the treat1rent 
effect was also probably overestimated somewhat bAcause of a Sfl<'Orid, independent reason: 
spontaneous conversions (as measured in the ;Jlr.:;ebo-treated pa1'•.mts in the trial) were not 

18 Measured from the onset of the 10-nmiute Infusion 
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measured beyond 88Yenty minutes. That Is, the pr'Otocof waa not designed to o.. •Qture either of 
these rates beyond seventy minutes, and therefore the results reflect a ~t optimistic 
estimate of the effects of lbutiilde. These rates were only gathered retrospectlvely and indirectly. 

4.4 Factor• po••lbly Influencing •efficacy• or aafety 

Certain features appeared to be correlated with the abUHy of ibutlllde to terminate atrial fibrillation 
or flutter. For example, lbulillde appeared to be leas effective In terminating long llandlng atrial 
fibrillation or atrial flutter, and It may be less effectiw in terminating atrlal fibrillation. ot atrial flutter 
in patients receiving dlgoxtn, or In patients not receMng jHdrenerglc blocking agents. n1eee 
various subgroup aMlyses provide many hypotheses that could be evaluated In future studies 
(e.g., as part of formal Interaction studies). 

In the deveklpment program for lbutlllde, few (If any) formal studies were performed to assess 
Whether the safety, efficacy, or Instructions for use of lbutlllde differ In specific populations or under 
different CC>nditions. For example, adverse hemodynamic effects of lbutlllde could have been 
prospectively evaluated In a stUdy of patients with NYHA Class Ill or IV heart failure. Slmllarly, 
adverse electrophyslologlcal effects of lbuiiiide could have been prospectively evaluated In studies 
of patients with sick sinus syndrome, atria-ventricular bloc:<, or Inducible ventricular tachycardia. 
Formal drug-interaction studies could have evaluated potential pharmacoklnetlv or 
pharmacodynamic interactions of ibutilide with ~-adrenerglc blocking agents. digoxln, or calcium 
channel blockers. Similarly, formal studies could have assessed the pharmacokinetics and 
pharmar.odynamic characteristics of lbutlllde and Its metabolites in patients with significant hepatic 
impairment, or in patients with significant renal impairment. Such studies were not performed. 

Instead of formal prospective studies to evaluate these possible interactions, the application relies 
heavily on the limited inferences that can be drawn from the retrospective analyses of the patients 
that were enrolled in the major clinical trials. Yet the enrollment criteria for these major studies 
generally excluded patients with the most significant pathology or with the greatest physiological 
impairment. For example, even though 49% (89 of 180) of the patients enrolled in this trial had 
decreased ejection fractions, this does not allow firm conclusions to be made about any possible 
hemodynamic effects of lbutiiide In patients with mechanically 'sick' hearts because patients with 
congestive heart failure were excluded from the trial. 

Similarly, In this trial patients were required to have a serum creatinlne of less than 2.0 mg/di and 
to have 'hepatic enzymes' that did not exceed twice the maximum normal value. Accordingly, 
results from this trial can not be extrapolated from this trial to patients who may have greater 
degrees of renal or hepatic impairment. 

4.5 Dose-response, concentration-response, and duration of Infusion 

This study demonstrated a dose-response relationship in the termination of atrial fibrillation and 
flutter by ibutilide, and the results also suggest a dose response for the induction lli proarrhythmia. 
However, plasma levels of ibutilide did not appear to be correlated either with 'efficacy" or with 
safety in this study. For example, plasma levels in patients in whom conversion occurred 
overlapped extensively with plasma levels in patients in whom conversion failed !o occur. likewise, 
plasma concentrations of ibutilide were not obviously related to the occurrence of proarrhythmic 
events. However, plasma levels were quiti. variable. 

But in addition to highly variable plasma-concentration data, the dura:Jon of the infusion may have 
also contributed to the lack of a correlation between concentration and response. That Is, the drug 
was administered relatively quickly over 1 O minutes, yet the median and mean times for the 
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successful termination of the arrhythmia were never less than 1 !> minuies (see the table on 
page 18 in section 3.6.4). Hence, the tull dose of Iha drug had already been administered before 
the majority of patients successfully converted. If the drug had been Infused more slowty, then -
concentration-response relatlonshlpa. might have been demonstrated. 

The duratton of the lbutillde lnfuslo!'l was generally not evaluated In Iha drug development program. 
For example, had ibutllide been lnfueecl over an hour (or several hours) Instead of over 10 minutes, 
concentratton-responses both for conversion of the arrhythmia and for safetv might have been 
demonstrated. Moreover, these concentratlon-reapon might not have overtapj.led: longer 
Infusions 11\lght have allOWf'd for a dl8soclallon between Ille "desirable' effects of lbutillde 
(I.e., conversion of atr!'ll flbnllatlon or flutter to 8lnu8 mythm) and the adverse effects of the drug 
(e.g., proarrhythmla). For example, had the drug been given over several hou~~slmlla.r conversion 
rates might have ~n achieved In the ausence of proarrhythmlc events. As this suggests the 
possibility of safer drug-administration regimens, this Issue could Impact on the possibility of drug 
approval. 

4.6 Normal Sinus Rhythm-a surrogate endpoint? 

Despite the popular clinical feeling that "ail patients deserve at least one chance to be In normal 
sinus rhythm,• the endpoint evaluated In this study (i.e., 'thE termination of atriai flutter or a.trial 
fibrillation') may be viewed a~ an endpoint of uncertain clinical be11efil to the patients enrolled. This 
endpoint Is an electrocardiographic observation, not a clinical ope, the correction of which is of 
uncertain benefit to the patients enrolled In the study. 

In the harshest view, lbutillde may be used In some patients to convert the cardiac rhythm from 
atrial flutter or fibrillation to normal s!nu5 rhythm (an uncertain clinical benefit) for a length of time 
that is not well characterized. Yet, these same patients will be exposed to tangible and serious 
risks--most of which, like proarrhythmia, Involve the cardiovascular systAm, a 'ld some of which are 
potentially fatal if not properly detected and treated. 

SPveral recent experiences demonstrate that mere correction (or improvement) of physiological 
abnormalities may not tra'lslate Into a direct clinical benefit for the patient. The CAST trial, for 
example, tested the physlologi<:ally reasonable idea that suppression of premature ventricular 
depolarizations (with flecainlde, encainide, or moricizine) in patle11ts with a prior myocardial 
infarction might reduce the incidence of sudden arrhythmic death. Instead, all three drugs had an 
adverse effect on survival in this population. Similarly, the PROMISE trial evaluated thE' .. fleets on 
c~urvlval of milrinone, a drug known to Improve Invasive hemodynamic indices In symptomatic 
patients with congestive heart failure. Despite a prior expectation that milrinone might be of benefit 
because of its hemodynamic effects, •tie drug had an adverse effect on survival. 

Thus with ibutiiide, those who propose the idea that •conversion to normal sinus rhythm' is--in and 
of itself--a benefit to patients must also convincingly articulate how a transient cNrection of an 
electrocardiographic abnormality differs from these other surrogate endpoints. Stated ~Imply: how 
is "conversion to sinus rhythm' different from other surrogate endpoints such as the suppression 
of premature ventricular depolarizations or the improvement of invasive hemodynamic Indices? 

4.7 Clinl~al ber.eflt 

The cliniccl benefit of conversion to normal sinus rhythm would be less in question if two conditions 
had been met: (a) if the trial had enrolled severely symptomatic patients, patients in extremis, or 
patiants who remained signilicanll~ sympt.:imatic despite optirral therapy for "ventricular rate 
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control," and; (b) If conversion to nonnal sinus rhythm had been auoclated with Improvement In 
these s1mptoms. 

• At baseline, the majority (I.e., 59%) of the patients enrolled In the trial di<! not appear to be 
symptomatk: from the arrhythmia. That Is, at the Initial screen about 41 % of the patients 
reported symptoms conslStent wlt'l &trial flbrlllatlon or atrial flutter such as shOltness ot breath, 
palpitations, dlzzlneu, or fatigue. In addition, pallenta with congestive heart fallun;, !"l"!!llna 
pectorls, or a recent myooardlal Infarction were all specillcally exoludecl from thte trial. 
Furthermore, some or the symptoms preaent at screen may have resolved wltti attempts to 
control ventricular rate rather than oardlovel'alon. Thus, the ctlnlcal benefit of cardloverllor. 
mav be questionable In this largely asymptomatic or mildly symptomatic group of patients . 

..,.r•-• 

Stated differently, use of cardiOV&l'llon Is dlfflcult to dispute In severely symptomatic patients 
or patients In extremis. Despite the potential risks, the bEtneflt is clear even If the conversion 
may br brief. Ori the other hand, In asymptomatic or mildly symptomatic patients the 
acceptable risk Is ·~ss, espe')iaily when :;;tamatlve therapies ('luch as ventricular rate control 
and 1mt1coagulatlon) are avallable and particularly when the conversion to normal sinus rhythm 
might be transient. This trtal provides data only on the latter group of patients: 

• Symptoms were evaluated at baseline (screen) In this trial, but no evaluations of symptoms 
were made after treatment. Hence, It Is unknown whether conversion to normal sinus rhythm 
actually resulted in symptomatic Improvement In any of the patients, or whether patients hl the 
lbutllide-treatment groups actually had a greater symptomatic Improvement than those In the 
placebo group. That Is, direct clinical benefit was not specifically assessed In this trial. Risk 
was clearly demonstrated in the trial, but beneftt can only be assumed. 

4.8 Safety 

In this trial, treatment wtth lbulillde was associated with significant toxicity. Eight patients treated 
with lbutillde experienced ~t.1 • .:.1 ·s adVerse events, all of which were related to the cardiovascular 
system. These included si:. t"l!Ses of polymorphic ventricular tachycardia. Overall, eleven patients 
experienced proarrhythmla 1:anc. six patients experienced hypotension identified as adverse events. 

In the patients i.valuated in this trial, atrial fitirillation and atrial flutter were not acutely life­
threatening arrhythmias. Yet treatment with lbutllide induced life-threatening arrhythmias In some 
patients. Therefore, for marketing approval a judgment must be made whether these risks 
generally exe&€ld the benafits··at least in some patients, at some doses of ibutillde, or under certain 
conditions. 

On the one hand, the risks of arrllythmlas i.uct, M polymorphic ventricular tachycardia or of 
torsades de pointes should never be underestimated. Each case in this trial ultimately resolved 
without permanent sequelae, but a clinical trial such i.s this is an artificial environment in which 
patients are systematically scrutinized (with a certain amount of redundant monitoring) by highly 
trained personnel. With the widespread use of ibutilide In less controlled circumstances, adverse 
outcomes from these arrilythmias are more likely to occur. For example, adverse outcomes from 
these arrhythmias are more likely to occur on a general medical ward or In a busy emergency room 
than on a cardiac ward with telemetry that Is staffed by cardiologists and electrophysiologists. 

On the other hand, the risks of these arrhythmias may be manageable if they are detected and 
properly handled by trained personnel. The key for safety, then, is to ensure that cardiac status 
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and rhythm are monitored c.dequately and appropriately, and to ensure that t"811 «! pel'80nnel and 
appropriate equipment (e.g., defiDltllatorl, pacing equipment) are Immediately acceaetbla. 

The duration of monitoring la alto an lmpoltant conalderatlon. Although all four episodes of 
sustained polymorphic ventricular tachycardia occun"Bd dUrlng the Infusion or Within 17 minutes 
after the end of the Infusion, proarrhythmtc events oci:urred over a wide range of plr.sma 
concentrations of lbutillde. Thus, plasma ooncentratlona (If ibutlllde do not appear to be obviously 
related to the occurrence Of the proalThylhrnla. Becal.l88 811)" plasma level of lbutlllde may be 
a8800lated with proarrhythmla, a conaervattve recommendation would be to monitor patients for 
at least five ellmlnatlon hall-lives alter drug admlnlltrattcn. For the purpoaes Of this calculation, 
It ahould be noted that the mean ellmlnatlon half·llfa as tlltlmated In this trial la probably artificially 
short because of the truncation of blood sampling three hours after dnig adminla*ratlon (sea section 
3.5 on pages 11-14). Hance, more accurate eettmatee of the elimination tlalf-llfe should be uaad 
In the cak:ulatlon. In patients with hepatic lmpatnnent, renal lnsufflclancy, or with prolonged 
ellminatlon of the drug from any 'cause, the duration of monitoring should be corret.pondlngly 
Increased. 

An additional risk of lbutllide therapy Is the possible need for emergency daflbrlllatlon, which 
generally requires more energy ijoulas) than synchronized cardloveraton. Two patients In this trial 
required emergency defibrlllatlon because of the development of ventricular fibrillation (see section 
3.8.1.2.6 on pages 33-34; Patients #1106 and #2215). In this way, lbutilide treatment differs 
substantially from DC cardloversion for atrial arrhythmias. Unlike elective DC cardioversion for 
atrial fibrillation or flutter in which the patient Is sedated and the staff Is prepared, the treatment of 
a hemodynamically unstable proarrhythmlc event such as ventricular fibrillation requlr.,s Immediate 
Intervention regardless of whether or not the patient and staff are optimally prepared. Hence, the 
risk of fibrillation Is more oi an issue with pharmacological treatment using lbutllide than It Is with 
DC cardioverslon because of the different circumstances surrounding the administration of the 
eleclrlcili shock (i.e., emergency vs. controlled). Even if the ele::trical shocks In the:>e two 
situations are of equivalent energy (In joules), they may not be of equal risk (or comfort) to ttie 
patient. On a related note, the safety of electrlca! caniioverslon after administration of ibutillde Is 
dlff1cult to assess from this study because the data were not gathered prospectively. 

Finally, several medical events In this study (sinus arrest, seve;·e AV block, severe bradycardla) 
confirm that the adverse electrophyslologlcal properties of ibutilkle are not limtted to the Induction 
c.f ventricular tachycardia. These electrophyslologlcai effects may produce profound hemodynamic 
Instability. Patients with diseased sinus nodes, diseased atria-ventricular nodes, or with pre· 
existing heart block may be particularly susceptible to these effects. 
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DATE: 

MEMORANDUM 

DEPARTMENT OF HEALTH AND HUMAN SERVICES 
PUBLIC HEALTH SERVICE 

FOOD AND DRUG ADMINISTRATION 
CENTER FOR DRUG EVALUATION AND RESEARCH 

October 12, 1995 

1rAt; 
Maryann Gordon, MD 

SUBJECT: lbutilide NOA#20·491 

TO: Files 

The sponsor, upon our request, has submitted the randomization groups 
(attached) f<Jr the 33 patients In protocol 0015 who were randomized but ' 
received no study drug because they had spontaneously converted to sinus 
rhythm pr1or to drug administration. 

An Intent to treat analysis including these 33 patients· (10 placebo, 15 
lbutillde 1/0.5, 8 ibutilide 1/1) was conducted by James Hung (attached). 
The conclusions about the efficacy of ibutllide for study 0015 remalni:; 
unchanged. 

cc 
HFD-110/D. Willard 
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Table A. Success rates for the ev<".luable 
patients (N•275) [Study 15] 

Ibutilide 
Placebo 

Stratum 1 mg/0.5 mg 1 mg/ !mg p-vi.lue 

N n % N n % N n % 

AFUAF 91 12 13 94 50 53 90 48 53 <0.0001 
!·wl'.!e ii t.>mpi ea usiDa: Pemm'1 CllHQI ~ fmt. 

Table B. Succe.ss rates for all randotr'.zed 
patients (N=299) [Study 15] 

Ibutilide 
Placebo 

Stratum 1 mg/0.5mg I mg/ lmg p-value. 

N n % N n % N n % 
-

AFUAF 96 12 ' 13 IOI 54 53 102 50 53 <0.0001 
P..valuc Ill computed USIDI Pea.non'• ebi-sqare test. 

p < 0.0001 for the difference between each ibutilide dose regimen and placebo 
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M~n Gordon. MD 
SeptB, 1995;NDA#20491 



Study Title: 

DIRe of Protocol 

81;uciy Desf&n, 

Subjeoli ~e: 

Number of Subjects 
Planned/Enrolled: 

Study Drw!;s/ 
Route of Admin: 

Dosage: 

Pr'.ma.ry Objective: 

.--.-•-- _(:·-'"_ 

A Study of the Converaion Effio.oy and 
Safety of Repeated Intravenous Doses of 
Ibutillde Fu:mara.te in Patients with 
.Atr1a.1 Flutter or Atr:l&1. Fibrilla.tion 
(Protoool P/7550/0015) 

Jruie SO, 1992 

Double-blind, plaoebooontrolled., 
randomized, dose-respoue11tudy 

Patients witha~of~ed 
atri&1 flutter or a.tr1&l ftbrfJJ&tlon with a 
duration of S hours to 45 clap 

240/266 paUents (86 reoeived placebo, 
180 reoelved ibutilide) 

Ibutilide or placebo/ intravenous 
infusion 

Ten·minute infusion of 1 mg ibutilide or 
placebo. If termination did not ooour 
within 10 minutes after the end of the 
first infusion, a. second infusion of 1 mg 
or 0.5 mg was giveato patients 
randomized to ibutilide and aaother 
placebo infusion was given tc i.tiose 
randomized to placebo. (Patients 
weighing less than 60 kg received 
0.005 mg/kg instead of 0.5 mt' a.nd 
0.010 mg/kg instead of 1 mg.) 

To demonstrate the effectiveness of 1 mg 
(or 0.01 mg/kg in patients weighing less 
than 60 kg) of ibutilide in the 
termina~ion of atrial flutter ar l atrial 
fibrillation. Treatment was considered 
successful if the a.trial a.rrb;vtb.mia 
terminated, for any length of time, by 
Hour 1.5; and to investigate whether a 
second dose of 1. mg (or 0.01 ng/kg in 
patients weighing less than 60 kg) or 
0.5 mg (or 0.005 mg/kg in patients 
w3ighing less than 60 kg) would increase 
the termination rate. 

Ma.rya.nn Gordon, MD 
Sept 8, 1995; NDA#20491 
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I. Summary 

Ibutilide, a. class III a.ntta.rrhythmic, acts by increasing an inward 
depola.rizil\g sodium c\L.--rent which, in turn, prolongs the duration of the 
action potential of the a.trial a.nd ventricular myocytes. Ibutilide is b<:dng 
developed for the a.cute termina.tton of atrial flutte : a.nd atria.l fibrllla.tion. The 
drug is to be administered by 1Jltrr..venous infusion. 

The structure of ibutilida fuma.ra.te is as follows: 

• 0 5 CH-COOH . II 
COOH-CH 

Protocol 0015 we.s a. double blind, rimdomized, placebo controlled, 
multioente~ study ev...iua.ting the efficacy !>f intra.venous ibutilide in 
termtna.ting atria.I flutter or a.trial fibrilla.tion of recent onset (3 hours to 45 
days). A total of 266 patients were enrolled with 180 receiving' ibutillde a.nd 86 

· receiving placebo. Patients ra.ndom1Zed to ioutilide received 1 mg ibuti.ltde for 
the first 10-minute infusion a.nd, iftheir. a.n-b;;thmia -was no~ termtns.ted, 
received either 1 mg or 0.5 mg ibut.ill.de for the seci.lnd 10·minute infusion. 
Patients randomized to pla.oebo received plaoEibo for tho first infusion a.nd, if 
their arrhythmia. was not terminated, received a. second dose of placebo. Note: 
patients weighing less than 60 kg received ibutilide infusions of 0.01 mg/kg or 
O.OO!'i mg/kg ra.ther than 1 mg or 0.5 mg, respectively. 

Efficacy 
S<=.Cl!e&s was defined by the protocol as termin'3.tior. of arrhythmia. for 

e:iy len1'1h of time within 1.5 hours of receiving study drug. 

Tha success a.nd fo.ilure rates as defined by the protocol for eJ.J. patients 
combined were as follows: 
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~· 

aJl pa.tientEI ra.r..domized 
(n•266) -

lbutllid.e ~~ (n•180) 

11 2i 11 •' 4 

SU~ 78 43 2 2 
..,_ ... 

failure 102 57 84 88 
p < 0.0001 tor the d1fference ID the suooe• rate between plaoebo &uct ibuUllde. 

'!'he success rates for the subgroup of patients who had atrial ::!.utter at 
baseline were: 

atrlaJ. fl.utter frlent& 
(n•1S) 

ibutillde p!Aoebo 
(n"90) (n•4S) 

n 2l n 2l 
suooess 50 43 1 2 

failure 40 57 42 98 
I 
' p < 0.0001 for the difference in the suoosss rate between placebo a.nd ibutilide. 

The suooess rates for the subgroup of patients who had atrial 
fibrillation at baseline were: 

a.trl.S.: fibrilla.tion patients 
(n.,133) 

lbutllide placebo 
(n=90) (n=43) 

Il; ~ n ~ 

success 28 3i 1 2 

failure 62 69 42 98 -p= 0.0011 fot the differences in success rate between placebo a.nd lbutilide. 

s~= 
The most common medical events reported were the ventri Jular 

tachycardias (including sustained and nonsustained polymorphic and 
monom0rphic VT). The incidence rates for the all ibutilide group and placebo 
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group were 13.3% (24/180) a.nd 1.2% (1/86), respectively. The rates by dose 
group were sjmi!ar (13.8% a.nd 12.7',. for 1mg/1mg a.nd 1rug/0;5 mg, 
respectively). 

Comps.red to nlAl.e patients, female patients had a. muoh gi:ea.ter 
p~pen.sity to 6Xl'erienoe proarrll3'tbmio events. The rates ~r susta.lned 
polym.orvhio vr f.Qr females and males were 5.1% and 0.7'-', reBpeotf.ve13', &D.d 
the rates for nonsusta.1ned polymorphic vr were 15.4% and 5.0%, respectlvely. 

There 1s some indioatlon that ibutilide ca.uses more heada.Ghes a.ud 
nausea. oompa.red to placebo. There was one des.th a.nd it was in the placebo 
group. There is no evidenoe tba.t ibutllide affects any la.bora.tory value. 

In. conclusion, ibutilide given in 1 or 2 short term infusions a.t dosos 
1 mg/1mg and 1mg/ 0.5mg, is a.ble to terminate a.trial fl.utter and, to a. lesser 
tJXtent, a.trial fibiilla.tion oompe.red to placebo. Provided the rest; of the studies 
Hupport this finding, the drug is a reasonable alternative to ush:i.g DC shook in 
patients for wb.om being in sinus rhythm is worth the risk of stroke. The 
adverse events caused by ibutilide a.re Umited primarily to sustained and 
nonsustained ventricular tachycardia. and allllost a.11 of these eJents occurred · 
while ibutilide was being infused (or shortly after) and while the patient was 
under close observation. Susta.i!led ventricular ta.chyoa.rdia. and ventricular 
fibrillation was reversed with eleotroversion a.µ.d there is no indication that, 
given proper oquipment, all of fuese life threatening arrhythmias cannot be 
successfully termfna.ted. FeJlUl.les, for unlrnown reasons, a.re pa.rtioula.rly 
susceptible to ventricular tachycardia. (see safety review) a.nd since the benefit 
is ma.:rgina.l for patients with atria.! fibrillation (24 hour conversion rate was 
1.1% for males and females combined), the package labeling 1nust carefully 
ci.vfine the higher risk reduced benefit ratio accoroing to gender. 

A complete desc1iption of Protocol 0015 is found in appendix A. 
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II. Results 

Enrollment 

A total cf 266 patients entered the study. Patients were randomized at 
oaseline to either pla.celio\plaoebo (n .. 86), ibutilide 1mg/ibutilide 0.5mg (n-=86), 
or 'butilide 1mg/img (n•94). If the patient converted with the first infusion. 
the second one was not given. Unless noted, the tables in this report t1how 
i-esult8 for patients in the group to which they were ra.ndomJze1'\, regardless of 
wh~fuer they received the second infusion. 

Dem.ogra,12hic variables 

~, Height, Weight, Tempers,ture, Respirsti.;n 

Patients Wf;re similar for ~e. height, respil'.: .ion, tempemture and 
weight across treatment groups. The mean ago was 67 Yf'la.l'S with thP range 
from 29 years to 90 years and mean weight was 83 kg, with a. range from 44 kg 
to 141 kg. (dat&bom vol J. ">O, 08/19 t&bleF.1 page t88a.nd t&bleF.8,pa'f'!" 18/Jj 

Race a.nd Sex 

The table below shows the distribution of race and sex by dose. 

Dose 

PLB/PLP I 1 mg/0.5 

Demographic Va.ria.ble 
mg 1mg/1mg Total 

n=8ll'I n=86) "'':94) (uc266l 

n % n % n % n % 

RJ.Ce Black 9 10.5 17 19.8 1.4 14.9 40 15.0 
Hisoanic - - . - 4 4.3 4 1.5 

White 7·7 89.5 69 80.2 76 80.9 222 B!'l.5 

Sex Female 14 16.3 16 18.6 23 24.5 53 19.9 
Male 72 83.7 70 81.4 71 75.5 213 80.1 

from tableF.7, vol. 1.70, 08/19/194 

Of the 266 patients, 40 were black, 4 were Hispanic and 222 were white. 
The majority of patients (80.1 %) were male. The treatment groups were fairly 
well balanced. 

Medical History 

Current arrhythmia 
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Sine!?' the patients were stJ:atified based on baseline arrhythmia., there 
was no differenco in the distribution of AFL or AF patients a.cross dose g\'oups 
(133 patients pe1 group). 

Pa.tient cha.nu1te1'istfos 

Pa.tf.ent obaraoteristios (including previous history ,_.,f a.tria.l arrhyth.i;:nia., 
heart disease, othsT medical history, and whether sympto:mc of a.trial 
e.rrbythm.ia. a.re present or not) a.re shown in the ta.tie below. 

Dose 

PLB/Pl.B 1mg{0.5mg 11D3/1 Illg Total 
Pat!e:o.t 

n•86 n•86 n•94 N•206 
Cha.raoteristics+ n " n " D " n % 

Histolyof No 40 4(1.15 40 46.5 l50 o~.2 130 48.9 

AFLIAF Yee 46 SS.5 46 53.5 44 46.8 136 51.1 
Hi&tory of heart No 24 27.9 17 Ul.6 24 25.5 65 24.4 

disease Yea 62 72.t 69 80.2 70 74.5 20i 75.6 
Other medical ~:o 6 7.0 5 5.8 10 10.6 21 7.9 
histo,.., Yee fsll 93.0 81 94.2 84 89.4 245 92.1 

"' 

Symptoms of No 33 38.4 31 36.0 29 30.9 93 35.(; 
u.J.'l'h;vthmia 
p~sent'l .. 1' Yes 53 61.6 55 b4.0 65 69.1 173 65.0 

+data. for a.lJ oategorles ezoept BJ111JPtOZ1l11 of arrJzytbmfa trom labla G.1, vol 1. 70, 08/19/209 
+ ... from tahls 18.1 b:lformationaJ IUiltmdmBllt 004 MOBived J&ll 6, 199&. 

Slightly over half of a.11 patients ha.d history of AFL/AF and 75.6% had 
heart disease. Mo&t patients ha.d "other medical histo7," a.nd 65% of patients 
reported symptoms associated with their arrhythmia. The groups were well 
balanced. 
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Histoz:y of heart diseBBe 

The number of patients who reported the folloWing heart diseases is 
listed below. Note: conditions reported for lea~ than 9 patients ha.ve been 
omi~d from the table. 

ibuWide 
placebo total 

HlstoJ.7+ (n•86) 1(t.0.5mg 1 {:f.!J4~ 
(n.,286) 

:.i.•88) 
-• -··· 

~~ 62 89 70 201 

CAD 26 21 2S 70 

MI 22 19 22 63 

OHF 12 19 26 57 

CAB~ 17 13 22 52 

HTN 17 19 15 51 

mitral 7&1.ve 
diseasa 11 13 12 36 

a.ortio valve 
disease 9 5 10 24 -----
~0-
myopathy 6 9 9 24 
a.ng'..na 6 6 4 16 

a.ngioplasty 6 3 4 13 -
pac.,maker 6 3 3 12 

rheumA.tic 
fever 3 3 3 9 

ventrloul&r 
taohyoa.rdia. 3 4 2 9 

+data. were collected re\rospectively 
from Jz:zfor.ma,tion 1J,Inendment 009 page 6 received Feb 3. 1995. 

The most common heart diseases were coronary artery dh:iease, 
myoca.rdia.l infarction, congestive heart fa.11111 ~. a.nd ccronary a1tery by·pass 
grafting. Mitra.I and aortic valve diseas.:ls were also relatively common. 
Rheumatic fever was reported by 9 patients. 

Etiology of Atria.I A.rrhytllmia 

The was no attempt by the sponsor to prospecti'lely determine etiology 

I 
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of patients' a.trial arrhythmia.. The following table was prepared with do.ta. 
gathered a.fter the study was a.na.Jyzed. From a. total of 266 patients 
randomized, information was obta.lned from 98.5% (262). 

h.lrn' 
+pat 

placebo 
n-S6 

llmtlll.de 1/0.5 mg 
J1•84 

~ed 
SUolllgY'f' J1 ~ D. %. 

rileWDatio 
V&lvula.T disease Ii IS.8 5 6.0 

nonrhelllll&U< 
'VllJ.vular diaeaae 29 33.7 27 32.1 

CAD 37 43.0 34 40.5 

hypertension 37 43.0 47 56.0 

CHF 29 33.7 30 35.7 

S{P oa.rdiao Sx 11 12.8 8 7.1 -
"lone• 4 4.7 5 6.0 

bypertbyroid 0 0 1 1.1 

~ulmona.ry 
sease 16 18.b 18 19.1 . 

other 26 30.2 25 29.8 

•Ulkn•lWJl " 5.8 2 2.4 -'Uatlona.J s.me;admtmt fiat. vol 3 PSifB 1 J received MIU'Ch 15, i 995 
1ould have more than one presumed 1;tf<>logy 

ibutlll.de U1mg 
n•92 

D. 2' 
..__ .. , 
6 IS.4 

32 84.8 

38 89.1 

42 45.7 

83 85.9 

20 21.'7 

4 4.4 

1 1.1 

19 20.7 

32 84.8 

3 3.3 

The groups were well balanced reg;a.rding the presumed etiology of the 
atrta.l a.rrhythmia.. The most common causes were nonrheumatic vaJ.vula.r 
disease, coronary artery diseiu·e, bypert.ension, congestive heart fa.ilure and 
other. 'l'he lea.st common ca.uses were hyperthyroid, rheumatic valvular 
disease, "lone" a.trial a.rrhythtnia, and unknown. 

Symptoms &lated to Current Episode of Atriai Flutter(F'ibrills.tion 

The table below displays the number of patients reporting one or more 
1:.ymptoms. The sponsor did not attempt to elaborate on the degree of severity. 
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ibutWde 
plaoebo total 

symptom (n=86) 1~0.ISmg 1m&f1 mg (n"1166) 
n•81l) (n•94) 

~:J>tom 
des be<t 53 55 611 1.7S 

SOB 32 38 49 119 

palpttatlo!lb 20 111 18 113 ...... 
flhest 6 7 12 8li 
Ughm~ 

dlzzln81111 9 6 10 Siii 

weakr;.8118 5 6 10 21 

edema 1 13 4 18 

fatigue 8 5 10 18 

rapid heart bea.t 4 5 7 16 

d.iaphcresis 2 2 6 10 

orthopnea. 1 8 l 10 
" 

PND 2 5 1 8 

nausea. 2 8 2 7 

eynoope 0 1 3 4 

ilTegula.r pulse 0 8 0 8 

vomiting 2 1 0 3 

cough 1 v 1 2 

hel\da.ohe 2 0 0 2 - . 
CHF (I 1 0 1 

Imm table G.s. vol. 1. 70, 08/19/254 

Only 65% (173/266) of :iatients reported syru.ptoms related to their 
arrhythmia. The most com:rlon symptoms were shortness of breath and 
palpitaticns followed by chest tightness/pain, di:r.ziness, and weakness. 

Follow up 

Patients were to be followed up for r. t !FJast 72 hours but only jf a. medical 
event occurred. Of the 3 patients who had a. medic..i.l event but were not 
t'ollowed up, there was 1 placebo patient (#1217)who died of respiratory failure 
during the study. 1 placebQ patient (#2002) who deve!'lped increased a.gitation 
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and oonfusion, 1'tJq1.Iired eleotrloal oa.rdioveraion a.nd was sent to a.n out-of-town 
nursing home before the 72 bour evaluation could be completed; a.nd 1 
Urutfild" 1 mg/1 mg patient (#1061) who developed dtzztness and did not have 
the 72 hour follow·up . 

.All pa.tteats 
The deflDitl.011 of auooess as defined by the protocol waa 

termination of atrial arrb,yUunta for e.oy lei.gth of time, but betore 1.5 hoUJ.'R 
after start of study drug. Using tb1s deftnit1on. the following figure gives 
results for aJl p&tients combined reg&l"dleae of baseline arrhythmia.. The 
results for the placebo group (only 2 out of 86 :PP,tients were suooesses) ha.ve 
been omitted from the figure. 

.flt 1.ntusio11: 
placebo+ 
n•86 

converted 
n=17 
(28%) 

r 
did not convert 

11"144. (8014) 

2nd infusion; 
lt;utiUdtl 0.5 mg 
n=66 

did !l.Ot 
ocinvert 

n=10 
t74%) 

1st lnfuaio11: 
ibUUl.\de 1mg 

n•180 

2nd Infusion: 
l butilide 1.0 mg 
n=78 

converted 
n=25 
(32%) 

ounverted 
n•36 (20%) 

dldnot 
conve11 
n=53 (68%) 

+ Since only 2/86 p\a.oebo pat!enta converto1l, results far placebo a.re not shown in the .\bove 
diagnun. The 2 p!B.Oebo pa.tlents who oonve1ted did so With the sl)cond tntuslon. 
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Tables K.t, K.e, K.5 Volt. 71, 08/SO 

Of the patients who were randomized to lbutilide, 43% (78/180) 
on averted with either the ti.rst or second infusion oompa.1ed to 2% (2/86) of the 
placebo patients (p < 0.0001 for difterance 1n success rates between ib".ltilide 
a.nd pla.oebo). Of the 78 patients who QOnverted, 20% (86/180) converted with 
the lirst infusion a.nd 29% (42/144) converted with the second infusion.. 

Of the 42 patient& who oonvarted with the second infw:lion, 26% 
(11 /66) converted with the low dose (0.5 mg) a.ud 82% (25f76) converted with 
the high dose (1.0 mg). There was no sta.tlstlO&lly stgnSfJca.nt difference in the 
success rates between the two dose group19. 

Patients were stra.tifi.ed a.ocording to their baseline anhythmia. 
The sections below discuss the success e.nd failure rates according to the 
patients' baseline 8.lThythmia. 

Atrial flutter (All'L) 

The ~-esults for the 133 patients who were exhibitin._,· AFL at 
baseline a.re shown in the figure below. Only 1 placebo patient converted so 
the results of the placebo group have been omitted from the figure (p < 0.0001 
for difference in suc.cess rates between ibutllide and placebo). 

1st Infusion: 
place ho+ 
n•43 

converted 
n•l2 (34%) 

Randomized 
Patlan!& with AFL 

n"133 

2nd Infusion: 
ibut!lide 0.5 mg 
n•35 

did not convert 
nm71 (79%) 

did not 
oonvert 

n"23 
(661') 

" 

1st infusion: 
ibu\ilide 1mg 

n•9G 

2nd infusion: 
ibutilide 1.0 rr1g 
n•36 

l:onvertcd 
nct!l (ti3%) 

converted 
n•l9 (21%) 

did 1'!.'Jt 

eo11vort 
n•\7 (4'1%) 
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+results for Uie placebo group have 'been omitted from the figure. 
T4blflll K.1, KB. K.6 l'ol J. 71, 08/,eU 

Of the AFL patients who received ibutilide, 56% {50/90)had their 
arrhythmia termtnated; 21 % (19/90) converted with the first infusion a.nd 44% 
(J31/7i) oonvertea with the seco~1 infusion. 

Of the AFL p&Uenta who converted with the second infusion, 34% 
(12/35) converted with the low dose (0.5 mg) a.nd 53% (19/36) converted with 
the high dose (1.0 mg). There was no S'Gatlstica.lly stgntflca.nt difference 
b'<ltween the success rateEl tor the 2 dose groups . 

. Atrial F.ibrillatlo.n (AF) 

The results for the 133 patients who were exhibiting AF &t 
baseline a.re shown in the figure below. Only 1 plaoebo patient converted so 
the results of the plaoebo group h&ve been omitted from the figure {p .. 0.0011 
for the difference in 'Juccess rates between ibutillde and placebo). 

.'lit infusion: 
placebo+ 
n•43 

converted 
n~s (16%) 

Randomized 
Patients With Ai! 

n=133 

did not convert 
n=73 (81%) · 

2nd infusion: 
ibutilide 0.5 mg 
n=31 

did not 
convert 

n=26 
(84%) 

1st infusion: 
ibut\llde 1mg 

n•90 

2nd Infusion: 
ibutilide 1.0 mg 
n=42 

did not 
convert 
n=36 
(86%) 

+r ~sults for the placebo group have been omitted from the figure. 
from Tables K 1, K2, KS Vol 1. 71. Oli/20 

1 

Co1np['red to AFL patients, Al<' patients had a lower rate of 

converted 
n=17 (19%) 

converted 
n=6 {14%) 
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conversion. Of the AF patients who received ibutilide, only 31 % (28/90) had 
their ILl'l'hythmia. termine.ted; 19% (17/90) converted with the first infusion a.nd 
15% (11/90) converted with the second infusion. 

Of the AF patients who converted with the second ibutilide 
infusion, 16% {5/31) converted with the low dose (0.5 mg) a.nd 14% (6/42) 
converted with the high dose (1.0 mg). There was no statics.Uy sf.gn1fioa.nt 
difference between the suooesa mtes for ilia » dose groups. 

Additirme.' etnoe.oy •p•!yafa 

It was deteimined that the definition of suuoess used by the 
P1ponsor for this protocol aud report was ina.dequat.e. A rev.lsed definition of 
suooess-pa.tienta who converted from AFL or AF to Rinus rhythm by hour 1.5 
without emergency intervention a.ud remp.1ned in sinus rhythm for at least 24 
ho1ll'S-W&S used to re evaluate the efficaoy of ibutilide. Note: the revised 
definition of suoceBS is used onl.1 in this section of the review, all other 
sections use the protocol's definition. 

The following ta.ble shoW& that rates of successes a.:id fa.Uure for 
all ibutilide patients using both the revised a.nd the protocol's definitions of 
success. ·rne ra.tes for pla.cebo patients remained unchanged a.nd a.re omitted 
from the ta.ble. 

All ibutlllde patients 
(n•180) 

revised aeflnition protocol's definition 

lJ. (%) n (%) 

success (converted) 63 (35) 78 (43) -
f&llure (did not 
convert) :l17 (65) 102 (57) 

.&om table 4s, information tuDeJ.ldment 024 received Ma.rob eJ, 1995 

Using the re»lised definition, 35% (63/180) of all ibutilide patients 
converted compared to 43% (78/180) using the protocol's definition. 

Patients with AFL snd Ai<~ 

The table below shows the success and failure rates for the two 
definitions categorized by strata. The placebo patients have been excluded. 
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Ibutllide patients with AFL Ibutillde patients with AF 
n=90 n=90 

revised Nrotoool's revised ~rotoool's 
definition etl.nition definition efinition 

n(%) n(%) n(%) n(%) 

suooesa (oonvelied) 46 (61) 60 (56) 17 (19) 28 (31) 
... _-.... 

fa.Uure (did not 44 (49) 40 (44) 73 (81) 62 (69) 
oonven) 

When the revised deflll.ition is compared to the protocol's 
definition, the success rates decreased mJnima.1ly for the AFL patients (from 
56% to 51 %), but J.ecreased strikingly for AF patients (from 31 % to 19%). 
Overall, AF patients who received ibutilide were less likely to convert to sinus 
rhythm ( r ~ sta.y converted for at least 24 hoU1"3) compared to patients with 
AFL. 

~mrerce of ;i,qhythmie. 

The s,Ponsor was asked to retrospectively collect data perta1ntng 
· · .,,, to the time (in days) the study patients who were converte~ to sinus rbytl:un 

reverted back to their a.rrbythmias. This wa.s an attempt to try to answer the 
following qu.Jstion: is there a rehl.tionship between the time it took for etudv 
patients to revert to at:ial fibrlllatioD/flutter from sint1 s rhythm and the 
mothod used for conversion? The figure below shows the number of days after 
the study'\'!; as nompleted and t!'.e recurrence rate for patients who were 
suoces1;cs on ibutilide, successes c:i placebo, ~ures on ibutilide and 
subsequent successes with electroversion, and failures on placebo and 
subsequent successes wi~h electroversion. 
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from ir1formation&/ amendment 022, vol 3 page 73, zv;ceJV8d March 15, 1995 

According to this retrospective analysis, the time t.o recurrence of 
atrial fibrillation/flutter. appears to be independent of the method used ·for 
conversion. By 100 da,.vs, approximately 45-55% of all} a.tiente who converted 
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during the study, regitrdleas of method, had reverted back to thel.r 
arrhythmias. 

Dose oompartson 

All study patients e~tb.er received placebo or ibutllide 1 mg for the 
first iDfusion. Pa.ttento who did not convert with the fi1'8t d0&e of pla.oebo 
(n•86) received a. second dose of pla.oebo. Patients who did not convert with 
the first dose of ibutWd.e (nr 144) received a second dose of ibutillde, either 0.5 
mg (nw&6) or 1 mg cn•78). The table below 8howa the number &r '-percent of 
patients wbo did not convert with the first dose of study rtrug an" reol:dved a 
aeoond dose, &lid the outcome oftb.e seound attempt a.t oc inversion. The 
pla.oebo group has been omitted. 

Patients who Patients who dld not 
oo.'1vimed with the convert with the second 

second dose of stuey 
drug 

·dose of stuey drug 

n " n % 

a.11 1~.5Ul{' 17 26 49 74 
iruWide (n• 6) 
pa.ti en ts -

1~1mg 25 32 53 68 
(n• 8) . . from tableK.4, vol 1.71, 08/20/16 

Of the 66 pa.tiente (AFL a.nd AF) who received 0.5 mg ibutilide for 
the second dose, 26% convert.ed. Of the 78 patients who received 1 mg ibutilide 
for the second dose, 32% converted. It is not unexpected that there is a. 
somewhat higher rate of conversion with the higher dose of study drug. 
However, the ma.jortty of patients who received the second infusion of 
ibutilide did not convert, raga.rd.less of dose received. 

The ta.ble below shows the conversion ra.te with the second dose 
for ea.oh stratum. Note: placebo ha.s been omitted. 

Maryann Gordon, MD 
Sept 8, 1S!l5; NDA#20<191 



Patients who Pa.tients who did not 
oonvened with oonvert with the HCOnd 

ihe •111111Dd dOlllt dose of lltudy drug 
ot ... drug . ,.,., ... .. D " n " . 

f!?r ~·&ma 18 84 88 88 

...__~-

la:tr 19 53 17 47 

t:~ l,i~·&ng Ii 16 26 84 

~mg 6 14 38 86 

bom table K.4, vol 1. '1'1, (}8/Bqttli 

There were 71 AFI. patient& and 73 AF patients who received a 
second dose of ibuttlide. Fc>r the AFL patients, 34% of patients who received 0.5 
mg as the second dose oon· re1.:ted oom:pa.red to 54.3% of patients who received 1 
mg as the second dose. Patt.exits with AFL. therefore, are more likely to convert 
if they receive 1 mg than if they receive O.IS mg. In contrast, there was little 
dmerence in the conversion ra.te for the AF patients rate regardless of whether 

· 0.5 mg or 1 mg was given as the second dose (16% and 14%, respeatf.ve)y). 

Mea.n time to termine,tion 

The mean times to conversion from sta.rt ot: first infusion for 
il utilide patients a.re shown below. · 
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i!ft& 
n-n 

APODJ.vwho 
oonveded 

1Dur/O.&mc 
(n•T6) 

1nur/1mg 
{n•Dl 

from table K.8. 'VOL 1. 71, 08/110/17 

86.0 

28.0 

18.7 

ll0.4 

2'.0 

The mea.n time to terminatlon of a.rr~ for aJl successful 
• ibutu1de patients was appro:atm•ht)1' 88 mtnutes. The patients with AFL had a. 

sligb.~ lonpr mea.n time to oonvel'Bion (29-30 min) comps.red to patients with 
AF (20-81-min). 

Study Dmc Fa.Uums 
Tbe followlDg table shows the stu~ drug failures (for pla.oebo a.nd 

1butu1de) a.nd the e'!l8ntual outcome for these failures a.coordtng to whether 
they underwent en;,ergenoy term.fn&tion of the arrhytbmf.a prior to hr 1.5, had 
the a.rrb3'thmia te~ted betw6en hr 1.5 a.nd 24, or <:lid not have their 
&ITbythmia. terminated. 

I \l.. . Ms.cya.nn Gordon, 1"\D 
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Study Drug Fa.I.lures 

~ey ~ 
~not. en termfnatiwf~ 

prior to hr 1.15 hr 1.IS and 

n " n " n " 
&U rJ=r 0 0 152 61 Sil S7 
~me 

' patlen.'8 --
~.5mg ll ll St! 42 11 1S 
(n 9) 

1$mg 0 0 so 31! llS 25 
(n• 

toml ll 1 118 63 66 36 
(n•181J} 

.&om table KS. vol J.'l':t, ~:t 

Of the 186 patients who fa.iled study drug (either ibutilide or 
placebo), 63% (118) went on to ha.vc their a.rrb.ythmia termtna.ted between hr 
1.5 a.nd 24 by other methods. For the 1mg/0.5mg ibutillde fa.ilures, 2 required 

·~· emergenoyoonversionpriorto 1.5 hr. Both of the patients (#11001 a.nd #1191) 
· developed polJmorphio ventrioul&r ta.ohyca.rdia. (pa.tient #1191 ha.d 
degenerated into ventricular fibrilla.tion) during or shortly after the first 
infusion with ibutilide (1 mg}. The arrhythmias were successfully termtna.ted 
with electroversion. 

The rema.intng 66 patients who fq,iJ.ed study drug did not have 
their arrhythmia. terminated ,:,ither because they were unable to be converted 
by other methods or no a.ttempt was ma.de to convert them a.t that time. 

Maryann Gordon, MD 
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Methods of converting the 118 study drug failure patients 
included non-emergency electroverslon, pacing, or medication, or patients 
converted spontaneously. Tl-.e table below displays the number a.nd percent of 
the failure patients who were converted by one of these other methods . 

. Melihod of conversion for Btu failU?ell 

J!l!eotroo&\'- . Spontaneously 
Dose dlovlmdon Medioatton 
(mg) Jl ». Jl ». Jl .2l ll 26. 

~ '" SIS 4 8 1 2 8 5· . 

ff0·t8\ 80 88 2 6 ·o 0 4 11 
14•S 

f,/1 lln\ 1lt 69 & , ... 7 ll 20 l 10 

Tota.l. 98 79 8 7 7 6 10 9 
rn•11R\ 

from ta.bleK9.B, vol J..J.7, 04IBOJBS 

Eleo+,roversion was the treatment of choice for most patients who 
failed to convert with ·study drug. The ma.jority of study drug fa.tlures (79%) 
underwent successful eleot:."Ovemion, while the rest were successfully 
converted by pacing (7%), other medication (6%), or converted spontaneously 
(9%). 

There were 15 pa.tients (5 with AFL and 10 with-AF) who failed 
· conversion with non-emergency DC shock The failure rate with eleottoversion 
in this sele<'t population, therefore, was 14% (15/108, dst& obt&illed from table 
K9.3, val t. 71, 08/20/24). 

Number of attempts with non-emergency electroversion 

The da.ta were examined for any ditference between placebo and 
ibutilide regarding the number of a.ttempts needed to successfully eleotrovert 
patients who failed study drug. The table below shows the mean and range of 
the number of attempts. 
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--........ ---·-~--d l between 1.5 &nd 24 hours-
number of &Uempts at eleotrovemon 

placlebo 1buUlld9 

ltinalllll "' Jlllll - ll. maa ranea ·#~ 

AFL 211 1.ff - 18 1.17 

.A'F 19 1.8~ 80 1.57 
..tto.m table L13.1, ftll. 1. 71, 04'114'84l 

OveraJ.l, fewer attempts with eloctrove1'Sion were required for the 
ibutllide patients compared to placebo patients and this findi!lg was true 
rega.rdless of baseline arrbythmia.. 

The ta.ble below shows the number of joules :ieeded to terminate 
~e w:rhythmf.a in the above mentioned patlents. 

atu~ drug failure patients who were aucoesatully 
eleotroverted between 1.5 a.nd 24 hours-

number of Joules required 

placebo ibutilide 

mratum 11 IWllil.\ mun n ID§All mna 
AFL 25 240.4 18 177.8 

J.F 19 453.7 30 a20.7 -1 
from table L.15.1, vol. 1. 71, 08/B0/944 

Fewer joules were required to convert the ibutilide patients 
compared to placebo patients. 

film:ly drug failures who were notStonverted by other me.IUl§. 

There were 66 patients who failed to be converted with study drug 
and either failed to be converted by electroversion, other medication, or a.trial 
flutter ablation, or no attempt was made to convert them. The table below 
outlines the number and percent of patients in each category. 
It is of some interest to note that there was no attempt to terminate the 
arrhythmia in 19 patients who failed study drug. Tl1ese patients, however, may 
'1;;.va gone on. to be converted after the study had ended. 

22_ 
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StlidJr dft1g feJ1Jll'81 whg a.re not qgnyerted bJ gthar m'Mll 

There ~ere 66 pattsnta who falled to be converted with 8'ucbr clrug and either 
failed to be converted by eleob:oversion, other medioaUon, or &tr1aJ. flutter 
ablation, or no attempt was ma.de to convert them. Tho table below outlines the 
number and percent of paUe'.it& in enoh oat9G0r.v. 

P&Uenm who failed 9&)ld,V ~ ilDd could DOt be oonwrted ,_.Other meam 

•"-••'~F 

Mdal 
lilleotroo&I- Flutier 

OD Medioation Abla&ton None 
n % n I " n " n " ri¥J:9.\ I 
10 81.8 17 58.1 0 0 II 115.6 

1/0.5~ 8 27.3 3 27.3 1 9.1 4 88.4 
ln•11) •.. 
l:f1,fjf n•28 

& 8.7 11 47.8 Q 0 112 43.5 

'f..°~\ 15 22.7 31 -17.0 1 1.5 19 28.8 

It is of some interest to note that there wa.s J'.o attempt to terminate the 
arrhythmia. in 19 patients who failed study drug. These patients, however, ma.y 
have gone on to be converted after the study had ended. 

-



Subgroups 

Duration of SZTlzythmia 

The orlgJmJ. protocol requin d the duratt.on of AFL to be greater 
than 3 hours a.nd the d~on of AF to be greater than 8 hours but len than 
90 days. The protoool was amended later to apeoU,v that the dla'&tion of the 
e.rr.bythm1a could noi be more t;ban 415 clap. The 1able below ab.oms the mean 
duration of the a.rrhJthmfa. (in dap) oategorlzed by treatment suooeea or 
failure. 

ll:>UWfde 1Dlg/0.15mg lbut!Hde 1mf/1mg 

SUOOMS failure BU~ failure 
(~) (da,ya) (--) (~) 

all patients 14.1 23.8 14.1 18.1 

AFL llS.8 88.15 11.0 81.8 

AF 11.9 21.4 21.5 l6.7 
TabJtu K.16 and K.l'J'. vol 1.7'1. ~I 

In all but one category (AF with 1mg/1mg), the ibutilide successes 
had a. lower mean number of clap of dur&tlon of the baseline arrhythmia, As 
e1Cpeoted, those patients With a :relatively recent onset of arrhythmia. were 
more likely to bfl converted. 

Other subgroups 

The following subgroups were eXILJXlioed: enla,rged vs. normal left 
atrium, normal vs. decreased ejection fra.otlon, and va.lvulv vs. no valvular 
hea.rt disease. {71Je data tor tbe followlD(f parll(/rapbs lll'B found in Tab.IBB KHO and KJJJ. vol 
1. 71. Otv,e0/01and64.) 

left atrium size 
Left atrium aw.& was determined in 16'! ibutilide patients. Of these 

patients, 140 (83.8%) were classified as having a.n enlarged atrium. This group 
of patients with a.n enlarged atrium was more likely to fa.il to be converted w7th 
ibutilide tha.n they were to suooeed (57 .9% vs. 42.1 %). 

ejection fraction 
Ejection fractions were categorized according to normal and 

abnormal critoria. a.s determined by the individual investigators. Of the 142 
ibutilide patients who were classified, more than half (77 patients, 54.2%) had 
decreased ejection fnw~ion. There was nearly equal tendency fo~ these 
patients to fail study drug as it was for them to succeed. 

Maryann Gorden, MD 
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valvular heart disease 
Thero were 168 ibutilide patients who were listed as either having 

a history (123 patients) or having no history (45 patienta) of valvular disease. 
Those 123 patients with a history of valwla.r disease were mc1·e likely to fail to 
be converted with 1but1llde f/3 patients, 59.3%) than to suooeed. 

In 8UDUD&1',V, there Is a tendency for patients to fail to be converted 
with ibu1iilide Uthe)' had an enlarged left Mrlum and/or a hi.story c.f valvular 
hea.:rt dlseue. Deoreaaed ejeotlon fraction seemed to have liWe efleot on 
outcome. 

Con90m1t.m m'"'1oM'nn 

Patients receiving class I or other class m a.uUarrb1thmio 
medioa.U.ons were not eligible for this study unless the medication b&d been 
discontinued for at least five ha.lf·llves prior to the infus1on. The use of beta. 
adrenergio blocking agents, calcium antagonists a.nd dfgoldn was permitted. 
The following table, obtained from CANDA. displa.,."'B the nu:nber of ibuttlide 
patients who were receiving one or more of tt.e permitted medications a.nd 
whether they were successes or failures. 

-
IUooellll f&Uure 

oonoolllitant medication 
n " n "' oa blooken (n•79) 36 46 43 154 -

no oa. blookeft (n•101) 42 42 159 GS ·-
beta blockers (n•S3) 13 39 eo 61 

no beta blooken (n•147) 65 44 82 156 

digozh1 (n,.104) 44 42 60 157 

no diaozln (n•76} 34 45 42 55 

11le differences between the success rates for patients receiving and not 
recetving one or moro the 3 specified conoomita.nt medications a.re ma.rgina.l. 

Gender 

Succes1:1 and failure ra.tes by gender for the ibutilide patients wexe 
obtained by CANDA and a.re shown below. 
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IJUO<lellll failure . 
gender n 2i ll 2i 

female (n•S9) .16 4t 113 58 

male (n.•141) 88 " 79 156 

The incidence of success is illltependent of whether the patient 
was male or fem11.1e. " .. 

b"eslms.ut BUOOeSlllSB 

As ezpeottid, ibutilide had a profour.d eUeot on the length of the 
QTo. For the 78 11UOOaaa patients wno had rece1ftd ibuUlicle, the mean values 
and ranges at baseline and ttJne of arr~ term1Da.tion a.re listed below. 

mean a.t Ume of ~on olmlge iroJn 
Dolle group+ mean && buellne (ran&e) (rl.np) baaellne 

1mr/O.IS mg 405.841 459.08. 54.75 . 
1111&'f1ma 415.88. ... . 478.51. ... 

58.88 

+th-wve the de11e BrollPll to wtllch Qie pa&tenta were randomised. Patients who converted 
with the f1nt lnfwdon did not reoeive the noond. 
7llble K.lllJ, 'f101t.71, tJ4111(V1118 

The mean change from baseline at the time of arrhythmia. 
termination was similar for the 2 dose groups: 

Sinoe most patients who converted did so between i1-so minutes 
from start of drug infUsion, the QTo intervals for the failure patients were 
ezam111ed at baseline:'.\& well as 30 minutes after start of infusion. For the 101 
fa.UUX'e patients who received ibutilide, the mf9a.n values a.t baseline a.nd a.t 
minute 30 are listed below (ra.r..ges were not given). 

Dose grn.•.p mean at baseline (range) 

1mg/0.5mg 4M.53 I 

img,'11116' 414.69 ( 
Tablt~ K.31, K33,, vol 1. '!1, Ol/ll!0/198 and 132 

change from 
mea.n at minute 30 (range) baseline 

48l.69 

477.40 . 

2~ 

61.16 

63.38 

Marya.nn Gordon, M'.D 
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The oh&DiJea from baeeUne are ma.rginally larger fot' the failure 
grc,up compared to the success group which ma.y just be a. reflection of failure 
pa.tlenta receiving more ibutilide. Aga.tn. there was little difference in the 
change from baseline for the 2 dose groups. 

IV. Safety 

...... 
Medioal eventl!I reported were those eveld8 startlDg or lnorea.slng 

Jn severity alter the beginning Of the first; tDfuaton, alllo known aa TB88 
(tresh11ent emergent signs and sy • .iptoms). 

by bodJr B,J1St9m 
The following table shows the frequency of medioa.1 avents by b'ldy 

9)'8tem &ild dose poup for all 288 ra.ndondzed patients. Note: the patients a.re 
classified according to the dose group to wb.tch they were randomized, not 
a.ooording to a.otual dose reoetved. The safety ?"JV!ew has an~d events by 
a.otua1 dose received. 

M~n Gordon, MD 
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BodySyaeem Placebo 1mgt0.15mg 1 mfdllJI&' 
(N•86} (N•88) (N .. 94) 

" ll " 
., 

" 
., 

. 

Oenel'lll ---
1'7 19.8 iO 11.8 16 18.0 

. 

~ 8 ... .. au II 18.4 
.. 

7 8.1 8 9.8 8 8.4 ff 
+~·-· 

Heml----h&Uo 0 0 1 1.8 1 1.1 

111 anal 8 8.15 4 4." IS 5.3 

MuaouJ.o6k:eletal 0 0 1 1.2 1 1.1 

Nervous 3 8.15 5 5.8 15 5.3 

U! 7 8.1 7 8.1 5 15.S 

Skin 1 1.2 s S.3 3 o·-
u ... 

Sneoi&l Sen&e1J 0 0 0 0 1 1.1 

Urogentw.l B S.ll 3 S.5 ~ 4.S 
Voll.68, fl8/I ?/80 

As expected from this Class ffi ~O agent, there T•'alil ~ sigDUloantly 
(p'"'~.001) htgher incidence of.oa:rdJ.ova.scu! medic&l events rer.orted for the 
ibutilide patients compared to the placebo patients. 'the rates for ibuWJ.de 1 
mg/0.5mg, ibuWJ.de 1 mg/1mg, and placebo were 32.6%, 2S.4%, and 9.9%, 
respectively. The incidence rates for patients randomized to ibutilide for the 
other body systems a.re compa.ra.ble to placebo. 

within body systems 
The table below is & frequency table of all tre&tmt}nt-emergent 

medical events by dose group and within body system. The following table 
l!.sts a.11 events which occurred in eight or more patients. 
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.. 
,_1 - . 

- . .·· ... -.· .. 

MecUeal flvent ~ 1 ratl/f1.1 ~- 1 ,..,"- .1118' 
lff"'8i) (N-H) . ~-. ~ 

. -. 

"'- - .. .. - •: 

..!! ! -:;,; ~'- ·;:-
. . :: : : -·· .. · . 

• . ••• • ••• 10 .., . 
>--' -- --- -- ; .• 

_-,- ___ -----,- - - - ---- -• •m 111111Hd 
: - . 

.. 
VT 0 0 l u 8 I.II 

a '°n . l---~-· 
- ~ : . . ·.··· 

·~-
·.··· 

t• 8 1.1 
.. 

..D' a u a ... '. u 
Ventdoulal: 1 1.8 ' 4.'1 Ii 11.3 

.. 

..J.B!!! . 0 0 • '7.0 . 8 8.1 
. 

Dllr1'tlea 8 11.15 I IUI 3 3.2 

l"ever 4 4.'7 I a.a a 8.1 

~ 1 1.8 8 8.11 4 UI mODOm.orphto vr 
wl J..61. 'l'jBJ. 

There was a total of 18 reportll ot nonsusta.tned popo:i-phio VT, 
aJl 1n P'*1&D.t8 who ~ved ibuUlide (p-O.o&'1 for dW'ennoe betwee~ ibutlllde 

...,.._,I a.l1C1 pJaoebo). Other evaute Whtoh were ~ · ¥ afpfttoa.nt (p<0.05) 
· · · · differences a.cross doae groups include headaohe and nausea. 

Poststut!Jr FoIJow-Up Reports 

Two pa.tients ha.d medi.oal events t\1at were not resolved when the 
72 hour tollCWMlp had ended. PMient #105' reported a prolonged PR b;itervaJ. 
whiob bepn at Hout 1.5. The mvesttptor reported the quinidine was· 
disOO;\tinued.. tleoa.b2ide ata.ned, a.nd Ule patient was diaoha.l'ged with flrst 
degree AV block. Patient #2088 had a. oerebiova.aoula.r a.ooldent which ha.d 
ata.bilt=ed, but was not conaidered resolved, when follow-up ended. 

SariQUI mtdtgaJ eyent.s 

DflSlba 

One death (#1217, Stambler) in the placebo group occurred during 
the study. No deaths occur.red in patients who received ibutilido. 

Other serious·mediosJ events 

2& -
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- - ;·:---- -

~ fo~ta.ble liats the aeiiou. ttc~.,M medio&I 
eveme br' cloe• poup. · 

' . 

"'"'·-- • 1 .. .. 1& 
tatlll nn•Nrol ........... 1 • • 
Ji.Vblaolr 0 ~ 1 

01ni.-ou1ar 0 1 0 

Oong11ltn 
.. .;...4 fldlllftl 

0 1 0 

Dia 0 0 1 

0 0 1 . 
IQdne,v fallUl"J 0 1 1 
llCnBe 

N--~ 0 0 1 

Nonlutaln.ed 0 0 II 
hioVT .. . 
~ 1 0 0 
failure 

8118talned 0 1 0 
monomorpbic 
vr 
SU8talned 0 '2 1 

o-h1ovr 

Venttioular 0 0 1 
~lea 

vol t.68, 08/17/83 

The placebo group had one serious event (respiratory failure 
resulting in death) compared to a. total of t5 serious events for the 2 !butilide 
groups combined. Of these 15 events, 8 were oa.rdtac a.IThyt.bmta.s and a.re 
discussed below. 

ProNfhythmie. 

The sponsor defined monc::norphic and polymorphic ventricular 
ta.ohyca.rdia. as th.."ee or more ectopic Lee.ts occurring at the rate of more than 

Ma.l'YIU!n Gor> .. on, MD 
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~. 

100 wrmtmJie. ~VT,... deifned u VT with• duntton of peater 
UlaaH aecancla or~inten&ml.on and~ VT-.deftned as 
VT witb IP.4'm'lltion of lesa than 80 seoonds and n0t requf.rlng intenenUon. 

'l'b4 followiD& taWe lilde the number vf patianta With 
p~ even• :In tlda·IJtudar. 

--
8111ie 111811 0 • l vr 
Nomu...Calud 0 15 8 vr 
Su91 lned 0 1 0 

oVT 

NOJml8l;alned 
1 3 .. cVT 

ToW 1 11 18 
vr>l 1.68, "41.1?/BB 

The incidence rates for pla.oebo and both ibutllide doses combined 
<·· were 1.8% (1/88) a.nd 18.3% (24{UJ0}.189Pectf.ve4·. Events were aomewha.t more 

' frequeat in the lllgher dose group (13.8%, 13/94) comps.red to the lower dose 
group (12.8", 11/88). The one event 1n the placebo group was noilSUSta.ined 
monomorpbic VT. 

Overall, the ch&Dge from baseline for the QTc intervals at SO 
minu~ after :start of ibuUllde for the S pa.tiente tvho developed susta.tned 
polymorphic VT ranged from a. decrease of 31 msec to an increase of 3~1 msec. 
The baseline QTo interva.l for all study patients wa.s limited to 440 mseo. One 
patient developed the &IThytbmia prior to completion of the first :Infusion 
(total dose 0.8 mg) a.nd the other 2 developed their arrhythmia. immediately 
&i'ter the first iDfusion (total doae 1 mg). Ona patient experJenced a. repeat 
episode 2.5 hours a.fl;P •· infusion had been discontinued. All patients were 
successfully trr J.ted with eleotroversion. 

gender differences in promhythmio events 

A i;&ndet difference in the incidence rate for tcrsade de pointes 
mc.y exist for patients who take antiarrhythmics. 1 

-
1Ma.kkar,Faj R, et. al. Female gender as a. risk factor for torsade de pointes 

associated witb. r.ardiovascular drugs, JAMA 1993;270:2590-97 
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There were 39 ~ &1ld 141 xnales who received ibuUHde in 
studl' .0015. The t&ble below ehowa the number of pa.tienta by gender l\l'ho 
expedenoed eaoh proa.rrh.y'thttlc event. 

Bl&le fMD•'e 
~ a•141 a..a& 

- ., - M 

~·"~ VT 1 0.'1 8 5.1 

N~ 7 1.0 8 111.4 '•-ow 

SUttlned 0.7 0 
DlOD - oVT 1 0 

N~ 8 4.8 2 5.1 monomorphio VT 
vol :L.88, Ollf1.7/8(HJS 

In this tria.l, females had a. much greater propensity to experience 
all types of proa.IThythmic eventr.J with the exception of susta.ined 
monom.orQhic VT. The rates for 8Ullta.iJled polymorphic VT for reL1a.les and 
males wexd 5.1 % a.nd 0.01 %, respecthely, a.nd for nonsusta.ined polymorphic 
vr, the mtes were 15.4% and 5.()%. reapOoti.vely. However, the number of 
femalea studied ts sma.lJ comp~ to the number of males-and this could 

· account tor the discrepancy in these incidence rates. 

MedtM) Events Ca.llfl1na- Disgonttpua.tton of Bb1dy Drui' Infµsion 

All medioa.l events ca.using discontinuation of the infusion ocouued only in 
the ibutilido groups a.nd were liDlf.ted to the ca.rdiova.scular system. This 
eval.U&tion ts a. bit misleading beoa.use patients only received one or two doses 
of study medication and events o00Ul'1'8d after completion of dosing. The 
following t&bie lists the number of patients who had a.n event that led to study 
discontinuation. 
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-- --., - ---,-~ -, 

' ' 
~ .. 

Me'*-' ..... 1 'llJfi!O.• mg 11P111.nie 'I~ 

°""1& 
~-· 

. .... • . .. 00 

AVbloalu10m'""'- 0 . I 1 
' 

·H.aMoo'il ' 1 0 1 

~monomotphlo, 1 1 
' 

a . 
Ifntls!!rblnecf ~ 
VT I ., 9 

I 0 I 

8DJ'IM91l&rioul&r 1 0 1 

SU8ta1De4 ' oVT 1 0 1 

l..IJ 0 1 1 

Vantnauln .. -:vtbmia 1 0 1 

Ventrioular ~lea 0 4 4 
WL t.88, 08/1'1/86 

----. All of the medical events reaultlDg in disoon~uatton of ibutilide 
' were a.rr~. The discontinuation rate for the 1mg/1mg dose was 14.9% 

(14/94) which 1s somewhat higher t?um the ra.te for the 1mg/0.5~ dose (10.5%, 
9/86). The overall~ for the 2 groups oomblned 'VVBS 12.8%. There were :ao 
study drug discontinuations in the placebo group. 

Safety LB.bora.tozy A8sa.ys 

La.bora.tory assays ~ere obta.ined flrior to 11s well as after study 
drug a.dministra.tion. 

The only consistent abnormal values were for ores.tine kinase with 
some values rea.ching over f;OOO UfL. In all cases, pa.tlents had undergone 
eleotroversion and only in a few cases were there eleva.ted MB isoenzymes. In 
summary, there 1s no indication that short term infusion with ibutilide 
influences laboratory values. 

abnor.m&/ laboratory vnJues 

LowWBC: 
uecrease in WBC was minor a.nd limited to one pa.tient. 
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Yyar 01pqt.ton 

Pallallt #11184 " 
ALT~ AIR at Hour M ware 78 U/L (normal ranp NB) and 198-V/L (n.G1m&I 
ra.nae 16-41), respeoUveJy. Boreen valuea were AI.Jr: 21 U/L. aad ABr: 87 U/L. 
Thia patient wu being treated for pnet•monia.. 

Patlewt 111196 t - · 
ALT, At¥r and AJk phos. at hour 24 were 58 VfL (normal ra.nge 7-SB), 67 U/L 
(normal range MO), and 201 (normal range 38-126), reapeo&ivsly. Screen 
values were ALT: 41 UfL, A.Sr: 38 U{L. Alk Phoa. 179 U{T .1.. No obvious reason 
was found for the mild elevations. The p&tient's la.boratory values returned to 
normal after the study. 

Kidney fl1ngtion 

Elevations in both BUN and serum oreatinine ucourred in 3 patients and oan 
~-.. be explained by other factors in two of the patients, .. 

/ 

Patient 111058 
BUN and serum oreattntne at hour 24 were 30 mg/dl (normal ··'&Dp 10-25) and 
1.3 mg/dl (normal range 1.1·1.3), respeotlvely. Screen values were 15 mg/dL 
and 1.1 mg/dL. There was no obvious rea.aon for these increases. 

Patisnt#1061, 1 
BUN and serum oreatinine were 43 mg/dL (normal range 9-21) and 3.7 mg/dL 
(normal ra.nge 0.8·1.5) at hour 24. Boreen values were 28 mg/dL and 1.6 mg/dL. 
This patient had experience bypotension (90/60 mmHg) the d&¥ before these 
elevated values were reported and is a likely cause. 

Patisnt #1160, , 
BUN and serum creattuine were 158 mg/dL (normal range 9·21) at hour 24 and 
2.6 mg/dL (normal range O.S-1.15) 3 days after study drug. Screen values were 
42 mg/dL and 2.2 m.g/dl. This patient was conourren'1y receiving cyclosporln 
for vious heart la.nt which is a. likely reason for the elevations. 

/_, 'l-t-PJ'-
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Study objeottwea 

The primary objectives of thts study were: 

• to demonstrate Che efleotive.uess of 1 mg (or 0.01 Dll'fkg in patients 
wetah1Dc leas 'oba.u 80 kl) Of ibutll1d• ht the termhlatlon of atrial . 
8"*" (Afl) auct atrial flbril1ation (All'). Treatment was oonl.ddered 
81l00888fal if Gle atrial~ termlDated, for any length of 
time, by H01ll' 1.B. 

• to mwutlpte whether a. aeoond dON of 1mg(or0.01 matlrg fn 
patients wefgb1ng less than 60 ]qr) or 0.5 mg (or O.OOD IXl&'/kg in 
pat1entB welgblDg lw Glau 60 ]qr) would fno:rew the termtnauon 
rate. 

The seoonc:l&l'y objecifve was: 

• to a.saess the sa.fety of ibutilide in this patient population. 

Other objectives were: 
• to determine the pbarma.ookinetios in this population. 

• to a.nal1Z8 the oo&Hffeotiveness of ibutilide treatment w sta.nda.rd 
therapy. 

There were S protoool amendments oont.a.tnfng mostly minor ohangea. 
The lllaiJor changes were a.) adjusting the dosing to mg/kg for patients 
weighing less th-.n. 60 kg a.nd b.) shorting the dura.tion of susta.fnfld atrial 
flutter/fl.brilla.ti.on from 90 to 45 days. 

Studydie•lgn 

Tb.is multi.center st\ldy was a. double-blind, pla.oebo-oontrolled, 
ra.ndomJJsed, dose-response tr1aJ. in whioh patients were stratiflod based on 
baseline a.rrbythmia (AFl or AF). Patients in each stratum (AFl a.nd AF) were 
randomized to receive two 10.minute infusions: .~ .webo/plaoebo, 1 mg/0.5 mg 
ibutllide, or 1 mg/1 mg ibutllide. Those patients weighing less tha.n 60 kg were 
dosed based on weight. If the arrhythmia. did not terminate during or within 
10 minutes a.fi\lr the end of the first infusion, the second infusion was 
administered. The infusion was discontinued a.t the time of arrhythmia 
termination. 

A total of 240 evaluable oases (120 AFl a.nd 120 AF) were required, with 
SO patients (40 AFl and 40 AF) randomized to ea.oh dose group 
(pla.cebo/pla.cebo, 1 mg/0.5 mg ibutilide, 1 mg/1 mg ibutillde). 
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TN I . entwu oomidered 8t1cowfu1 Uthe atr1a.l ~ termftt&f1d. for 
&1>7leftdP of f.bmJ, bf' Hour 1.rs •. ('l'Jme (l ...... of ... tntualt.na.) M Ho1tt fM 
botll euoa.1m• and fattures W8l'9 evaluated as to d\Yl!ml and CJll 11 11t».t 
subloquent to Hour 1.15. All medioal event. th1'oWrh Hour 78..,... NOOl'ded. 

• ...,llO,. ..... 
111snannr0t1•' '• 
• _...of JUG 0 'Md .AJli or AP (4untloa 11111t1r.._ 8lllAllllad1w 

tll8D fl d J4 {minor M11911°•M1d:J. . 

• Jf AP W been pl! 11 D' .lonpl tbllll 9 ,.,.. tUJlll at Aolfkl Mve 
noelwd. Nd'oo1811W!'......_.(oouma4t») buJ art&•••• ptorto 
eA1'oDmem M per 11 Mlllld otbdMt praoliloe. 'ftle 1Ul8 Ofhepuin WM 
acoep&ah1e tor patl8Dttl who ~emented. with AP of 1-._I dar,Yll 
dmMlon but oou1d not be enrolled In tile trial UDtD after a clap. 

• No ht8to17 of tmaa da de pmm.es, 

• No prior mrponre to tbumide. 

• Oorreoted QT Interval (QTo) DO pe&ter than 440 DIMO on 19-lead BOG. 
. . 

' • H~ 8tab1e (.,.tolio blood presaure peUel'tban 90 nu.nHg 
and dlutolio blood pieuure i.. than 1ots ID1DHa} aad wtthcnu 
Qmptoma of amgtn& or ooup&Uw heart f&tlU1'9 (OHP). Heart rate 
should ha'V8 been no less than 60 beats per minute. 

• Abtltt,v to comprehend a.n.t'. willingness tp sign the informed oo!lhnt. 

• Age greater than 18 yea.rs. 

• Body weight lees than 300 lbs (136 kg). 

• U female, must have been aurgl.oally sterile or pomnenopa.uaal (&t lea.at 
12 months without & ?llenatrual period). 

• No myoo&rdtal infarction or oa.rdia.o surgery within the prevlouo 30 da.ys. 

• No clinical eviden;ie of hyperthyroidism. 

• No serious pulmonary. hepatic, hema.tologio, metabolic, renal, 
gastrointestinal, CNS, or psychiatric disease, or a.ny other disorders that 
could interfe1e with tbe conduct or validity of the study or compromise 
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p&".iem ealety. (Ltwr e~es must have been less tha.n two times 
maxtmum normal values.) 

• Norma.I serum electrocytea. (Potassium of less tha.n 4.0 mEq/L must 
have been ooneuted prior to enrollment.) 

• No ooDcnunm paailolpatb:l m auodlatdJ.'ue~ or reoetpt otan 
fmNltpdm>a.1 cSrua within 80 dapi prior to enrollment. 

• Notir11tr•emwltholarlmolwmamt•1d»/P•mtomedi< llmw 
(U1i• •• dl8oontlnued gz sater than five ha.Jf.lh'ell pdor to emoJlment). 

• 11 U:le pat;tent wu beil'g treated w.W1 dlgmdD. a ON'efa1 OUDioal 
a•aunaent wu made to eD81ll"9 that tmdo levela W91'9 not pnaem a.nd a 
c:Uam:ln lflftl (preferably trough) wu obtained prior the lDfwd.on of 
stuqmedioatton. 

NODblVM*lpttonal med1oation/prooecl111'811 

PatleJ11e reoeiv:lq olaaa I or other o1us m anUarr~ medtoafilOM 
W9L'9 Dot eUpble for tb18 study unleaa the medioMlon bad been di8oontlnued 
for 8* lean the balf.lhes prior to the infwdon. The use of bet& &drenerglo 
bloo'ktna acenta and oalo!um a.ntagom.ta was permitted tor heart rate control. 

.... If paUema were b6iDS treated with cHaozln, a oaretul oltDioaJ. a.saeeame4t was 
made to ensure that tmdo levehl were not present. 

Adm.lnURra.tlon of e.d.ditionaJ. a.n~o medioa.Uon waa de1'ved 
unW 4 hours after the end of the fntusions unleae the tnveat:lgUor felt it waa 
neoe&lft\1'7 to restore normal sinus rhythm (NSR) more quickly. In that case, 
drugs to t&oilita.te oonversion to NSR were given 1 hour or more after the end 
of the tnfUBion. · 

If AFl or AF perslated past Hour 1.tl, pacing or eleotroca.rdioversion was 
permitted at the dtaoretion of the investigate::. 

ObservaUons and eva.lua.Uons 

Ea.oh patient was sohedttled to receiv..: two 10-minute infusions. If the 
arrhythmia termtnated prior to completion of the infusions, treatment wa.s 
stopped. The infusion was also to be stopped if: 

• Systolic blo'ld pressure decreased to less tha.n 90 mmHg. 

• Any change in r~m or a.trioventril!ula.r conduction occurred wbioh 
was a threat w patient safety. 

M~n Gordon. MD 
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~~ ....... 

• QRS dun.Uon lnoreued more than 50% • 

• 
• N9W or 1ep0 &tte fonD8 ofwntr1oulel' Jlfl9JIL.\tme depoJ.aztatlo:ns W"1'9 

uaed OD tbe monitor. 

• ,., ....... fibreatsntntr OI' potutteUytbns;t utng Mlvexw efteottt 
ooouued. 

If AJ'!f.AP teJ'mtn•ted, an eleotorooud1opu (BOG) wu done m that t.fm.e 
and tlMt Hom 1.15 BCO wu omff:ted. An 9ddlUOPal 11-lead BOO wu obt&b:led It 
a etpU!sallt obanp fn ~ OOOUl'l'ed pdorto Hour 1.5, or a .tptffloa.nt 
adv•• rbJ&hm Ma.op ooour.red prior to Hour 14. 

PMleDt9 we16 atra.Ut1ed bJ' ~· (.All'l and All'.) at the Ume of 
randomt=ik;u. However, for $he &D&lpea, the rb;ytbm recorded on the 
Min.me ·10 18-lead BOG wu used to lleparate pa&lsn1ill into the AF1 or AF 
oatelJOriee. 

; • ...,.,.. Period 

The bueHne period was the 10 mlnutea prior to the beginntng of the ftrat 
infwdon (Mblute ·10 to Time O). 

Patient& fn a r~ of A.Fl or AF at the end of the baseline period (Time 
0) proceeded to the t\'u.tment phase of the protoool. 

Traatment Period 

Infuaion Pvigd 

The infuaion period l&sted from the b~ of the first infusion (Time 
0) unW the end of the second intusion (Minute SO). During the infuaton 
period, blood pressure a.nd hes.rt rate were recorded every 5 minutes, 12·le&d 
ECGe were obtained &t Minute 30 and it the &1Tbythmia. ter..Unat"d or if a. 
atgnUlcant r~m oha.nge was observed, blood was dra.wn for a.n ibutilide 
plasma oonoentxation (Minute 20), and the patients' ECGs were continuously 
monito1't'd. Drug or pla.cebo waa infused a.coording to schedule (first 
10.mlnute infusion, a 10·minute we.it, second 10-minute infusion) unle..- All'l or 
AF was termina.ted or a medical event occurred necessitating tenntna.tton of 
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tre&tment. 

Po1t1pfwtton Psriml. 

The postinfusion period lasted from the end of the in!usion period 
(Minute 30) until Hour 24. A 12-lead ECG waa done if the arrhythmia 
termtnated or if & a2gnlfloaDt ~ obaDtP OOOU1'l'8d durinai the i·hour 
peliod following die IDtwJiou (untll Hour 1.5). A 12-lead BOO was also 
1'9quired &t Hour 1.15 for pa.t\enM whoH anb;Jthmta did JlOt terminate prior· l> 
Uiat time, or if a. mgntflON>& &dvene m,thm oha.npd ooourrect tl11'ough 
Hour 84. In Mdditlon, p&t1enta' BOOa were oon.tlnuously monitored tb:tough 
Hour84. 

Blood samples for deterinin"*1on of 1butilid;:, plasma. concentration were 
dmwn at Minute 40, Hour 1.5, a.net 1fA11'J/AFterm1neted or p~ 
oocurred prior to Hour 1.5. Blood e.nd urlne apeolmens for safety laboratory 
a.asap were obta.tn~d e.t Hour 24. 

If AFl or AF p <tl'Bisted past Hour 1.15, paofng or eleotroce.rdioversion waa 
p6rmitted &t the dlscratlon of the investigator. Use of additional 
a.ntlarr!J3'thm.io dmgs, however, was disoouraged until 4 hours following the 
end of the infusions. If the investtga.tor fGlt it was neoessa.ey to restore sinus 
rhythm prior to tha.t time, drugs to faollita.te conversion were permitted 1 hour 

__ after the end of the in.fusions. 

Tb.e I>rlma.ey effioa.cy endpoint of this study was the treatment-induced 
termtnati1ln of AF'l and AF. If termination occurred, the dose at which it 
occurred and the ibutillcie plasma concentration at the time of termin&tic-n 
were detf1rmined. 

Beoondp.t;Y 

Secondary endpoiuts included the e::feots of ibutilide on heart ra.tld, blood 
pressure, safety laboratory assays, and ECG para.meters. 

Pharma.co kinetics 

.Blood Srunple Collection forl).etennine.tion of Ibutilide..PJiwna Concentrations 

Venous blood saruples (7 mL) were collected into hepa.tinized vacuum 
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.~"~·~~ cs•111~ ... t0>.·Jr.W:t a.t MfuutealO.fO..&nd eo. It · .• ·· 
1 Caltm.asi.toa of An/AF or• •pm.,.m oh&nge ill l'bytbm nocurrad by Hour 1.&. 

• ~ 811W'1»le WM a.1a0· clraWn at ·t:ha,t tb.iius • ... _. 
··J111m · ... ?% .. -

••.. ···.··.·.·····~ .,.nolio bloo4pe )#e. d~ blo04J*••lml'8, wt pub. w918 '*'11Dk:AM'aoreenaa4a&:..,.1ref Mlntwit •'b'1'1•bl8M_.,.e -tOlilid · ...._•Minute 40, then it.t ff()U.tW 1, 1.1. 1. 4. a. s.· 1a, wt u. 
,.··. 

. ~ BOOsweredoll•a&~ MJuuW.•tO,~•ao, am either 
¥aa.t.tme of~ (for suooe•a•) or at Hour t.IS (fol'ftl.ilUl'U). In 
~ a:i EOGwu done 1f a.Jdpffloantrh1thmoba-npwu ~prior 
~Hom 1.5. or if a. atg.nt"oant ad"81'H rh:ytbn1 oba;np oocuri:ed boom Hour 1.6 
tmough Hour 24. Th~ Minute ·10 EOG was used aa baseline in the ohanp 
from bll.seline caJ.ouJMtom . 

• <N·, All medioal events were followed un'Ciil they resolved or the patient's 
) pa.rt!ctP&tion tn the~ ended (Hour 71). In Mlditlon, a.ll Jnedlca.1. eveata 

~':- " 

· whioh were serious and/or pouib)¥ related to Ule atudJ medica.lion were 
foU°""d a.fter Hour 72 until they resolved or lt&billsed. Abnormslitiea tn 
B&tety la.borato:ey values which wel'e constdered by the invaatip.tor to be 
clintoa.Jly aignif:l.ca.nt were a\so to be reported as medioaJ. events. 

Statiatlcal methods 

Aft§]1Wptfon8 

Flutter and fibrilla.Uon indication oa.n be pooled for a.na.J.ysis 

Termination with pla.oebo tre&tment is a.bout !'% 

Termination with active treatment ts at lea.st 30% 

The prlma.ry effica.oy varia.ble is the va.riable termina.tionjno_termina.tion. 
The pl"inui.ry ~is will be with & linear model including treatment a.nd 
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Study 19 (PnSSOIOOl9) 
A Multinational Compabve Study of the Safety and micacy of Jntravaious lbutilidc with 
lntravettOUS dJ.&tafol to Terminate the Recent Onset of Atrial Flutter or Atrial Fibrillation in 
Patients who are Hemodynamically Stable. 

PROTOroL 
This is a double-blind, parallel group controlled study comparing two sinaie d ses of ibutilide (I 
and 2 ma) with one dose of i .v. dl-aotalol (I .S maJkg) in 300 ~ents (100 per group) with recent 
onset (3 hrs to 45 cb&ys) of atrial flutter/fibrillation. The ol'3ectives are to compare the safety and 
efficacy of the two drugs in converting the above atrial arrhythmias. Unlike that in Study 14, 
dosage of ibutilide were fixed, not by body weight 

Patients must be hemodynamically stable (SBP > 90 mmHg, DBP < 105 mmHg, ventricular rate 
60 bpm or greater), weighed between 45 and 125 kg and had no recent (within 30 days) history of 
unstable angina. myocardial infarction, heart failure (revised lat.er, see below) or other conduction 
disturbances (see ;>rotocol for details). Concurrent treatment with other antiarrhythmic agents was 
not pennitted and prior exposure to study drugs or other agents that char.ge cardiac conduction 

·--.'.{ 
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(cakinm and beta blockers) must be washed out adequately (off for at least 5 half lives). Serum 
potassium levels of leas than 4.0 mBq/L were corrected prior to study treatment and QI'c must be 
440 ms or less at baseline. Anti-cc.iagu]ation was provided before treatment with ibutilide if atrial 
fibrillation was longer than 3 days. 

Pati. • ents with atrial flutter or fibrillation were randcmiud separately to receive dosqes of 1 mg 
lbutllide. 2 ma lbatilide or 1.5 mafka dl-aotalol Infused r~ 10 minutes. ·The 
infusion was stopped if atrial fibrillation was terminated before the complt;tion of above dosing. 
Infusion of study dJUg was also terminated for safety endpoints of i) sap less 90 mmHg, ii) 
bemodynamically intolerable changes in rhythm or AV cooduction, iii) new bundJe.branCh block. 
iv) QRS increase by 50% or more, v) QI'c increase to 600 ma, vi) repetitive forms of ventricular 
depolarization, vii) anf other serious anhythmias or adverse events. If atrial fibrillation persisted 
for one hour after the start of infusion, pacing or electrocardioversion was pennitted at discretion 
of investigators. Additional antianhythmic agents for conversion failure were not used within the 
fir;;t hour. they were discouraged but permitted if necessary between hours 1 and 4. Maintenance 
antianhythmic therapy was not started until at least 4 hrs after the end of infusion (revised to 24 
hrs, see below). Total monitoring was 24 hours, with a telephone follow-up on Day 3. 

Primary efticacy emlpolnt was defined as termination of atrial flutter/fibrillation for any length 
of time within 60 minutes of start of first infusion. Comparison was made between individual 
treatment groups and between sotalol and combined ibutilide groups. Secondary endpoints 
included time to conversion, duration of conversion (to normal rhythm) and changes m ECG 
intervals. Per-protocol analyses (evaluable patients) were presented as the primary results in the 
sponsor's report, but inl.ent-to-treat (ail patients) analyses were also available. Only the latter will 
be described below in this memo. 

Efficacy and safety evaluations were performed according to the following schedule: 

Minute Hour 
~Ctl\itv Screen • 1 5 0-10 30 60 7 7. 30 72 
lniormed Consent x 
History/Physical x 
12-Lead ECG x x ·x x 
811.fety Labs x ' ' . 
BP/Heart rate x every 5-10 min hourly 
Infusion x 
ECG Monitor x continuous 
Holter Monitor contlnuous (succeas only) 
Medical Events x x x x x x 
T eleohcne followuo x 
Diagnosis and conversion of arrhythmia were verified by both ECG reading and Holtor 
monitori'lg, the 1..itter was nsually started 30 minutes before infusion, but not on all patients. 
Patients successfully treated were discharged at hour 7 with Holter monitoring continued for 
another 24 hours ('10ur 7 through hour 31 ). Although it was performed only in responded 
patients, Holter monito1 mg was not done in other ibutilidc trials and is a unique feature of this 
study, which may be the reason why the ~ponsor considered the study important. 
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of dtl patielltl was 60 (nmp 21-89) years and mean wei&ht 81 kg (range 45-120). Approximately 
30 "' Cf patients were female and 96'li were white. 

In .... ·~•.·...... .. . . there was. no significant difference among groups in prior medkal lliltory. Nearly 

~~~=~-=~'C::Su!~=~noced that .f".lor· history of heart ttiseue in atrial flutter patients wu not evenly distributed betweon groups 
(matginal pof.0.0445), the total number of atrial flutter patients (about 20 per group) is small. -

Of die.total+ ~y 20'Ji. bad atrial natter and &Mi ...... tlbrillalloa. Duration of 
atrial. • .. ··.·. ·~.· .· ...... ···· ranaed.. . . .· from .. 0.3 .. to. 91 days .. (mean 16.7, medi. an 8.6 days). In patients with both 
HW. monitoriq ancf BCG data, chposis of baseline atrial $1bythmia hJ the two techniques 
agreed in approximately 84'li of the i':lllell. While the Holter device described the prevalent 
ardl.lYlbmia more accwatel. y, it was. not done on all patients and data analyses were. perfonned on 
the 6uis of ECG findin&s. Overall. more than half of the patients bad prior history of atrial 
fluUW/librillar and.W,. (of.total) were treated with digoxin. Number of patients with 
symptoms attributable to atrial arrhythmias was not reported. All these variables were well­
matched amon~ groups. 

The number. l!l_er. Of of~· who. did not complete the 72 hour study was small and difference in 
~ dl8pollUion among llOUPS could not account for the drug effect. Nine patients (3 in 
1butilide I IDI• S in ibutilide 2 ml and 1 in sotAlol) bad no data It hours 31 or 72, but all were 
followd for at least 7 hours and thus included in the per-~ analyses (except one ~ent with 
91 day duration of arrhythmia prior to entry). Eleven patients (3 each from the two ibutilide 
groups and S from sotalol) W«e excluded from the evaluable patient analyses, 9 had arrhythmias 
longer rhan 45 days and 2 did not receive fuJl dose of the study drugs. Most of other protocol 
dfliatlons were minor; infusion was longer than 10 minutes (up to 18 minutes in one, but total 
volume remained the same) in 26 patients, 1111:1ECGathour7 was performed in S7 patients whose 
anhylhmias WeJ'I' not terminated in one hour (contrary II> what specified in the original p1otocol). 
Many patients ~..:re admit+.ed in violations of certain entry criteria, which included serum potassium 
below 4 mEqlL (S plltients, all above 3.S mBqlL), pulse below 60 bpm (1 patient, 8 bpm), systolic 
BP below 90 mmHg (2 patients, 85-87 mmHg), diastolic BJ> above 110 mmHg (7 patients, all 115 
mmHg or below), QTc above 440 ms (16 patients I), and use of beta blockers (2 patients). Except 
for one patient with long QTc who also had atrial arrhythmia for more than 4S days, these patients 
were included in all analyses. 

bnp 444-527 ms, S in ihu1ilide I mg. 3 in iliu1ilidc 2 mg and 8 in sotalol gr<>ups. 
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Ninety-three percent of all patients received titll doses of study drop infused over 10 minutes or 
longer (93,_, in 1 mg ibutilide, SHI in 2mg ibutilidr, 98'11 in sotalol, &oe Tablel J .1, pap 1023 of 
the study report). There were no statistically significant differences among groups in duration of 
dru1 u,osure. _ 

As shown in the table below, attial llnflythmias w= taminated in bR patients treatod with 
ibutilide (27'11 of 1 mg group. and 48'1 of 2 mg) than thOle who ft!Ceived sotalol (12'11 ). The 
treatment differences in rapoase rate, both overall and pair-wiae3, were bjgblytipificant 
(Tables K.l, K..l.A, Pages 1051-106&). Not swprisinJiy, ibutilide WIS mere effective in atrial 
flutter than in fibrillation, b1Jt the lllllllMr of flutter patients in this study was small. The evaluable 
patient analysis generated cssentiallythe same numbers (see Table K.l, page 370 of Study 
Report). Dati\ of this primary endpoint also support a dose-response relationship, albeit only two 
doses of ibutilide were studied. 

Arrhvthmla lbutillde 1 mti lbutlllde 2 mti aotalol chi-am •are D 

All fn•319l 28 127%' 52 {48%1 13 112% <0.0001 
atrial flutter l59l 9 (53%) 14 170%1 4 118%' c .0027 
atrial fib 12601 19 /22%1 38 143%1 9 /10%' <0.0001 

Of all patients treated, 27?. had both ECG and Holter data reported. Correlation of the two 
diagnostic methods was around 94% ((75+180)/272, as shown below, from Table K.9, Page 
1118). 

Hol!er success failure To••I 
-··----- 75 8 83 
failure 9 180 189 
Total 84 188 272 

For patients successfully treated, anhythmia termination occurred within mean of 21 and 13 
minutes after infusion for the two ibutilide groups, 1 and 2 mg, respectively, as compared with 25 
minutes for sotalol. The difference was statistically significant (without adjustment for multiple 
analyses). There were little variation between fibrillation and flutter in time to terminatioo 
(Tables K.2.2 and 3, Page 1072, 1073}. These responded patients remained out of atrial 
arrhythmias for at least 9 hours, with group means close to that of entire duration with Holter 
monitoring (27-34 hrs). However, there were no differences between treatments in this variable, 
both with Holter (Table K.12.1, Page 1 l 27), and at 72 hrs telephone follow-up (with about half of 
the patients remained in sinus rhythm for at least 72 hrs, Table K.10.1, Page 1119). In the first 31 
hrs, 11 rcspond'!d patients reverted to atrial arrhythmias. Of these, patients treated with 

2 In the study report, tables wert designated by identical numbers for both evaluable-patient and intent-to-treat 
analyses, they are therefore located by pag~ number in this memo to avoid confusion. 

3 Both arrhy, :nias combined. For atrial luller, the two ibutilide groups were indistinguishable, and ibutilide 
I mg was not belier Iha~ sotalol in ~trial fibrillation. 
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ibutilide 2 mg remained in sinus rhythm slightly longer d11m those of other groups (S hrs vs 1-2 • 
hrs, not significant, Table K.11.1, Page t 123). 

Duration of ~sting atrial flutter/fibrillation may have some predictive value for treatment 
effect, as SU&Jestcd by the sponsor that ibutilide started within l S days (an arbitrary cutoff) of 
atrial fibrillation/flutter was more effective (Figure 3, Page 35). But there was 110 between-group 
difference in this intetllction (see also comments in StatisticaJ Review) and higher dose was not 
more effective in patients of longer duration. The mean duration (in hrs) '>f afli.':l arrhythmias for 
success and failure are shown below (from Tables K.S.I and K.6.1, Page 1099, 1101): 

SllCC988 Failure 
lbutllde 1 mo 13.5 21.2 
lbutllde 2 l11ll 12.7 1e.e 

aotalol 6.8 16.4 

While dose-related QTc prolongation was noted at the time of tennination for the ibutilide groups, 
there were no significant differences in changes of QTc at 30 and 60 minutes and at Hour 7 
between responders and non-responders (approaching statistical significance for the ibutilide 2 mg 
group, p-0.08). Use of digitalis or calcium channel blockers with 24 hrs of infusion did not affect 
treatment effect of ibutilide or sotalol, but the numbers of patients were small. 

ECG parameters 

Although the between-group differences in QRS interval were significant at baseline (85 ms for 
ibutilide 1 mg, 87 ms for ibutilide 2 mg and 81 ms for sotalol), mean QRS chaniies from baseline 
were small (1-.+ msJ and essentially the same clinically for the three groups. While patients in all 
three treatment groups had significant increases in QT and QTc from ba~line, differences among 
groups were noticeable only in the first hour (e.g. mean increase in QTc: at 60 minute were 80 ms 
for ibutilide 2 mg, 49 ms for ibutilide I mg and 40 ms for sotalol, see Tables on Page 40). The 
~ponsor also reported effect of ibutilide and sotalol on atrial cycle lengtl1 for a small number of 
patients whose atrial flutter was not tenninated. The results were neither conclusive (sample sizes 
of JO or less), nor clinical relevant. 

SafetJ Experiences 

As noted in the Sponsor's Study Report, comparison of adverse experiences between ibutilide and 
sotalol was based on 319 tot!ll treated patients. No patients were excluded from the safety 
analyses. In the following discussion, one must bear in mind that relative risk assessment is 
meaningless until clinical benefit can be detennined. 

Mecljcal Events 

Approximately the same number of patients in the treatment groups reported a new or 
worsening adverse event (35% for ihutilide and 32% for sotalol), but there was a trend 
suggesting dose relations for ihutilide (27% for I mg and 41 % for 2 mg, Table P.4, Page 2527). 
Most commonly reported were in the cardiovascular system (22-33% cardiovascular, 5-7% whole 
body, 1-6% respiratory, 1-5% nervous, and 1-3% metabolic systems, see Table on Page 47 of 
Study Report). Within the body systems, the patterns of distriburic:: were also similar among 
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~oups (Tlble on Paae 48). Norable reactions of l % or more~ summarized as follows 
(catUJ ... · ftom 'l'abte P .5 ancf ranked by incidence in total lbulilide patients). 

·-·-

·Events In 1% or - · u · 
lbutlllde 1 - 2 - Total lbutll~ 8ota1o1 

N• 102 109 j 211 . 108 
6-~ 9. 7.8 1.9 

lnonsuatalned mono vi 4.1 s.a 6.6 3.7 . . . . block "' a &.Ii S.2 Ii'.~ 

ENr 1.0 4.8 - 2.8 -0.0 
talion 2.9 0.9 1.9 0.9 

OT . . 
1.0 2.8 1.9 0.9 

e ea eunrav 1.0 2.8 1.9 . o.o 
braclveardla 1.0 1.8 1.4 8.6 
T decraued o.o 2.8 1.4 .. M .....,,. 1.0 t.e 1.4 2.8 
chest nalrt 2.0 0.9 1.4 1.9 
tlnallnn 1.0 1.8 1.4 0.9 
hv..artenalon 0.0 1.8 0.9 0.9 
h cemla 1.0 0.9 0.9 0.9 
h"""'en1l_gn o.o o.a 0.5 ____ y 
dlzzlnell 0.0 0.9 o.s 4.8 
i o.o 0.9 o.s . 3.7 
naLlllll 0.0 0.9 o.s 1.9 

About 71-78% of all medical events were reported as "treatment related" (Table P.11, Page 
2617). Distribution pattern over body system was similar to that of all events (Table on Page 49}. 

Total of 20 patients reported a serlcus event, with the same frequencies for ibutilide and sotalol 
(both 5%). However, patients received ibutilide 2 mg appeared to have higher risk than those of 
the lower 1 mg Jose (7% vs 2%, from Table P.15, se>J ~ble below). 

'. 
lbutlllde 1 mg lbutlllde 2mg sot1.1101 

"8"'"'1s/llA•th 
. 

a abdominal rutln 
Ern ' nodal AVhlnrk 

endocardltls left heart failure 
nonsust mono VT" VF 
nonsust nn1u VT ceu•bral infarct 
sust nnlv VT 
, u•.,..Va""'I '"'action 
~ 

• other 16 monommphic NSVT were not onSJdered serious. VT .dentified solely by Holler not included, see below. 

While one can speculate that ibutilide trea'ment may affect the subsequent development and 
management of apparently unrelated adverse events (see case descriptions on Pages S 1-53), it is 
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impollible co establish the temporal or causal relationshi_P, without sufficiently large number of 
obietvadona and a sipiflCIDt diffemltial between ibufilile and c:ontrol (with the possibl" exception 
ofvencricular arrhythmias, see below). Th1ee &ieathl were reported, one (ibutilidc. I mg) due to 
sepsiS occuued 20 days after infu!ion and two in tbe sotalol groups died, one of pufmonaity 
cDlbolism on Day 22 and the other of myocardial infarction 3 days followin1 the lo.~. 

Not many l)llienls were wltbdla•a fiom the study because of adverse experiences (2'in ibutitidc 
1 1111o 2 in ibutilidc 21111 and 1 in IOtalol). Of these, three were not considomi •ious but were 
discontinued for bundle bnncb block IDCI QT prolongation (all ihldide). 'Ibo other two ~ 
counted u serious reactions (AV nodal conduclioD, ibutilide, and complete AV block. sotalol). 

Proanbythmj• 

Even in this sinaJc study, risk of proanhythmia from ibutilide treatment was evident and probably 
more eerious and fMquent than sotalol. Although the numbers of vr reported as medical events 
weie small and diffetences did flOt reach statistical significance, more eases were reported in the 
higher dose of ibutilide (calculated from Tables P.S and 2 of Page 3114): 

% of ~tlenta lbutlllde 1 ma lbutlllde 2 mn T otai lb:.1!!!de Sotalol 
N• 102 109 211 108 
8U8talned """' VT o.o <t.9 0.5 o.o 

talned nn1v VT o.o 0.9 o.~ o._Q 
nonauataNd mono VT 4.9 8.3 6.6 3.7 
VT bv Holter* -- 6.9, __ M __ ____L6 ~-,.! 
Total \IT 11.a; 18.3 15.2 7.4 
• not reported as medical events, ~ bucd an tolal pauenta, not pallents with Holter, see below 

In 19 of the 20 reported as medical events, Holter rr.cordings were available and identified 18 
episodes of vr. While the diagnosis in only three (all in ibutilide 2mg11roup) oft.'1e 16 reviewed 
were agreed upon by the majority of a panel of sponsor's consultants, all these cases soould be 
conservatively considrred as drug-related ldverse effects on ventricular conduction, either 
tachycardia or "abetTa11Cy". These vrs occurred mostly i11 non-responsive padents. but can also 
develop in patients converted to sinus rhythm by ibutilide (see case description on P.iges 56-61~. 
There were 80 additional cases of Vfs identified by analysis of Holter tapes from 261 patients, but 
were not reported as medical event& (ser Appendix T of Study Report). The recordings were also 
reviewed by the same expert panel and repom:d as follows (Table 2 on Page 3114): 

...,.1=nt=e_,,,ro=r~et=a=tl=o~n----1Flb=u=tll=ld0e~ j_rng ,)!lytllide _g_rng ~o1aloL __ _ 

VT -- ----------- - -- ------- _]_ -- --- - -----·~ 
.!!~•.rran.tc_o11cm~!on_ _ _ _ _ __ 1Jl ____ . __ L§ _ 11 
mixed• /others.. 11 9 e 

~~~~..._~~~--.. 

• «mixi:d": no maj<'rity opinion as to VT or aberrancy 
•• "other": not interpretal:>le or idioventricular rtythm 

Presumably these Ho!ter-identified vr were all non· sustained. Of these, three (all ibutilide, one in 
I mg, two in 2 mg) were noted as polymorphic by all consultants, which may be an undcre.~timate 
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as 11 VI'a (all poops) wm counted in at IC8lit one panel member's reading. Clinical meaning of 
the Holter-identified vrs is not clear, and without baseline reading (alth:>ugh recordings were 
available), it is clifticult to attribute these anhythmias to study drugs. 

11IMI may be an interaction betweetl prior UBe of calcium antagonists within 24 hrs of inl'Uaion and 
risk of proanhythmias (29'J, with uae vs 6911 without). but tM total number 
of patients received calcium cbanttel blockers was small (17). Increases in QTc of S0-100 ms or 
greater were obeerved at Minutes 3C and 60 in 14 of 20 patients. Development of velltric:ular 
arrbytluniu coold not te predicted by or attributed to entry lll'l'hythmias, gender, digitalis use, 
scrum potassium, 111ag)ieatum or caJclum concentration. Management of ibutiHdc..relatecl 
ventricular anhythmias did not appear to unusually diff'icult, only one case of polymorphic VT was 
sustained and required DC cardiovmion. 

Hmmrjynemica 

As expected from It's beta-blorJcade activities, sotalol decreased systolic and diastolic blood 
pressures (10-15 mmHg and 5-10 mrnHg, respectively}, significantly from baseline and the effects 
were sustained for 6-7 hours. lbutilide also reduced blood pressures, but to a lesser degree (about 
S mmHg for SBP ar.d DBP) and varied little with dose (Figures 1 and 2). Hean rates were also 
decreased significantly from baseline in all three tieatment groups (Figure 3), by about 15-30 bpm 
(fron1 means of i06-UY7 bpm ventricular rates at baseline, Table M.1.3. Page 1542). The changes 
were dose-related for ibutilide and with similar extent for ibutilide 2 mg and sotalol. However, the 
heart rate changes of these degree reflected in part the intended termination of rapid ventricular rates 
in atrial anhythmias and should not considered as adverse events. In patient failed to convert, 
there were no excessive slowing of heart rate for ibutilide (less than 20 bpm vs 20-25 bpm for 
sotalol, Figure 11 of Study Report on Page 44, not shown here). 

I:~?<=~~ I:~ ::::: 
I:~.__/ I: ~ 
~ ........... '-• .......... , 

I 'k:: ·-·" i. .. ....... 
I ·-, :~~ 
I: -~ ... I• •M I I o I I I 

1wc ..... 

Figure I Figure 2 Figure 3 

Hemodynamic changes descri!>ed above (hypotension or bradycardia) were rarely reported as a 
clinical event in ibutilide groups (&bout 2%) but slightly more frequent for sotalol (10%). Postural 
hypotension reported in one ibutilide patient (2 mg) the day after infusion may also be attributed to 
oral sotalol (as maintain therapy). Five sotalol patients developed hypotension. 

Adverse ECG Chan1es 

Except for palpitation (sec below). the ECG changes were asymptomatic in mos! patien\s. Overall 
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Potentially important changes in laboratory values for individual patients4 were described on Pages 
67, 69-71. or these changes suggeisting temporal association wilh treatment, decreases in platelet 
count& in ibutilide Patients 2633 IDd 2637 cannot be ignored and ibutilide miy increue AL""r and 
AST moderately (Patients 2821, 2634 and 2238). lncreasea in creadnine kinase were prominent in 
one patient (2111 ), but clinical significance was unclear. While c:blnps in llOtalol patients~ 
varilble, ibutilide seemed to rair. magnesium concentration modady, probably without much 
clinical significance (in 4 patients) Decreases in serum calcium llld potasium were noted in two 
respective ibutilide patients. Two patients reported drops in serum sodium concentration, but two 
sotalol patients also had similar changes. 

COMMpJTS 

It is still not clear why the sponlOr considers this a::r,:r importance in gaining rer.latory 
approval. Superiority of intravenous ibutilide to pl in acute termination of atrial 
fluttorlfibriuation has been demonstrated in 3tud~ 14 aQd IS llld is not a regulatory issue. The 
questions are whether acute phftrmacological conversion of atrial arrhythmias COPfen any clinical 
benefit, justifies the risk of pioarrhythmias and does not con1p1omises long-term medical 
management of such patients. Current study did not provide any useful infonnation to resolve 
these issues. 

The sponsor's rationale in choosing sotalol as the active control in this study may be acceptable in 
foreign countries where sotalol ilas been approved for tennination of atrial flutter/fibrillation. Such 
indication, although suggested by published literatures, has not been approved in the U.S. Thus 
even if the benefit/risk of ibutilide 1s l?lO'C favorable than sotalol, it is relative to a reference not 
considered established yet. One may argue that sotalol is considered standard therapy by clinical 
community and ibutilide offers advantage over cu""nt practice, but there is no reason to advocate a 
unproven treatment in the first place. 

• Wlkllher to include the rare changes described ebovc in 1he labeling !lhould be cor.sidered in 1he broader 
cor.1ex1 of overall safely e~periences of ibutilide, not ju•t !his sin11le study. 
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One common diftic:ulty in irdeipdlltion Of active cootrol study data is due to the uncertaint}' in 
optimal clolqe tpr lbe COllllOI agent. Comparin1 with oroy one dose ii unconvincing 4nd full dose 
ranp for bodi ltildy drup are llSllllly impractical. For this study, dole of socalol was se1-ed on 
the balil of ~inical assay ("equivllent to ibudlide") and the rate of antiytbmia termination by 
sotalol in rb'* ltUdy ii lower thaa that uaing lower doles (1Werencles 25 aad 26 as cited iii Study 
Repoit). Tbetefcn, it i1 not 111te wbelber die study found anythin& relative to sotalol, on the 
efftc:acy of ihudlide. . 

One unique feature of thia -.ly ii the Ille of Holter morutoring, which bu not been perfonMCI in 
other ihdtMe studies. While it is comfoning that concordance between Holter qd.J!CXl in. =atrial tluu.rlfibrilletjgn wu quite decent (94'1), substantially more venlricular 

· were identified by the doYice man that aeponed 11 medical events. Nevertheless, 
without a clear clinical meanina and baseline reading (although recordinp were available) for 
Holter-identified VT, not much else can be made of this additional infonnation. 

No new safety infonnadon about ibutilide was reported in this study. While ibutilide had less 
hemodynamjC effects attributable IO sotalol's beta-blocking activities, the data suggested that 
ibutilicfe caused more proau:hythmia than sotalol (although the small numbers were not statistically 
significant). Thus it is also debatable whether ibutilide is as safe as sotalol. 

Since comparative studies are not ~ for approval and it has not been demonstra1.ed 
convincingly in this study that IM benefit/risk ratio of ibutilide i~ more favorable than a therapy rmt 
yet firmly established, data of this study are probably not useful in the regulatory deU.beration of 
1:.:~ application. 

cc: 
ORIG: NOA- 20-491 
HFD-110 
HFD-11 OIC~O 
HFD-110/MGordon, VRaczkowslri 
HFD-l 10/SChen/09/19/95 

---Shaw T. Chen, M.D .. Ph.D. 
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Shaw T. Chen, M.D.,Ph.D. 

On.rylcw pf NDA <Sgportin1 Rmpc:y SWla> 

lbutilide is a new Class m 111tianbythmic agent being developed for acute temJnation of 
atrial fibrillation and flutter. In addition to clinical phannacologr studies, the NDA presented 
res11hs of the following 10 clinical studies to suppoat its claim (Tables 8.D-1, 2, 3, and 8.B): 

Ph'M II 
Study7 
Study 13 
Study 4 

pb••W 
Stvdies 14, JS 
Studies 3, S 
Studies I'/, 19 
Study 18 

blinded and placebo controlled, dose-ran=, invasive electrophysiology 
open label, invasive electrd!>'siology in le VT 
open label, dose-ranging, ~ trophysiology study. tenninated after 3 
patients 

randomiud, double-blind, placebo controlled, major efflcacy studies 
open label, pilot dcJ&e..tinding 
on-going, post CABO in Study 17 and vs dl-sotalol in Study 19 
open label pilot for Study 19, tenninated after 2 patients 

In additicn, two other Phase m studies have been submitted to IND- id arc in progress: 

Study20 
Study 21 

similar to Study 18, but is double-blind and parallel placebo controlled. 
double blind, active control with proca!&iamide in AF tennlnation. 

As a part of parallel, team approach to primary medical review, this report covers eiaht of the 
above 12 cfinieal studies (Studies 3, 4, S, 17, 18, 19, 20, 21) which are considered 
supportive but not definite evidence of effectiveness. The r.vo major efficacy trials, Studies 14 and 
!5, were revir.wed by Dr Raczkowski and Dr. Gordon, respectively. Overall safety experiences 
were ~mmarized by Dr. Gordon and clinical phannacology of ibutilide (which includes Studies 3, 
S, 7 and !3)1 was described by Dr. Raczkowski. 

While S!lldies 7 l'nd 13 were listed as supponive efficacy trials. lhey were e.::tually electrophysiologic 
studies in palieni- 1111relaled to the indicated diseases (atrial Hutter/fibrillation) Ind did not contain any 
elflcacy data. Studies 3 and S, with respc.:r :c "ntianhyU1mic drug effects, are described in lhis report, but 
phannaco-kine•ic and dynamic results are noi included and instead rofemd to Dr. Rllczlr.owski's Review. 



!. Completed/Terminated Studies 

Si!mclJ 3 (PnSSOI0003) 
Open-label, Dose-finding Study of hitravenous lbutilide in Patients with Atrial Flutter. 

Protocol 

This is an open-label, dose finding study to assess the effects of intravenous ibutilide on i:aniiac 
rhythm in patients with atrial flutter. Patients with sustained atrial flulter for 3 hours or greater 
who wt.re candidates for pharmacologic therapy, pacing or electro-cardioversion were eligible. 
Patients must be hemody1111rnically stable, without symptoms of angina or congestive heart failure 
and have no recent history of myocardial infarction. ConcUITent treatment with other anti-
arrh. ythmic agents was no: pennitted and serum potassium levels of< 3.S mEq/L must be corrected 
prior to treatment with study drug. 

After placement of a temporary pac~ wire in the right ventricic, place!Y.> was infused for I 0 
minutes followed by infusion of ibutibde in three ~uentially ascending dofie over 10 minutes each 
(0.00S, 0.01 and 0.02 mg/kg, separated by S minutes washout). The infusion was stopped if 
atrial flutter was terminated before the completion of abo~ dosing. Infusion of ibutilide was also 
terminated for safety endpoints oi \ sy;;tolk BP less than 90 mmHg, ii) changes in rhythm or AV 
conduction, iii) ll"!W bundle branch block, iv) QRS increase by 50% or ll10l'I", v) QTc increase to 
600 ms, vi) any other serious adverse events. Heart .-ate and rhythm were monitored continuously 
and blood pressure every two minutes for 10 minutes after infusion and at specified time thereafter. 
After two patients developed polymorphic VT (and IS patients enrolled), the two higher doses 
were elimmated in a protocol amendment. Patients were followed for 24 hours. 

'lbe primary effir.acy endpoint was termination of atrial flutter. Effect of ibutilide on heart rate, 
blood pressure and e:ectrophysiology, ss well as measurements of phannacokinetic parameters, are 
secondary endJ. 'lints. 

There were three protocol amendments submitted. Except for the one d~leting the high dose 
infusion, none of the other chanies affected interprelabilit) of the data. 

Total of 17 patients ~ 13 male, 4 female, 13 whites and 4 blacks\ ~i1tered the study. Mean ag.~ of 
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the patients was 65.4 (range 25-81) years. Atril!l flutter was symptomatic (dyspnea and 
exhaustion) in 12 (71 %) of patients. Patients in this study had various histories ofb~ion, 
myocan:lial infan:&ion, coronary typass surgery and congestive heart failure. Their atrial flutters 
were of differen~ lengths of time, ranged ftom Oto413 day$ (median 4 days), with evitfe!lce 
suggesting more effecti"e conversion in patients with shorter dur&ion of atrial flutter. 

Sixteen of the 17 patients compltted the stu<iy. Most ot protocol violations were minor (over age 
or weijht limits. low plasma.sodium aQd chloride concentration), but cmc patient may bavo allill 
fibrillation in addition to atrial fluuer. This · . was included in the analysis, but two • 
treated under the low dose amendment (0.~ only) were excluded. One Pltkmt~::' 
complete the study due to onset of polymorphic VT-seven minutes intil the 0.02 mg/kg infusion. 
All 17 patients were followed for 24 hours. 

Of the 17 patients, atrial flutter was tcnninated in 12 TI1e conversion rate increased ·.llrith 
accumulative dose (see chart 1->elow), thus related to duration of infusion with a mean of 33 
minutes. AnhyUunia tennination occurred within 22 minutes after infusion for the four patients 
who received the highest dose. In the chart, two patients who were not titrated abi>ve 0.005 mg/kg 
are included in the response rate for the lowest dose (2117 or 12 %). Sinus rhythm was restored in 
10 patients, the remaining 2 were converted to junctional rhythm and sinus bradycardia, 
respectively. 

180% 
~ 60% 

: 40% 
.. 20% 

~ 0% 

Conversion Rate 
Study 003 

0.0,,)5 0.015 0.035 
Cumul1tlv1 dose (mglkg) 

Atrial flutter was tenninated in all nine patients with documented left alt.al dilation, but in only one 
of the three with normal left atrial diameter. The numbers are, however, just too small to suggest 
any relationship between atrial siu and antiarrhythmic effect of ibutilide. There were no such 
correlation with left ventricular ejection fraction either. 

At the time of atrial flutter conversion, serum ibutilide concentration ranged from 1.5 to 12 ng/ml, 
without a clear trend in serum concentration-response relationship. For the two patients who 
developed polymorphic VT, drug levels were not excessive (2.1 and 6.4 ng/ml). 

Changes i•i QTc were variable among individual patients, with 7 of 12 patients with inc'.'CllSCS of 6-
87 msec). While the mean was not changed from baseline in patients whose atrial flutter was 
converted by ibutilide, mean QTc increased from 449 to 473 ms for the three who were not 
converted. Other electrophysiologic and pharmacokinetic measurements, as well as possible 
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interaction with digoxin, are referted to Dr. Raczltowski's review. 

Comments 

Despite a sequential dosing regimen arul without formal statiarical analyais, lbe Rllilta ofdUs open 
label pilot study mgguted tbat ibutilide is ef:ootive in tamiaalion of atrial iluttw .... die captlllle 
rate inciaaed with cumu)ative dose. Howe"«· Jaci: of clear cfo». and serum. dnrg ~4UMlou­
Mp"!lse relation~ in this small group of patient& u.diceted lbat ireacu11111 in cliDical •'int must 
be titnlled and individpati•J. QTc lll1d structural (atrial size) changes were not correlated with 
antiarrhyduni.c effect of ibutilide. ~-·· 

This study can be~ as a positive study supporting the short-term effectiveness of ibutilide 
in termination of atrial flutter. · 

Study 5 (PnSSO/OOOS) 
Open-label, Dose-fincfjng Study of Intravenous lbutilide in Patients with Atrial Fibrillation. 

The study design of this protocol was almost identical to Study 3 as described above, 
except for the patiem population to be studied (patients with atrial fibrillation instead of atrial 
flutter). 

Protocol 

This is an open-label, dose finding study to assess the ;,ffects of intravenous ibutilide on cardiac 
rhythm in patients with atrial fibrillation. Patients with sustaineci atrial fibrillation for at least J 2 
hours but less than 30 days were eligible. Atrial fibrillation of longer duration (up to one year) 
were alw admitted in an amendment which was abandoned later for lack of efficacy in more 
chronic patients. Patients must be hemodynamically stable, and have no recent history of 
myGCardial infarction. <.:oncurront treatment with other antiarrhythmic agr.nts was not permitted 
and serum potassium levels of less than 3.S mEqlL must be corrected prior to treatment with study 
drug. Anti-coagulation for two weeks was provided before treatment wit.'i ibutilide if atrial 
fibrillation is longer than 3 days. 

For each patient, placebo was infused for I 0 minutes followed by infusion of ibutilide in three 
sequentially ascending dose over 10 minutes each (0.005, 0.01 and 0.02 mg/kg, separated by 5 
minutes washout). The in" .JSion was stopped if atrial fibrillation was tenninated before the 
completion of above dosing. Infusion of study drug was also terminated for safety endpoints of i) 
systolic BP less than 90 mmHg, ii) changes in rhythm or AV conductiora, iii) new bundle branch 
block, iv) QRS increase by 50% or more, v) QTc increase to (j()() ms, vi) any other serious adverse 
events. If atrial fibrillation persisted for 4 hours after end of infusion (later change.d to one hour), 
electrocardioversion was permitted at discretion of investigators. Heart rate and rhythr.t were 
monitored continuously and blood pressure every two minutes for 10 aninutes after infusion and at 
specified time thereafter. After two patients in the concurrent atrial flutter study developed 
polymorphic VT, the two hi;:her doses were eliminated in a protocol a . 11dment. Total follow up 
was 24 hours. 

The primary efficacy endpoint was temunation of atrial fibrillation. Effect of ibutilide on heart rate 
and blood pressure and electrophysiology, as well as measurements of phannacokinetic 
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Total of 19 patients (16 male, 3 female, 1.5 wbi'..es, 2 Hispanic, l blacks aad 1 Pilipino) entered the 
study. Mean age of the patients wi:s 63. 7 (range 39-78) yea&'S. Aerial fibrillation wu symptomatic 
(palpitation and shortness of breath) in 8 ( ~2~) of petients. Eievea of dlti 19 patientJ in this study 
had various histories of h~tension, coronary artery disease, congestive heart faim, 
caniomyopathy, myocanlial infarction, coronary bypass surp:y. Mable angina and mitral valve 
stenosis: 1lleii atrial fibrillations were of diffeient lengths of time, ranged from 0 to 32.5 days 
(median 71, mean 102 days), with a shorter duration (median 2 days, mean 42 days) for those 
responded to ibuti!ide treatment. 
Eighteen of the 19 patients completed the study as specified by the protocol. Most of protocol 
violations were minor, which included less than 2 weeks of anticoagulation in 3 patients, one 
patient transferred f ·Jill Study 3 with a duration of atrial fibrillation less than 12 hours, over age or 
weight limits, low pj.Jsma chloride and magnesium concentrations, and less frequent monitoring of 
vital signs (every S vs every 2 minutes). One patient did not complete the study due to onset of 
non-sustained VI' after the O.Oi mg/kg infusion, but was includei in the analysis. Dosing error 
was suspected for this patient because serum ibutilide was not detected. All 19 patients were 
followed for 24 hours. 

Of the 19 patients, atrial fibrillation was terminated in 4, three converted to sinus itiythm and one to 
a non-sinus atrial rhythm. or th<* not responded, s were not titrated above 0.00.5 mg/kg (per 
protocol amendment), thus were not included in the calculati.ons for the higher doses. n1e 
conversion rate increased with accumulative dose (see chart below). Arrhythmia tennination 
occurred 28 minutes after completion of infusion for the patient who received the highest dose. 

! 30% 

120% 
• ! 10% 

'/. 0% 

Conversion Rate 
Study 005 

0.005 0.015 0.035 

Cumulative doae {mg/kg) 
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For termination of atrial fibrillation, ibutilide was equally effective in patients with or without 
documented left atrial dilation. There numbers were too small for drawing any conclusion on the 
relationship between left ventricular ejection fraction and response. 

At the time of atrial fibrillation conversion, serum ibutilide conc:entration ranged from 2. f to 49.2 
ngml, without a clear trend in serum concentratioo-resporure relationship. Por the two patients 

;.:o=::o=i1~~::::=:.ie~X:'21c;:r.:!~=::c1oaing 
bad completed tht; ibutilide in;:sf:i). 

...,._ ... _ 

Increases in QTc at the eod of ibutilide infusions were dose-related (33-66 ms) and •tetisticaJly 
significant, with die effect lasted for 4 hours. At tJte ti:ne of conversion, while the change in mean 
QTc was not significant (+11 ms), three had increases of 39-71 ms and one had a decrease of 110 
ms. Other electtophysiologic and phannacoki~tic measurements, as well a"'- possible int.erection 
with digoxin, are referred to Dr. Raczkowski's review. 

Commenrs 
Similar to the atrial Dutter study, despite a sequential dosing regimen and without formal statistical 
analysis, the results of this open label pilot study suggested that itutilide is effective in tenmnation 
of atrial fibrillation and the response rate increased with cumulative dose. Again, lack of clear 
dose- and serum druJ concentration-response relationships in this small group of patients indicated 
that treatment in clinical setting must be titrated and individualiz.ed QTc and structural (atrial size) 
changes, and left ventricular function were not correlated with antimhythmic effect of ibutilide. 

Although the response in this study was less prominent than that for atrial Dutter, this study can be 
considered as a positive study supporting the short-tenn effectiveness of ibutilide in termination of 
atrial fibrillation. Better defined dosage and patient selections may improve treatment outcome in 
atrial f!brillation. 

Study 4 (Pn550/0004) 

This was an open-label, dose-ranging electrophysiologic study of ibutilide in patients 
undergoin~ invai;ive studies for any indications. Patients should be in sinus rhythm, without Class 
I or m ant.iarrhythmic treatmenl and hemodynamic stable with adequate L VEF (> 35% ). After 
placemenl of a temporary pacing w\re in the right ventri'::le, placebo will be infused for I 0 minutes 
followed by infusion of ibutilide in three sequentially ascending dose over 10 minutes each (0.005, 
0.01 and 0.02 mg/kg, separated by 5 minutes washout). The parameters to be determined include 
sinus node recovery time, AV conduction intervals, atrial and ventricular refractoriness, atrial and 
ventricular monopbasic: action potentials. Serum concentrations of the study drug were to be 
measured for detem1ination of pharmacokinetic parameters. 1l1e protocol planned to study 
sufficient number of patients to give I 0 evah!able cases. However, only one patient was admitted 
and the objective of the protocol was replaced by other early phase studies. 

Electrophysiologic activities of ibutilide N'C referred to Dr. Raczkowski's clinical 
pharmacology review. Measurements on the single patient in this study added little to the 
understanding of pharmacology of ibutilide, revealed few surprising safot) problem, and provided 
no efficacy data in the patients to be treated. 
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Study 18 (PnSSO/OOJ8) 

This was an open label pilot study to evaluate the study procedure of tenninating 
paroxysmal atrial fib/flutter using iv ibutilidc in preparation for a larger &rial comparing ibqtilide and 
sotalol. Palicnts =&f:xysmal atrial fib/flutter(> I hr but s 24 hn) were to receive I mg fixed 
single dose of iv • · over 10 minutes and to be followed with BOJ and Boker monitoring. 
Study of 10-15 patients were originally planned but the pcotocol wu ~after tWo patients 
were onroUed (the inveati=~ISOr decided to procieed to the definb ltudy). In one of the 
two~ the atrial ·a was not converted by ibutilide infusion of 1 mg over 10 minutes, 
despite a 134.li incmase (30 min after infusion) in QTc from 420 ms at baseline. ECG change and 
the effect on the arrhythmia were not reported for the other patient. This study contributed very 
little lO the drug development of ibutillde. 

II. Ona"ang Studies 

Study 17 (PnSS0/0017) 
A Study of the Conversion Efficacy and Safety of Repea~ed Intravenous Doses of lbutilide in 
Patients with Atrial Flutter or Atrial Fibrillation Following Valvular or Coronary Artery Bypass 
Surgery 

Protocol 

This is a randomi1.ed, double-blind, parallel placebo control.led, dose-response study to assess the 
efficacy and safety of i.v. ibutilide in termination of atrial fibrillationltlutter for patient~ post 

' valvular or coronary arter;• bypass surgery. 

Total of 300 patients with sustained atrial flutter/fibrillation ~ 1 hrs but less than 3 days) occuning 
between one and seven days following valvular or coronary artery bypass surgery will be 
randomized to receive one of the following four regimens: 

N 

75 
75 
75 
75 

Infusion I 

1.0mg (O.Olmg/kg) 
0.5mg (0.005mg/kg) 
0.25mg (0.0025mg/kg) 
placebo 

lnfusjon 2 

l.Omg (0.0lmg/kg 
0.5mg (0.005mg/kg) 
0.25mg (0.0025rr.g/kg) 
placebo 

Patients with body weight less than 60 kg will received the per-kg dosage. The second infusio1' 
will be given if atrial flutte;/fibrillation does not tenninate within I 0 minutes lifter the end of first 
dos.,. lbutilide infusion will be discontinued anytime during the two infusions if atrial 
flutter/fibrillation is converted. Patients will be treated for 30 minutes and monitored for 3 days. 
The sponsor thought the study could be completed in 12-18 months, but as of 4/95, only 152 
patient were admitted. 

Efficacy success is defined as termination of atrial flutter or atrial fibrillation for any length of time 
in the first 90 minutes. Subsequent rhythm and further treatments in the first 24 hrs will be 
monitored. All rr.=,dical evtnts in the 3 days of study w:n be documente~. Patients with persisted 
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arrhythmia may be paced or electrocardioverted after 90 minutes but additional antiarrhythrnic 
therapy will not be started in 4 hrs u~ medically indicated. 

The protocol is essentially identical to Pn550/0015, one of the two major efficacy trials i~ non­
surgical nat~ts which was reviewed by Dr. Gordon. Definition of atrial arrhythmias (paroxysmal 
vs cbronkln-~ · ts) is less complicated here but whether termination of atrial 
arrhythmia with the 5hvfY =th@ fiat 90 mtmJ!M leads to real clinical benefit in these patients 
has not been not addressed in this protocol. Although clinical course will be monitored for 3 days 
following drug administration, secondary end~ints such as recurrent rate of a..Thythmias and 
subsequent morbidity/mortality were not specified prospectively in details. - - · 

Since the original study design, the sponsor has requested to relax entry criteria for the study due 
to great difficulty in recruiting patients. The reasons were basically reluctance of surgeons to 
observe post operative patients in atrial arrhythmia for 3 hours (original protocol) before treatment 
and high percentage of patients had to be excluded for concomitant valvular procedure, pre-op 
atrial fib/flutter and recent MI in the original protocol. The sponsor thus revised the protocol :., 
extend enrollment of patients post valvular surgery and the above pre-existing conditions, and to 
shorten the observation period to one hour. The change appeared to be necessary from a pl'liciical 
perspective. As the sponsor pointed out, while the extended enrollment introduced more 
confounding clinical conditions, the gain in safety experiences probably offset the loss. 

eomments 

Since this study enrolls post-operative patients whose acute onset of atrial arrhythmias may 
adversely affect outcome of high-risk cardiac surgery, the need to treat is more evident and 
risk/benefit assessment is less difficult than that in non-surgical patients with more chronic atrial 
arrhythmias. If clinical benefit of terminating atrial flutter/fibrillation can not be ~rtained from 
the completed efficacy studies, data from this study may be worth waiting for before final approval 
of atrial flutter/fibrillation indication. 

It is not clear that any dose response information can be obtained from the dosage design of this 
study, but the dose-range is probably acceptable for safety considerations ( 4.5% pro-arrhythmia). 

Study 19 (Pn550/0019) 
A Multinc1tional Comparative Study of the Safety and Efficacy of Intravenous lbutilide with 
Intravenous dl-Sotalol to Terminate the Recent Onset of Atrial Flutter or Atrial Fibrillation in 
Patients who are Hemodynamically Stable. 

This is a lll!'ge European international study which was not filed to IND. At the Agency's 
request, the protocol was submitted in the 4,/6/95 Amendment (No. 029). While dl-sotalol has not 
been approved for atrial flutter/fibrillation, at the advice of its consultants, the sponsor has asked 
that no regulatory action regarding this NDA be taken before the final report (to be submitted in 
August 1995) of this study is reviewed. 

Protocol 

This is a double-blind, parallel group controlled study comparing two single doses of ibutilide (I 
and 2 mg) with one dose of i. v. dl-sotalol ( 1.5 mg/kg) in 300 patients with recent onset (3 hrs to 
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45 days) of atrial flutter/fibrillation. The objectives are to compare the safety and efficacy of the 
two chugs in converting the above atrial arrhythmias. Unlike that in Study 14, dosage of ibutilide 
will be fixed, not by body weight. 

Patients mu&t be hemodynarnically stable (SBP > 90 nunHg, DBP < 105 mmHg, ventriciil• rate 
60 bpm or greater), weigh between 45 and 125 kg and have no recent (within 30 days) history of 
wistable mgina, myocardial infarction, heart failure or other conduction di&turbances. ·Coslcmnnt 
1reatment with other antimthythmic agents or prior exposure to study drugs was not permitted. 
Senun potassium levels of less than 4.0 mEqlL must be com.·..:t.ed prior to study treatment and Ql'c 
must be 440 ms or less at baseline. Anti-coagulation was provided before trf'.atmi.W with ibutilide 
if atrial fibrillation is longer than 3 days. 

Patients with atrial flutter or fibrillation will be randomized separately to receive 1 mg ibutilide, 2 
mg ibutilide or 1.5 mg/kg dl-sotalol infused for IC minutes. The infusion will be stopped if atrial 
fibrillation was terminated before the completion of above dosing. Infusion of study-drug will also 
be terminated for safety endpoints of i) SBP less 90 nunHg, ii) hemodynamically intolerable 
changes in rhythm or AV conduction, iii) new bundle branch block, iv) QRS increase by 50% or 
more, v) QTc increase to 600 ms, vi) repetitive forms of ventricular depolarization, vii) any other 
serious arrhythmias or adverse events. If atrial fibrillation persists for one hour after the start of 
infusion, pacing or electrocardioversion will be permitted at discretion of investigators. Additional 
antiarrhythmic agents for conversion failure ~hould not be used within the first hour, they are 
discouraged but permitted within 4 hrs of after the end of infusion. Tctal patient monitoring is 24 
hours, with a telephone follow-up on Day 3. 

Primary efficacy endpoint was defined as termination of atrial flutter/fibrillation for any length of 
time within 60 minutes of start of first infusion. Comparison will be made between individual 
treatment groups and between sotalol and combined ibutilide groups. Secondary endpoints include 
time to conversion, duration of conversion (to normal rhythm) and changes in ECG intervals. 

The protocol was revised in two amcntJrnents, which included; i) dele•ing provir,!on of trans­
csophageal cchocardiogram to monitor need of anticoagulation, ii) inclusion of NYHA Class I-II 
heart failure patients, and iii) withholding prophylactic therapy for atrial flutter/fibrillation for 24 
hrs after successful ibutilide therapy. 

Comments 

Since efficacy of dl-sotalcl in converting atrial flutter/fibrillation has not been established, it is 
difficult to understand why the sponsor viewed the results of this study as an important piece of 
information to gain approval of the indication. Nevertheless, this is a large efficacy study about the 
same size of the two completed major trials (Studies 14 and 15), thus it will be hard to ignore the 
results. Safety experiences in this study arc probably useful, but the data may not add anything for 
efficacy, because, again, patients in this study have no long-term follow-up beyond 3 days. 
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~ 29 (Pf7SS0/0020) 
A Sllldy of the Conversion Efficacy and Safety of Ibutilide in Patients with Atrial Flutter or Atrial 
Fibrillation. 

This is a double-blind. parallel placebo controlled. repeated dose study with similal' =•as 
that of open llhelecl, siDglHoSe Study 0018. Uni~ in Study 14, dosage of lda will be 
fixed, not by body weight. 

. ......... 
Patient& who weiah 60 kg or above and have atrial flutter or fibrilladon of more than 3 hows but 
less than 90 daf8 duration will be sc1ee11ed appropdltely. ~for the duration of pre-existing 
atrial arrhythmias, patients seJtetion was similar to Chat of Studies 3 and S (see above) but probabl}' 
healthier than in SRldy S (no histoty of tonade, symptoms of heart failin or QTc >440 ms, 
potassium corrected to 4.0 mEq/L). Total of 240 patients (200 ibutilide, 40 placebo) will be 
randomif.Cd (at ratio of 5: 1) to receive a ten-minute iv infusions of 1.0 mg ibiltilide or placebo over 
a period of 30 minutes and if anhythmias are not terminated in 10 minutes after the first 1 mg dose, 
followed with another fixed dose of 1.0 mg or placebo infused over 30 minutes. lbutilide infusion 
will be discontinued anytime during the two infusions if atrial flutter/fibrillation is converted. 
Infusion of stlldy drug will also be tenninated for safety endpoints of i) symptomatic or serious 
hypotension, ii) changes in rhvthm or AV conduction, iii) new bundle brancll block, iv) QRS 
increase by ~ or more, v) QTc increase to 600 ms, vi) any other serious arrhythmias or adverse 
events. If atrial anhythmias persist or recur after 90 minutes, pati.:nts may be treated with pacing 
or cardioversion. Additional antiar!hythmic agents will be delayed until 4 hours after the end of 
infusion. All patients will be followed for 3 days. The study is expected to complete in one year. 

Pri~ efficacy endpoint was defined as termination of atrial flutter/fibrillation for any length of 
time within 90 minutes of start of first infusion. Secondary endpoint!. '.nclude time to conversion 
and changes in ECG intervals. 

The protocol has been revised in three amendments, all changes were of minor importance in study 
design (changed size of vials, clarified infusion •vstem and increased women patients to 40%). 
The sponsor indic~ in a telephone communication that.final report of this study is expected in 
October 1995. 

Comuients 

This is a large efficacy study about the same size and with similar design as the two completed 
major trials (Studies l 4 and I 5). For regulatocy deliberations, it will not be easy to ignore the 
results, if available near approval. However, patients in this study have no long-term follow-up 
beyond 3 days, thus it is not clear how useful the data will be in terms of providing additional 
support for ibutilide' s efficacy. 

In this study, iow body weigl-t patients (less than 60 kg) ure excluded and ibutilide is given in 
fixed dose of 1 or 2 mg. It will be difficult to apply dosing information in this study to other 
patients with body weights outside of the specified range (60-136 kg). 
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Study lJ (Pn55QI002J) 
A Study of the Conversion Efficacy and Safety of lbutilide I. V. Compared to Procainamide I.V .in 
Patients with Atrial Flutter or Atrial Fibrillation. 

Pmtocol 

This is a double blind, active rontrol study very 1imilar in design to Study 20, "xcept that the 
ibutiticle will be compmed with procainamide, without a concurrent placebo group. In addition, the 
total sample siz.e wilf be l 20 with a randomization ratio of I: l . _ .. 
As in Study 20, patients with the same weight~ (60-136 kg) and duration of atrial flutter or 
fibrillation (3 hours to 9Q days) will be screened with almost identical inclusion/exclusion criteria 
as in Study 20 (in addition, patients with complete second or third degree history of bean block 
will be excluded). lbutilide 1.0 mg will be given as a ten-minute iv infusion and followed by a 
second dose if arrhythmia persists 10 minutes after completion of the first dose. Procainamide will 
be given up to three ten-minute infusions of 400 mg each. Ibutilide and procainamide 
administrations will be discontinucd anytime during the infusions if atrial flutterfflbrillat 'ln is 
converted. The treatment will completed over a period of 30 minutes and followed with ECG for 3 
days. The study is expected to complete in one year. 

Efficacy and safety endpoints are similar to tho>se in Study 20, which include te11llination of 
arrhythmia in 90 minutes (primary efficacy), time to termination and iJl'Oportion of patients 
converted durin& ii.fusions and remain in sinus rhythm for 6 hours. 

The protocol has been revised in an amendment, which increased enrollment of women patients to 
- -- ' 40% and clarified the time to use other anti-arrhythmic agents (after 24 hrs if patients remained 

converted, after 6 hrs if no termination in 1.5 hrs, cardioverted within 1.5 hrs, or reverted after 
initial succe~). 

Despite the limitations of an active r.ontrol study, result~ of this study, e~pecially regarding safety, 
will be useful as supportive evidence when viewed together with other major efficacy trials. 
However, it is not clear how the treatmentll will be blindea, since ibutilide will be given in two 
infusior1s and procainarnide up to three. 
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'l'na*=ent ~ etp• and QlllPtom8 • • • • • • • • • • • • • • • • • • • 14 
Dsatb•, ot11ar891'lou8 •I ts.~~ . . . . . . . . 18 

o. OnaoiDlr 1ilt,al,a • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 11 
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m. S.llQ Addendum 

'l'hlll 881M19ddeDdum wu prepared after the review of the E1afeW 
Update. Ii oouta.lm complete -.fetu data from one aNdJ' (0019), a oombiRec:I 
...C1fl ~for au oompl1t1d and wo1tot. eel Pbue 11/Dl oHnta~ Vla18, and 
Um1ted ...,_,.data fmm. 8 onrns tmd'M (OC.. L7, ~. aad 0081). 

Smnmary. the nu.a fNq'pDtJ,y repol'ted medic.i evillld& W8Z8 the oardtao 
aubfU•=·., IW'tllntr fr<m b Id r llNIF'Nntp mm.as; 'JW! mOiomo1'phto 
VT &Dd wmdoular~ to the !ffe.Ore1trn••lllll'h'm«' poJpam:pJ:aio 
VT. ottbe 8'91bmtllde JNl»mia. 18 (1.ft) dne!opecl 81Uil 1n.s polplorphio 
V'l' .:..rmpa.red to O plaoebo pati_.., Th., pMJentll wbo dev.tl.oped thja \ 
~ d1d 110 ettlaer dUS,,. ibUUltde iDfu1on or atb.orU¥ thereafter. AU ot 
the•• e;ema were 11U001•1(11J)¥ reeoJnd. una.Urw!th e~n. The 
Holter momtorlng l9l1ltll obfatned tn reoent 8LUdy 0019 ft.leas the question 
that there a.re &ddlUcmal VT OOOUl'l8l10e8 thrr.t are 88,JID.ptomNlo and. therefore, 
not uountec:l In the med1oal event reporUng. Thia may be OD1v of aoad.emio 
1ntel"819t. 

Med.loa.l even.ta ooour at~ the •me rate for doses between 0. 715 
mg a.nd 8 ms tnfund over 10 :minu-. Ii :La unknown if prolonging the infusion 
rate could &ffeot the 1'Me of these events. 

No c!eeth• or serloua m.edioaJ. events, other tba.n the taoh1arr~. 
could be aasoo1Ued with the uee of ibutilide. No laboratory values appear to be 
&dveraely &f:fected. by short term ibutilide use. 

a. Completed Study 0019 

Thia waa a non·IND atuc:br oonduoted at 43 oentere in Europe (37), Russia 
(3), and South Africa (3) that emolled patients with atrial fibrillation (&fib) or 
flutter (a.fl). The deaign of the atuc:br was do"CO'-:ile blind, randomized, active 
control (vs. sotalol), with 3 parallel groups (ihutilide 1 and 8 mg and sotalol 1.15 
mg/kg). The obJeotive, stmilar to the other Phase IJ/lll protocols, was acute 
termtna.tion of the atr1&l arrh) 1blnia, for any time period, within 60 minutes of 
the start of a 1 O minute infusion. Patient selection was atmnar to that of the 
other protocols. The BUbjeots were patients with susta.tn"d a.fib or a.fl of a 
duration of a.t lea.st 3 hours but not more than 45 days, who were 
hemodyna.mtoally stable, had adequate serum potassium levels, and had QTo 
inte1·va.ls .S 440 m sec on 12-lead ECG. Patients were stratified based on the 
baseline a.trial arrhythmia. 

There wa.s a total of 319 patients ra.. Jmized: 102 to ibutilide 1 mg, 109 
to ibUtilide 2, mg, and 108 to BOtall)l. The table below displays the number of 
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~ •••lol 
~· 11118 ... 1llmltlls ·•All& 

Ml 17 IO • .. 
alb M • • -·· -oam•••l!ll 1• 108 1111 111 , ·- - • ; od/JIWfl JH 

PMl.ema bad a mam ace ot ao J8llolW CIUIP 11'88), • me1a weight of 81 
kg Cranae 4&-180), a.nd wen m~ white (98'6) &Dd male ('TOIK). 'l'NUmmt 
ll'OUP8 were admila.r at bueHne for demop&phto varlablell u well r• for 
m.edioal htst.oJ7 (l!t'am Vol. 4 or""1q1:9]1Drt0016, lllbl#l"Uti0J 

Tm•t;mont ommpnt rpedtcwJ cmm• 

Tb.El table below liata the adwne events a.nd. (peroenm) thM ocourred bl 
at least 1Sf. of the mat dud¥ popt"-*'011. As ezpeotecl, the J.e.rgeet umnbel' of 
evenill reponed were related to the~ .,.tem.. 
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~ J.fA --- .. ..., .. 
P.ldJ• ....... .. ..., IN 

,,---- ~~-

.. .,,. 8(1Jl) 8 

·:rr~ 
. 

'(8.'I) I 

/l:lf91-lob 7 (8.1) I 

. 
~VT 0 1 

iialpl•lotClll 1 (0.9) 8 

~ 1 (0.9) 1 

~ 0 1 

=ugT.- 0 0 
. 

~ 7 (8.li) 1 

tinertemiOD 1 (1.0) 0 

~ Ii (4.8) 0 

~ 8 ('l'.4) Ii 

haada.ohe 3 (11.8) 1 

ohenpatn 8 (1.9) 2 

N'enou-t1117 5 (t.8) I 

Un.tlln&' 1 (1.0) 1 

dlalnou Ii (4.8) 0 

Resptr-..oo.,.__,. 7 (8.li) 1 -· 
cb'apne& 4 (S.7) 0 

Dlg.U.v~ a (1.8) ---4- _o _ 

n.i.uaea II (1.9) 

Melab/Nuh1-any II) ·•.9) 

bypergcycemi& 1 ,LO) 
" includes 8%tras;yatole ventricular blgeminy 
#Includes sinus bradycardla 
•Includes postural hypotenslon 

(' -+ 1 

1 

ill\ltWP 

:..m =-.. -~ .. •tlM> 
1CI 18(1.8) 

• 14 (8JI) 

8 11 (15.8) . 
ii 8 C,11.8) 

1 4 (1.8) 

8 4(1.9} 

8 4(1.9) 

8 8 (1.4) 

8 8 (f .• 4) 

Ii - 8 (1.0) . 
1 1 (O.li) 

I 10(.t.7) 

8 3 (1.4) 

1 8 (1.4) 

1 1(1.t) 

1 2(1.0) 

1 1 (0.11) 

I 8 (1.4) 

2 II (1.0) 

I I !1.0) 

1 1 (0.5) 

3 4 (1.9) 

1 I! (1.0) 
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(lrom Vol. 8cdstud,yreportODJll, tablllBP.4 and IJ.) 

Overall, 'the occurrence of any medical event Wal' stmtJa.r for the sotalol 
and 'the all ibuUiide groups (32.4% vs. 34.6%). As azpeoted, the moat frequent 
medical events for both drugs W8l'8 1n the oaidiovascula.r flJBC8m. Compa.rec:t to 
sota.lQl, the all ibutlUde group u:per1eDoed W01'8 'WUV1oulal' ~le (8.5% 
va. 1.8%), non~ monomorpbio vr (8.8'6 w. ~ .71'), aucl arupn.vehtr!oula.r 
VT (2.8% 'VB. 0%). 'l'hel'8 was a teudenoy for mo• ovanta to ooour with tut 
htgber dose of ibuttHde. The 8ota1ol group, on the other band, ezperienoed 
more~ (8.15% w. 1.4%) a.nd ~11 ("'6 w. 0.15%) • ..-· : 

. Rega.:tdiDg 11on-oa.rdiovasou even.18, there wu llWe dJfferenoe betWeen 
sotaJ.ol and ibutilide uoel>t for greater 0001lr1'8D0881n the-801alol group of 
dizziness (4.G% a.nd 0.5%) a.nd ~nea. (S.7% a.ud 0.5%). 

Dea.tbp, .mh.~·.aerlQUR sa.fetv. ltud";· ~ 1 .ug dt1gopttp11eMou 

Des.tbs 

There we~ no deaths at the time of or immediately after infusion of 
either of the st t!.:ly drugs. The 3 reported deaths occurred 2, 3, a.nd 22 days 
after the sturl:;;. l~ ariod. 

Dea.tbs 
:>&tien\# da,11 after stud¥ oause of dea.Ui 

14294/1005 20 aeptlo shook resulting from pneumonia 
tbutillde 1 mg 

14350/2402 2 VF posatbly reaulttug from MI 
aotalol 

14871/2915 3 Pulmonary embollam a.nd stroke . 
aotalol 

(Jrom Vol. 1 of study nport 0019, P8IIINI 60,113) 

l'!o death could be a.ssooia.ted with the use of study drug. A more 
detailed li.esorlption of ea.oh dea.th is found in appendix II. 

other serious sn.fety 

The table below shows the number of patients who eX}Jerienced one (or 
n1ore) serious P.dverse event that was not subsequently reported as a death. 
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Ser.lou8 mediaal evexlts not re~o'l't:Ad u a. death 
ib\ltilide lbUUUde .... IOtaloJ 1 rag ame 

~·~ s 
. 

••n•••..,...•'ned z 
JI.kW 

j .... lfl'oal'!ll• z 

"'*'·"~ s -
-~···· z 
(Waos ll'nfrrtkn) 

DilllliiaRll:aed Yl4VN z(I) 

t ...... m-s PKV'l'f z 

~.PJ4V'l' z 

d;papaea. lit 

ehdom'ntl pabl/oheet ll: 

dlaoMDton 

oomplete AVblook lit 

t.a hem fllllme z 

Tb.ere were 9 events recorded 118 serious for patient.lo who received 
ibutilide 2 mg compared to 1 and 3 events for patients who received ibutilide 1 
mg and aotalol, reapeotlvely. The ~orlt;y ot events involved the 
oardiO\raaoular IQIBtem, particularly a.rrh,ytbmfy, All pa.tienta recove~ from 
their events. The m~..i i;erious, sw..ta.tnr,d polymorphic VT, required · 
emergency electroversion. A more det'iolled description of each event is found 
in appendis II. 

study drug diaoo11tiD.uatiollB (tor medical eiients) 

There were 5 patients who were prematurely withdrawn from study drug 
bees.use of " l'Yl.edloal event. 

6_ 
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Studv - disoonti.nuatloDB for medica.l events . 
paUenti# medical event comments 

14871/2906 bundle brauoh block ibuWJ.de dillo'd after 8 m1D. 
lbuWide 1 Illg 

1'888/110i tn ar1ued AV nodal lbuUUde dllJo'd after 8 mtn: 
lbuWide1mg oemdua&lon wlih taobJoud1& aed.oua medioal evtlll\. 

. &114 Jinoteuloil. 

1'888}8106 Q'NJ b4ea val Jll'OIODll&loll IJmMUde dl8o'd after I mtn; 
lbt•*''Hde 8 mg (ll8CMIOO nweo) peMmt,....nrid 

..,mptomatlo 

1'888/1107 Cl1'o lntenal proltmgaUon l]mt!Jfde dlllo'd after 7 mtn: 
lbuUllde 8 mg (.>600 mno) patleld ,....e1nec1, 

-.,mptomaUo 

1'886/2101 oompleteAVblook llOt&lol diao'd after S JD1J1. 
sotalo1 

Of the 5 patients who were discontinued, 4 patients were reoeivillg ibutllide 
and 1 was receiving sot&lol. All reasons for disoonUnua.ttons were for oa.rd.iao 
rate or rhythm disturbances or for a.n ECG a.bnormaJ.ity. All patients l'ecovered. 

ventrigula,r +¢yga.nUp, p,nd QTg pmlonga.tion 

Vezitricular taoJzyoardia reported as medical eVBD.ts 

The table below displ&l'B the number and percent of patients who 
experienced one or more of the following ventricular ta.ohyca.rdias. 

Ventricular tac• ~· reported a.s a medical event 
"""" 

aot&lol 
n•108 

non 8U8tained 4 (3.7) 
monomorphio VT 

non auat&ined 0 
pclymorphic VT 

susta.ined 0 
polymorphic VT 

total 4 (3.7) 

patient ##14352/2426 is discussed in appendix 
(from Vol. 8 of study report 0019, tableP.5.) 

. 
lbutil.lde 

~-~ :.Ti &llibut 
n•211 

s (4.9) 9 (8.3) 1-1(5.6) 

0 1 (1.0) 1 (0.5) 

0 1 (LO)# I (0.5) 

-s (4.9) II (IO.I) 16(7.6) 

Overall, the rate of occurrence of VT (reported as a medical event) was 
twL;e a.s large for those patients who received ibutilide compared to those who 
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received sotalol C'/ .6% vs. 3. 7%). The JD8sjor1ty of these events were episodes of 
self lim.ited monomorphio VT. 

There is a dose respoDBe for the ooourrenoe of VI'; the 2 mg dose 
ibutllide caused more than twice the rate of occurrence of VT compared t.o the 
1 JD4r dose (10.1% VB. 4.9%). 

'l'.he durat.lona of the Q'l'o iDtenN8 tor the IO pa&len who e:q;eneaoec1 
VT were u long aa 8UI maeo at mfmne 80 and 747 m·ec at minute 80. On the 
other hpd, for some ofthe•e petfAJdll. G1e UUerva1s wem u llhoit..1'71 m·eo 
at minute 80 and 188 m·eo at minute ao. The oJul.11&9 floom baseJtne tor tbe Ql'o 
interval at minute 80 for p&Uenta with VT ranpd t.rom 4 mseo up to 188 w. 
Although the entcy or1terJa ttmtted the llt1ldyto p&Uents With baseline Q'l'o 
illterva.IB no lonpr dla.11 440 maeo, there la no evidenoe that ezoludlng pa.tlentis 
with longer QTo intervals dtmfnfshes the risk for VT. 

V8.lltr.iou.lar laob,yrJardia reported bJr Holter mODJ.torJDg 

All study patients were to undergo Holter monitoring for the ffl"at 7 
houm of the trlal. An addltlonal 24 hours of monitor1Dg was to be obtained in 

· those patients who had their atr.lal arrbythmi:I. terminated. All avalla.ble tapes 
underwent initial soteeniDg by Hel'tford Medical Holter technicians and 
selected tapes were reviewed by a panel of 4 oa.rdiologists. 

For those 20 patients who had VT reported as a mediOa.l event. 19 bad 
Holter tapes. Upon review by the panel, all but 1 of the 19 patients ha.d an 
abnormality on tape that ooh.aided with the reporting of the event (the 
8%0eption was patient# 2958 had & reported episode of nonsusta.m.ed 
monomorphic VT epsiode). Although the reviewers agreed with the 2 medical 
events reported a.s pol;im.orphic VT, the~ wa.s disagreement with the 
identlfioa.tton of some of the monomo1\ihic VT events which were termed 
aberra.iioy. · · 

In addition, there were 80 episodes identified by the Hertford tchnicians 
as vr that were not reported &a medical events, i.e. presumed a.symptomatic 
events. These tapes were revie·wed and the episodes were classified by the 
pa.nel. The results of the review &re shown in the following table: 

Maryann Gordon, MD 
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ee- . ·a1mo .. 

on Holter monitor 
IJReipN&atton eota101 lbuttllde ft\ldil!de 

1mg •me 
moaomarpbio VT ' • ., 
pobuwipldo VI' 0 . 1 • 

. .. ... . - ........ ., 18 18. 
" am Ill 1111• . ·. 

~ I 11 l 

total lf 80 ., 
A 1utm:pt11111 aa .-vr ar -""ID.'81:pzat1llM~~orn.oi1ll~. 
tram ftll • *"1'•6J'Ol'I 0019 ]llllff!l 8114 

'l'hM8 eplaodea of VT OOOUl'l'8d up to 18 hOUl'B after Infusion of study 
drug (tram lilzdMed Ar,wmt 16, JM/I). 

The implloa.Uon ofiheae •aaympto~o· episodes ofVl' a.nd oiher 
abnorma.lf.tles :a. unbowl1. Howevar, as & result of ihese events oocurrJng up 
to 18 hours after drug mta.ke, ihe duration of ihe post ibutlllde obaenatlon 
period for patients should be no leas tba.D. 18 hoU1'8. · 

Q7b izltsrval prolongaUo.a 

The table below c:Uapla.Ja ihe mea.n QTc interva.ls (mseo) for all auooeaa 
p&Uenta by drug group &t screen. time of ihe &trial arr~ termfna.tlon, 
oba.nge from baseline &t the time of the termtnat;lon, and uunim:um change 
from ba.aellne 
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CYI ~ Intervals tor suooess na :ients 

A ·~ E 1[ 
lbutillde 1 me 

(11-lf 
U8 aa•• 1184 

(D-a'I) 

lbmaitua .. ~ ffl7 .,. ... 18' 
(D-11} 

911f11oJ ta.fi' 411 
(11•11) 

8 -im 

**poiD.009 tor obenp ti:om tunli"• 
*"p-0.0001 tor .... fmm •••""• .. (.hm VaL 4 o/lllutfTraporlDD11. ""11# If. 14 14) . \ 

' Olea.r]¥, in tbase p1denill who bad their a.trJ&l a.rriQ1;b.mi& 8llOOeSllfDlly ·· 
term1n&ted, 1butfilde bad a muoh greater effect on lengthening of the QTo 
interval than did aotalol a.Dd there was a dose response. 

For those patlen1a who failed to be converted with' study ctruar. their 
mean ohanpa from baseline a.t Minute SO were 62, 82, and 37 mseo for 
ibuttlide 1 mg, ibu~de 2 mg, and sot&lol, respeotively. 

There were no signifloant differences for a.ny of the drug groups for 
mean ch&np from baseline for QTo interval at Minute 30, oompa.rb:lg 
~a.tients who were study drug auooesses or failures (fram VoL 4 otatuq nport 
0011. tab.leP.111.i). The lengthening of the QTo interval did not determine 
treatment success or failure. 

Most of the 16 ibutilide subjects who experienced a. proa.rrllythmio 
event ha.d increases in QTo intervals. These·increases averaged 84 msec a.t 
Minute 30 and ranged fro:rn -34 to 223 mseo. For the 4 sotalol patients who 
ha.cl a. proa.rrbythmio event, the average of the QTc interval at Minute 30 was 
79 mseo and the range was from 23 to l~O msec. (from VoI.8 of stuey report 00111, 
tabJeP.U) 

r.g.bomtozy Vajues 

Hematology 

There were no conRistent changes from b.lSeline at endpoint (Hour 7) 
that emerge as having clinic&.1 significance for a:i.y of the hematologic 
para.meters. 

There were 2 reports of decreased platelet count (both patients received 
ibutilide) a.lid they a.re shown below. A decreased count was defined as less 

IE>-
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than 100 x tff fm.m'. 

Pa.t'.eaSS with abno low nlatelet count& 

IUbJeot# buelme value (1rffml) endpoUl& value (101/ml) 

1"84/1888 148 118 
lbmutde1ma 

u-.111 111 '19 
·lba&fltde a ma 
noaMl nap,... tllCMIOz 1v'/ml --
(.Dam Pal.J ol.md;T repoztotJJ .. J1llll9"" 

Neither abDormal value was repolied t.o be oHntoalJy stgntt1oa.ut, there wme 
no axpla.DatioDs for tile abnorma1Wea and there were no follow up values. 

Tb.ere were no reports of pa.Uents with hemoglobfn < 8 ma:fdl or WBO 
lesa than S.fl x 101/mm.'. Tb.ere wu a report of one sota.iol patient . 
(#Wellena/2040) with inoreased WBC (defined as greater than 20.0 x 
lo' /mm.9). The baselfne .count for this patient waa elew.ted (18.3 x 1o'/mm') 
wbloh rose to 21.i x 10'frrmt° at endpofnt. There was no expla.na.tion for the 
fnoreaae and. it was viewed by the fnveatlptor a.a ;not cllnioaJ.ly signifloant. 

Blcod ob.emltll:riBB 

As with hematology, the>.'8 W8l'8 no conststent cha.tiges from bal!eline 
at endpofnt (Hour 7) that emerge aa having clinical signUioa.noe for &113" of 
the tfood chemistry parameters. 

Individual abnormaJitiea in liver funotlon tests included one patient 
with increased ALT and AST (ibutllide 2 mg), two patient& with increased 
ALT but not ABT {ibutillde 2 mg and sotalolf and two patient& with increaisod 
AST but not ALT (ibutilide 1 and 2 mg). The table below disousses the 
ibutilide patients. 
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Pau.ma wttll hhrhAJJr - r.ABr 
Alll ltBr .... ~ (U(l;) ........ ••IP bd 1111 llrl4I .._1ln& oom-•n,. 

Hafll ... u ,,, • .. none 
DI llNe ... . 

" 

,.... • 1lSI !tO WO 11:11"'4uac1«aw1 

• .,.. -' NllOIWd8 ,. . ..,.. .... • II 1111'....., ,....., HG NG 18 "' :•r . :;:.-::=- . 
fball1lde Smc 

. --~·m•eb 
I 111 aitloa lll:rlll) with 
fDIJTIUll pYO'"' fJf at ..... 

1'1181,/1188++ NO NO 81 88 _.,d91'11d to be-n 
1buUJ14e •me ot~coSldft:fon; 

111181ble 'ftlWI elnawd 
NG: not SlWll 
ODJ. nnae AID.': oa U/L. ABr: c1-1s u~ 
.. nl n;np HO UJL 
+DI nmce 0-11 TJJL 
••Dl nzaae o-aa 
bo.m 'l101 t mq repolf k1r: OOJ9pap119 

Other abnorma.litiea appear to be tnoonsequentt&l; 

Conclusion: there ia no evidence '1lat short term lnfusion (10 minutes) 
of ibutllide a.fteots any hema.tolo;to or blood o.hem.tstry value. 

Vitg.J. signs 

Vlta.l signs were mea.aured a.t baseline a.ud 5 minutes post drug, then 
every 10 min for the first 60 minutes then hourly for an addition.al 6 hours. 

I 

Both doses of tbutillde decreased systolic and diastolic blood pressure 
from baseline by a.bout 1·7 mm Hg Q&toltc a.nd 3·7 mm Hg dia.atollo for most 
of the 7 hour time period. There was a. tendency for the effects of the 2 mg to 
be grea.tflr than for the 1 mg dose. However, the effects of sota.lol were 
significantly grea.t..<Jr than either ibutilide dose ((.trom TToJ. 6 of study report 
0019, tables M3.) 

lbuttltde and sota.lol ca.used significant decreases in pulse in the "all 
pa.tient• category as well as in those patients who failed to be oonverted. The 
higher dose of ibutilide decreased heart rate to a. signifioa.ntly greater extent 
comps.red tci the lower dose. Decreases from baseline were e.pproxima.tely 8· 
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IObpaa tr. 1mcal4~11-17 bpm b-8 ms. TM ch1l'Mkm. of e:Ueut: Oil 
~ ~ wem beJOAd thf, ftb. hour of l"'IUID61Uent. '1'ba 41lfl'eot of 
...,,,al WM llbntle.rto Ulatof & :mgibdMe. 
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Appendix 

Deaths in study 0019 

Sotalol: this was a. 72 year old white female (#14850/2402) with a hf:ltor:v 
of mild congestive heart failure, 1'UJ>d.Dess aa a result of glaucoma. new)J7 
diagno.aed bNalR oanoer, aud ""'" flbrlllUlon who waa l'Uldomfmd tio eotalol. 
The patient's azdl;Ylbm• wu not; OO'Q\'9rted by the 1Dbl1on ao eleotmvanion 
was uaecl. Appl'OXimet;e]F 18 houiw ~the aotalol hlfas1oD. the patient wae 
found UD.OOmoiOUB a.ud in wmrtoula.r Ub1'illa.ttcm thought to be 5· result of a. 
~ iDfaroUon. Althoqh the VPwu~ thepatientbeoe.m.e 
progrllsaiveJy ~and dlecl about 8 d&Ja l&ter. No autopsy was 
performed. Rel&tton to stud¥ drug: 11nHJrelJ'. 

Sotalol: this was a 65 J8ar old white female (#14871/891&) with a hl8tory 
of ~a.l iD.farotion and !l1Pertemd.on who waa random1zed. to sotalol. At 
the end of the 1Dfusion. she developed aberJ.'8.Dt QRS oomplez.es a.nd o. right 
bundle bra.nob blook which continued for 10 minutes. She then lmoame 
b~ (ff bpm) a.ud ~teneive {74/68 mm Hg) with dizziness, 
we&lmess, nausea, a.n.d vomiting. The patient was treated with stropine a.nd 
her blood preasure rose to 100/70 mm Hg. Conversion to sinus rhythm 
occurred about 40 minutes latel' With a heart rate a.round 60 bpm. About 2 da.ys 
after study drug tnfuslon, the pa.tf.ent experienced a. oerebral infa.rotion a.nd 

--~ , died of a. pubnona.ry artery embolism a.bout 20 da.y!I ia.ter. Rela.tion to study 
drug: unlikely. 

lbutWde: this was a. 48 yea.r old white male (#14294/1005) with a histo:ry 
ot oa.rdiac arrest, hypel'tension, rena.l transpla.nta.tf.on, a.nd a.trial flutter who 
wast.a.king prednisolone a.nd a.ntibiotte& at the time of entr,y into the st11'1y. 
Pa.tient was ra,ndom:lzed to 1 mg ibutillde but conversion was unsuccessful. 
Appl"Oxima.t~Jy 2 de.ye later be developed pneumonia. (Klebsiella) and died of 
septic shook 18 de.ye later. Relation to study drug: no 

Serious sa.fety not reported as death in Protocol 0019 

Sota.lol: patient #14386/2108 wa.s a. 57 yea.r old white ma.le who developed 
abdomlpal pa.in a.nd chest <Jiscomfort after completing the study. Abdominal 
pa.in was a.ttributed to oral sota.J.ol. Symptoms reRolved. 

S:>talol: patient #14386/2101wasa85 year old white female with a. 
history of valve disease and repla.aement. About 3 minutes after the start of 
the study drug infusion, she developed coniplete AV blook with ventricular 
ra.te below 50 bpm. Treatment was prematurely discontinued and the 
condition was resolvect 
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Sotalol: patient #14351/2420 was a. 156 year old white ma.le with a htatory 
of ha.try cell leukemia and baa.rt failure. Two ho111'B after study drug lnfuston 
he developed dyspnea and 9 hours later he developed left yentrlgul&r feJlure 
after verapa.mil was started. Patient recovered. 

DnlUll4e 1 ma: p&Uem # 14888/11015wuau1e&l' old white fem&1e wu 
a hinol7 of~ MrJa.l AbrJUa.tilcm wbo d8V81oped lnm:eued AV nodal 
ooDd.uoUon with 'M!man!'a (~ zate up to 800 bpm) AM Jrypgtepeton 
(815/'8 mm HS) a.bout 8 mtnmea almtlae nu.t oftb.e 8'ud1'chushlfilfton. / 
Oonoumm.t oomplafng were pa.1plt&filoD8. Ughtheadednw. &1ld dppnea.. 
Stud¥ drugwu cU8con.UDued. PllUeDt wu oonvmted with DO 8book &Dd 
reoowred fulq. 

IbudH4e I ma: pa.tlent • 14888/1101 wu a 8IS Jea.l' old white male who 
had a b.fatory of h1J>81'temdon. He :reoetv"4 the entire 10 mlnut., infu81on of 
study drug and converted to sinus rh1thm 1 minute later. Thia was followed 5 
minutes latei- by oplaodea of noPll!Vlt.&1nnd polymorphto vr. one episode 
lastiDg 7 minutes tha.t was nearly oontlnuows ezoept fOr some ainua beats. He 
was treated with magnmum sulfate and BinWI rbJtbm wu restored although 
Q'!'o Interval nomatned prolonged (up to 647 lb880 compared to 1568 maec at 
baseline) until hour 7. Two d8'8 &fter d1aoharp, JJ&tlent was readmitted for 
a.nK'p• and a coronary a.ngiogra.m showed atptfloant atenoala. 

'i Ibutmde I ma: patient #1438 /88011'811a71 year old.white ma.le who 
had a hlatory of valve replacement. About 2 houn after the end of study drug 
lnfuaion, he developed bmattope.) bra.dyge.wua. Several da,,va later, the pa.tient 
was eleotroverted and he again developed Junotional bradyoa.rdia.. Neither 
episodes required treatment. 

. 
IbutWde 2 mg: patient #14402/1687 was a. 55 year old white female with 

a history of rheumatic fever during childhood with subsequent aortic valve 
rei;la.oement. Two days following suocessful conversion to sinus rhythm 
during the study drug infusion, the patient beoa.me febrile and endoga.rditis 
was suspected. This event resolved a.bout 2 months later. 

IbutWde 2 mg: patient #14294/2001 wa.s a 79 year old white ma.le with a. 
history of COPD, paroxysmal a.trial fibrill11t1on ::i.nd heart block with 
paoema.ker insertion. He was successful converted to sinue rhythm 10 minutes 
after study drug infusion. About 10 minutes later he had a. 10 minute episode 
of hy:potension (61/38 mm Hg) descri0'3d as va.sova.ga.l reaction with 
respiratory arrest. This resolved within 10 minutes. 

lbutilide 2 mg: patient #14674/2762 was a. 46 year olci white ma.le who 
received the full dose of study drug without converting to sinus rhythm. Five 
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minutes &fter the end of the iDfusion, he began to have episodes of up to 8 
bee.ta of nontruBte.1ned mopomorphig vr. QTC at baseline a.nd minute 30 were 
457 and 489 mseo, respeoti'V'l1¥. 

Ibutfltde I mg: patient#14S52f8426 was a. 84 7&U' old non white male 
who bad a hJ8k>ry of m1tn.l inoompet.tmoe and heart f.allure u well as evidence 
of COPD OD p~ eyp.mf0 etton. QAe minute after oompleUon of llt1id¥ drug 
tDfwdoD. i11e pa.Uem er,Jerlenoed tmtd!.1nw ;gp\ymgmNo yr 1'1iat required. 
eleotiCmmllon (9 attempta with 880 joules per a.ttempt). Ql'o iDtervala at 
buelfne and minute 80 were '°15 and 480 m5110, reepeut:tvebr. -·· 

· Ib1dlUcle I mg: patient ft4191/B016 was a 68 J8&r old wb1te female with 
mit&l w.lvul&r dtseue. She :reoe1vad b full iDfusion of atu.d,- drug &'l1d I 
mmua i.:er converted to ldnus ~Two clap later she dewloped 
a.were dJrum• and underwent & valve repl&oement &bout 6 weekH later and 
the condition resolved. 
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14b. All oom.pl:nell nw DIDI atudiH 

Tide 8eOUon dJsou8M9 8a.fety de.ta. for 

• 1588 patient.a who noebled lbutllide In one of Ule oompleWd Pb.Me D/IlI 
.tu.cl.i• for patlente wltila Mrla1. ftbrJll1&1cm or lullsr (p.totoool9 0008, 
OOOl,"001'9 00115, aa.d 0018), . 

• 879 paUelltll who noetuud fb1Jt1Hde In cme of$be omnplelc4 or 
• ,,t-·t1r P' ·re DIDI •m• (ptotooole OCKl8, ooor, ..-. 000'1, 001s, 
001'9 00115, 00181\ aa.d 0019), 

• Hmttecl a1efiV data (dM"W. dteocmt1n111&fom for •ecltoal e'8ldli, e.e 
numberof repwta of'V91dr1ouJM'~ aa.d otbera811.ou m.edSollol 
e116U18) from the 8 ODC01Da lduCU• (prof;ooolm 0017, OOIO, and 0081). 

In 911mma.ry, the men frequentlT repol'tied. n•ecHoal event. wen the 
oa.rdiao ~ zanatng from the relathe)7 bentp llODIJU8talned 
monomorphto VT and vemrtoular ~to the li'Mbnua•dng llUli8.tned 
~b!o VT. Oft'be 8781but;IJ1de pMl9ata. 18 (1.8%} developed __.tnecf 
polymorpblo VT oompaa:ed too plll.oebo pUlenta. The paUN1'8 who c:lr.eloped 
tbis ~did mo eitib.er dU!'!Dg 1bu1ilUcle tntuetbD or aholtJ7thel'aafter. 
All of these events W81"8 suooeBS'•JJy resol'V9d., WIU&U1' with eleotwve1'8lon. 

~- None of the 1181'1oua med1o&1 eventll tb.M were woota.ted wJth ibut:tHde UH 
' resulted In patient death. 

All OPWp'Jntnd pb••: UJDI !djudtM Cun'ndtpg J!lHl) 

There ·were ts88 p&tl.enta who reoe1vetf ibutilide In 1 of the ts oompleted 
studiea with 158% ha.vlng reoeived the hlcheat ~oaa (>1.Bts mg), 85% having . 
reoeived mid dona (between 0.7ts and 1.Bts mg), a.nd 13% having reoeiwd the 
lvwest doses {< 0.75 mg). The moat reoeu\ aa.fety upd&M added 211 ibutw.de 
patients from protocol 0019 to the d&\& base. No additional plaoebo patients 
were&dded. 

Tre•tJppt •morpnt sipa p.pd symptom• 

bequBD.oy by bod,y SJlstflm 

The table below displays the number and percent of med.teal events by 
body system a.nd by dose group for all p11otie11ts who received either placebo or 
J.butilidA. 

14. 
Maryann Gordon, MD 
Sept 8, 1995; NDA#2049l 



;..·-

Treatment eme-nt medical events bv bodv m 
Pla.oebo Ibut Ibut Ibut Alllbut 

<0.75mg ~0.75mg, > 1.25mg 
Body~+ < 1.25 Jrcr 

n•12'7 n-76 n•8030 n•307" n•ii86 

n " n " n " D " D " . 
~.?' • '1.t 18 1'1.t .. .. .. 81 ... ~ 141 14.9 
'Whole 'Rivi .. 19 lfi.O 10 18.8 18 G.9 88 9.1 GO 8.15 

~'VO Ill '7.1 - - 8 1.0 Ul 6.8 18 ...&1 
MehmUo& 
Nu\rltloDal a a.-& 1 1.3 6 8.6 11 8.-& 17 8.9 
.. 

'i 15.6 2 2.8 8 1.11 fl! J.9- 18 8.'1 ~ 

Nervous :; 2.4 1 1.l's s 1.6 11 8.-& 16 8.8 
Uro-•taJ s 8.-& - - 8 1.IS 9 2.9 12 8.0 
Skin 1 0.8 - - 2 1.0 " 1.S 6 1.0 
Hemio & T hatlo - - - - 8 1.0 3 1.0 5 0.8 

aJ. . - - - - 1 01< • O<l R n" . 
+musoulo-ekeletal 81IRem was omlttecl beoa.Use 1t was abeenl from study 0019. 
@ 108 patients from tbutlll.de 1 mg group, protoool 0019 were added 
" 109 patients trom ibut1lide 2 uig gt0up, protoool 0019 were &d.ded 
(bom table A·:IS bllormatlOJJ 1UDBDdm1JDt 01:1 &ad vol 8 mztU' report for protoool 00:19 t&ble P.4) 

The greatest number of medical events occurred in the cardiovascular 
system. a.nd the all ibutilide group had a. 3.5 times grea.ter ta.te of these events 
compared to pla.cebo. The mid and high dosa ibutilide groups ha.cl event ra.tes 
tha.t were higher than the low dose group but were ::;im!le.r to one another. The 
event ra.tes for thfl other body systems were shrilar for the ibutilide a.nd 
placebo patients with one exception (whole body). 

frequency within body systems 

ThA table below shows the medica.J. events within boay systems tha.t 
occurred a.t lea.st L2% in the all ibutilide group Btrul occurred more frequently 
than in th..:. placebo group. 
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Trea.tment eme nt medica.l events within body 

placebo !but 0.759.but lbut.">1.115 
<0.715n!g ~1.115mg mg 11•187 11-78 11"203 11-107 

- .. - .. - . . - ~ - .. 
•

1 "11Q•lole 
ventduular+ 1 0.8 • a.e 11 11.9 17 II.II .. 
~ 
moaomorphlo 1 0.8 1 1.8 10 u 18 11.8 
VT 
- - .. 8.1 8 8.9 8 1.11 111 •.& 

llODWldallllld . 
~ 0 0 8 8.9 8 8.0 7 1.8 
VT ... 1 0.8 .. 15.ll 8 a.o 8 8.0 

hvnntenslon" 8 1.8 8 11.8 II 1.0 8 8.6 

n&dll9& 1 0.8 0 0 1 0.15 10 0.3 

... v 1 na 1 ' !I I! 1 n 8 DA 

bWldle branoh 0 0 0 0 IS 8.15 6 11.0 ... ~ .. 
lllLNbled 
~]1morpblo 0 0 1 1.3 .. 11.0 IS 1.8 

. . n n n n ! n" R 2.n 

QT segment 0 0 0 0 3 1.11 • 1.3 

I nR 0 n 1 n " 8 on 
-+ Includes extr&ssatole ve11trloule.r a.nd ~1e ventrloular b\geJD1ny 

++lnoladea lliru tao~ 1111prave11trloul&r tachycardia, and taohyoardia 
" Includes h• ,iotenslo11 and postural bJpotanslon 

m 

all lbutlllcle 
11•1188 

- .. 
81 15JI 

1111·· 4.9 

81 8.8 

18 8.'I 

18 8.7 

111 . 8.0 

11 1.9 

" ' 0 

11 1.9 

10 1.7 

., ! '.! 

7 1.1! 

7 I 0 

""includes r )mplete, flrllt a<id seoond degree, heart block. a.nd P.R aegnent prolongation 
#includes J.nus bradyoan!Ja and b~ NOS 
from rt1vf 1od table A·J.3, ilJformatton &mtllldmBnt OJ. J. and vol 8 of studJ' report 001.9 tllble P.5 

.JI .ot unexpectedly, the list of medical events is dominated by oa.rdiac 
rbyt'" .... ~ and rate disturbs.noes. For ventricular em&systole, the most oommon 
event seen with ibutilide use, the rate for ibutilide was 7 times the rate for 
pl11.oebo. The taohya.rrhythmia.s also were much more common compared to 
pla.cebo. When nonsustained monomorphic VT, sustained and nonsustained 
polymorph·ic VT, sinus tachycardia., sup::<tventricular tachycardia, and 
ta.chycardit.-. a.re combined, the rate !or all ibutilide patients is 12.1% (71/586) 
which is 8 times the rate for placebo patients (1.6%, 2/127). 

~T.'hiJe there were fewer events with the lowest ibutilide doses, the mid 
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a.nd high doses tended to produced sfmila.r event rates. 
All complet@dttemrlru!.f;ed ?bye uau studies 

The table below disp• the medical events f;baf; ha.ve a frequency of 
more than 1 % in the all ibutillde group Jmd. ocourred more often in the 
ibuttlide than in the plaoebo poup. This inoludea all oompleted (protocols 
0008, 0005, 0007, 0018, 0014, 0015, a.nd 0019) 11.D.d &11 termtnated (protoools 
0004, n•B, a.nd 0018, na2) Phase IIfI!1. studies. 

Treatment eme nt m.edi11)&). eventa 

~bo 
11•189 

all ib11U11de 
D.'"879 

.. - -· ., 
~lea 
ventr!Oula.r + 1 0.7 lit 4.6 

llODBWltained 
monomomhic VT 1 0.7 31 4.6 

headache 4 2.9 27 4.0 

llOD8U8tained 
.;c)t;;;;;"o ..... hlc vr 0 0 18 2.7 

"--tension++ 2 1.4 16 2.4 

tao" a 1 0.7 14 2.1 

ohest"aill - ~-
2 1.4 1" 2.1 

bundle branch block 0 0 13 1.9 

nausea 2 1.4 13 1.9 

susta.tned 0 0 12 1.8 "o'-o-hic VT 
. 

A·V block+++ 1 0.7 12 1.8 

looallzed ra.ln 1 0.7 !I 1.3 

QT se-ent nrolon.,.ed 0 0 8 1.2 

at~al fibrillati-n# - - 7 1.0 

'-·-ertension 0 0 7 1.0 

brad·-ardia_ 1 0.7 ? 1.0 

"M"itations t 0.7 7 1.0 

+extrasystoles Vf"'. .la.r includes extrasystoles ventricular bigomlny 
++hypotension 1110;..iJes postural hypotension 
+++lnoludes oomple~e. first and second degree, heart block. an~ P·R sef<'!llent prolongation 
#atrial fibrillation was considered a. medica.l event only in protocols 0007. 0013, a.r.d 0019. 
from inlormationai llJD.endment 020 submitted March 13, 1995 and Vol. B of atud,y mport 0019, table P.5 
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VenUioul&r ~le, nonswrta.tned monomorphi<' vr, nonsuata.tned 
a.nd llU8ta.tned poqmorphio vr were ait\ong the mo8' frequently reported 
meclioa.l evente for patt.ems who received ibuWide. These events ooour.red 
rarely, if &t all, in the placebo poup. 

There wu 1 death in the 8'19 patlenm nndomtad to 1but014e in a 
oompletecl oriermtnpt;e4Pbaae11/III trJaJ. This death (pmtooo10019, 
#1489'!100&), at\r1butecl to aepUo shook ~Ung ffom pn&umonta, ooour.red 
20 da,11 after paUmlt l'eOeiwd lbut'"de and It; was not aaaoo1af;e4 with tb1rttHd.e 
use. In adc!.UICm, there was 1 dee.th In the plnoebo group and 2 dea-ths in the 
sotalol group. No deaths bava ooourred.in a.n;v of the S ongoing trla1s 
(protocols Ov1'7, 0020, a.nd 0021). 

The table below displays the number a.nd percent of medical events, 
reported aa serious, tba.t oooUlT8d In at least 2 study pa.tients. Note: the 
'9er1oua events that 000U1Ted in only 1 ibuWide p&tlent and no plaoebo 
patients lnolude: lnfeotion. AV blook, oongestl.ve heart failure, pulmonary 
embolism, ez:tra.Qak>le ventricular, sinus a.rrhythm.1a, nausea, dtmziness, 
dia.phoretio, a.ngJna, a.rrbytb.mia. nodaJ. ECG abnormality not otherwise 
specified, endooa.rditi'1, va.sova.ga.l reaction, and dyspnea. 
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Serious medical events 

·-
~\<' allib.de n• 

D " D " .,.Hdousevam 8 L4 84 1.0 

-.,. CllRdlovu. 1 0.4 80 '·' 
IUtltlaDecl poJ:morphio Vl' 0 0 :18 1.8 

~ 0 D 15 0.7 

~ 0 0 3 0.4 

aum1ined mo.110morp:ilo VT 0 0 8 o.a 
llODll'lllWnad monomorphlo VT 0 0 8 0.3 

CVA 1 0.8 1 0.1 

acute kidney failure 0 0 8 0.3 

f1J:f 88 "'J/:I J!Jtzm'"'Oll amtmdmtmt 040 2llblB .A.S8 .A. aad TIDJ 8 of Jnforma.tiOll J&mBDdmcmt 040 

Thora were ·84 serious events reported tor the ibutilide group (5.0%) 
oompa.red to 2 events fOr the pla.oebo group (1.4%). The Jlla.jority of e~ts were 
rela.ted to the oardiova.soula.r QStem. There were 2 oases of a.cute renal failure 
in patients who received ibutilide. The 2 events reported tor the placebo group 
were cerebral vascular accident and respiratory failure. 

The most frequent serious medical events reported for ibutilide patients 
were sustained a.nd non sustained polymorphic vr (1.8 a.nd 0.7%, respectively). 
These events were not reported for a.ny of the 139 placebo patients. 

Regarding the 2 reports of acute renal fa.ilure for the ibutilide group, 1 
patient (protocol 0015 p&i.ient #1031) had undergone heart oathaterfnl.tion and 
the ren&l failure was attributed to contra.st ~oe. The other patient (protocol 
0015 #1061) became bypotensive (90/50 mm Hg) after 4 hours after receiving 
ibutilidt. and remained hypotensive for abou.t 24 hours. The increase in serum 
crea.tinine and BUN were attribut.ed to a pre·rena.l cause. Other serious 
medical events were rare. 

Ventricular tachycrudia, 

The tabie below shows the number and percent of ibutilide piii.ients who 
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. developed ventricular ta.obyaardia. tha.t was reported as a. medioaJ event 
I 

Ventricular • • --

placebo llll ibutWde 
n•189 n'"8'79 

D " D " 
~VT 

.-11ned 0 0 18 1.8 

-~ 0 0 18 8.7 

monomozplllo VT 

.-.1aed 0 0 G 0.7 -
DODIJU8talDed 1 o.7 B1 4.6 

+83 pal.tent. had ll4 events l~ :...Uent had both llWltatnecl and DODllUSta.ined polymorphic VT) . 
.&om revised ""'1BA·.t8, iDformatlOZJ a:mtuJdmmtOJ.t audameudmmt040lab/BA18.B 

Nonsustatned monom~rphio VT was the most frequently reported. of 
these events for the ibutilide patients (81 patients, 4.6%) e.n:i. this was 6.6 times 
grea.terth&n wha.t was reported for pla.oebo (1pa.tiunt,0.7%). 

·, . Of the 679 ibutilide psGients, 12 pa.Uents (1.8%) e:zpezienced susta.ined 
1 polymorphic VT a.nd 18 (2.7%) experienced nonsusta.ined pocymorphic VT. No 

pla.oebo patient experienoed polymorphic VT. 

The breakdown, by gender, of monomorph.i.o a.nd polymorphic, sustained 
a.nd nonsusta.ined VT for the 679 ibutillde pa.tionts is a.s follows: 
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Gender distribution of monomorphic a.nd polymorphic vr 
&11 ibutllide patients 

event.a 
&11 ibmllicle psUellill 

Po),ym.orplllo Monomorpb1o _To&a.l 

autamed non .8Wll;abled non 8U8tabled. ~·n.on 

91.18tabled lllUltlSsied llU8tabled 

n " n " n " II. % 11 % D " 
male 

Cn•Mln 8+ 1.5 11 2.1 5+ O.& 20 s.s 12+ 2.8 31 5.8 

female 
tn•1471 4++ 2.7 7++ 4.8 0 () 11 7.5 4 2.7 18 Ul.2 

Total 11+ 1.8 18 2.7 5+ 0.7 81 4.6 111+ 2.4 49 7.2 tn•679l 
+one male pa.tl.ent with llUBta.bled po~ozpblo &11.d monom.>rphio VT 
++two female patient.a with aust.a.tned and nonsustalned polymorphic vr 
&om far BBllt 8-J!fi.95 

Although there was a. trend for more of these events to occur in fem.a.lea, 
, . .. . when a. logistic regression ~ wa.s performed with th~ model to include 

sez, total dose, a.nd sex by total dose as prediotlve of the oocurrence of · 
proa.rrbythmla.. the sex by total dose intera.ction was not signifioa.nt (p=0.38) 
(frt>m J&r BBDt 8-J!t95). 

c. Ongoing trials 
. 

There are 3 ongoingtria.lswith ibutilide: p1otocols 0017, 0020, and 002. 
The following ta.ble displays discontinuations for medical events, episodes of 
serious a.nd non serious VT, and other serious medical events for a.11 patients 
enrolled a.s of March 31, 1995. No deaths ha.ve been reported. in a.ny of these 
trials. 
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. 
trials ( 

no. of 
patten ts: dlac'd due to 

completed"/ medical event nonaerloua other serious 
protocol# planned VT aeriousVT 8"'9Dta 

0017 1150/300 1 1 0 3 

0080 1'71/240 8 12 6 4 

0021 61/120 1 0 0 2 

"aa of Ma.rob, 31-911 
.&om bJ/orm&tio.a amtmdmenl 040 J'#JffB 3'1' 

Protocol 0017 is a. double blind, ra.ndomized, pla.oebo controlleci. trl.a.l in 
patients who developed atrla.l fibrillation or atrial flutter after undergoing 
CABG or cardiac valve surge:ry. Doses of ibutilide a.re 1 mg, 0.5 mg, ....nd 0.25 mg 
infused over 10 minutes. A second identioa.l dose is given to nonreaponders. 
There was one patient who discontinued for chest pain and dyspnea. The 3 
patients with other serious medica.l events include a) a.systole 24 hours a.fter 
recGiving study drug (diagnosed with sick sinus syndrome), b) recurrent a.trial 
fibrillation requiring hospitaJiza.tion, and c) oa.rdiac s.rrest occurred about 16 
hours a.fter study drug infusion a.nd while pa.tient wa.s raceiving quinaglute. 

Protoe<.:il 0020 is a. double blind, randomized, placebo controlled tria.l in 
patients with atria.I fibrillation or a.trial flutter. Dose is 1 mg infused over 10 
minutes with a.n identica.l dose given to nonresponders. There are 7 
discontinuations for medica.l events: a.symptomatic prolongation of QT interva.l 
(1), susta.ined polymorphic VT (3) with one that degenerated into ventricula.r 
fibrillation, nonsusta.ined polymorphic VT (2), oa.rdiac a.rrest following 
susta.ined polymorphic VT that occurred during study drug infusion(1). There 
a.re 6 patients who experienced serious ventricular tachyoa.rdia. including 
susta.ined polymorphic VT (5) a.nd austa.ined.monomorphic VT (1). The 4 other 
seri~t:.i:o medioa.l events were pulmonary edema., AV block, stroke, a.nd cardia.o 
arrest (lea.ding to srudy drug discontinuatio1.1). 

P;otocol 0021 is a. double blind, ra.ndomized, procaina.mide controlled 
trial. Dose of ibutilide is 1 or 2 10-minute infusions of 1 mg. There is one study 
drug discontinuation for hypotension, and tho 2 serious medical events a.re 
acute delirium (history of mu!.tiple infarct dementia.) and an unwitnessed 
near-' yncopa.l episode occurring 2 days after study drug tu.fusion. 
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Summary of Safety Evaluation 

Ibutlliue, a. olaas m a.ntia.rrhythmic, acts by incn!!Jlfng an inW&l'd 
depolarbdng aod1um current which, in turn, prolonp the duration of the 
aotton potential of the '*1a.1 a.nc:l ventrioula.r ~· IbuUllde i8 being 
developed for the a.ou•' ~of atr!&l ~utter and 8*r1a.l flbrWa&f.on. The 
drug Is to 1'e adm1n1atered b7 ab.mt ter:m.1nfuskm. 

The struoture r,f ibutllide tuma.ra.te :ls as follows: 

• 0.6 CH-COOH 
coOHiH 

The Phase I program. OODS:lsted of 4 tr1als with a. total of SS ibut!Ude 
subjects. The Phase II/III program OOD8:lsted of 4 gnmpleted trials ca pla.oebo 
controlled, 2 open la.bel). 2 llQOlltly oom:glot;ed trl&la (1 pla.oebo controlled, 1 
open label), 4 onmtn& trials (2 pla.oebo controlled, 2 11.otl.ve coutrol), a.nd 2 

'"'''"' ~(both open la.bel). The number of p&tienfifl evaluated for 
I oompr ... te sa.fety (including laboratory a.nalJaes) :ls 876 for ibutllide and 127 for 

pla.oebo. The total number of patients evaluated for medioa.l nents um serious 
sa.fety is 466 ''•)~ !.!>utllide and 189 for pla.oebo. An a.ddiU.onal 425 patients ha.ve 
been enroll~..:. ir. 1 of the 4 ongoing (a.nd blinded) studies a.nd a.re discussed 
only in the "Ongoing Pl->tocols" section. [The sa.fety addendum added 211 
pa.U.e1:.~ for a. total of 676 pa.tients who reoeiveli ioutllide 1n a. completed Phase 
II/II:t study.] 

The doses used in the dose-response trial 0014 ra.oged from 0.005 to 0.02 
mg/kg infused over 10 minutes. All ibutW.de pa.tients 1n the other pi"VOta.l tria.1 
(0016) received 1 mg infused over 10 minutes a.nrl a. second infusion, if 
necessary, of either 1 or 0.5 mg &lso infused over 10 minutes. Patients 
weighing less than flO kg received doses of 0.01 or 0.005 mg/kg. 

In normal volunteers and patients, ibutilide administered by infusion 
over 10 minutes was found to prolong the QTo interval. Tb.is prolongation was 
directly rela.ted to dose with lower doses (less tha.n 0.003 mg/kg) increasiug 
the QTo by a.bout 20-30 msec a.nd higher doses {up to 0.03 mg/kg} increasing it 
up to 172 mseo. 't"'he ma.ximum change from baseline occurred within 30 
minutes a.fter the sta.rt of dosing and lasted up to 3 hours for the lower-Ooses 
a.nd up to 6 hours for the higher doses. 

Maryann Gordon, MO 
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Dur1Da the oHntO&l triaJa, there was little cilftoreT.i.oe between the number 
of p&tienta repontng medtoal &vents in the placebo group oompa.red to the 
lbuttlide group tor &ll body~ except oa.rdiovuoula.r. For this Qatem. 
22.9% of the ibu*'"de pattent. u:perlenoed a. medioal evsnt (p.lim&rJ4r a.n 
a.rr~ evem) wb1oh wu mon than three ttme• the rate aper1enQeCf bJ' 
the plaoebo poup (7.1%): Imvw 1buttlicle doaee tended to reau1t 1n tewisr 
l'8p01'ted evem.. 

The man oommon loft'bJtbm1a. HnJred to 1buUllde ue lnoluaid 
~ aAWi•tolea uu:l nomustatned and autatuecl poJp:torphio and 
monemorpbio veutdoula.r ~~-The onrall rate ot IRl8&at.u.ed ~n 1n 
p&tlenta Who zeoelved 1buf;lllde wu 8.2% (115/48&) oompared to O __.Wllo 
reoe1ved placebo. Thne pa&tenta depnera.t8d into~ flbrillat:lon and 
eleotrovera1on wu requb:'ed 1n &11115 oaaes. 

The majority of the V'1' events ooourred either during or !Jb.(\rtly after the 
ibuttlide :Infusion. Howev81', there were patients who had episodes of 
po4'morpb.1o V'1' up to 8 houra and episodes of monomorphio VT up to 11 
hours after the 1nfus1on. There was one report of SUBta.ined monomorphic VT 
occurring 2 dap a.flier the nudy and at the time the patient was sta.rttng 
quinldine. The doses ttat provoked V'1' were as low a.a 0.484 mg. · 

While there was no differeDOe in QTc tnterva.1 prolonptlon between 
men a.nd women, women ezperienoed VT more frequen~ than men. The 
overall rates for the 77 women a.nd 888 men who received ibuttlicle were ?S.4% 
and 2.8% for susta.tned V'I', respectively, a11d 16.~% a.n.d 5.2% for nonsustatned 
VT, roapeotively. 

The only death reported during the clinicu.l development occurred in a 
placebo patient. Serious adverse events other than oa.rdiao arrb,ythm18JI 
repolted in the clinic&l trials de not seem to be related to tbutilide f.Uld there is 
no evidence that 1but111de alters laboratoey values. A retrospective 
exa.mtnatlon of safety data. reviewed up to 3 months after treatment produced 
no convincing evidence that there a.re long term rls:.:.i to patients who received 
short term infusion(s) of ibut111de. 

:'1e safety addendum a.dded 211 patlents (protocol 0019) for a total of 
676 patients who received ibutilide in a completed Phaoe II/IU clinioa.l f;rial. 
Ventricular extra.systole (4.6%), nonsustained mcnomorphic VT (4.6%), 
nonsustained and 1:msta.1ned polymorphic VT (2.7% and 1.8%, respectively) were 
among the most frequently reported 1Ledical events for the a.11 ibutilide 
patients. These events occurred rarely, if at all, in the 139 pla.oebo patient.~. 

In oonclusion, the safety reported for ibutilide, in the patient population 
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numbering lw than 880, iS ooul8tent from study to study and le 11mitec:l to 
the oard1ovucul&r .,nem. While &11oas•of1buUlide-1Dduoed ventrioul&r 
azzb:)'thmiAweN auooeafl11Jy ~d WI.th DC shook. tb1a Will not Ukeq be 
the caae with wider wie. The drug bu a :D&l"1'0W thempeuUo window. 

LP.11Uel'll'lal8 

a. Da.im:lptlcm• ofblaJlt 

. The 4 Pbw I poiooolJI are nfaned to u 0001, 0008, 0018, and 0088. A 
brief deaorlplilon ot ea.oh lltUq, ihe dOH(e) ot lbufilUde Uld. ihe lenatb of 
ID1'wl1oll. number ot nbjeo'8 per poup, b'meau ap and ra:np, the number 
ot wbjeota In each ...... and the 1\1DDber ot nbjeotll in ... ma.tn et;bnlo 
groups a.re ahown below. Prcnoool 0001 iS liated twice beo&wle H Incorporated 
2 dlfferellt iDfuslon dmatlo111t: 1o-mtnute and 8-hour. 
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ProtOOOl Treatment/ 
No.of 

Ace (J'): ~ No. Stud¥ Demlp and Dc>9ed 
DeHdptlon ldlthof Subjeottl/ Moan 

lufaa1ou. 'lroan (Bl.ap) W/B/O 

0001 ~double- Pla.aebo 8 80 41/0 
b1IDd. plwbo- 0,001 ..,_ 8 
oomroDecl. parallel o.ool Dlc/llS 8 (18-48) 88Jf''8 
(l'IOUp. daH, ll'N'M'ns, Q.01DJfllkS 8 
toleraDoe, Pit PD nuclor O.OSDJfllkS 8 -·· 
Ill hettlqr, male (iOmln 
wlunwen .. mfmdcml 

0001 Binlle-daee. double- Pla.aebo 10 . 85 89/0 
b1IDd. pl&oebo- 0.0111111'Jqr 6 
OODtrolled. parallel 0.03mafkg 6 (18-50) 88/1/1 
a;roup, d.oa• •oal•*'dl~ 0.06msflqJ 8 
tolenlloe, i'A, PD ltUdy 0.10mwq 8 
ID hfJ&lthy, male (8-br iDtu81.on) 
wlunteem 

. 

0008 S1Jl&'le-doae, ~ 0.01 mg/]rg 6 32 6/0 
oroaaover, PK, PD study ibuWide, (+), (-) 
of lbuWide a.nd Us eua.nt;tomera (22-50) 4/1/1 
e11&nt;lom81"8 ID healthy, (10ombl 
ma.le wlun"9:8 mfwdon wi\b. 

1-wk Wlllhoutl 

0016 Otsen·l&bel metabolism/ Al>oui 0.8 mg 6 45 6/0 
exoret;ton study of oontatntng 
l"OJlbutWde in healthy, 25 1101 (10-min (37-49) 6/0/0 
ma.le vol\m'8enl lnfusl.onl 

0022 Single-dose, open·label 0.01 mg/lqJ 1t' 65 8/8 
PK. PD smdy ID beau~ (10-Dlin 
male and ferua.le lnfuslon) . (53-72) 16/0/0 
v . 

' .trom vo11.5B, 08/01/438 

All studies were single dose and infusions were given for 10 minutes (or 
8 hours, }}rotocol 0001). The doses ranged from 0.001 to 0.1 mg/kg. Total 
number of subjects in the Phase I program was 88 on ibutilide a.nd 19 on 
placebo. The mean ages we•-e 25-45 yee.rs except in protocol 0022 which 
evaluated older subjects. Protocol 0022 was also the only Phase I study to 
include females. The majori~ of subjects in all of the Phase I protocols were 
white. 
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b. Medical events 

'!'here were few reports of medlcal events in the Phase I studies. 
Only headache fJ subjects) and back pa.in (3 subjects) were reported by more 
than 2 ibutiltde subjects in the dose tolera.ncetrial 0001(10.minute infusion). 
The subjects in the 8·hour infusion phase of triaJ. 0001 ha.d more nausea. 
comps.red to the subjects who received the 10-minnte n.fusion (4 subJects 
comj;:.a.red to 1). There WC!re no differences in the med.ioal events reported by 
subjects who rec1. • vad either the ( +) or the (-) ena.ntiomer com pa.red to 
ibutilide. (Data.tlnm TableA-t, vol t.53, 08fOJV1~16) 

. There were no des.tbs, dropouts for medioal events, or other serious 
sa.fety in Phase I studies with the infusion. However, with the dJsconttnned I 
oral tablet formulation, one normal volunteer experienced polymorphic 
ventrioula.r tacbyca.rd.ia. one hour a.ftel' receiving 75 mg of ibutilide. The mean 
QTo interval wa.s prolonged approximately 24% with 50 mg to 75 mg doses of 
the oral formula.tion. 

c. QTc interval prolongation 

QT interva.l prolongatton was measured by averaging 2~ QT intervals 
using a signa.1-a.vera.ged ECG device (Cora.zanies Predictor I). Rate- corrected 
QT intervals (QTo) were oalcula.ted from the QT inte~l divided by the squa.re­
root of the RR interva.1. 

10-minute infusions 

Protocol 0001 explored the effect on the QTc interval of doses 0.001, 
0.003, 0.01 and 0.03 mg/kg infused over 10 minutes. While placebo had no 
consistent effect, ibutilide increased the interval from baseline in a dose­
response manner. This JD.Crease was evident soon after the Sta.rt Of the 
infnsi~n. The two lower doses (0.001 and 0.003 mg/kg) increased the interval 
by a.bout 20-30 m.sec. For these doses, the greatest change from baseline was 
seen at 0.5 hours after sta.rt of dosing. 

The table below shows the mean QTc interval and the mean change from 
baseline tor the two higher doses of ibutilide. 
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Mean QTo interval and Mean Change from Baseline 

·• 

Mea.n QTo !. SD Mean QTo (mseo) 

Time, 
(mseo) ohmge from baseline@ 

hr 
0.01 - + 'l.08 - + 0.01 - 0.03 -

O.fi 477 1570 74 172 

1 450 fi15 46 117 

e 442 491 39 93 
. 

s 424 451 21 53 

4 415 435 11 37 

6 416 446 12 48 

8 428 420 !>.4 22 

10 41:11 408 17 6 

12 411 421 6 23 

!>.4 41!<1 401 1n 3 
@baseline for the purposes of \bis ta.ble ts the hr ·1 recording 
+0.6 mg 1n 60 Jig adult 
++1.8mg1D 60 kg adult 
dstafrom 7WlleA~ vol 1.53, Ofl/ORISO 

,.+ 

' 

For the two higher doses, the greatest mean changes from ba.seJine for 
both doses occurred 0.5 hr after the start of the infusion and were 74 msec and 
172 msec for the 0.01 and 0.03 mg/kg doses, respectively. The 0.03 mg/kg dose 
increased the QTc by a.bout 43% above baseline. The QTc interval 
prolonga.tions for 0.01 mg/kg a.nd 0.03 mg/kg doses returned to nea..l' baseline 
levels by a.pproxima.tely 3 and 8 hours, respectively. 
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The figure below ::ihows the mean change from ba.s~line for all doses infused 
for 10 minutes. 
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figure 8.G-1.&om vol 1.52, 08/01/437 

8-hour infusions 

In protocol 0001, infusions of ibutllide were also given for 8 hours. 
[Appa.rentJY, the sponsor was evaluating ibutllide for the uae in ventriowar 
a.rrhythmias.] The figure below cUsplayB the mean QTo oha.nge from baseline 
for aJl dose groups infused for 8 hours. 

111 

I ... 

1
111 

.... 
I 11 

I .. 
I :~~~ff.Jr'r::.:::.~==::;~~ 

• .. .. .. 
/i[jl1F6 8.G-2, vol 1.52. 08/01/488 

As expected, there were large increases from baseline in the QTc 
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interval a.nd these increases were dose rela.ted. Although the interva.ls started 
to return to baseline within 15 minutes after the infusion was termsna.ted, 
there was still signifioa.nt p1<olonga.tion with the b.itJhest dose for an additional 
6 hours (dats .tram Table.AB. vol 1.53, ~). 

Eng.nttomem 

The effects of ibutllide a.n.d its ena.nt1omers (U-82208E a.nd U-8S2009E) on 
the QTc illterve.l were evaluated in protocol 0008, a. cross-over study ustng 0.01 
mgfk:g doses infused for 10 minutes. The figure below displap die mean 
oh&nge from baseline for the pa.rent compound and the ena.ntlom61'B. 

'" 
I ... 
I •• --too ...... ---·' ... ,. r•••· 
I ft 

t .. 
• I • ... ,___ __ .___....._ _ __. __ ...._ _ __, 

• I IO .. ,,...,_ 

Ligure 8.G-3, Vol 1.5JJ, 08/01/#99 

There were larger !.noreases from ba.seu.lle in the QTo intervals with the 
U-82208E [(+)ena.ntiomer) compare~ to the U-82209E [(·) eua.ntiomer]. tbutllide 
was roughly additive for the 2 ena.ntiomcrs . ·.ua from 7hb.le AS, vol 1.63, 08/0P/1!3-B4J. 

Gender 

The mean changes from baseline in QTc intervals for older men a.nd 
older women were evaluated in Protocol 0022 using a. single dose of 0.01 
mg/kg infused over 10 min. The average baseline QTc values for males a.nd 
females were 409 a.nd 422 msec, :respectively. 

Maryann Gordon, MD 
Se.pt 8, 1995; NDA#2049l 



·----___ _. __ ....._ _ _. 
I I W II • • --

t/g?u'8 B.G-4 W)] 1.68, 08/01/HO 

Tb' fnorea.ses in the QTc intervals a.n.d the dura.tion of the .lnereases 
we:re sJmU~ for m&.les a.nd females. However, there was a. !lluoh gr.,ater 
propensity for fem.a.le pa.t!ents to develop polymorphic ventr!mtlar tacbyoa.rdia. 
(VT) in the Phase II/III studies. 

IL Phase D.fD1. Trials 

a. Desoript!on of trials 

There a.re 10 Phase II/Ill protocols that a.re either ooQUllefjed prior to 
NI2A submission (protocolf J014, 0015, 0003, 0005), regently gom.pleted (a.ft.er 
NDA submission) a.nd a.va.ila.ble for the Safety Upda.te (protocols 0007, 0013), 
on1mi:Q&' (protoools 0017, 0019, 020, e.nd 021), or teDJlipat,ed (protocols .0004, 
a.nd 0018). A brief description of each study, the dose(s) of ibufilide u88d., the 
length of infusion, number of subjects per group, the mean age a.nd range, a.nd 
tb.a number of subjects in ea.oh gender a.nd the number oz subjects in the ma.in 
ethnic gTOups a.t'6 shown below. 
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Protocol 
No. Study Deaip and 

Description 
Treatment/ 

Regimen 
No. of A1S9 fl'): 

Patlenis Mean 
(B&np) 

Nl./F 

W/B/O 
; - ' ~ -.,c- ..... -- -~ 

' .. I ' .,,, 1 • '< ' - . •. i ,,. r' ' ' ~-·I. , .... _ .. 
0014 l\6nltfoemer, clou1Jle.bllnd. Placebo 41 84 180/20 

plaoebo-oontrolled, 0.005mglkg 41 
randombled, dose-response, 0.010 mg/kg 

0.015mg/kg 
40 (BIS-82) 1@/65/8 

p~o. 88 -· 
pharmac)o)dneUo. satei;y, a.nd 0.025mg/kg 40 
eUloaay amct,y in pl6tlenta wW1 (10-min infusion) 
atrial flUUer or atlia1 
fibrillat1on • 

0015 Multtoenter. double-blind. Plaoebo - Placebo 86 67 218/53 '; 
plaoebo-controlled, 1.0 mg - 0.5 mg 86 
randomized, repea.t-doso, 1.0 mg - 1.0 mg 94 (29-90) 222/40/4 
safety, eftloaoy, 
pha.tma.ooklnetio, mid (two10-m1n 
pharmaoodynamio study in iDfusions over 
patientil with atrJ&l fl.utter or SO min) 
&tr1al fibrillation 

oos Multl.osnter, open-label, dose- Placebo 17 65 
finding study in patients w:!th 0.005mglkg 17 
susta.lned a.trl.aJ. flutter 0.01 mg/kg 13 (25-81) 

0.02mglkg . 9 
(10-mtn infusions, . 

5 m1n between (17 total) 
lnfustonsl 

0005 Multioenter, open-h.bal, dcse- f'lallebo 19 64 
finding study in patients with 0.005mg/kg 19 
susta.ined atrial fibrillation 0.01 mg/kg 14 (39-78) 

0.02mg{gg 11 
(10-min infusions, 
· 5 min between (19 total) 

infusions' 
from vol 1.52, 08/0t/442 

There are 4 completed Phase II/III studies evaluating ibutilide in the 
target patient population. Protocols 0014 a.nd 0015, both placebo controlled, 
a.re the main effi.caoy studies. Protocol 0003 is an open la.bel study in patients 
with a.trial flutter and protocol 0005 is an open label study in patients with 
attial fibrillation. 

12-
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Protocol No. 

0007 MulitoenHlr, doublH>llnd. 

=~ l'Ul~plaoel>& . 
~<199~ 1111bmisa1on) ~In pM!ents 
lnwillve eleotrop~olOgf.o 
stud¥ 

0018 Mulitoeutw, ~~ 
completed t:==Vwc:n'!study aftei'NDA 

subm•mon) ~ 1Mnz11?"7namtoany. 
Btable veilttlouJar 
tlt'.ll$08.t'd1i. und~ 
hv ·a79 eledzopbjal Ogto 
&tlw\ ·; 

0017 l\!ulUoenter, da~~ble-bllnd, 
plaoebo-oontroUt.1, puallel 
group, random!~ dose-
l'elirJ?OllH, =~ ~. 
p~~ • .,:<oand p study in 
~ 01' OOl'Ol'lal'J' 

enta 

0019 MulUoenter,do~ 
~~up, random'sed. 

n wrg, and em=z ll_tud1' of l utl.llde or 
~ ol 1.n pa.tionVI with 

f1utter or a.trial 
fibrJllatlon 

Double-blind, pll.rallel ycup, 
ra.nd~ weg, an 
effloaoy stu of i utilide 

021 Double-blind. parall~~ 
randomlzed. oom :ve ety = shld,Y of ibt.tillde or 

de U. ~.,n-..., with 
atrial flutter or atnal tlbrillation 

Troatm.ent/ 
Regimen 

Plaoebo - Pia.oebo 
0.31 - 0.002 mi'/!Eg o. -0.004~ 
0.08 - 0.006 mi/Iii 

(1().mfn loading 
doae-80-mhi 

zmdDtellUI close 

0.005 - 0.001 

0.01--m&'Jlg 
0.02 - f'l.004 mg/kg 

Placebo - Placebo 
0.25 - 0.25 mg 
0.5-0.Smg 
1.0-1.0mg 

(two 10-mln 
lnlwd.ons over 

somtn: -de: 10-mln 0nof1 orl! 

QA "m°1: lO-min 
on of i.5 

Plaoebc-Plaoabo 
1-img 

~ptotwoiO-
uta intusions 

over SO min 

ibuWidebsee 
protocol 20) 

OR 
prooalna.mide up to 3 
10-mln tntusi<.ns of 

400 mg ea.ob ovar 30 
ml 

No.of 
Patt .. nts 

11 
12 
12 
8 

BO 
20 
15 

800/55 

300/26 

240/97 

120/20 

57 

(Ill-ea) 

65 

(4"'83) 

NA. 

NA 

NA 

NA 

IJ-
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U/811 

47/8 

fJ'll3/0 .. 

NA 

NA 

NA 

NA 



, . 
>' 

0004 Open·labetl. dolil~ 
eQid1' tn pauentll undergoSng 
eleoh'ophJ&iologlo study 

·-0018 OpeD..Jahel, ~ pllot 
eQid1' In l)"U'mts wtib 
p&l.'CllQlllD&1 *1111 
·~ 

0.005mB/k6 
0.01 mg/Jrg 
0.08mg/Jrg 

(1Q.min tntuslo119, 
15JllinbeCWMD . -

1mg 

(1Q.min fJlfuslon) 

I'll!> "' 
1 
1 
1 

2 

56 

76 

(70-81) 

· There a.re 4 oppqa Phase Df1ll studies: study 0017 tnvolves pat.tents 
who ~ unt'.exwem CABO. at.udlea 001p a.ml 021 an dompara.t.tve tria.!s 
and study 020 ia a plaoebo controlled eftl.oaay trial. Tb.81'1!1 a.:re 2 studies in the· 
EPS lab: studies 0007 and 0.013 (completed at the ttme of the 4-month sa.feliY 
update submfsafon). There &Te 2 small fdmpfpeffld Phaae II/III studies: study 
0018 was evaluating pa.tlenta vath p~amal e.tr1al flmter/fJ,brllla.tion a.nd 
study 0004 was evaluating patients undergoing electroph:vs1ologlo studies. 

b. Total number of p&ttenta b. NDA 

There a.re & total of 875 patients who received ibutilide in 1 of 4 
completed Phase II/Ill trials. 

protocol .number number of p&Uen'8 on lbmllide nlUI. ;er uf pa.ti.ems on oompar.dor 

0014 :.LU~ 41 (pla.aebo) 

C.015 180 86 (l>la.oebo} . 
0003 17 (no control} 

0005 .la (no control) . 
'Fatal 876 127 

m>m vr;1. se. 08/01/44/U 

The following table displa.ys the number of patients enrolled in the 2 
recently completed studies. 

1/0 

1/0/0 

'41 

2/0/0 

protocol number number of patients on lbutllide number of patients on compare.tor 

0007 35 

0013 55 
from ss.fety upda.te. information a.mendment 016, page 5 

I+-

11 (pla.cebo) 

(n~ control) 

Marya.in Gordon, MD 
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There ware few patient.a enrolled in the 2 terminated studies. 

prr:Wool number number of patiente on lbuWide number of patiente on oompa.ra.tor 

0018 2 no control 

0004 . 3 no control . 
.ftom AU. 6At OIVrJJ/41U 

The numbers of pfl.Uenta evaluated for oomplete &a.few (medioal evanta 
and ..)oratory analJaes) are 875 for ibutillde a.n.d. 127 for placebo "(from 
protocols 0014, 00115, 0008, 0005). The total number of patients in the NDA who 
received 1~ la 462 (87 acldltiona.1 patients from protoool 0007, 0013, 0018 
and 0004) a.nd 188 plaoebo patients (11 addi~onal p&Umta· from protooal .0007). 1 
Abnorm&l laboratory 'Values were reported only aa a serious medica.l eveD't. 

o. Total num1?er of patients in Salef;J U!Jdato 

The out off date for the 4-month aa.f~ upda.te was November 15, 1994. 
During th1a time, protocol 0007 and 0018 were ooinpleted a.nd 4 p&ttents (3 
ibutilide &nd 1 placebo) were 111.Cided to the sa.fety da.tabs.se for a total of 485 
ibutllide patients and 139 p~bo patient.a. 

CUrre:ntly, thero are 2 ongoing studies (0017 and 0019) &nd 2 newly 
initiated studies (0020 e.nd 00~1.). Protocol 0020 ls a placebo_ controlled trial 
evaluattDg rates of conversion of a.\rlaJ. a.n'hytbmia uaiJlg 1 mg ibutllide given 
up to 2 times (planned N• 240) a.n.d protocol 00~1 is a. trial oompa.rtng ib'!Itllide 
1 mg given up to 2 times to prooatn8.mtde 400 mg given up to 3 times (planned 
N•120). At the ti.me of the safety update submission, 117 patients had been 
enrolled but tha blind remains unbroken. 

d. Dose 

In the 375 patient data base for the NDA, 76 patients (20.3%) rtioeived 
total doses less tha..a. 0.075 mg, 101 patients (£6.9%) received total doses 
between 0.075 and 1.25 mg, and 198 patients (52.8%) received tote.I doses 
grea.ter tha.n 1.25 t'l.g. 

e. Completed phase llflll studies 
(available for NDA and includes protocols 0003, 0005, 0014 a.nd 0015) 

The ts.ble below displays the demographic chn.ra.cteristics for the 50~ 
patients studied in thf:) 4 coru.pleted tlia.ls. 

lS 
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- -
Ve.rtable 

Placebo All lbuUlldo Total 
N•127 N•3715 N•ro2 

.A,g0 Mean 6f B6 66 

(Jr) ae-eo 215-89 25-80 

WeJght Me&ll 182 183 188 . 
(lb) 96-880 M-810 Si-810 -· 

White 109 (88) 888 ('18) 89B ('18) 
-·· 

Race Black 18 (14) sa (BS) 100 (20) 

n(%) Hispanto 0 (0) 8 (I) 8 (8) 

Other 0 tm 1 (0 1 m.m 

SU Female 17 (18) 68 (1'1) 80 (18) 

n(%) Male 110 (87) 812 ."IM\ (22 nu' 
. .tl'om 'YOL SS. 08/01/448 

Moa.n 8f18 tor &ll patients was 66 yea.rs and the range W1loe- from 215 to 90 
yea.rs. 01 the 375 ibutil1de patients, 117 (58%) were older tha.n 6:J yea.rs (data 
obt&JJJ.od ~ tableXoftbebJforme.ti.on a.me.ndmenl 011 recsJved ~b 14, 
1995.). Mean we•ght was 183 potmds (83.2 kg). •me ma,Joriiy ot patients "VPere 
white (78%) and ma.lo (84%). 

- ·1p.tmont emerpnt medical events (N•502) 

• tJquenoy by body B,}'Btem 

The table below shows, by body system, the number of ple.oebo pa.tlents 
(N"'127) a.nd the number ofib~tilide pe.tieuts by dose grou-ps (and then tor all 
ibut!Jtth l'&tienta oombined, N•~) who reported at lea.st one medio&l event. 

l6 
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Medical events by body system a.nd dose group 

Body Bystv'ln Placebo Ibu' Ibu' I but All Ibut 
<0.75mg ?0.75mg, > 1.21S 

<'1.JMS ..... ..,~ 

n•11a7 n-'16 n-101 n•198 n"875 
n " D " n " n " D " Oa.."'dlO'nlRUJ&r 9 '1.1 18 1'1.1 .. .,., • 1£.7 88 18.9 .. 

Whole~ 19 115.0 10 18.8 ,, 6.11 a 11.8 40 10.'1 
:ve II 7.1 - - I 8.0 14 '1.1 16 u 

Metabollo& 3 S.4 1 1.8 4. c.o 8 4.0. 1.8 JU Nutritional 

l!!!E.trato- 7 II.fl • 2.6 1 1.0 10 !S.1 13 s.s . 
Nervous s S.4 1 1.3 1 1.0 10 5.1 12 8.2 
Uro-•ta.1 8 2.4 - - 8 8.0 15 Sl.5 8 2.1 

Skin 1 0.8 - - ! 2.0 s 1.5 5 1.a -
Hemic & •-~ba.Uo - - - - 1 1.0 ,, 1.0 s 0.8 

Musoulo-Skelet&l - - - - 1 1 .• 0 2 1.IJ 3 0.8 
a---ea - - - - 1 • n - - f O.i:t 

There is little difference be~we~n the number· of patients reporti.ng 
medioa.1 events in the placebo group ocmpa.red to il'.1!1 &11 lbutillde ll'OUP for all 
body systems except the ca.rdiovuou.la.r Q&tem. For oa.rdlr v'llBOU:.a.r, ~e 
percent of patients who reported "' msdioa.1 event in the ibutllide group (22.9%) 
was over three times a.s high oompa.red to the pla.oebo group (7.1 %). 'l'here 
were more events reported. with lbutilide doses a.tor abovE: 0.75 mg compared 
to the lower dose . 

• 'requeno,y within body system 

The table bolow shows all treatment emergent medical event9 t~a.t were 
reported b~' at lea.st 1 % of the all ibutillde group (N=375) MW. occurred a.i · ' ·t 
1% more frequently than in thd pl!M'ebo y,roup (N=127). The dose ca:.;ego·t. ie 
by actual dose received. 

17 -
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Medical eventa within· m a.nd bY dose • ...nun 

plaoebo Um 0.'7&s1.but lbut>1.25 antbuttlide <0.78mg ~1.25mg uaa n•Ul7 D"7ll n•101 11"198 
n-S7l5 

. - ~· - M - ... - M - ., 
headache 4 8.1 8 8.t a a.o 18 8.8 18 u 
DGIUll111ta.ined 
monomorpmo 1 o.s 1 1.3 15 15.0 9 4.5 rs· 4.0 
VT 

wmsa&talDed 
~1'!;, 0 0 ' 8 8.8 " B. 15.8 6 8.0 111 .... 
VT 

~le i 0.8 2 2.6 4 4.0 7 I 8.6 18 3.5 wmrlou1ar+ 
: 

• ·on++ 2 1.8 2 2.6 s 8.0 7 .l.5 11 2.9 

111.usea_ 1 0.8 0 0 1 1.0 9 4.5 10 2.7 

A .. V·. ++·~ 1 OR t 1.3 ll ILO 7 ""' 41\ R '7 

BWit!'1lled 
~rp:ntu 0 0 1 1.3 4 4.0 4 2.0 9 2.4 
"''' ~ 

'h 0 n n n t • n " .,in " ' ll 

+utruyetales ftnCrioular tnoludea e:a:truJW>:• 'ftntrl.oular ~ 
++~on lnoludea postural ~on 
+olnoludea ooroplota, '1m and second dqroe, ha&rt blook.1111d P.R ..,,pnent prolo41&11cm. 
tromnl1isedtablsA·1S. Woz 11atlon amendmtuJtOU .806lved Fob 1/, 19115 

18 -
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As expected, the ventrloul&r arrb)'t.Jlmtas predominate (these a.re 
dblouaaed at length 1L a. latar aeoUon). Otller roedioaJ. events that were reported 
more frequentb' by~ 101!.tilide patients compared to the plaoebn pa.tjents 
include hea.daohe (4.8%), ~on(~.&%), nausea (2.7%), aud. hypertension 
(1.8%) •. 'l'heiee eventa tended to be :reported. m.o:e fr6qu.ent with the hlgh :iose 
\>1.81 me) Ulan Ule low d<>tm (< 0.75 mg). 

Safe(V Update 

· The previous table waa revised to hlolude &11 patients who reoehet'I. 
ibutilide tr. t;he Phase l1/III oUnical WI•'• (Na.-.6t5), The t&ble below ROWB all 
trf'aa £ .. ..u ome&&'flDt 1iACliaal evanta th6t were :reported by at least 1 % of the all 
ibutillde group lliDd. occurred at lea.at 1 '6 more frequentlv tha.n in the pla.oebo 
group. 

19 
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t: 
I 
I 

. 
plaoebo all ibutrucle 

n•1S8 n•48S 

- ., - ~ 

. 

' 2.8 88 "-9 

nOJlllWlt&tned VI' ~ 0.7 17 8.7 

JlOD-Wl:nlld D 0 17 S.7 VT 

on+ 2 1.4 15 .s.a 

~88 
'VeDU'icmlAr ++ 1· 0.7 18 2.8 

llaUle& 2 1.4 12 2.tl 

llUStabled 
0 0 11 2.4 o""' 

ft ....... _ •••• R ... 11 OA 

A·V blook+++ 1 0.7 10 SUI 

-~-· 
.. n n J.. ... 

n n ~ •• 
+~ lnclud .. pcMS&unl h;jipote!!!llOU 
·~--\rtoular inolude9 ~ .. -trioul&r blgeJD!nJ' 

,.. ___ , 

,,_ 

+++lnotuda oomp!eto. tint ult -d dlJillM, heart block. and P.R npent prolonpUon 
tn..m. reNe4 ftnlonOf'l'UleA·18 
h.trial.Jlbril.IMlon - oon81di1Nd •med.lo J -t ~Ill protoool8 0007 md 0018 
/ram inh:umallonal 111tJ01Jdmtmt OJl(l 11Ubmltt.d Mar:ih JS, J996 

. 
'l'he ohanges to the aa.fety review with the additionaJ. 90 ibutllide 11o11d 12 

pla.oebo pa.tients were minor &Itd limited to the a:ldition of a.tr1&l fibrillation 
(reported aa a. medioa.l event only in studies 0007 R.D.d 0013) and ohest pa.in 
(repolied by 2.4% of the lbuUlide group compared to 1.4% of the pla.oebo 
group). 

ventricular teqbypa;i di& (VT) (N•502) 

The ta.ble below displays the number and percent of pa.tients by dose 
group who experienced any urbythmia. and, then, those who experienced VT. 

20 
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Number a.ntl percent of arrhythmias by uose group 

plAcabo ibut<0.75 ,i.O. 75 lbut lbut > 1.25 aJ.l 
na127 mg ,S1.25mg mg lbuWide 

n""78 n•101 n•198 n'"87& 

n " D % n % n .% n 
. 

" 
a.ti¥~ 6 4.'7 111 19.'7 29 118.7 41! 2tJI 86 88.8 

polymorphic 0 0 4 11.8 10 9.9 10 5.1 114+ 8., 
Vl' . 

sustained 0 0 f 1.8 4 4.0 4 2.0 9 2.4 

D0ll8UB-
tamed 0 0 3 3.9 6 5.9 6 3.0 16 4.0 

monom~rphlo 
vr i 0.8 1 1.3 6 5.9 9 4.5 16 4.3 

sustatned 0 0 0 0 1 1.0++ 0 0 1 0.3 

DODSUB-
ta.lned 1 0.8 1 1.3 5 5.0 9 4.5 16 4.0 

IJ lnolu".1111: a.u~ nodal, a.rrbytbm1a ventricular, a.trial fi.brlllatton. AV block (oomplote, 
first degree, sooonddegree), b~ ~eventrloular~. ~le 
ventricular, idloventrloular rhs'thm. su.etabled and noneustaintid mo'ilomorphlo and 

' polymorphic VT, p&lpita.Uons, sinus~ slJJ.ue b~ '.inus tao~· 
eupraventrf.oulartao~ ~ 
+23 pa.Uents had 24 events (1 pa.ti.ant had both llUStalned and nollllUSta.ined polym.orphlo VT). 
++this pattent also ha.d susta.ln'!Mi poqmorphlo VT 
.tto.m revised t&ble A·t3, b:Jiozmation Amendment 011 receind Feb t4, 19115 

There is a clear imbalance between the percent of ibutilide patients who 
developed an arrhythmia. and the pla.oebo patients (22.9% a.n.d 4.7%, 
respectively). When episodes of polymorphic Vl' (sustained as well as 
nonsusta.i.ned) are culled out, 24 ibutllide patients (6.4%) experienced this 
arrhythmia. compared to 0 placebo pa.tients. A description of the 9 ibutilide 
patients who experienced susta.ined polymorphic Vl' iii presented below. 

21 -
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The 9 patients who experienced sumained polymorphic vr 
-

pt and age, Q'l'o llllleO ~ Dose Ooacomt· Buellne 
protocol# sex, baaeHne/ ~veil tani 0&1'dlao b=~"i!i~ raoe mt,..imum+ ~+ meda 

/ohnp (Di8q) - -.U::flbdDat:IOD/ 
~'° U/8.9 0.998 a= .. l!O'l/OOOS r fomY, IF'=' 8,!/1.8 IAI01'dll 

Imo+ 11•de :lt11'..m 
mplllo09m6olli 

808/0008 r ts'8{tll 4.1,18.9 Ulsa 
... 4 

none 

1.7/1.7 ~had .~.I.~ 

1106/0014 65/MI ~ 4.4/4.3 0.660 J8llbc a&dal a=rai B CHP;8 • 
2.1/S.3 pd.qi bad AV - iep:Jao .... umt 

11>~8/0014 r t:8fA89 4.8/4.6 1.8S8 Wdz =~ 1 olomdJDO ~ 1.6{1.9 ~ MV replaoeineat 

8814/0014 ~ ~ 4/4.1 1.874 lls1noprq • atria.I fl.brill&Uon/ 
~u Rl'N · 

1/2.1 =re 
8816/0014 fJIMI 8:f551/ 4.J!/8.6 1.865 llitropute Mr1&l flbrlllaJ;lfJD/ 

16 lulz noen& .,Smtmon 
8/1.8 ~ forCHP; HTN and 

obesity 

1001/0015 W14' 40~488 5.1/4.S 1.0 lancmlln Mrl&lfl~ 
(S !f8S ~ 

-~· 2.2/8.0 lls1noprU 
laebr: had i:s,~:,::r- la&er 

:inonomorphio VI' 
while on qu!nidine 

1191/0015 47/F/ 40~23 4/4.5 0.8 ~ atrial fl.ut\'!11'/ 
B (SO /881 mo~ cHF, PVD, 

2/2.9 ll&l'OJrocyn EF 2 , :mild mr, 
oaptoprll moderate ti" renal 

. tnaufflo!enoy 

2019/0015 ~I 438£407 4/4.2 1.0 lano:a:ln &trial fibrilla.tion/ 
(30 /-31 lasbc c.1o.n. s yea.rwffeJ;r 

8/1.7 surgery for . 
+ mud mum <:rrc recorded: time recorded ln minutes after st.art of infusion la given ln parentheses. 
data obtain3d ham ca.so reoord forms and narnUves in Vol J sa, 08/01/50'7 _ 

The a.verage change from baseline at the maximum recorded QTc 
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interval for these 9 patients was approxl.me.tely 100 maec and the range wa.s 
from -31 to +243 msec. Mean baseline QTc interva.J. was 417 msec and ranged 
from 384 to 448 mseo. The sponsor attempted to exclude patients from 
entering the later tria.1s who had baseline QTo intervals above 440 mseo a.nd it 
is unknown if this exclusion influenced the overall ooourrenoe of 
proa.rr~. Of the 9 patients, 8 (#1106 and #2216 protoool 0014, #1191 
protoool 0015) degenerated into wut.Tioula.r tibrllla.tion. While &.11 9 patients 
required DC shook, th.ere was no indioa.tlon that~ of these episodes of VT 
were pa.rticulaa:ly diftloult to abolish. 

QveraJl, the iiiai1ortty of patients who developed DQ)ymgrphto VT did so 
eithor during the infwdon or Within 20 minutes foJ.lowlDg the !nfuston. 
However, there were 2 patients (#2019 and 2097, protocol 0015) who developed 
repeated episodes of po]1U1orphio VT u.p to 3 hours later. 

Rega.rding monomorphio VT, episodes were reported up to 11 h0\11'8 
a.fter the ibutillde infusion a.nd one patient (#1001, protocol 0015) experienced 
a.n episode of monomorphio V'l' 2 ~after receiving ibutillde and while 
being started on qu.inidine. . 

The doses that provoked polymorphic VT ranged from as low as 0.464 
mg. Two patients were administered slightly higher doses by mistake and 
developed VT: one patient received 2.5 mg rather than 1 mg and the other 
received 1.8 mg ra.thertha.n 0.7 mg. 

Sa.fety Update 

The entire safety data.b1:1.&e as of November 15, 1994 consists of 465 
pa.tients who received ibutllide during one of the Phase 'a.{llI olin!oaJ. trials. 
The number and percent of this patient population who experienced a 
proarrhythmic event are shown below. 

Maryann Gordon, MD 
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Number a.nd percent of ibutilide patients who developed a. proarrhyth!llia 

Jll)lymorphio VT monomorphio VT total VT 

suatabled nonsuatabled llUBtatned DOIISlletained lllUR&f.ned DOJ18U9tained 

n % n " D " D " D " D " u• 8.4 1'79 8.7 fl 1.1 17 8.7 1rr 8.2 34• 7.8 

·09era.ll, 15 patients ha.d a.t least one episode of sustained vr a.nd 34 
patients ha.d at least one episode of noususta.ined vr. The incidence rate of VT, 
therefore, ls 10.1% (47/46ff). 

Submlss!on of the Safety Update included 2 new patients with sust.a.ined 
poiymorphio V'.~. Both patients were '3nrolle1 into protocol 0013 and both ha.d 
a. hilnory of VT. These 2 pe.tients a"M d.isoussed below. 

pta.nd age, 
protocol# sez. 

race 

216/0013 71/F/ 
w 

Safety Upditte patients who 
experie».oed susta.ined polymorphic VT 

QTomseo pre/p08t Approx. Conoomi-
baseline/ K+ a.nd Dose ta.nt oard.ia.o 
maslmum+ Mg++ (mg) meds 
/obADge (meq) received 

441/346 4.0/4.4 0.83 
. 

qui"lidine, 
(25)/105 dlgozl.n. 

2.0(2.2 ena.la.pril 

Medioal histocy 

intermittent AF, 
CABG, MI CHF, 
HTN. dooumented 
monomorphio VT 

224/0013 59{F/ 454/669 1.1.5/4.8 1.75 hydra.lazine CABG x 5, CHF, MI. 
HTN.PVD, VF w (10)/215 lasix, 

ca.po ten, 
1sordil, 
cligoxin, 
Udooaine, 
dobuta.mlne 

+ mlLXimum QTC recorded; time recorded In minutes post start of infusion Is Jlven In parentheses. 
da.ta obtaiIJed from case record forms and information amendment 01 o appendix B 

--

Both of the patients were female. Tue baseline QTc interval for both 
pe.tients was above 440 msec which was increased by an average of 160 msec 
either during or shortly after the ibutilide infusion. DC shock was required .n 
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both oases to abolish the ventricular arrhythmia.. The approximate dosages 
received by these 2 patients were 0.83 a.nd 1.75 mg. 

QTc Prolonption 

Cha.ngea in QTo interval from base.tine to Hour 1 (Protocols 0008, 0005, 
a.w:l 0014) or Minute 30 (Protocol 00115) are shown below categorized 1L · .> low 
dose, mid dose, and high dose of ibuttlide. OhaDps In Q'l'c interval from 
b&S1Jline to the time of AFJ/AF termtnatton, if it ooourred, are also included. 

Mean QTo interval and ohllollg't f.l.'Om baseHne 11'7 doRe group 

MMncrro Obanp from B···''n• 
Dolle<houp stu~Perlod N Imerval lmaeol 

(maeo) n -Before 11.m lntwdon 47 41!8.ll - -
Low :tour i 48 4150.11 47 11.i 

Termination of . - • ••-n " •-n 

Before tlm lntwdo» 169 484.1 . . 
Mlnute30 79 4711.0 79 69.9 

Mid Houri 80 468.i 79 31.4 
Tenntnat10J1 of . ··- Wft ··- .. -- -- .. 
Before tlm lntWdon ili3 412.11 ~ . 
Mtnute30 89 477.7 tlS 111 1 

High Houri 119 481.3 59 47.15 

T-mationof 
---·· - •n .... " - -ft 
Before ftm lnfusl.on 389 483.8 - . 
Minute SO 188 476.4 167 411),6 

AU Hourl 187 46?.7 1815 . ll3,8 

Tennination of 
AJl'llAl'' 143 46!l.11 142 43.0 

from table a.at'! vol. ss. 08/01/468 

The m.ea.n QTc interval. at baseline for ibutilide patients (N=369) was 424 
msec. There was a 60 msec increa.se from baseline for the mid a.ud high doses 
of ibutilide at 30 minutes after start oftt.e 10-minute infusion. At hour 1, the 
QTc prolongation was about ha.If of the increase seen at minute 30. For those 
patients in th.e mid a.nd high ibutilide groups who were study drug successes, 
the increases from baseline at the time of the a.trial arrhythmia termination 
were 36 and 50 msec, respectively. 

Deaths 

25 -
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The ou.e reported des.th occurred in a pla.oebo pa.ttent. Patient# 1217 in 
protocol 0015 had a. histoey t.ba.t included severe ohronio obstructive 
pulmona.ry disease, asbestoe!s, a. lung mess, e.nd congestive hea.rt fa.ilure. After 
ta.tung to be convened to sinus rhythm with plaoebo, he was slectrioally 
conwrted. The paUent's resplra.tion beoa.me progressivel.v :-ore compromised, 
he refused intubation, a.nd dted.8.& hours lat.er. 

SoripPI medJoe.l even• 

Serious mec!ioa.1 events by body avstem ezpmien.oed b7 the'J)la.oebo 
(N•12'7) and lbuwtde pa.ttents (N-8715) are shown below. 
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Serious Adverse Events 

lbut<0.75 < 0.75 ibut ~1.25 lbut > 1.25 all 
placebo ~6 mg ~98 lbuWide 
11•127 n•101 n•375 

11 " D •• •• ll " D " D " 811¥ ll8douil eve.m s 1.8 I C.8 15 15.0 10 11.1 jl() u 
811¥ Olll'dlo9u. 1 0.8 IS 8.8 II 15.0 8 4.0 18 4.8 

• -· 
81 II l11ed _ 

VT 0 0 1 1.8 ' 4.0 ' s.o 8 S.4 

~VT 0 0 e S.8 1 1.0 1 0.8 4 1.1 
-

~on 0 0 1 1.3 0 0 1 0.15 s 0.1 

AVblook 
complete 0 0 0 0 0 0 1 0.5 1 0.8 

CVA 1 0.8 0 0 1 1.G 0 0 1 0.8 

CHll' 0 0 0 0 0 0 1 0.5 1 0.8 

~even. 0 0 1 1.8 0 0 0 0 1 0.3 

::!=:1:9 0 0 0 0 0 0 1 0.5 1 0.11 

uua 
&rd111)1mla 0 0 1 1.8 0 0 0 0 1 0.8 

sustained 
m.oaomorphl.o -0 0 0 0 1 1.0 0 0 1 0.3 
VT 

a.cute k!.:1.o.ey 
failure 0 0 0 0 0 0 2 1.0 e 0.15 

nausea 0 0 0 0 0 0 1 0.5 1 0.3 

dizziness 0 0 1 1.3 0 0 0 () 1 OJI 

respiratory failure 
1 0.8 0 0 0 0 0 0 0 0 

dia.phol'etio 0 0 0 0 0 0 1 0.5 1 o.s -from revised tablesA-22 and A-23. information amendment 011 received Feb 14, 1995, Pll/IS 153 

There were 20 ibut.ilide patients (5.3%) who experienced a total of 23 
serious events comps.red to 2 placebo patients (1.6%). The following se-ction 
discusses the· serious medical events (excluding the ventricular 

n. 
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tachya.IThythmia.s which a.re discussed in a.nearlier section) by in1Uvidual 
patient. Da.ta obtained .&om vol J.62, 11.ppBDdiz B. 

1. AV block: oomplete •pd P9D!lllf!t.A.1ped polymorphic VT (ibutllide patient 
#2127 protocol 0013) 

TruS was a. 6R 18&:1' old White male with a histoiy of oai'diomyopatby 
secondary to CAD, M.T., intermttteut heart block, a.n embol1c arterlal event;, 
HTN, fnfr& HIS block. and a.tfta.1 flbrilla.tion. He m1sta.ksnly reoeiwd B.ri mg 
tbutflide ra.tb.er than 1 mg. ma QTo at Minute ·10 was 378 mseo. 6lie mmute 
fOllowing the infusion he had complete heart blook (pree:lat!Dg intermittent 
blook). He beoam.e ~o and developed nonsustained po~orphlo VT. 
Pacing was fnstituted and the VT did not reour. The patlen.t's Q'l'oJnteraaJ at 
minute 30 was 643 mseo. The second infusion was withheld. The patient 
spontaneously converted to normal sinus rbJtbm 1.5 hours alter the start of 
ibutllide and a permanent pacer was inssrted. 

2. Cerebrpvaaoulq.r aocldents (ibutilide patient #2088 protocol 0015, pla.oebo 
patient #2225 protocol 0014) 

Patient #2008 was a 76 yea.r old white female with a. history of head and 
neck ca.noer a.nci a.trial fibrllla.tion. She suooessfull;y converted to sinus 
rhythm after the first infusion of 1.0 mg ibutilide. The next d8¥ she developed 

. dy&phasia., rlght fania.1 droop, a.nd pa.raJys1s of the right upper extremity. A er 
' soa.n showed a new subaoute infarction in the right MCA{PCA wa.tershed 

distribution area.. 

Patient #2225 was 52 yea.r old white male who was a.dm.itted with 
new-onset atrial fibrilla.tion. He was anticoa.gulated with hepa.rtn a.nd the next 
day received a 10-minute infusion of pla.oebo. 0ne hour after the infasf.on he 
was DC ca.rdioverted to sinus rh3rthm. The next morning he was noted to be 
ambulatory and oriented by the nursing staff. However, he suddenly 
developed expressive apha.sia with right-sided wea.lmess. His initial CT scan 
revealed no evidence of a. hemorrhage and no a.cute infarct. His symptoms of 
right hemiplegia. a.nd expressive aphasia eventua.lly improved. 

3. Congestive heart failum (ibutiHde pa.tient #1069 protocol 0015) 

This was a 66 white male with atrl:!..l flutter had a extensive medical 
history tha.t included MI, CABG, diabetes, and CVA. Prior to sta.I~ of study drug 
he had evidence of heart failure with rd.las in the right base, decreased breath 
sounds in both bases, suortness of breath and a.nkle and pedal edema on 
physica.l exam. The pat.ont received 1.5 mg of ibutilidc without tenninating 
his a?Thythmia. He sponl;a.neously converted a.pproxima.tely 2 hours later. 
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Sota.Io! was started at Hour 2.6 to m.eJ.ntain sinus rhythm. The patient became 
reetless, developed menta.1 confusion (thought to be related to hypoZia.) a.nd 
had el~d oreattntne. Sota.lo! was d111Joontm.ufld, treatment with d1uretios 
was instituted, a.nd the CHF improved. 

4. EJStma;ntol@ UPtrjmd&r bfpmtwr llolld lipUI &rrhytbmt111 (ibutfilcle p&Uent 
# 1104 protocol 0014) 

Thia patient WM a 815 Je&r old wb1te male With atr1al ilutter. He had a 
bfsto17 of CAD, ohmD1o OBP, HTN, o1uoD!o APl. and a pollldble amerio'r ML 
Svmptoma upon admfaafon W8l'8 palpitaUons and dtmnesa with 9llC01'0ill&. He 
received 0.480 mg ot ibntllfde (0.00& mgflqt) without termtna.tton of hffii N;rfp.J 
flutter. At apprcnrtmate}T 1 hour after the end Of the infusion, the patlem was 
paced out of a.trial flutter. He developed sinus~ (a.ppM••mete)1' 44 
bpm) and bad a. 5-eecond pause (sinus anest) follow.Ing oonverslon, followed 
by Junotlona.1 rhythm with ventricular btgezn1D¥. The pon-termina.t1on 
junotlona.1 bra.d;voa.rdia .lasted approstmately SO minutes. Tempom.1.if pacing 
waa utllfzed a.s the drug effect: on rhythm wore off. ~mporary pacing was 
continued for a.pproztmate]y 24 hours while the patient was given 
pl'O<"•inp.mide. The pacemaker was removed and the pa.tiei::1t recovered. 

5.Exf;n,gJBtole ventrigula.r •pd DOJlftWltn.tped monomorphio VT (ibutilide 
patient #2128 from protooeil 00115) 

I 

This patient was a. 69 year old white ma.le with a. b.f.stc>ry of MI, CABG, 
Pl'CA a.nd a.trial flutter. He had a.n lniernal oa.rdioverter device implant.Gd 
2 weeks prior to the study for induced VT. The pa.tient was ra.ndomized to 
reoeiw 1 mg/1 mg ibutllide a.nd hia <ll'o a.t minute -10 was 4P..6 "U&eo. He 
ID.ista.kenly received 2.5 mg rather thNl 1 mg for the ff.mt 10-minute infusion. 
The second infusion was not admtntetered beoa.use of increased eotopy. He 
rema.tned in a.trial flutter. His QTc a.t mJnute 30 was 366 msec which increa.Sed 
to 612 msec 1 hour later. The pa.Uent develo:t>ed monomcrphic VT 6.5 hours 
a.fter receiving ibutilide which was termina.ted by the internal defibrillator. 

6. ltmotension a.nd dizziness (ibutilide patlent #2347 protocol 0014) 

This patient was a 72 year old black ma.le with a history of CAD, CABG, 
a.nd a.trial fibrillation. He experienced mild dizziness during the screening 
phasa of the study. Prior to drug 9.dministra.tion, his blood pressures were 
120/77, 128/70, and 120{74 mmHg. He was n>.ndomized to 0.005 mg/kg lbutilide 
fuma.ra.te a.nd received the entire 10-minute infusion. The study drug was 
unsuccessful a.t terminating the arrhythmia and he was electrically 
oa.rdioverted. The pat.tent's blood pressure i·emaint>d in tho same ra.nge a.s 
pretreatment values through hour 16. The day follt>Wing the infusion the 
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patient was too dizzy to walk e.nd his blood pressure was 62/30 mmllg at hour 
24. He was given normal aa.iine fluid chllllenge IV a.ud his blood pressure 
increased to 110f10 mm.Hi,Cwtthin 30 minutes. Digoxin, prooatna.mJde, and 
dilttazem were diaoontlnued. 

7. HW°t'P"nn. dtshppal• pweee (ibutilido patl.ent#1117 protoool.001CS) 

'1'h1s paUent wu a 54 J88.r old white male who had a bf.st.oey ot Ml, s­
vesael CAD, and previous &tri,i flutter. Ai baseline his blood P1'8S8Ul'8 wu 
118/91 mmHg. '1'b.e paUem 1'90ehed 1.5 mg a.ud did not oonven. ..,.. 
Approstm•ll' 7.& hom.w aftel' tbe end otthe iD1'wdon the pa,ttem expe1ienoed. 
nausea. bnote••fdon (84/84: mmHg), a.nd di&phozeeis. 'lbe patient wu 
eleotrJ.oa.UT oa.rdio981'8d to emus rh1tbm during tb.ia ep.ea., and-Ula ., 
~ms resolved.. It was oonoluded that th~ hJpotenldon wu the result of 
baseline volume depletion a.nd the intera.ction of procatnamtde e.nd atenoloL 

8. Agute kidney fa11UD (ibutllide pa.ti.ants #1081 protocol 0015 a.nd #1061 
protoc~l 0015) 

Patient #1031 was o. '17 year old whtte ma.le with a. history of MI, CABG, 
and atrial fl.utter. His soreen orea.tinine waa 1.7 mg/dL (norma.l ra.nge up to 
1.3), BUN was 32 u.tWdL (upper n.:>rmal ra.uge SO), a.nd sodium W8.3 132 mlllq/L 
(norma.l range 185-14:15). He ro:181"18d both infuslons. of lbutilide oonverted to 

- sinus bra.dycardta. The pUle 11t underwent a heart catheterJution the 
following day. H1s serum credtinfne at 24 hours was 2.3 mg/dL, BUN' waa;; 

38 u.tWd.L. a.nd sodium was 124 mEq/L. Rb or~e peaked at 8.1 mg/d.L on 
the fourth day followin& he i.nfusion, a.nd then returned to baseline one week 
later. The tra.n.sient acute renal failure was attributed to the contrast1!Je. 

Patient #1061wasa73 yeai: old white ;.ne.Ie with a. history Qf CAD •. CA.BQ. 
HTN, TIAs, strokfl a.nd a.trial flutter. He received two 1 mg lbutillde infusions 
over a. total of 20 minutes a.nd converted to sinus bra.dyoa.rdla. At screen bis 
serum. o.reatinine was 1.6 mg/dL (normal range up to 1.l'i). BUN was 28 mg/dL 
(upper normal range 21) and blood pressure was 136/83 mmHg. Four hours 
following the infusion his blood pressure was 90/50 mmHg, a.nd it rema.lned 
decreased until Hour 24. His serum oreatinine pee.ked at 5.1 n:igldL wt.th a 
BUN of 62 mg/dL on the second da.y following the infusion. Urine \llectrolytes 
and urina.lysis were most consis'.;ent wlth a pre.renal ca.use. Six da.ys following 
the infusion the crea.tinille wa.s 1.7 mg/'.iL. The patient was on concomitant 
captopril for CHF a.nd diltia.zem for HTN which were discontinued. 

Conclusions 

The one patient who received 2.5 mg rather than 1 mg immediately 
developed complete 1,eart block and polymorphic VT upon start of the 10 
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minute infusion, re8Ulting 1n the conclusion tha.t minor dosing errors can 
result in serious consequences. The ca.sea of oerebrova.soula.r accident, 
congestive hell.rt failure a.nd kidne. • failur_, are only remotely if at a.ll linked to 
ibutillde use. The patient who developed b1potension, di&phorests, and 
nausea 7.5 hours after rooeiving 1 .• 15 mg of tbutW.de recovered with 
eleolaoverllion. The othc pa.t'ent developed IQpotelud.on and dfndneas about 
24 hoUl'llil after receiving ibutllide l!JO the oausal1ty f8 nnJfkeq. . 

Ueprdiug tho oaaeB of aoute kidney failure, pa.t;lent "1031 reoelwd 
contrast dJe prior to oa.rdlao oatbetelirlatfon wh1oh f8 pmb&b~ tliifoause ot. his 
elevated serum oreattntne, P&Uent •1081 became~ 4 hours after the 
infusion a.nd remained ~va with eleva*8d aerum omaUntne and BUN. 
This patient was 11.lso ~ oapt;oprll a.ud dlltlaaem. Hf8 kklnay4allure ts 
probably relat.ed to the ~on. 

· 'lhe epfsode of congestive heart failure in p&Uent #1089 was probably 
Jinked to the use of sotalol. He had a histoey of CHF a.nd was symptomatic at 
baseline (rales, pedal edema, sbortnes111 of breath). 

Sabty Updste 

The following ta.ble oonta.lns the serious safety events for ~e 465 
lbutilide (a.11 dose groups combine"-) and 139 placebo patients. 
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Tbme were 4 serious medica.J. events added ht. the Safety Update: 1 
pu1mO'nary emboUmn, 1 bypoteuate.n, 1 susta.ined raonomorph1c and 1 
8U8ta.ln.ed polplorphio vr. The vr events ate cUsowmed in die wntrlou.ta.r 
~ aa.fety u~ aeoUon. .Dltta1hml BllfllCr ~ .iDlbr.IJMlatJ llllZl«Uizl:tllll 

. 018, "PJ'•tllr B. 

1. pulmnnKI emMJ'ID' (lbut.1lide pat1ellt #1109 pmtoool 0007) 

'l'h1a pMlem wu a. 89 ,._. o1cl White ma.le who bad a hiato17 of three 
~ iD1aYotiiou. "VlllvuJar d•saaae, abnormal wdtM wall funotton with 
ejecU.cm fra.otlon 82%. On admt..Son he had rare p1V1•ra 'ftlltrtoular 
ooJltilaotlom uu:l ooupleta Wb1$ piups111d to Wilhl.,,..UIO JlODo81lfttJned ' 
ventdou1. """~The pattem wu being treated prop~with 
Jidooa.•ne ... le zeoeiV8d ibuUlide I0 acttns dOH of 0.01 lllfllrg imd matmenanoe 
tntwdon of 0.002 mg/Jrg. One dai.V later, the patient waa dtacnosed with 
pulmona.ry emboli. 'lbe SJ'lllpt.oms aub81d.ed three d"8 later. 

2. HJl>gterudpp (lbutlllde patient fi20 protocol 0018) 

Th1a patient was a 65 J8&1' old wbite male with a hlllt.o17 of ooronar.v 
arter;v dheue, di&betea mell1W8, per.pheral 'VUOUla.r dlseaae, &Dd eusta.tned 
monomorphio vr. He had 8JD1pti0ma of~ ab.ormeu ~breath, chest 

. tlghtneu, and palpitations and bis •.JeoUon fraotl.on was 70%. The patient 
reoeived 0.020mg/kg1buUUcle tntuaad over 10 minu1;ea. He oompl&ined· of 
chest tightness at the midpoint of the lntusion and waa gtven aubllngual 
nitro8'11oerin. At the end of the loading iDfuslon and beg.tnntng of 
progra.mmed sttmulMion, the patient complained of worsening chest t!ghtness 
a.ud pa.in J!'ftd.ia,ting to bis neck with &880Ci&ted shortness of breath. His blood 
pressure decreased from 181/76 mm.Hg at baseline to 72/48 mmff& a.t 
minute 10 and 80/58 nunHg a.t minute 15. The maintenance infusion 
(0.004 mg/kg) was disoonl;lnu9d a.fter 9 minutes. He was pla.oed in 
Trendelenburg and an 1.V bo1U£ of normal saline was given. His blood 
pressure returned to 105/63 rn.mll·g. The pa.ttent WaR found t.l have heme 
positive stools and a. hemoglobir.fhema.toorit of 8.5 g/dL a.nd 28%, respectively 
(bP -1elin.e value& were 9.1 g/d.L and 30%). 

In uonolueion, while the puunona.ry embolism a.ppea.red to be unrelated 
to ibutillde \\St'l, the bypotension could be related. Currently, the total reported 
Cl!l.Ses of serious hypotension with ibut!.ltde is ~ (0.6%, 3/465). 
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'l'hl9 ®' 11 lt'eation is dillloult to evaluate and Dl&J' be mlsleading 
bt.oauae moat of the study patlenta zeoelved ouJ,y a sJngJe dose (or at the most 
two) tnfhsed over 10 minu'88. The table below displap the number and 
peroent of patiemll in Wbom the atu.dJ' drtJl WM 41eocmttnued, 

Number and percm..; otpefilema who dieooDUl:lued *1dy drug 

1)1< 
... _ ~· 

r.ium Omt>1Jll 1111 
£1.'i#° ....,. .. D IDlr =. .. JbatUlde 

Jl-a7I 

D " D " D " D " n " 
==.':.:. 0 0 II 8.8 8 8JI 8 4.0 a 11.9 
8'Udl' medtouhm 

.&am rnl#d tabled A.,f6, WormatioD amt111Wllt111t 011,_.fledhb14, 111116, J»(/9 J.M 

A total of U ibutW.de pMteuts and 0 plaoebo pattente W8!e diaaonttnued 
from study drug. As expected, all of the 1butllide c:Uaoomfnu&tlons were tor 
oa.rdiovaeoulal' reaaona. The table below showa. b)' event, the number a.nd 
peroent of pat.tents in eaoh dose group who dlsoontinue<! 1butilide. 
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lbt&tillde discontinua.tf.ons 

1but, <0.75 i.O.?flbm tbut> 1.215 alllbuW1de 
me S.Mmc ma D'"871i 
11...,8 D•i01 D•tllS . 

D "' D " :n " .. " . 
BODBUIRl!.Ded 
~VT I 1.8 4 4.0 4 IU) 10 .. , 
~ 
•oDldoular 1 1.8 II l.O 1 o.s 4 1.1 

w::hi'Ped 
po~pllio YT 1 1.8 1 1.0 2 1.0 4 1.1 

QT segment 
prolonged 0 0 2 2.0 1 0.IS s 0.8 

nOD.8U8taUleci 
1'110?·0morphio vr 1 1.8 2 l!.O 0 0 8 0.8 

he&ltblook 0 0 1 1.0 0 0 1 0.3 

&n'~ 
venirtoular 0 0 1 1.0 0 0 1 o.s 

. AV bl.ook complete 
0 0 0 0 1 0.5 l o.s 

aupraventri.oula.r 
VT 0 0 1 1.0 0 0 1 o.s 
ta.ohycardia. 1 1.3 I 0 0 c 0 1 0.3 

from revised tabled A~ /IJfarm&ll.on ameDdmtmt 011 rBOdivl!ld Feb 1#. 11195, Plll/O 186 
Note: pa.tients oould dlaoontinuc for mol't'I tha.'l 1 reason. 
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The table below shOW8 the number a.nd percent of patients who 
dfsoonttnued ibutllide for tbe enu..-.... ibuWJ.de databaae (N•485) by low (O.oo& 
mg/kg), mid (ll.010 mg/kg, 0.0115 JllClkg, 1.IS mr), and high (0.025 mg/lrg, 0.086 
mglllqr, a mg') dose Qatqorlea. '1'Jle:re ~1'9 no d.iaconUD.uations fn the pJace'bo 
group. Note: tbme were the doeea to whtoh the patlente wel'8 ra.D.domtred but 
did not ~reoei'v8. 

a .... :U-tW !.t'- ~ • 

Ill " ll " ll " Ill % 

-- Ill+ • ll.8 8 8.11 18 9.8 18 8.0 

Olll'dlD II lllllJ.ar 

~ 0 0 a 1.0 10 u 11 a.s 

~vr 0 0 :. 1.15 s 1.8 8 1.8 

~es 0 0 0 0 ' fU • 0.9 

~ 0 0 II 1.0 ll 1.0 • 0.9 

=~~ovr 1 1.f 1 0.11 1 0.5 :II 0.8 

~ 0 0 1 0.15 0 0 1 0.1 

AV blook oomplew 
0 0 0 0 1 0.15 1 o.a 

hAaltblook 0 0 1 0.15 0 0 1 o.a 
bJpotenv~on 0 0 0 0 1 0.15 1 O.ll 

SU,."'1'&.ftDtriOular vr 
0 0 1 0.15 0 0 1 0.t 

sl>llt&lncd 
monomorphlo vr 1 1.4 0 0 0 0 1 0.1! 

taobyoardia 0 0 0 0 1 0.5 1 0.2 

angina peotori& 0 0 0 0 1 0.15 1 o.a 
nonoardlovaaoula.r 

dyspnea 0 0 0 0 1 0.5 1 0.2 
mforms.tion amendment 024 recSJved Maroh 21, 1995, Table A-25, Paee 5 

Other than the one ibutilide patient who dropped out because of 
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dyspnea, all disoontl.nuations were for cardiovascular events. Nonsusta.tned 
a.nd susta.tned polymorphic vr wera the most common reasone for drop out 
(2.6% a.rid 1.3%, respectively), followed by QT segment prolongation and 
ventrioula.r extra.systoles (0.9%). 

No deaths have been~ for &Jl1' of the 4 ongoing t;.Hnded llf;udlea. 
The medioa.l events that b&ft bea repOlied tor thesa trials aze Uated. below. 
Theae events are mil fnoluded in &D1' of the fables In tbfs review."(nlla old frrwl 
.&am s.t.CP" U,Pd.W. ln!hmrettu llllWidment 018. pap 18J. 

Protocol 0011 (placebo oo111iL'ol1ed tr1a.l 1n patients who :reoemv unclerwem 
oorona.r,v artery by-pass gra.ft1ng; N•114): 1 non.serious~ (44:>eat 
\"!'). 1 discontinued treatment for chest pa.in a.n.d dyapnea and lnoreased 
ventricular eotopy, 1 heart arrest a.pproxfmetely 16 hours a.fter the end of the 
study drug infusion. 

Protocol 0018 (oompe.rative tr1a.l with aotalol. N•194). 6 non serious 
pro&tTbytbmias (non suste.tned \1'1'.), QT prolongation, 2 serious 
proa.rrbytbmlaa (suste.tned a.nd nonsusta.lned polymorphic VT), 3 treatment 
discontinuations including AV block and QT segment piolonga.tf.on. 6 other 
serious medical events including a.ngin&. nodal a.rrhythmte.. AV block. 
endooa.rditis, bypotension. dl&Pnea. 

Protocol 0020 (pl&.Oebo ooutrolled tri&l, N•97). 4 non serious proa.rrbythmtas 
(non susta.ined polymorphic \1'1'.), 2 serious events Including proa.rrbythmia.s 
(1 torse.de de pointes, 1 £1'ilsta.ined monomorphic VT), AV block and 
oerebrovasoula.r a.ooident, 3 treatment disoont!nuations including non 
susta.ined VT e.nd torsa.de de pointes. 

Protocol 0021 (oompa.ra.tive trial with prooaina.ruide, N.,20). None. 

f. Special populations 

Gender differences 

There is evidence' that females who a.re ta.king a.ntia.rrhythmio drugs a.re 
more susceptible than their ma.le counterpa.r~ to developing d;:ug-indur.ed 
ventricular tachycardia.. The ta.hie below displays the number of sustained and 
nonsusta.ined polymorphic a.nd monomorphic vr episodes reported for the 

1Ma.kka.r Raj R. et al. F'em&le 0-ender as a. Risk Fa.ctor for Torsa.d.e de Pointes Assooieted 
with Ca.rdiovasoula.r Drugs. JAMA. 1993;270:2590-97 
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465 ibutllide study patients grouped by sex. There WSB 1 plac9bo patient who 
ha.d a.n episode of non susta.f.ned monomorphio vr a.nd is omitted from the 
table. 

. ~:a, 
- """" 001 001"' 001"' 

~ M.oll.amo:phlo T$l 
I -· ..... lllld -· 111111 IDlld. - ~ -... t hJd tu 2 'Nd 

D " n " D " D " D " D 'Iii 

male 7+ 1.8 10 8.8 IS+ 1.8 11 8.8 11+ B.8 Bl IS.4 

~~~ 4++ II.II 7++ 8.1 0 0 8 7.8 .. llJI 18 18.ll 

Total 
rn•48°" 11+ B.4 17 3.7 II+ 1.1 17 a.7 111+ a.a 84 7.3 

+one ~ent with 8Wltained i8cf _ alld mt'Ji~O vr 
++two e · ta with llWltaiJi ud n~ o VT .&om~ amaud.maut OJ1IJ rBDBlved Marob 16, f3Jik~.3? 

· There were 11 males {2.8%) a.nd 4 females (5,2%) who experienced either 
a.n episode of susta.ined polymorphic md/or monomorphio ventrioula.r 
ta.c~, There was even a. la.rger discrepancy in the~ seen with 
nonsusta.ined VT: 16.9% of females oompved to IS.4% of males. Womel'. a.ppea.r 
to be more susoepLible tha.n men to the development of a. proarrhythmio event 
with ibut111de. 

The table below shows the mean age as well as the stands.rd deviation, 
a.nd the minimum and ma.ximum e.ges in the ibutilide groups separated into 
thosA who developed either polymorphic VI', monomorphic vr, or developed 
neither. 

3&.. 
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Yearsof e 
n mean S.D. min Dl&1I: 

!rr:Jm tablt1A-Bl6, vol J.IU, 

There is llO obvioua nlMtonahip 'be~ween the ace or paU....,.who 
developed mone>m.ol'Phlo or ~hio vr (M.& and 8718Bol'S or ase. 
respeot.iveq) and th08ti who dld not (meui. age 65.9 JNn). 

Acoording to the "O ibutlltd.e study, &bout 82% of ibut.W.de ts 8ltOl'9ted 1n 
the urine (with &bout 7% aa unoba.npc:l ibuWide), and 19% is f!llfmtne$ed in the 
feces. The sponsor malree the arguments that because 1.) the dura.tion of 
infusion is lim.ited to uud.er 30 minutes. 2.) leaa than 10% Of unche.Dpd 
ibutilide is excreted in the urine, 8.) the hepaUo oles.ranee ts perfusion rll.te 
Umlted, and 4.) the drug diskibutlon 1118¥ be one of the primflry meohanisn.s 
for termtuatton Of drug effeol, there was no need to evaluate tue safety of 
ibutilide 1n these subpopulations a.ud no need for dose acijustment. The enti:y 
criteria f01' the 2 pivot&l tri&18 (0014 and 0015) had the followJ.Dg stlpula.tlous: 
liver ems,vmea mun be less than 2 times ma:z:lmum normal Values a.nd (tor 
protocol 0014 onlJ) serum. cieettntne must be leas thlm 2.0 mg/ell... 

Of the 465 ibutilide patien.ta, S ha.d SGP1'2 130 U/L a.nd B~ 80 UfL 
(#0013/13025/221, 0014110175/1105 and 0015/lasos/1196). One of the three 
patients had a medical event (wide complex ~byoa.rdia.). 

There were 32 patients who had senun creatinine ~ 2.0 mg/dL a.t any 
time during the study. Three of tll.ese patients ha.d serious adverse events 
(0013/13025/224-susta.ined po)1mol'pbic VT, 0015/13811/1031 and 
0015/13808/1061-a.cute kidney fa.ilure). 

39. 
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No Phase I drug-drug intera.otton studies were conducted by the 
sponsor. Instead. the effects of digozin, oa.loium oba.nnel blookers, and beta. 
blacken were evaluated in Pha8e 11/ll siucuea 0014 and 0016. The table below 
shows the c.leara.noe and the voJ•une nf c.Ustr1bmton for tbutiltde in patlEmta 
reoeivtng (and not reoe1'VIDg) the oonoom.1t&11t medioa.tlon. 

Ibutlltde pbemeoo>tne&fo penmeter eetf••*rl raJatmt to ~''''h"* 
wUh · 01&Gi&'111ullmuel ~'"'-or - .. 00141 

Number VHdwi\bln 
Ccmoomiiant lNhoun OL, 

· Medtoatlon Of pdorlo mLmlD"'JJqr V...l/lllr 
P'l&le:ata 

511 Yes 38t 18 (48%) a.at 3.4 (ll4%l 
Digmrin 

38 No 35 t 18 (46"'\ 7.0 t 4.8 '89%\ 

C&lo1um 85 Yes 38t18 (50%) 8.3 t 3.6 (57%} 
Channel 
Bloolaa 158 No 38 t 15 lll9%) 8.7 :t: 4.a 1R4"'L 

Beta 17 Yes 43 :t: 15 (35%) 8.0 :t: 3.6 (48%) 
Adrenetgtc 

Blocken 78 No 86 :t 16 (4(¥.\ . 8.1 t -1.0 fR5~ 

* Data expniued Uthe D1HD :t llta.ndard deviation (% ooef!loient of 'llllZtaUon) . 
.&om vol. J..48, 04'01/89. 

Based on the above informa.tion, drug-drug interactions with one of 
these 3 medice.tions would not be expected. The table below shows the nuniber 
of patients receiving (a.nd not receiving) e.t leMt one of the following 
concomitant drugs a.nd the number a.nd percent of proa.rrhythmic events. 
Note: the total number of ibutillde patients evaluated is 375. 
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ocnill:tlJi' 1 Dllfl!!l . ~08'ft,Q'8 

.. · II. » 
di• lla9 

,.Ot ... 14) 118 11).7 . -- 11 9.8 .,,.,.,.., 
.. 

..... 118) IO s.a..r··· 
llC (D."81'1') 19 8.8 

.... bl .... t? 

,,.. .l)llo88) ' 8.9 

l10 (n"807) 84 11.1 
tllblo tlMVllil .t.mm 00 l4 

There ts some ind.ioa.tion tha.t patients reoe1vlng a Ht& blocker JD&7 be 
less likely to develop a pro~ 

It· Laboratory ftlues 

Of the 488 pattem. treMec:l wlth lbutmc:le, 8'15 had l&bol'Mory 
asseaaanents. Apui :from the random vadaUoD., 0111¥ oreattne Jrina•e llhowed 
dramat1o oha.ngea f.rom bueltne. but t.heee oha.ngaa oaou.mKi in patients who 
had been eleommmed. The sponsor had in~ p&Uents whose 
hem.Mology an.di chemistry va.lu• met one or more of the sponsor's 
dea!gnated orlter.la.. These patlen1i8 and otilen·a.re briefly dlsoussed below. 
(data obtamtld .tram vol t.1111, AppMd/z .B) 

Hemoglobin <8.0 g/dL 
Pla.telet count <100 or >600 (x 1</Jmm') 
White blood cell count <3.0 or >20.0 (x 101/mm'). 

There were 2 pa.tients from protocol 0014 (#1350 and #2211) with low 
hemoglobin (7 .6 e.nd 7 .9, g/dl) post treatment. Both patients ha.d low va.lues at 
sc1-een. There was one pa.tient (#2323 protocol 0014) with abnorm.aJ.ly high 
WBC (23.6 x 103/mm") who was found to have a. urina.rytta.ot infection and 
another pa.tie~t (#1086 protocol 0015) who ha.cl a.n &bnorma.Uy low WBC (2.8 x 
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1:o3 /mm.-., ._ ibuWl.de ue but the screen va.lue was &18o IOw (3.0 :E 101/mm'}. 

IJ.vsr llmotiOD IB8tB 

AUt >:J ttmM the upper limit of nmioal 
NR >8 ttmee tile upper UmB of n.orm&l 

'1'Juw pallent& all from pzotooo10014 (8111, ti84.7, t 1817).m.etthe 
above OltUtlA; all had und191'1"1M ~&Del OU WM a plaoebo 
patient. 

Patient #1134 ~l 00115 bad elevMed valuee poet treatm9Jlt (At.T 73 
UfL, sonen 11 U/L Uld Mn 108 U/t soreen 87 U/f.a. He waa reoe1vlng 
oouoomlta.nt auttblotlo therapy for pnr.unoma. 

BUN >B ttmea the upper limit of normal 
Qreattntne >3.0 mgtdJ, 

·Of the 8 pa.ti.ems selected for a.bnorma.l BUN e.nd/or oreattntne, 7 
received ibuttHde and 1 received placebo. All had elna.ted levels at screen a.nd 
only 1 bad a corresponding rise in orea.ttnme. This patteut (#1081 protocol 
0014) bad become bJpotensive (90/80 mm H.g) dmhlgthe ibutilide infusion. 
His BUN rose from. IS mgldl to 62 mg/dl and serum oreattne rose from 1.8 
mg/dl to 5.1 mgtdl two da..va after the study drug was fnfused. Serum oreatinine 
return to baseline a.ppro:idm&tely 4 rlaya later. 

There were 2 additional patients with increases in BUN a.ud serum 
oreattnine that were r.lported M! medioal. events but were leas th&n the out off 
points oited above. Patient #1103, protocol 0014 hid BUN and serum 
oreatinine 1Iloreases from 21 to 40 mg/dl a.nd from 1.8 to 3.1 mg;'dl, 
reapeotiveJy. Patient #1304 protocol 0014 had tnorea.ses in BUN from 17 to 33 
mg/dl a.nd serom crea.tinine 1.4 to 2.3 mg/dl. Both events were unexplained. 

Creatine ki:aase 

Crea.tine kinase >5 times the upper limit of normal 
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Ml of tfle 1'7 pr.ttente w:Wi &1t'J'ftt1ona ot CK'. bad udnlP>n• 
eleotlov•lllloll. 

0Ut11"rm&: bad 111 obaoan•alJFels u 11 t11ie't' 1111•41 from beftls 
atw 8 P• ofmapu e b•m •'1fete ~of•• •tel' ••1& ft.tie....,., 
,_.._wlthmM]Fdeoi:auad.mapa taan~ftnp U1111&hacl~ l 
s1Jdil111l(I& haclrawl•ed pllMlel>o). and ... ,..,.,. .... (~888 pmtoool ! 
0014) witb • UM•P1•'Md serum potuaium ~from 4J& mBq/Lt.o 8.~ 
mJ!lq/L (hemoi,ad epeotmen'I). No paUem had an abnormal oa.loium level. 

b.. Vital ...... 

Th&1'9 were US (8.2") reporl& of~ (S W81'8 ooDStdered eertoua) 
in 481 pMlenta noelvlng 1butlllde oom.p&red t.o I t'epOrta (1.4%) 1n 189 plaoebo 

, p&Uente. 

Overall, ibutW.de a.ppea.t'l!I t.o haw little tf any effeot on 8)sto11o and 
c:U.aetolio blood pre88U1'9. Ir.' etu.dy 001'5, blood prwure and pulse W6Ni 

recorded tmougb.out the 14 houm. The mean obanpa from baseline fl'lr 
1171'tO)fo and dlutolio h!ood preaaure were atmn&l' in the pla.oebo and th~ I 
ibutW.de poups (data obtl&IDtld ~vol. t.'IB, '~1/14-1tl). Deorea.ees m p\ilile, 
aa a:peoted, were greater in the tbutllide groups compared ·to placebo, 
refleot1ng tile bigher oonV81'81on rate to einus rbJthm (date obiained .tmm vol. 
1. 7B, fJ4/IJJ/#OolJJIJ. 'lbeae tindtnp were atmile.r t.o those 1n the other placebo 
oontrolled effioaoy study, protoool 0014 (data obtained .&om vol. 1.86, 
08/t 1/808..Jll!J. 

L Lons tenn safety 

There were no aa.ft...J a.na.lyaes beyond the 24·72 hour post study drug 
eva.luatton period for protocols 00014 a.nd 0015 in the NDA a.nd Safety Update. 
'filerefore, the sponsor was asked to review the hospital a.nd outpatients charts 

I • 
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for tile p&tien'9 who were randomtffd mto one of these 2 studies. All a 1'HUlt. 
the 9JODll01' WU able to obt&ln retroepeofitv8 ..tef;y inform&Uon that wu 
otarlfJed u 88rious andjor neoe1sttated a chanp in dose or dlsooutbnll'tlon 
of an ~mto medto&ttoa up to 8 montbs aftertbe paUen~ coaiplalad 
the._. l"IDdfnp from wlh fl!. tlae. adiee 11118 di8oulsed below. 

PJWOtlol (J(}J4 

ift:dlW .. a double bffM; plaoebo OCJlldNUed,dOlle respoat&;effJOMJ' 
8&1ldf'. Lot:qrtena datrr. wen olr' haed fl'Om 188 Of the 800 n.ndomted ~ 

Q . Cr a.ere wen 8 dea*b• up to I J1W1•••• pa flhldJ'. 

Deat!t• ooourrtng up to a montbe a8er patient oomplflted 9tUdJ' 0014 

11M1a•1dlD.CUl"3Mlan drucll'OUP~ C&UM ot cleath 

11111 p1Mebo ouolDom& 

1111/ ibuiO.OH oal'dtopulm0D&17 arnllC 

au., ibui0.010 oudlopuJmonu:r lftflit/VT 

111j/ plMebo ven. llbdUllUcm 

1Hft fbut0.010 hmi: oiY:atDom& 
- ltnBO.OU l\msoarol.Doma • 

Oftr&ll, there were 2 (5.4%, 2/37} dea.Uul in the ple.oebo group a.nd 4 (2.7%, 
4/148) in the ibutilide group. There ts no imba.la.noe in tbs ooc111T8noe.of dn&th 
up to 3 months alter the ibutilide infwd.on. 

The table below shows the serious safety reported for a.11 randomized 
p&Uenta that ocourred up to S months after completing study CO:i.4, fooustng en 
the aubaet of oardtovasoular events and, in pa.rtioula.r, ventrioula.r 
tacbyarrhythmias. 

Number and percent of patients who experienced 
a serious medioal event post study 0014 

44~ 
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plaoebo 
G-87 

lbv&W.de 
o•141 

D " n " - -.. tmm& 11 11.~ 88 41.t 

11 81.1 48 tu ... 
IJ.C 1..1 

There wu no wba· nt'll cWreNaoe batscaea the Arlous medloa1 event& 
tDoWdlq oudiovasOUlair ewaw 1a the pMtem. w11o had reoe1ved ftndlUde 
oompared to tbo•e who reoetftd plaoebo. There WM one :report of elevated 
liwr ~. c19fJld1'led. u HVel'e, G1at ooourred. in a 73 yea.r old ~ 
patllo'".?t ~#1801, Bllenbopn, 1bUtlltde 0.011 'tlJll{lrg). No deta.ils, other tba.n that 
the oondttlon wu umeaolwd, are a'V8.flable. 

Pmlpgol 001& 

Thia wu a double blind. placebo oontrolled emoa.ey study. Long term data 
,•>--~ " 

. . : we:re Obtained from 248 out of 168 :randomJsed patients. 

Daa+bg: there were 9 deaths reported up to 8 mQntb.s post study. 

M•ryann Gordon, MD 
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.... l.•11•••*- ,..._poup~ OAMof4-th 

1&181 •IJU lwqOU'Olnoma 

"'°" . llOt~J 

10., ... .,.,.. 11..nfathn 
. 

tt• ... ...,.. Ill ... I~ .. JI.-. ..... , .. 

tS'IVI •Jll Olll1111111 ........... -·· - )1118"1D -.,. •• .., ... mta 

ltltf Dlml/t.I ciudtopubno111117..-

tOtlS/ Dlm&/l CIOSlll 111'9 u.n laUUN 

lt4t/ l1nd 1/1 
~ 
dlll&t I Jfwmlrloul&r 
flbdUUlon 

cWl.awn tmbnm#oUI ltllHlllibMal 'll. ,,,'iiHJ 

OVuaU, there wen I (1.1%, 1/81) dea•b• in ~e placebo poup and 7 (4.ft, 
'i/18'1) in the ibuUlld.e sroap. '1'bJa difference in death11 fa probt.b)J not :reWM.nt 
and it oonf1iots wW1 the fbldtnp • ..18'UdJ 0014. 

46 
• 

Maryann Gordon, MD 
Sept 8, 1995; NOAi.120491 



I 

. Borton• me41•' a rt 

The t&b~ ~ow 8hOWll the 88l'loua oud1cr.uoul&'t 8'8llSll (OHP and VT) a.nd 
res~ 8vants 1epolted tor nearly all ~andomtlll'Jd pll&tenta In protocol 00115 
thM occurzed up to a montbs after oompletblg the '*1d:r· Th!a Sa limited to Die 
H\tbnts of ~cula.r evem.: V9Jdilloular~ Uld 
oongeaUve b.ean fatlme. end~ eveti.ta. 

N'1lmbu and peroem of pstfmtr wbo •..,....senoed 
a Ml'lOU medical 6'9n& p08& aW&d,t 0011 

.. 
pi.o.bo nmmtde 

n-S1 n•18'7 

ll 2' IL ». 
Ml'~ 8'7 '81.7 71 44.t 

O&l'Cllowaouiarnent 815 SO.A • 87.7 

oonpad.'ft h-.ft fallll1'9 1 1.1 18 'i'.2 

~ 

~· 
0 0 I 3.0 

"""'* 8 8.'7 14++ 8.8 
•inoludel IQll 'n9Cl 11114 DOD llUMllMld mouomozphto md ~VT.~ 
flbrilJatloza. lmd....mdoaJar~ 
++ mol.udee NIJ" **' m-' (1). upJnUoD paeulDOllia(1). imwaa laM!!I. (I), onup (1). 
d19pn• (I). bJDs 9Clema (I).~ (1}, ~ luqdlla ... ~).pneumonia (1). 
t1111a JlWll mltma• •rtimnf 4lllNildllMDt • vo1 ~;, BJNJ& 

Thea la no dtl!erence between placebo and ibuttlide pattente for the 
report.eel ooc.nmenoe of~ aeriows m.ed1oa.l event dl1llDar '1118 J>08* study 
p3rlod. However, lbutW.de p&Uents bad moi,t ooDplllible h...n fa.tlure, 
ventrloulG" ~and respiratoJ'l' ftellte ~ban the pl&oebo 
patients. Theae flodtnp a.re prob&b]!I' inconsequential. 

Oomb•ntn1 both st'.lcllea p'ftfil a. pl&oebo death rate of 8.4.% (4/118) ud 
an ibutilide death~ of 8.5" (11/813). The oombined cudiovaaoula.1' even\ 
ra.\ea were 32.8% (88/118) for placebo and 34.8" (109/818) for tbuWide. In 
oonolwdon, there is no oonvlnoing evidenoe thM ibuWide 1Dtused for 10 
minutes onOt'I or twice causes a.ny long term adWl""le ePeota. 

. )t L,. ~ A .. '-tL.... CJ-(> - ') ~-
-- t ~- _ _,_ ____ , 
Maryalin Gordo\\, M.D. 
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Review Of CheJdllUy, Rainlfactw.1nq, and. Control• 

rs•• ..... JP,, 6 lf1Ull-· 

ttD I !!!"'I Pr AplrUM't 

Cbara•Type/Ther,Cla111 

... .,, 
2~ ... , 05.,..,._,, 01 ••u•9' 

08-Deo-95 

TIMI Upjobn O 'I •ny 
1171~.-.. 
blall.-, MJ ••001 

Corftrt Injection 
Ibutilidat fumarate 
U-102261S 
ca&-1226•7-32-9 (ealt) 
CllS-122647-31-8 (J.butilidtt) 
1 • 

lllp! luJt•hilJ:t:.y Pt\it;fpp/P'fl/Ptt;ap\ l\1\911 

Patent and exclueivity infoJ:lll&tion 

Patent # 5,155,268 

pa'RMTr,QD991t1/PPIQZIOl1 

llOff,GI rmpl 1 

'"ffftll! 
101JD pr N!llWB'l'MUfllll 
DiftlHSIR: 

J'ive (5) yeu after the approval, 13 October 2009 (for 
l 119/:.0 BIL Corvert. Injection) 

Treatment of atrium fibrillation and 
flutter 

Injection 
0.1 sq/mL 
Intravenoue 
-L- llx --- a.re 

URUCTURAL 'P'!!ll,\r CJIRICl.L 11p, l!'tl''M"ff F01QCUI.ltr llOLJctJLNl !llJfft! 

• o 5 CH-COOH . II 
COOH· ~H 

Chemical Name(s)• 

K-(4-(4-(Ethylheptylamino)-l-hydroxybutylJph nylJmethanesulfonamide, (E)-2-
butenedioate (1:0.5) (hemifumarate ealt) 

Molecular Formula: C,.H,.N,o,s 

SUPPORTING OOC!JMBNTSI 

DMJI' 4266 The Up;ohn Co. (Tvoe Il 

Molecular Weight: 442.62 
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ntii1rlt I· nnt0;•• .--. '91£.R-.. uiwllfo1• ln t:M world to uat: 
atrial f~ or atMal ·~llltUlation. · · 
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OVBIJE# MD COFR nrrARY 

1. lldlr IL4t, FM I &wo,-' PrWI I~ .. °* 

' , 

lblillclefutmt• II a new"'*""flfenlllf wlh ....... ._ dlllll RI •llll.iflylhl1111>...,....._ The....- l*lflO ... M tit drug be tMI I db 1he lapid ocrllWllon d alltll lllllllllr.wt or 
....., tuter to alnua ihytl1ln. lhe cflug 11 fomlulllled aa en laanlo, ...,.., 'Ml'NOUI eoldlon a 
la lrdlnd9d to be infUl8d lnlnwenoully. lbullde fum:nte Ma OM ahft.l oerHr. It II a lllOelnlo 
mlldure oonfllilhig an eqiJll nilb ol h two «&lliomtr9: U-82208 (~encl U-82200 · 
(kM>tQlalory).' . 

In tlOlated .. _.., ~- .,. .. fl.malate prolonga the c:bll1lon ol the IOllorl paeanlal. 
In vivo, l lrlcnaHI tit ..W lftd v8i'lllbW elfecllve reflllCltofy periadl. The anlillnhylhmlc elfecte 
ol llullllde .... thought to be due to lhele 1l1::1iaphyalalcigloll prqiertlea. How&ver, In oor«rast to 
moet attiaralaae 111milntlylhmlD11Q1f!18 (which black outward poeaaawnuurera), "*8e cmr., 
lludies ahow 1hat Wide llCllvatel a 8IOW n-rct current hit 18 Oll'lled moet1>J 17/ eodlum and 
ca1c1um..1 

2. OrganlltllUon, SOOpt, and Paglnllllon of thlll ~·llew 

Briefly, this review 8U!Mllriz• nine ollnlcal phannacalogy studies. Final atudy reports for aeven 
cl thne atudles were submiltlld wllh 1he original NOA on fl1 Ootobar 1984. Final study reports for 
two eledrophyalolag .ltucha wwe 81tlmitted to the NOA on 12 April 1995.1 

The pnlOildlng ~ Table of Cortenla" glvee !he location, In the ~. for tne reviews 
al llllch al these atudlee (see appenclx 'A" thlOugh appendbc T). l:ach ~ and theteklre 
each atudy, hu a delailed "Table of Contents." Ref9r9nces to a page numbtr wlhin each 
appendix retera only to pages within !hat perticulat atudy. "Ravlaw91'a Commenta" n-.y be found 
al the encl of the review for each of these studies. Aa thll l'IYlew II Intended to C001plemenl thoso 
of the blopharmaoeutic reviewer and of the safety 19Vi8W91', pharmacoklnetic data and safety data 
1119 summarized for each study. 

1 Noll: U~ and U-t12:1WE are lhe hemlh1marate satta al Iha 1111811tiomera ol lbulillde. For example, - proloo:ol P·7fi50. 
0008 M Appel • .x E. 

a For dllllllla, - f • preclinlcal review by lie pharmacologist. 

1 Submlllod a& amenctnent number 31. 
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• Two11111:111.,..r.lcUlll IJllid,p.ilt!o-«lidlulled.dalem 'HonlrfllilMW1ntf*fan1llCI 
In tleafd\t !Mil (PMIGol P.7llNI01: ,_ ........ 111 ...... encl P: I I DI P,J 3 D .. h 
................ ft). 

~ Two 1l1cU;fll\tllaloQloll 9'ldl11...,. C11111ipllt11d 1he INI w a •iddlllbd. Fl ~o 
tJOtdloledlllldvthalwalualad ... 11ao11z,p1.,..1..,.._.lllmocfr•lin*'.,..~• · • ·r-.. 
doeea ol bllllde In pallllilB u11delgoll11 lr'Mlllve el&Li:~ •Wttlfl {PtcAoool 
P·7BllCMNI07). The llllOOnd w m epera lllblll lllUd!f ti ... 111 ltleiplQllrAagl 1' 1111118 ti 
M II lli!ll doela r.f ldlde In p611ilB with t.noclyiwlilll 1 Ir~ wnllbdlr.,,,... 
(VI}. 111111 el.qt w nae N15Cb11fmd and had no plwbo 001ltlol (Pl.......,. P.'7!80-0011). 

• l1ne 811'91t doee ~tlllo (PK)/pharlnaclc•clio (PD) etultH wwe peif!;Amed. 
One 8lUdy compndthe PK and PD d a 1k1S11e dclaed l80lll1lc llMAlebnanltewlll elrlQle 
dow ol la two ..,.,...W'IS: U.Q2.20E llnd u-a2,208E. 111111 Ibid/ waa pecformed In 
hedhy men and wae a randomized. double blind, lhl...way on>er.Fler atlJdy (Pldoool 
P· 7550:0008). A aaaond llUdy evaluated the mllaboleln and lllOCl1IUon cf a llngle doae cf 
14c-l>utlllde fumarale In heallhy men. Thia W88 an qien label atudy wlh no ooncurrllll ooul!ol 
gioup {e.g., no plloabo gioup) 800 no rarclomtz:allan (Protocal P·7560-001t). A 1hlrd study 
coo~ the PK and PD ol a elngle dole ol lbu!l!lde fllnarate In healthy men and women. 
Thia aklo was an opar1 llbel llUdy with no concurrent oontlol group (e.g., no pi.oebo gro141) 
and no randonizatlon {Pcdoool P·756o.M22) 

• Two atudiea Went terminated. One atudy was diaconllnued after one patient had part~ed 
{Pl'Cltocol p. 766CMI004). Another atudy was dla:ootlnued after two patients were treated 
under the protoool (Proeocol P-7560-0018). Given the llmlted Information available from these 
two atudlee, In thle cwervlew they will be COllllderect no further. 

3. Hemodynamlcs 

Three studies evaluated the hemodynamlc effects ot i>ullllde. In the subjects Included In these 
studies and at the dosages studied, lbullllde did not appear to have direot adverse effeots on 
cardlo\laacularfunction (e.g., direol depl'8Slion of myocardial function by negative inOCroplc effects). 

The best hemodynamlc data were obtained In one of the electrophyslology studies (Protocol 
P-7550--0007). lnvaatve hemodynamlc ~a W8l8 made of cardiac but;:iut, pulmonary 
artery preeau19, and pulmonary oapltlary wedge p19S8U19. These parametera did not appear to 
nhange from baseline In a C01181stent dose-relsted way either In the atratum of patients with a left 
ventricular ejection fraction (LVEF) leas than 35%, In the stratum of patients with a LVEI= ~35%, 
or overall when these two stram were cormined. These parameters generally changed from 
baseline to a similar extent In patients treated with lbutilide and In patients treated with placebo. 

Although patients with a LVEF <35% were Included In this trial, reliance on this surrogate 
phystologlcal measure as a measure of clinlcally-meaningfut cs1'di!\C impairment overstates the 
extent of can:llac diSltaSe in this patle:it 88mple. Patients with congestive heart faUure, angina 
pectoris, hypertension, or a histoiy of drug-induced IOl"'..!:d!'ls de pointes were excluded from 
participation. Patients were required to be hemodynamically stable, to have 1 :1 atrioventricular 
(AV) conduction, and a baseline QTc of less than 0.440 sec ... 
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~.lie glllll'tl : ol tl'lla trfll 18 lmlted to Hltlt ........ ..... :-. --. 11 
fnclluded plillenltwllhaLYEF . 'l'Hallokof clllll ontheflema .... ill Al of' O.llNS 
b...,lnp1lcnl•·••·rr .,......._. ... cllo••• l11••orwlfl•t t ;~,, ..... ,.,... .......... - .......... .,...bod\ far .. fdal- for ....... -·····. pnigaunofthldn.tg. For11•srl1,lwauldblclf""""Pt u .... ..,....,._, 11•1'lltl 
0011g1llM'-tffllllftarp I r1awlhlldw111111C1.,111of'-tbloakU1iFlft'l1t°"'*11hh 
cfrus. lntht..,...,.of,...cM1t,t11epr.111 'U4••'*'....., .. ......,,_. .. ,, •1111111. 
cf b ... In .... ,... ......... , ... ~ .......... • do..,.... ............. 
popddlooa. 

lna11ccnd•·••...-•plll.,.1~wt.11ecUom111U1Wol!vt1 rln•dllloCUfld. 
~ •J• atMltlmt, llld. *'"' V91:l rAlf htax (Piobxtl P.7Bll04ICl0t: .... bom' lnfultlcft). 
Durtngthe~~~ln--1ia11.r1llleral.1thehS' 111 J s••8"lfllllt" ..... 
almlar to challQll In th8 plaolbc> group. Ho.MW the lflCll'llOI' 1111111 to olaln lffl'O..al far 
adi1inlllriidlch ct bllllldebiwlle t:NWhln m!IU-. not CNflt llgl'll hcln u In Ille pidocol. Thua, 
ttll!I Immediate 11lluW1» of ttllle l1llldte 10 Ifie praptlllf ten-mbil c41wn la ln*lillr1. 
Moreover, the.-. rnolndld In the 8lUdy wn all heellhy men wllh ncmlal 11..,._.. funallon. 
This Is a pcpllallan In whom ldWiM Ollftlova8aular erreata are leea a.ly to be detected, 
oompaied to pallenta with llrUClural oaldlao dleeaae (e.g., after a myccA1111i11 •lfaldlon) or ta · 
patients wllh mechanlcal Cllldiac abnonnaalle (e.g., conga eltle hllUt flllure). Flndy, the 
senslllvlty. apeolllolly. aoourmy. and repnxlucllillty of 111'.,edanoe plllhyltmograph for detection 
of ohangee In tll9H hemodynamla lrdoee have not been well characterized. 

Slmilarty, In a thild 81udy, ~ plelhyemography was U8ed tc me&am1 changes In 
hemodynamlo funcClon (~ P,755<MJ001: ten minute Infusion). Allhough ten mlnutee 19 the 
duration of the infusion In the proposed labellng, the data In this study are lnadeql' :.de to draw 
meaningful oonolulions about the hemodynamic effects Of l:lulllde. That 18, the small number of 
subjects In the~ group (11""2) restricts the power of any atatillloal analysee. The 
ablllly to detact dlllenmcea of gl'Ol4l8 fl')fTI the placebo g!QUf) la greatly Rmlled. As with the eight­
hour lnfualon, the eimjecle inckJded in this study were d lieallhy men with normal myocaldlal 
function. lr:ipedance plethyamography has the Amllationa listed above. 

Electrophyalology 

Two invasive studies evaluated the electrophyslological effects of lbutlllde fumarate (Protocol 
P· 75'".>0-0007 and Protocol P-766().1)()13). Four other studies evaluated the effects of lbutllide on 
the QT and QTc intervals as measured wHh signal-averaged electrooard!ogra (Protoool 
P-7550--0001: ten-minute lntualon; Protocol P-7550-0001: eight-hour Mfualcn; Protocol 
P-7~. and Protocol P-7650-0022). The remaining studies evaluated the effeots Of bullllde 
on electrooanflographlc int81Vals, particularly the QT and QTc interval, as measured wHh 12-lead 
electrocs.rdlograms. 

4.1 Invasive electrophyalo!oglcal assesi.ments 

In the two invasive electrophysiological st1idies (Protocol P-7550-0007 and Protocol P-7550-0013), 
ibutilide fumarate appeared to depress sinus node function somewnat. In both of these studies, 
ibutilide fUmarate s1gnificantly proloriged the maximao sinus node recovary time (maximal SNRl) 
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at al doeea teater.t.• lbUUllde alao appeared to 'prolong 1ho alnua node rectNfl(f tlrrW (8NR1) and 
the coirected alnua node reoovery times (CSNRT) to aome extent In both lllludiea. H prqlonged the 
baaloO'fCle length (BC\.) lnoor alilenlly In atudy P·'7660-«l07buC not In study P-7550-Cbtl. n­
effecfB on elnus node function may be of greeter algnllloance (i.e •• a 8ldety oonoem) ~·pathrQ wth · 
lnlrlrllllcally abloorrnal elnue node fl.llotlon {e.g., elck lilu .yncttame), a group that Wll9 not 
aystematlcally evaluated during the developrnent of the drug. 

Slmllarly, In theee two-.... llxdlde appeared kl depreee AV nodltl fundioi\ to eome 91dent, but 
these elfeola alao generally were not marbd. lbUllllde P"tolonged both the AV and VA 
Wenckebaoh cycle lengths to a lftnor degree In both studlea, and It alao li'flf>88l'Eld to prdong the 
AH intlllVlll aomewhat In study P.7li80-0007. Aa wth .. effects on elnua node, funcllon, l:lutllde'a 
effects on AV nodal function may be of greater algnlfk::ance (I.e., 1< safely concern) In padenla with 
intrlnalcally abnormal AV nodal fundlon (e.g., advanoed degrees of AV block), a group that was 
not systematically evaluated during the development of the drug. 

In these studies and u expected of a class Ill arnlanflythmlo agent. lbutlllde elgnlficanlly prcbnged 
the duration of lhe atrial and ventricular rnonopl18Slc action potentials {MAPe), a. 'd I elgnlficantly 
Increased the atrial and ventricular effective refractory periods (ERPe). In ger.era \ theect effects 
were dose-related and were greater at the higher doses of ilutllide. In study P-7•"5<>-0013, the 
changes from baseline of the MAP/ERP nitlo at a given paCEKI cycle length were often ~tly 
and positively oo11'81ated 'With the changes from baseline of the MAP/ERP ratio at the o. '1er paced 
cycle lengths. 

lbutilide did not appear to alter HV conduction In either study, and the drug did not appear to alter 
atrial or ventricular thresholds. 

Finally, in Sllldy P-7550-0013, li>utllide was evaluated for its ability to Inhibit the relnductlon of 
sustained mol'lOl'llOlphic ventricular tachycardia (Vl). Overall, uustainad ir.onomorphic VT could 
not be reinduced during tht1 ibutilide infusion in 44% (21 of 48) of the avaluable peti3flts. However, 
this result is difficult to intetpret in the absence of a ooncummt placebo-control group or, In fact, 
of any concurrent control group. Moreover, any pullltive effect of lbutilide to prevent the reinduotlon 
of sustained monomorphic tachycardia did not show a dose response. That is, tile difference in 
the "success• rate of inhibiting reinduction of VT across the three dose 11roups did not e·Jen 
remotely approach statistical significance (P=().8324). 

4.2 Slgnal-Averaged Electrocardiograms (ECGs) and 12-leed E!actrocardiograms 

In virtually all of the studies, and as expi, .. tod ol an antiarrhythmk: ag$nt with class Ill 
antianflythmic properties, ibutilide prolonged the QT and QT c intervals. This was demonstrated 
both in studies that used signal-averaged ECGs to measure intervals as well as in studies using 
12-lead ECGs. Generally speaking. prolongation of the QT and OTc Intervals appeared lo be 
dose-related. That i~. (a) at higher doses, prolongations were generally gr11ater than prolongDtlons 
at the tower doSl>s; (b) at the higher doses, significant prolongations generally began earlier than 
prolongations at the lower doses, and; (-::) at the higher doses, significant prolongations generally 
lasted longer Iha.., prolongations at the lower doses. 

4 For bacl<gmund on the moaning of various olecbopt1ysiological ;orms, SGo lho reviows al Ille two invasive eloclmphysiology s!udies 
in Appendix C (Protocol P·7550-0007) and Appondix D (Protocol P-7550-0013) Background inlormation on eaoh lerm is given 
in tho corrosporuing toc\ion describing the ~actrophysioiogicat resultc; 
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In the llMl8lw 111 ltiopt'fllologlael ltUdy P-768()-0013, QT lnlervala were ~ wlh 1~ 
ECGa and oon slltlon analyNs _. performed on el~ data Ill a .peoed cyde 
length (PCt.) at eoo maec. M the end of the loldng dose, the pdongdon ofthe arc Interval wu 
eomewhat 1elJ1ed lo ohangef In ttie W1dlc:1 of the veAlloullr moncphallo aollcr! potenlW 
(VMAP). Allhcugh leu ou111lr&1d, at the end of the ~ dole the pi~ d the arc 
lntllfVBI WU ~ r"8lld t:> cfllllglNI In the venlrirUlr ..,...,. ieli-*'ly period {VERP). 
PiCJlonvdlon of the arc ~cld not 911•ilt 1iPP•lo be con111tld wlh ch•.- In the allllll . 
lff8C1!118 •lflacb'y pertod (AEAP). . 

lbulllde fQnanlle does """ •>jlpllll' to hllva mark8d elfecta on the PR kterwl or on ORS dundlan, 
at lea8I when i11llelUnid wllh 1wlall1Jely hleerdve 12-lelld ••• ctiOC&Jdlognunt. 

4.3 Commanlary on the Slgnlftolnoe of Pl'OIOngdon of IM QT lntelWI Md IM QTo llltei vml · -

During tM ollnlcal dwslarmient d bllllde bnlrate, the 1po111or ganerally elllllucled llb)ecta (or 
patlenla) from ~don In trWe If thelrbeullne QTo lnlerval wa gMterlhan the upper llmll 
of nonnel.{e.g., OMO ...0,. Thul. baaellne OTo lnteMlis wwe lmed u (llWlllldaled) piedlolols 
of advlf88 evsnta. 

~rly, during the trials U>fec* (or patlenta) W9i'9 aleo dllloonllnulld from the lltUdles 11 their OTc 
Interval lnoraaelld from basellne, regardleao If they Mre experiencing a ocnct.mKlt adverlie event 
or not. Thus, changea flom beHline ct the QTc Interval were altlo lmed M IUi"Rlgllte merkenl for 
adverse drug even1a. For~. dole 891'8lallon lludl• In heallhy men were dleoontlnued not 
at dose8 that cauaed advelM wenls, but l8lher beoa1.181 of QTc prolongallcn. Thus, dose· 
explomticn with lbutllde tumerate rnay have been terminated prematurely. (I.e., Protocol 
P-7560-0001: tln-mlnutt lntualon, and Protocol P-756().4)001: eight-hour lnfu81on). 

Certainly. one of the most serious adverse effects cf dlugs that prolong the QTc Interval is the 
posslJledeYelopment of polymofphk: ventricularlac:hycmd!as (e.g., toraadea de pointes). However, 
some drugs that martcedly prolong !he QTo lnl81Vaf, llUCh as amlodarone, 1119 not asaoci8ted with 
a greatly Increased risk of tonsados de polntes. Ccnv8nloly, aome drugs that are ~ted with 
a high inckJenc6 cf toraades de polntes prolong the QTc only slightly. FLilthermore, for those drugs 
in which QTo prolongation is 11sll0Ciated with torsadn de polntes, the refatlol1shlp is not necessarily 
causal. In these cases, protongation of the QTc Interval 111f1Y instead be a marker cf a drug effect 
that also increases the lii<elih<>od of toraades de polntos. 

Stated diffemntly, the length of the baseline OTc lnteival and the change from b6Seline of the OTc 
interval are .often not good quantitative predictOlll of the llk&llhood cf advei'Se e'lents like torsades 
de polntes. Prolongation ot the QTo interval l .. ..1 seem to have aome relationship to these 
adveise events, but the relationship is not neceasarily causal, direct, or quantitative. Hence, 
parameters that correlate with lengthening of the QTo Interval (e.g., such as plasma concentrations 
of drug) may not be good predictors ot the advense or beneficial effecUI of the drug. This lack of 
predictive ability is one of the primary problems with ths use of surrogate endpoints as markers for 
clinice.11y·meaningful drug effects. 

This may be the case with ibutilide. Although the drug prolongs the OTc interval and increases 
the likelihood of polymorphic ventricular tachycardia, the relationship between these tY.'O 
parameters, if any, is unclear. Thus with ibutilide neither the length of the baseline QTc interval, 
nor the change in the length of the interval from baseline, are particularly predictive of etther the 
drug's benefrt (i.e., the termination of atrial fibrillalion.lflutter) nC'f ot the firug's risks (e.g., induction 
oi polymorphic ventricular tachycardia). Thus, sophisticated analyses based on QTc·interval 
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prolongation (e.g., EllVIX modele) are not paltlcUlarty helpful In the overall risktbenefii assesement 
dthedlllg. 

8. Pharmacoldnellc9' 

In healltTy volunt981'8, ~ tiu a high eyslemlc plaen'.a clearanoe (averaging apprmdmately 
29 m1 mn·1) which appnaxlmatM heptlllo blood now. and It has a large w1tme Of dlatrl>utlon . 
(av~ eppcadm1l1ty 11 Meg). The apparent ellmlnallon half-life Is eppaicimatel)t elx hol.n. 
The phannlloolctlel d bdde appear to be linear with reepect to the adminlelered dole over 
the ianoe of 0.01 R9'kv to 0.10 mglk;! 

Aa evaluated In etudy P·7550-Gllll8, the two enantlo!,,.,.. ol lbutftlde have olearancea and volumes 
of .diabt:>ullon that .,. boch elmliar to each other and ',0 those of lbutlllde fumarate (the raceme 
mlldt.re). There was no evidel a of In vivo nicemlmtlon as only the lldminlstered enantlomer was 
detected In plQma following trea1men1 with either U-82,206E or IJ-82,209E. 

Aa evaluated In etudy P· 7560-0022, no diffe191'1C8S In ph8rmaooldnetlc parameter eetlmates were 
found belween male and female eubjecta. Ir. lhat study, after a ten-mir.ute Infusion of lbutllide 
fumarate (0.01 mg.'kg), postinfuslon plasma ooncentrations of the (+)·and (·)·enantiomers as weB 
as total raoemlo lbutillde decreeaed rapidly wllh at least two rapid-cftstribution phases. Nearly 
lder.tlcal concentrations ol lJ..82,208E and U-82,209E were achloved after dosing in both male and 
female &Wjeots. Aa in study P· 7660-0008, l8CelTllc lbutllide and Its enantlomers exhlbtted similar 
pharmaookinetlc p11ipertlM; aD ~ demonatrated a high systemic clearance. approximating 
liver blood flow and a large volume of distribution. 

As evaluat9d in study P-7550-0018, within seven days of a single 1 ·rng dose of rsdiolabelecl 
ibutllide in httaHhy men, an of the radiolabeled dose was accounted for after excretion In urine and 
feces .. On average, 82% ± 2% and 19% ± 1% of the dose was recovered in urine and feces 
respectively. No radioactivity was detected in expired air samples. Eight ibutHide-related 
metaborrtes (pr8\iously ldent~ied In rat, dog, and monkey) as well as unc!ianged l>utirlde were 
detected In urine and accounted for 89% ± 4% of the radioactivity present in urine. Six metaboliles 
and unchanged ibulillde were detected in fecal s.tmples from the two subjects evaluated, and 
accounted for 97% of the radioactivity present In the fecal samples. I.ow levels of radioactivity 
were measured in bloo<! an plasma. Unchanged ibulilide accounted for the radioactivity in plasma 
at early time points, and four metabolites were detectod in later samples. 

The sponsor concluded that melllbolism of ibutilide in humanii appears to proceed primarily through 
a pathway 090SiSling of m-oxidatlon of the heptyl side-chain followed by P-oxidAtion of the hept'Jl 
side-chain of ibu!ifide. Initial (111-1)-oxldation of the heptyl side-chain and the associated one­
carbon-loss pathway is a less !iignificant m~tabolism pathway in humans. Metabolites resulting 
from these degraaative oxidation processes and unchanged ibutilide are then eliminated principally 
through urinary 11xcretion (about 02% of the dose). 

5 For a complete a~1ent of tho pharmacokinettc rosulW, s~ ~ho ov,1fuation by tho pha1maooutical reviewer. 

6 Seo Pro!ocol P·?SS0-0001: ten minute lnfuolon and Protocol i'-7550·0001: eight-hour lnfu•lon 
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1. DE.8CRIPTION OF 1HE STUDY 

1.1 Titl• 

DollJle-Bllnd, P#a06oO-Contlr1 Dotr Fto'Wltlg TClllittJmol study of a Ten-11/IMrl lntraMrnow 
lnlwlon ot lbutllde F1111arat. (U·'10R2SE) kl Nonna/ Mtllo Vo1'1M1t8818 (PnMcol BC848, p.7650 . .' · 
0001). 

1.2 Obfecllve9 

1.2.1 Prl..,.,, Obfectlve 

As epeclfled In the protocol, the primary obfectlve of this study was to detennlne the toleranoe Gf 
elngle Intravenous doses of l>utlllde fumarate. 

1.2.2 S-ndary Objdves 

The study had two prespeclflad eecondary objeotlvfls: 

• to detennlne the phannaookiletlca of single Intravenous doses ol lbut!llde fumarate, and; 

• to d&lennlne lhe effect ol l>utlllde tumarate on the QTc iltarval of the ECG 

1.3 Experimental Design 

1.4 

This was a double-blind, placebo-oontroUed study of eacalallng doses ol l>utD!da \.'lat was 
perfonned al the Upjohn R8Narch Cllnlc. AB originally planned, the Gffects of single Intravenous 
doses of l>utlllde were to be evaluated In six sequential dosing groups (0.001, 0.003, 0.01, 0.03, 
0.1, and 0.25 ml)'l<g). Each dosing group was to be comprls.id of 11 nonnal, healthy men b~ween 
18 and 60 yeam of age, so that up to 86 volunte1Jr& were to be enroUed. Wlhln each dosing group, 
the men were to be randomly allocated to treatment with a slngle, ten-minute Infusion of either 
lb· otDkle fumarate (n=B) or of placebo (n=-.3). AJJ the study was actually conducted, however, four 
sequential dosing groups (0.001, 0.003, 0.01, and 0.03 mi)'kg) were evaluated. Use ot concomitant 
medications was forbidden, whereas smoking was pennftted. 

Drug Adm.lnlstratlon ' 

lbutillde (Lot f25,561) was supplied In 10 ml clear glass ampules In a ooncentratlon of 2.6 m!>'ml. 
The solutlon was Isotonic and buffered with acetate to a pH of 4.6. The solution was diluted to a 
volume of 10 ml and infused intravenously overten minutes. A standard diluent was not specified. 
Matching ampules of placebo containing only the vehicle were also supplled. 

1.5 Evaluations 

f'hannaookinetics, pharmacodynarnlcs, and safety were evaluated by serial monitoring of the 
following· 

• Blood for safety labor-::ories (hematology, chemistry) and urine for complete urinalysis 
• Blood for prolactir, iovels 
• Blooj sample$ for drug levels 

• 1-
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Prolocol P-7550-0001 (10 ~ lnMlon) 

• UrlnGI for drug levels 
• S!gnakiveraged ECG8 for -..ant cl QTc-QTlVRR) 
• lmpedanoe pllllhyarnograp for asall88mMt or ventrlcular ejectioll the, ejecllon velocly 

Riax, and cardiac~ 
• Twelve lead~ (ECQs) 
• Twenty-four hour ala w0Cilldfc,gr1phl0 (Holte!) monllotfng 
• v.al elgne (pulea, rMplndlon, temparlllunl) and 911f*ie blood pruaure 
• Medloal IMlnl8 

The llllbjects W8AI eleo monlored contttuously by cardiac telemetry. See the "Aotlllllee Schedule" 
on page 3 for a summary or atudy evaluations. 

' 
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Protocol P-7660-0001 (10 ntl)ille lnluaion) 

2. RESULTS 

2.1 Disposition of &ubfecta 

Forty-three (43) subjlKU 8Mlled In lhe tllal. Forty.one (41) eubJects ooqJlated lhe ler'l-mlrd• 
~Uillorl and lhe 48-holirfola w ..,. Two ~ (18and138) .... 8l8llPlld lllblect mlnbel8 ~ .. 
decided not to palt!Qlpate In the llhldy. Two other 8ld>jed.I (117 and 129) NC8lv9d doe9fJ of 
lbutlllde lnconslalllllt with their onlel' of iandomlmllon. I ExpllNtlona for 1tl918 hlonalltendell Went 
not provided by the aponaor. 

Nurnber ol Subjects In Eadl Domu Gro'.ip 

lbutlllds (mG'kg} 

Not Dosi!! P!acAbo MIU ilJlm D..l21. .QJ!a DUI 
Grour; 1 1 2 8 11 

Group 2 2 10 

Group 3 3 8 11 

Group 4 1 2 8 11 

Total 2 9 8 8 8 8 43 

2.2 Demographics and Baseline Characteristics 

Of il'la 41 treated &llbjects, 38 were white, 2 were black, and 3 ware of "other" races. The 
41 treatod subjects hsd a mean age of 30 years (range: 19 to 48 years), a mean wellfit ol 78.3 kg 
(54.2 to 78.3 kg), and a mean h&llfit of 176.9 cm (156.2 to 190.5 cm). The baseHne characteristics 
of th.;i subjects are summarized In the table on p~ge 5. 

1 Subjec! t17 should have roceived 0.003 mgA<g ol ibUtilide, bul inslead roce~·ed 0.01 m!;'k1; 
Subjec! #29 should havo received O.Ot m!11<g, bul in:llei!d 1eceived 0.03 mgA<g . 

• 4 .. 
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PralocOI P-166CMI001 (10 riilJiule wu.lon) 

B1nllne Chalacterlatlce of Stm)IMQ byTnumanl ~ 

etllll"l2 DJll21 
(n-9) (n-e) 

Race ~/BIO)" 9llVO 8l'DIO 

Weltl'« {118} 1es.a 170.4 

Blood frMSlllll lmnMg) 
Syatollo 114.7 118.2 
Dlastollc 87.5 66.2 

?u.- (beats/min) 56.9 52.4 

12.f eedEKG 
Intervals 

PR (sec) 0.17 0.16 
QRS (sec:) 0.10 0.10 
QT (sec) 0.41 0.42 

heart rate (beats/min) 57.0 54.1 

Skml:Alltragert E~ 
Intervals 

PR (msec) 142.8 152.6 
QRS (msec) 78.8 77.75 
QT (mSec) 408.1 412.1 
QTc (sec") x 1000 408.2 385.0 

heart rate (beats/min) 60.3 52.5 

lm1211dance fllll1 1£amQS11Dl2~ 
cardiac out1>ut (VmJI) 6.12· 
ejecllon velocity Index (ohm/sec) 1.340* N.IN 
ventrlcular ejection time (sec) 0.338* 

• Number oi subjects by r11ce: W/B/O = White/Black/Other 
• n=2 
•• n=8 
+ not assessed 

2.:-S ?HARMACOKINETIC RESULTS' 

ldlkfe(n~-

Ulll A.ll1 .a.aa 
(n-8) (""'8). (n-8) 

7/111 SIM) 611/2 

184.'i 188.6 181.75 

111.7 112.1 109.8 
84.6 61.6 64.5 

55.5 57.2 64.0 

0.17 0.17 0.17 
0.10 0.10 C10 
0.41 0.41 0.42 
54.4 60.4 67.4 

165.6 16"'.0 155.9 
77.5 88.75 77.2 
399.4 398.1 417.8 
390.1 403.4 398.0 
57.7 62.0 55.1 

5.23 .. 
NJA• llVA• 1.275** 

0.344** ·---
' 

During the 10-rnlnu\9 infuolon, plasma concentrations of ibulilide rose transiently to high levels. 
Concentrations dr'.llined rapidly alter the infusion. See the figure on page 7. • The sponsor 
concluded that lbullllde has a high systemic pla ,;na •Jlearance (averaging arp1·o"imately 

2 For 3 i:Olllpffito assessmen: ol lh• pham1ac:okinelic results, ' "' the evaluation by tho biophannaooulical ravie.,..r. 

3 From HOA page 0€/04118 
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PllllDOOI P·7560-0001 (10 nlinute lnfuelon) 

29 ml 11*1"•.lkg), Whldl approxfnllilas h;;:>atlo blood flow, and that I hu a largll . Wllume d 
dlltlllullon (aY81'11Ging appn>ldmalely 11 Meg). The IPOllllOI' alllo ooncluded that the 11ppan1nt 
~ hall-We II epproxlnlltely 8 houri, and th8t the phamiaootlnellca ot l>ulld9 .,. linear 
wllh IWllHld to the IDnhlltartlld me. and the dunlllan d 1111 lnflllllon. See the table bebw (note: 
this~ alao hollldea data from a ralaled atudy In whlGh llKltllde wu lnfUlld owr 8 hounl llllhar 
IWI 10 mlnWas).4 • . · 

•atm1M11•<• J I 

9-, ...... 0.01 O.OI 0.08 0.118 0.10 ANOVA 

lllftlllala DmdGa lOmiD 10mln ..... ..... . ._ .,_Jae 

No.ef~ut. 8 8 8 I 8 -
C-.llPlo . 8.8(:8\1) 18.li (385) 1.0<IK) 1.1(119) IJl(US) 0.0001 . 
AUO.-, arllllllL IU(JK) 18.AICIU•) llJl(tKI) ae.am•> Gl.ll (lf'lrl) 0.0001 

CL, mL min"11kc 19.8(17$) 19.f(~) MJl<lftl 19.1~) 30Jil (ll'lrl) 0.4709 

v-.r.,.q llJI (1115) 11.'1 <••> 9.llflK) 11.8 <1&•> 10.11 (14., 0.13311 

Half'..Jlf'e, boun u 8.9 8.1 6.7 li.7 0.3108" 

' 

4 From NOA page 06/04/14 
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Plob>al P.7fl60.0001 (10 ..... lnfuelan) 

a i mle Jllolll of IJUBmw.1 •'11 l hetBte Plewa 
,.,, 1' tl••l'ollowlqU.m'=del11l ao1oom'•...._of ....... 

0.01 mg/kg lbutilide 

10 

...J 
E 
~ 
c 1 

lS 
~ o., ',_1-.,,.._...,........,,_..,, ........ --~-....... T-. ..-.... __,.1. 

~ 0 4 8 12 16 20 24 

8 100------------------. 
~ 
5 
0.. 10 

~ 
.~ 1 

0 

0.03 mg/kg lbutilide 

12 16 20 24 

TIME, hours 

.7. 
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PIOlooCll P-7&1i(M)()01 (1 C n..ut. lnfu9ian) 

2A PHARllACODYNAMIC RE8UL18 

2..4.1 Blood ~ lllUl'9 end pu ... 

Dita fir blood PH t Tin and ., ... hWllJ Vlllflbll. M 91111111811d by •lllt/lll d Vlllflnc».. 
1111m1 dl8llgN from baulll11 (for btlod pr11•n and .,._, went lllnllllr 11no11g the Ni1111W11 · 
aroupe. and cld not a1w MJ IM Iii• for a drug lffeat. 

c.IM cQpul, 1)1clb\ velooly lnclu. Cid vnrlcullr e)IQlon tme were eva!uatld In elgfj 
• .,.... In the group r90IMlg o.os mwtcD d lbtdde llw;I In two of the IUbjoota In 1119 GIOllP 
reoatd1Q plalJebo. Benw• d the 111111 llD d the pllcal»oomparl group (n.2), no 
Ot'flOblllona _, be drawn from the plathylmog!'lphy data. Thal 18, the near llb1ence d a eontrol 
grwp precludee ll1Y m•*iafld conclualonl from being dnlvft\. 

2.4.1 24-hour eleotic ~lo monltoitng 

Al l'l8Ule went raoon:led u nonnal. No conalstant, ltallatlcally-elgnlflcant changes from baselk\e 
wont natld 8CRl8I dose leval8 for maxlmal h1811 rate, m'*"8I hurt rate, premature ventrtcular 
oontiactlona (PVC.), or pramature atrial contradlona (PAC.). 

2.4.4 12-lwf eleclrocWdlogw 

As 8hoWn In the table on the next ,:.age, the QT Interval was slg. ::lcantly prolonged one houri after 
lhe l>egmlng of the lnfualon In the 0.003, 0.01, and 0.03 mg/kg dose groups. The mean Increases 
from baseDne In these groups, respectively, were 0.02, 0.06, and 0.15 sec. By comparison, the 
m811'1 Increase In lhe QT Interval In the placebo group at one hour was 0.01 sec. The PA and QRS 
Intervals did not change In any oonslatent way as the dose ol lbutDide was Increased. 

' 

6 12-lead ECGs were OOtainod at baseiine ard at 1 ard 24 hcurs 
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Protocol P·7660-0001 (1 O nilnut. lnfuNln) 
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Prdocol P-756CHI001 (10 .... infu81on) 

2.4.S Slgmil•wagerl ~ .. 

Of the pmamet81'1 analyzed on the ~ecagad ~(PR, QRS, QT Md QTc 
lnlervale and heart nde), ool'J the QT and QTc lnteMlll llhond oondst1111 IVllton dlarlgla from 
bruftne llfter drug DTnlnlllndlon. 1l!o table on the nat.,... IUnllflllllzee Ile dtlnOM from, 
baHh In the QTo rrtllMll by tine for 8lfdl doe8 fl"IUP· Valt.lll wlh a .. ..,,,... nllJlll1oml · 
(p<O.esj marige from base.'!ne .,. denoted wlh en Mlertrk. B1 111111 -... .,. lhowlt In the 
table on 118118 6. 

At. SO mhltea In the 0.01 and 0.08 mc1kU groups, the QTc lnl8Mll had lnan 111d :10m basellne on 
avanege by 13'ft and 48'llo, raapadlvaly. 'Iba greatlllt QTc pmlorigatlon WM ob8eMld al the 
addlJonal mi8iuremar4made111theand;:1the0:03 ~ lnfllllon (10 m); a1thaltinethe1118811 
lncraasa In Iha QTc frtaMll wu 0.201 aao"' (60%) OIW bualne. 

AB lhown by (1) ana1ya1a ol varlanCe (ANOVA) for clffa1'91lC81 among dose lavu, and 
(2) regraasion analysts to test for dosa reeponee, lbUtllda prolonged the QT and QTc frteMlls for 
&t least ebc houra after the baglmlng ct the lnfualon. The PR and ORS frtl!VU wwe not affected. 
Saa Iha lablao on page 12. 

Palr·wiee comparisons to test for clffarencae between each dose level also showed that the higher 
doses ol lbutlllda (0.01 and 0.03 ml>'l<O) conalatently prolong the QTc Interval. The figure on 
page 13 8how8 abeoluta values of Iha QTc Interval al clfferant doses, and the figure on 
page 14 llhowe c:hsngaa of the QTc kltarval from basellna at clffarant delles. Also, changes from 
baseline In Iha QTc Interval are shown In the table on page 14. 

' 

-10-

20-



Min JO 

Hour1 

HourZ 

Houri 

Hour4 

Hovrf 

HOurl 

Hour10 

t(our1Z 

Hour24 

Protocol P-7550-0001 {10 ~ !nfu9ton) 

MEAN CHANGE FitOM BASELINE IN QTc 
INTERVAL (msec) av TIME AND DOSE GROUP 

o.aot "''*• O.GOl mgq 0.01 mgA:g . O.OJ111aq 

M a• 1.- 172* 

.u zt• ... ",. .. • .. tl" 

It • zt• 53• 

It* •• 11 J1" 

1•• I 1Z ... 
tZ I z4• . 22" 

21• .. 1'9 I ,,. 10 ' 23 

10 1 10 J 
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Protooal P-765Q.-0001 (10 nliliute lnfualon) 

~lltyl.evell 

Vlriable ......... QllS lllClll""' QTln•• QTcll•lWwaii .... ,,. O.tM 0.564 0.A04 0.197 

CJ!Mgeto IO minutes UM 0.114 <0.001 <0.0CS1 

0w9co1i- o.m o.m <0.001 <0.Cl01 

Clllftgtto 2 haun 0.Cf1 0."'7 <0.001 <0.001 . 
Chlnrtotol noun o..ao 0.911 <0.00! <0.001 

c:hlr.aeto• i-i 0.7• 0.220 <0.001 OOQJ 

Change'°'"°"" 0.107 O.ft7 0.036 O.OOI 

O.,..tolhoun 0.'17 O.llO G.2M 0.51' 

Chlnge~ 10 hou•t o.ut o.m 0.900 0.151 

Change tel 12 hom1 0.211 om o.tzs 0.60f 

Olano• to 24 hours o.ol4 o .... o.Oll6 o.tn 

-
Probability Level~ 

Varl•bl• 
PRlnttrval QRS lnt•IYtl OT Interval QTc 1n1•rval 

Chqo to JO 111inut'" O.Jl3 0.950 <0.001 <0.001 

O'Nlnge to I how 0.086 o.m <0.001 <0.001 

Olallg<tto2~ 0.367 0.388 <0.001 <0.001 

CN,.to3houn 0.574 0.903 <0.001 <0.001 

Ola~ to 4 hours 0.965 0.759 <0.001 0.001 

Clllnga to 6 hours 0.406 0.211 0.002 0002 

Oiallfil• to a houB O.J93 a.sot 0.180 O. lfll 

Change to 10 houn O.Olll Q.295 0.298 0.690 

Charq1110 12 hours 0.070 0.764 O.lll O.JO] 

ct•ngt to 24 "°""• 0.579 0.32!) l).719 0.945 
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BC843 QTc Intervals 
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ProlocO! P·7650-0001 (10 ~ lnfll9lon) 
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Protocol f'-7550--0001 {10 minute infusion) 

2.5 SAFETY RESUl:fS8 

No seriuus adv01'89 wents were reported. No patient withdrew from the trial becau11" of an 
advel88 event. None of the advcl88 events were seveh•; all - of rrild or moderale Intensity. 

a. REVIEWER'S COMMENTS 

6 

This was a randonized, docble-biind, placebo -controlled alUdy that evaluated the 
pharmacodynamic effects and the phannacoklnetlca of 10-nilnute infusions of ibutllide fumarate In 
healthy men. Forty-one (41) Stbjects were randomly allocated to treatment In sequential groi.p 
with either escalating doses lbutilide fumarate 0.001 mg/kg (n=8), 0.003 mglkg (11=8), 0.01 mg/kg 
(n=S),or0.03 mg/kg (n=B)ort<>treatment with placebo (pooled n..9). Two subjects wereasslgnad 
numbers but decided not to part~e In the stu:ly. 

9oneral: The design of this study was adequate lo obtain reliable pharmaookinelic, 
ph<1nnacodyn'imic, and safety data for the studied popu!ation. Of the 41 treated subject<.1, 36 
(07.6%) were v."1ite, 2 (4.9%) we~ black, and 3 (7.3%) \:ere of •other" races. Only healthy men 
too'; part in this "phase 1• study design, women, elderly subjects, and pediatric subjects were 
~Ml>.'ded. Hence, the pil811. ~.iokinetic, phannacodynamic, and safety results shou~ be 
eximpolated with caution to patients with different demographic character'.31ics (e.g., subjects with 
ago, :1ex, or racial differellCeS), with cardiac abnormalities (e.g., structural, mechanical, or electrical 
abnormalities), or with !nipaired function of other organe (e.g., renal or hepatic insufficiency). 

The di, t::rent doses of ibutilide were evaluated sequentially, rather than concurrently. Thus, etfects 
oft!« .. a1\l9 may be confounded with the effects <"·f time (i.e., "period effBCtsj. 

Dose exp!oration: As outlined in the original protoool, the sponsor originally planned not only to 
stud)• dosP'.:. of 0.001, 0.003, O.C!1, and 0.03 mglkg, bU! also planned to evaluate doses of 
C. -, mg/kg and 0.25 mg/kg. However, as the study was performed, the affects of these two hitiher 
doses were not evaluated--presumably because the QT and OTc intervals became prolonged when 
the lower doses were administsred to the subjects. TI1us, the effects and tolerability of 1 O-minute 
infusions greater than 0.03 ms/kg remain unknown. The failure to explore the effects of these 
higher doses has at least two •:onsequences: 

• possible associations of QTc prclongation wnh arrhythmogenesis were not assessed; 
• at these higher doses, o!/Jer possible pharmaoorjynamic effects or otfler adverse otfecls of 

ibutilide w1~re not evaluated. 

Slated differently,. any a priori definition of ''Iha! constttutes an "acceptable" increase in the OTc 
inlarval is S'.Jbj;ictive. Increased risks of adverse events don't co-relate well wtth the extent of QT 
prolongation--especially across classes of drugs. Accordingly, the conclusion that any given 
prolongation of the QTc inte1val is detrimental will ultimate!y be based on observation of the effects 
of that particular drug. This is especially !he case for a new drug with a l'ovel mechanism of 
action. Whereas ibutilide has electrophysiological actions of a class Ill antiarrhythmic agent, its 
primary mechanism of action appears to diff<>.r irorn other class l~I dn.gs. That is, ibutilide appears 

Safety issues aro discussed ccrn._:rehensivoty in Dr. Gordon'~: review. 
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Pro!ocol ?-7550-0001 (10 minute infusion) 

to prolong the duration of the adlon potential by inoreaslng the slow inward current, which is 
carried by Ca++ and Na•, rather than by blocking outward potassium OUIT8nts. 

As stateci by others: "Although C '"olongati-. .• Is unquestionably associated with toniadea de 
poinies, prolongation of the QT o. Interval Is not a strong predictor for the oocurrence of this . 
arrhythml.-. For IOOll'Tlple, broad QTo-lnterval prolongation with bepridH, a drug· known to Induce 
torsades de pointes occasionally, does not necessarily lead to anhylhmogeneais. Also, despite 
highly si11f!il"IC8Jll prolongation of lhe QT lnleival with amloclaronc.·, this drug seldom causes 
torsades de point es. •1 

The sponsor seeks to obtain approval for 1 G-mlnute infusions of lbutillde fumarate that are not 
adjusted for body weight. For reter.mce, then, the follov.:ng table provides the absolute doses 
adminl!:tered to subjects of vaiylng weights In the different treatment groups. The tightest subject 
in the study weighed 52.7 kg (116.0 bi), and the heaviest weighed 91.8 kg (202.0 lbs). 

!3o£'L weight 

40 kg 

50 kg 

60 kg 

70 kg 

80 kg 

90 l.g 

100 kg 

110 kg 

120 Kg 

130 kg 

Absolute Dose of lbutilide Fumarat" (mg) Received by Subjects 
over Ten Minutes 

by Treatment Group and Body Weight' 

Treatment group-------------

0.001 mg/kq 0.003 malka 0.01 mq..'kQ 0.03 !!lJl'lsg 

0.04 0.12 0.4 1.2 

0.11 o.s:; 1.1 3.3 

' 0.12 0.36 1.2 3.6 

o.:3 0.39 1.3 3.~ 
----~---·-----

Sh2.ded cells encompass the range of body weights of subjects included in this trial. 

PharrnacoKinetics: In this stLtdy, ibutilide had a systemic pl:i.sma clearance of about 29 ml min-'/kg, 
w;,;v;, approximates hepatic blood flow. The \durne of distribution averaged approximately 
11 I/kg), and the moan elimination b.lf-tife was about six hou•s. The sponc..:., -:oncluded that the 
pharmacokinetics of ibutilicJe are linear wilh respect to dose. 

l FunGk·£lrck1no C und Jaillon P. Hatc·Correcled OT Interval. Techniques ::nd Lirr;i!allons Am J Card1of 1993;/.?.. 178-228. 
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Protoool P-7660-0001 (10 ~e lnfualoll) 

Pi'lam!!'?Cldynamic8: Aa assessed with both 12-lead and signal-averaged electrooardkigrams, the 
principal plunnacodynarnl effect of ibutilide Wl-'S to prolong the QT and 070 Intervals, oonslslent 
with its characterizdlon aa a Class Ill antiarthythmic agent. Prolongallon of 1heae int81VB1s 
appearw.l to be dose-related. Maximal prolongation occul'l"K within the ftr8l hour following hltilide 
a<lmlnlstralion, and the effect penil!lled for about six hours. lbulillde did not appsar to have . 
consistent effects on the PR or QRS Intervals. 

Cardiac output, ejoction vlllocity index, and ventricular ejection time were evaluated by '""8cfance 
plethysmognq:hy In some subjects. No meaning'ul conclusions can be made about the elfects of 
lbutilide on these panuneters because of the small number of subjects In the placebo-oornpariso 
group with these evaluations (11=2}. Furthermore, the sensitivity, speciflclly, accuracy, and 
reproducl>ill\y of Impedance plethysmography have not been weU characterized for the ass&SSment 
of changes in theso cardiac indices. 

Safety_: No serious adverse event.~ were reported. No patient withdrew from the trial because of 
an adve~ event. None of the adverse events were severe, all were of mHd or moderate intensity. 

' 
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1. DESCRIPTION OF llCE STUDY 

1.~ TIU• 

Double./31/nd, ~. DoN E~ TCll/slalno9 study of an El{/hl-Haur lnflawrnous 
lntwlon ot lbulllklJ Fum8/llfJI (U-70226EJ In Nonna/ Male VGllnsenl (Pnitoool BC848, p.7550.' . 
0001). 

1.a Ob)ectlvee 

1..2.1 Primary Objective 

As specified In Ille protocol, the primary objective of this study was to detennlne the tl'.llerance of 
single Intravenous doses of lbutlllde fumarate. 

1..2.2 Secondary Objectives 

The study had two prespeclfied 8800l'ldary objectives: 

• to detennlne the pham:aooklnetlcs of single Intravenous dollf's of lbutllde fumarate, and; 

• to detennlne the effect of lbutltkh fumruate on the QTc Interval of the ECG 

1.~ Experimental Deslgo 

Tut, study was conducted accord~ to Protocol BC843, P-75..'i0-0001. That protocol was amended 
to all<.~w for an eight-hour lniuslon at doses of 0.01, O.OS, 0.06, 0.10, 0.15, and 0.25 m!1'kg. Data 
for !hes, subjects are presented here. 

1.4 Drug Administration 

lbutillde (Lot lt25,561) was supplied In 10 ml clear glass ampules In a concentration ol 2.5 mwml. 
The solution was !sotonlc and bulfeNd with acetate to a pH of 4.6. The solution was Infused 
Intravenously ovar eight hours. A standard diluent wai; not specified. Matching ampules of placebo 
containing only the vet:lcle wore also supi>lled. 

' 
1.5 Evaluations 

Pharmaookinetlcs. phannaco1ynamlcs, and safety were evaluated by serial monitoring of the 
following: 

• Blord for safety laboratories (hematology, chemistry) and urine for complete urinalysis 
• Blood for prolactin levels 
• Blood samples for drug levels 
• Urine for drug levels 
• Signal-averaged ECGs (for assessment of QTe=QTNRR) 
• lmpedanca p!alhysmography (for assessrnen, of vanlricular ajection lime, ejection veloclty 

index, and cardiac o•Jtpul) 
• Tw10<lve-fead eltictrocardiograms (ECGs) 
• Twenty-lour ho •r oleetrocardiographlc (Hotter) monitoring 

• 1 · 
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P1'.llCOGI P·75SCMI001 • ~ lnfulloa) 

• Vlllll llsJIS (pdae, l'8llplratlon, tempendure) and aupN blood pru8Ul9 

• Meclcll ewra 

1be llA>jed8 W8l8 U.O rnanllnl9d COllltluoufAyby cardiac talametly. SM the "Acllvllle8 Schedula" 
on lie l'llllCI Pecie for a 11111nimy cl etudy 8Vllluiltlona. 

' 

-2-
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Pl'lllocol p.7550-0001 (8 hour Infusion) 

' 
' . • 

I • • • . • .. • ... • • .. • • , • • 
• • . • • • . 
• • ' • .. • • • ' • • • 

I ... • • .. • • ' " • • 
... • • • • • 
5 • • 

= • • • • 
s; .. • 
... 
"" .. • • • 

• 1. i. 

f • • • • • • 

11 i. • • ' 

l • • • 

• ~ JI i; I 
i" 1 I u .. I:' .. .. c 

:f l 
~ JI! "' 1 I 

J E .. f I' l • l • c 
~ ~ l .. a ! l r r 

I a .. .. 
i • .. ~ Q • -! ! ' 1 ' ! 

z " .1C l. l - ,. ! I 5 :i .. 

-3-



Protocol P-7560-0001 ca' hour lniuelon) 

2. RESULT& 

2.1 Dlepo81Uon of Subjects 

Thirty.nine (89) 8Ubjeota enrolled In i.~ 111111. 1bkty-elght (88) 1UbJecta comp141ted the eight-hour. 
lnfuelan and lh• 48-Mur ~. One 8Ubject (161) waa aaelgned a number but dealded not to 
partlclpale h the study. 

Nll'llber of Subjects In Each Do8lnQ Group 

lbutll!de (ml>'kO)-

Not l&llld Plaoobo .oJll. .a..oa Q.ll1i .Q.32 Isaal 

Group 1 1 1 6 8 

Group 2 3 e 9 

Group 3 3 8 11 

Group 4 3 8 11 

Total 1 10 6 6 8 8 39 

2.2 Demographics and Baseline Characteristics 

Of the 36 treated subjects, 36 were white, 1 was black, and 1 was of an "other" race. The 
38 ti'91lied subjeols had a mean age of 25 years (range: 18 to 50 yNllS), a mean welltJI ot 76.3 kg 
(62.0 to 99.5 kg), and arnean helflit ol 178.0 cm (163.8 to 193.0 cm). The baseline "'16.racteristlcs 
of the subjects are summarized In the table ori the next pac1. 

2.3 PHARMACOKINETIC RESULTS' 

• 
• 

The sponsor slates that during the 8-hour Infusion, plasma concentrations of lbutllide approached 
steady-state oondttlons. Concsntrations declined rapldly after the Infusion. See the figure on 
page 7. 2 The sponsor ooncluded that lbutllldo rn... a high systemic plasma clearance (11veragin9 
approximately 29 ml min'1/kg), which approximates hepatic blood flow, and -that k has a large 
volume of oistributlon (averaging approxlmateiy 11 Vkg). The sponsor also concluded that the 
apparent ellmlna\lon hall-Ille Is approx!mately 6 hours, and Iha! the phannaooklnetlcs of ibutllide 
are linear wlfh respect to both the admlnl&1ef'9d dose and the duration of the Infusion. See Iha table 
on page 6 (note: this table also includes data from a related study In which lbutilide was Infused 
over 10 minutes rather than 8 hours).3 

For a complete ••••aarn•nt ol the pharmacokin1tlc resulis, 11ee th• evaluation by the biophatmaeeutlcal reviewer . 

Frcm NOA para 0611!4/1~ 

From NOA page 06/04114 
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Protocol P-7E60-0001 (Ii hoUr lnlueion) 

Bu1h Oharacterlatlca of Subjeota by Tl'88lmenl Broup 

-lbutllde(mc>'ko)-

P!e0 eho g.Q1 12.Qa ,QJ2ll .IUQ 
(n-10) (n-6) (n-6) (n-8). (n-6) 

Race (W/B/0)0 100'0 &ICl1 IWIO 7/1/0 810/0 

Wel.rlf (l>s) 182.85 177.8 176.8 188.5 1ES.1 

Rw..t 1!11111111 llDIJJl::fm 
Syatollu 118.7 120.4 121.2 114.8 118.4 
Dlaslollo 87.S 88.S 84.4 65.9 69.6 

Pulse (beatelmln) 66.S 57.25 . 55.£1 67.25 80.1 

12.!eed EKG 
Intervals 

PR (880) 0.16 0.16 0.16 0.16 0.15 
QRS (aec) 0.10 0.10 0.11 0.10 0.10 
QT (aec) 0.41 0.42 0.42 0.42 0.40 

heart rate (beate/mn) 59.4 69.2 66.2 56.25 60.5 

.&Ullil:Alal!ll1Al'l E~ 
lnleivals 

PR (maec) 156.9 146.25 136.7 15(.6 146.7 
QRS (maeo) 74.4 78.25 68.9 76.8 66.9 
QT (maec) 400.0 410.25 4')6.8 415.4 395.1 
QTc (sec") x 1000 387.85 414.6 402.7 396.9 388.0 

heart rate (beats/min) 57.15 63.0 59.25 55.4 58.6 

iropedan1111 flllth:i!sm12g1111!b~ 
cerdiac output (Vmln) 5.95 5.94 7.06 6.43 6.53 
ejection velocity Index (ohm/1100) 1.23 1.22 1.55 1.20 1.51 
ventricular ejection time (sec) 0.316 0.333 0.130 0.335 0.327 

• Number of subj~s by race: WIBIO .. Whlt~Black/O!her ' 

-fi-
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' Pr<Mcol ·~·7550-0001 (8 Jiour lnfuclon) 

..... 
o-.--. 0.01 ltOS 0.113 O.OI 0.10 ANOVA 

lafllllaD Dara&hla J.O .... 10"11iD a haan ....... &boon .-Jae . 
No.It~ II a Ii • a 8 -
c-...wr. U<M' 18.t (88'1) l.O(SK) U(2H) U(1'5) 0.0001 

AUo,..., ... MDL l.T(JK) J&l@tt•> IU1(2K) IUfm') 811JI (l'Hli) 0.0001 

CL, mL .ia·11q llJ1(175) 19.7(1K) 14.lllUW.l 19.l(IK) I0.9 (18S) 0.47G8 

V-,fArc 11.li(IK) Ja,7 (4ff,) 9.8 (285) 11.8 (161') 10.11 (M'lo) o.aaae ; IU!t..W.,hoan 1.9 8.8 8.1 "·' G.T o..3108' 

• ANOVA p.value hlu ~ Cll'th• olimlnadon rat.e conltant valun. 

:J 5_ 
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Protocol P-7&iO-OOC1 (8" !;lour Infusion) 

2..4 PHARllACODYNAlllC RESULTS 

2.4.1 Blood presaure 1111d pulae 

Data for blood praaeu;-e and pulse wen1. highly variable. · /4J$ 11valuated by analysle of variance, 
mean chen:)GS from baseline (for blood pressure !llld pulse) were 81mllar an'iO.llg the treatment·· 
groups and old not give 8J'ij evidence for a drug effect. 

2.4.2 Impedance plethyamogmphy 

At sevellill. times during the eight hourit u the Infusion, cardiac t:>ulput Increased from baseline 
significantly more In the groups raceMng the two highest dos98 ~ ">utltlde (O.C"8 and 0.10 mg'kg) 
than In the group receiving placebo. However, changes from basa:ine In ejection velocity Index and 
ventricular e)ectlon fraction In 81100 ol the lbut!l!de-treatment grvups were never significantly 
different from the correspcJndlng chan11es In the pla,,ebo-trea\ment group. 

2.4.3 24-hour electrocarc· ·· "caphlc monitoring 

All rn5ur,s were recorded as normal. No consistent, statlstically-signllicanl changes !rom baseline 
were noted across dose levels for maximal heart rate, minimal heart rate, premature ventricular 
contractions (PVCs), or premature atrial contractions {PACs). 

2.4.4 12-lead eh.1ctrucerdlograms 

The QT interval was prolon!!ed seven !-.ours' into the k1fuision in the 0.01, 0.00, 0.06, and 
0.10 m!>'kg dose groups. The mean lnc~eases lror:- baseline in these groups, respectively, wern 
0.01, 0.03, 0.05, and 0.06 sec. The increase in the 0.03 m9'kg dose group was statistically 
significant, and tho Increase In the 0.06 m!i'f<g dose group approached signfficanca (p=0.080). By 
compati""11, the QT Interval In the placebo group decreased from baseline by a mean of 0.02 sec, 
a decrease Iha! was statistically slgnificaut. The !'R interval, tho ORS Interval, and the heart rate 
did not significantly change from baseline in any of tho tre<>tmenl gro~·ps. 

2.4.5 S'qnal-averaged electrocardiograms 

Of tho parameters analyzed on the signal-a·1eraged electrocardiograms (PR, ORS, QT and QTc 
intervals and heart ra\e), only the QT and QTc intervals showed consist .. nt, slgnillcant, dose-related 
changes from baseline altar drug admirlstration. The table on page 10 summarizes the t:hang"'s 
from baseline in the OTc intorval by time for each dose group. Values with a sta11stically significant 
(p<0.051 change from bas<>!iro am denoted wtth an asterisk. Baseline values are shown in tho 
tablA on page 5. 

At tho ond ol the infusion (eight hours), !lie mean QT 0 intervais had signlticantly in~re<1sod from 
bawline 'n the 0.03, 0.06, r'>d 0.10 rriq/kg grour.os by 17 %, 23% and 38%, respeclively. In contrast, 
in tho piacebo gro:.up the QTc interval had decw<>~ci fror~ baseline by 5% (p~0.081) at eight hours. 

Regral'sion analyses provided evidence of a dose responcia for prolongation vi both 1he uncorrected 
and corrected QT inte.vaio; • ., iLutilidD. Regrnssion anaiyses were compuiud !or chnnge !rorn 
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Protocol P-7fi50-0001 (II .~our Infusion) 

baseline as a function of dose. The p values for lh9S6 regreesion analyses were l8*l; than n.os 
at every time point from 1 hour to 16 hours (time zero .. the slart of the Infusion of slUdy drug). 

Analysis of variance (and pair-wise comparisons) for differences among dose levels showea that 
compared to placebo, ttta tlU8e higher doses of butllld& {0.03, 0.06, and 0.10 ml7kg) eadl 
consistently and slgnlflca.itly prolonged Iha QTc Interval. For example, lhe flt~ of the highest . 
dose of lbutlllde (0.10 ml>'kg) rwnaiied slgnlllcantly greater than the effect of plMebo from one 
through 14 hours. The dose of 0.06 ml>'kg !1111'1akled significantly !1198lar than the elf~ of placebo 
through 9.5 hours, and the dose of 0.03 mplkg remahed 81gr11flcantly gl98ter through 9.0 hours. 
Although not ~ :iacti time point, the 0.01 mWk!J also lnle11111!tently prolonged the QTc Interval 
through 8.5 hours when compared to placebo. In oontr&St to these effects on the QT and QTc 
lnteivals, the PR and QRS Intervals VJ&:e not affected differently by lbutlllde or placebo. 

The figure on pag.i 11 shows absolut<1 values of the QTc Interval at different doses, and th& figure 
on page 12 shows changes of the QTc Interval from basellne at cflfferent doses. 

' 
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MEAN CHANGE FROM BASELINE FOR 
QTc INTERVAL (msec) BY TIME AND DOSE GROUP 

0.01 c.os . 0.06 . 0.10 

mrl.kl mg/kg m&1kg mg/kg Placebo 

Hourl 3 u• 48* 9~ -6 

Hour2 18 4.3 80* 129* -1 

Hour4 -5 47* 67* 119* -6 

Hour6 26 7~ 7~ 162* .5 

Hour7 1 45• 83* 132• -6 

Hours -6 67* 92* 148* -18 

Hour s. Min 16 -5 50* 80* 134* -14 

Hour 8, Min 30 14 35• 60* 132* ·16 

Hour9 -8 (6• 56* 111* -6 

Hour 9, Min 80 11 22* . 56* 104* ·11 

Hour 10 .. ~\ 31• 45• 67* -4 -
Hour 11 -1 31 47* 56* 6 

Hour 12 18 28 21• 59* i3 

Hour 14 9 26 22* ss• '4 

Hour 16 ·18>i< 16 16 19* -2 

Hour 2\l -5 14 39 20 -7 --' Hour24 I -24 -8 A 9 0 .... 
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2.6 SAFElY RESULTS' 

No serious ddvenie events were reported. No patient v;lthdrew from the trial because of an 
adverse event. None oi' the advenie events were severe; an w"" ;)f mild :>r moderate lnteo'li!y. 

3. REVIEWER'S COMMENTS 

• 
• 

This was a randomized, dolble-blind, placebo-controlled study that evalwJted t:1e 
pharmacodynamlo effects and the pharmacoldnetlcs of eight-hour Infusions of lbutllide fwnarate in 
heahhy men. Thlr'.y-elght (30) subjects were randomly allocMd Jo treatment In sequential gmups 
with either escalaling doses lbutilide fumarate 0.01 mglkg (n=6), 0.03 m!Jlkg {n=6), 0.06 mg/kg 
(n=8), or ll.10 mg/kg (11=6) or to ti ~nt with placebo (pooled n=10). An additional subject in 
the first dose grou;> was assigned a number but decided not to participate in the study. 

~: The design of this study was adequate to obtain rel'lllble phannacokinetio, 
pharmacodynamlc, and safety data for the studied population. Of the 38 treated subjects, 36 
(87.8%) were white L ~12 (4.9%) were black. Only h6181thy men took part In this "phase I" study. 
~· dealgn, women, ett::'!rly subjects, and pediatric subjscts wero excluded. Hence, the 
phannacokinetic, pharmacodynamic, and safety resutts should be extrapolated with caution to 
patients with diffe;ent demographic characteristics (e.g., subjects wiih age, sex, or racial 
differences), with cardiac abnormalities (e.g., structural, mechanical, or electrical abn.mnalities), 
or with illll81red function of other organs (e.g., renal or '1epatic lnsuir•}iency}. 

The different doses ot ibutmdo were evaluated sequentially, rather than concurrently. Thus, effects 
of the drug may be confounded with the effects of time o.e., "period effectsj. 

Dose exploration: As outlined in the originai protocol, the l!pOnsor originally planned not only to 
study doses of 0.01, 0.03, 0.06, and 0.1 O mg/kg, but also planned to evaluate doses of 0.15 mg/kg 
and 0.25 mg/kg. However, as the study was performed, the cifects of these two higher doses were 
not evaluated-presumably because the QT and QTc intrrvals became prolonged when the lower 
doses were administered to the aubject:;. TI1us, the effects and tolerability of eight-hour infusions 
higher than 0.1 O mg/kg remain unknown. As was the case with the ten-minute infusion, the failure 
to explore the effects of these higher doses has at least two consequences:• 

• possible associations of OTc prolongation with arrhythmogenesis were not assessed; 
• at these higher doses, other possible pharmaoodynamic effects or other l!ldverse effects of 

ibutilide' were not evaluated. 

The sporisor seeks to obtain approval for doses of ihu1ilide tumarate that are not adjus<<ld tor body 
weight. For reference, then, the table below provides the absolute doses administered to subjects 
of varying weights in the different treatment groups. (Note th::it the sponsor sr1eks to obtain 
approval tor the admir>istration of ibutilide fumarate over 10-minutes, not over eigP.t·hours as in this 
protxol. Hence, the immediate relevance of this study for the proposed 'n-minute regimer1 is 

Safety is_~es aro discUS!.ed comprehensivaJy in Or. Gordon's revie1o· 

For additional conlments, see tho •Reviewer's \.01nmenls~ {SecUon 3) uf Protocol P·7550{)001 ~ten-min1:lo ;pl1y;icn). Tho 
Revi•)Wor's C<ln11n\3nts begin on pa.go 15 of U1e review of that study. 
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Protocol P-7550-0001 (8 Hour infusion) 

uncertain.) The llijnttJSt aubject in the study Vteighed 60.9 kg (134 ibs) and the heavleSt weighed 
98.4 kg (216.5 lbs). 

Absolute Doee Of lbutil'Kle Fumarale (mg) Received by Subjects 
Over Eight Hllura 

by Treatment Groor and Body Weight" 

Treatment group-

Bo~we!llht 0.01 ma/lea 0.03 mal1ca 0.06 ma/kg .Q.:.!Q ..!!!!l1!s!l 
40 kg 0.4 1.2 2.4 4.0 

50 kg 0.5 1.5 3.0 5.0 

60kg 

70kg 

80 kg 

90 kg 

100 kg 

110 kg 1.1 3.3 6.6 11.IJ 

120 kg 1.2 '.l.6 7.2 12.0 

130 kg 1.3 3.9 7.8 13.0 

• Shaded cells encorrpass the rango of body weights for subjects inclcded in this tr'al. 

Varying the rate of the infusion: Whereas ihe evaluation of different durations of ibutilide infusion 
is desirable (as was done in this study), !he duration of ihe ibutilide infusion was otherwhe not 
systematically assessed in the drug-development program. As noted in my re1'iew o! 
"Protocol 0014', the duraticn of the infusion was not varied during drug development in patients 
with atrial fibnllation or with atrial flutter.' All •'.lf these i;atients with atrial fibrillatlon or atrial flutter 
received 10-minute infusions. As stated in Iha'. review, the drug was administered relatively quickly 
over 1 O minu1es, yet the median and mean times for the successful terrninatio'l of the arrhythmia 
were never less than 10 minutes. Hence, the full dose of the drug had already been administered 
before the majority of patients successfully convertoo. If the drug had been infused more slowly, 
then concentration-response relationships might have been demonstrated. 

For example, had ibutilide been infused over severd hours instead of over 10 minutes in that 
study, cuncentration-responses both for conl'ersio11 of the arrhythmia and for safety mioht have 
been dernonl'trated. Moreover, these conce~tration-re!>ponses might f)Of have overhpp<.>d: longer 
infusions might hav:i allowed for a dissociation betwe2,i the "d:isirable" effects of ibuti11de (i.e., 

Protocol 0014' {P~7550--0014) was 0t1e of Iha major clinic·J! trials submitted iii support of etfic.·l.cy of ibutilide fur11arate. Seo my 
memorandum dated 2:0-' September 1995. section 4.5, pages 43-44. l hf~ ~10nHnanJ1.1m wi.s part ot the FDA background pack.ago 
tt1<1t we.is son\ to tt10 Ct;;diov"1scular and Henal Dru9s Advi~ory Comr .•• ttno prior to their n1ceting on 19 O<:tohcr 19£15 
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conversion of atrial fibrillation or atrial Dutter to sinus 1hythm) and the adverse effects ill the drug 
(e.g., proc:rthythmia}. Had the drug been administered over several hours, similar convE"'Slon rates 
might have been achieved In the absence of as many proanhythmlo events. 

Phannaookinelice: In this study, !butlfide had a systemic plasma cleaJance of about 29 ml m1n·111<g, 
which approximates-hepatic blood flow. The volume of cfrslrllutlon avecaged approximately 11 llkg, 
and the mean erPnlnation half-life was aboUI six hours. The sponsor concluded that the 
pharmacokinetics of butilide are finear wilh respect to dose and to the duration of !he Infusion. 

The sponsor's assertion tha! "during the 6-hour Infusion, plasma concentr8tiolls of lbutilkle 
approached steady-state concfJtions" Is inaccurate, given an efimination half-rrf& of about six hours. 
Wrlh a half-life of six hours, steady state would be reached In about 18-00 hours (i.e .• In 3-5 half. 
fives) . 

.['harmacodynamlcs: Aa noted immediatetJ above and contrary to the sponsor's as.'lertions, this 
study dkl not evaluate the phannacodyn'!lllics of ibutifide at steady state. 

As assessed with both 12-lea<.l and sigr.al-averaged electrocar.:liograms, the principal 
pharmacodynamic effect of ib~~ilkle wao to prolong the QT and QTc intervals, consistent with its 
characterization as a Class Ill antiarrhythmic agent. Prolongation of these intervals appeared to 
be dose·l'Plated. Ma."<imai prolongation occurred 6-8 hours into the ibutiiide infusion. At the highest 
dose (0.1 O mg/kg) compared to placebo, statistically signifJCant effllcls persisted for eight hours. 
lbutilkle did nvt appear to have consistent effects on the PR or QRS intervals,. 

Cardiac out.,ut, ejection velocity index, and vent;icular ejection time were evaluated by impedance 
plethysmography. Changes In these parameters in th<> ibutilide-treatment groups were similar to 
changes in the placebo group. However, the t;:>'lr.oor seeks to obtain approval for the 
administration of ibutilide fumarate over 10-min~es, not over eight-hours as in this protocol. Thus, 
the immediate relevance of these pharmacodynamic resulls to the proposed 10-minme regimen 
is uncertain. Furthermore, the sensitivity, specificity, accuracy, and reproducibilitt of impedance 
plelhysmography have not bt,!en well characterized for the assessment of chani;es in these cardiac 
indices. 

Safety: No serious adverse events were reported. No patient withdrew from the trial because of 
an adverse event. None of the adverse events were severe, all were ot mild or moderate intensity. 

' 
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1. rSSCRIPTION OF THE 8TUDY 

~.1 TIUe 

El8ottophys/olo llt1d HSl1tfJdynarnlD Etfeots ot Entnwenous lbutl1lde {U-7CJ.228E) n Patlenta. 
UndBrgolng lllVllBM1 StlJC$I (PrcJCoool P-7660-0007; Teohnioal l9flOl'l 7218-86-001}. 

1.1 o~ 

1.2.1 Primary ObJect1we 

The founnajot llbjlocllvea apecifled In the protocol were to determine the effects of Intravenous 
lbutlllde on the following: 

• atrial and venlrioular el'leotlve refractory periods (ERP) and monophaelo aotlon potential (MAP) 
durallona as a 1uldlon of heart rate 

• :he relation of the above parameters to the QT Interval of the eleolrocardiogram In patients 
undergoing eleotrophyalologlc sludy 

• oardlan output, pulmonary Sltery pressure, anJ pulmonary capill&ly wedge Pf989W9 using a 
S~.ian-Ganz cetheter 

• the relatlo~ of the monophaslc action potential duration/ERP rallo to ~ length 

1.2.2 Seoonclary Objectlvea 

The study had two prespecffied eeoondary objectives: 

• to assess the effects of ibutllide on other standard electrophysiologio parameters including 
sinus node recovery times :::~~ AV conduction intervals 

• to correlate the pharmaookinetics of lbutilide with its eleotrophysiologic effects. 

1.3 Experimental Dnlgn 
' 

~·~is was a placebo-oontrolled study of escalatill\l doses of Intravenous ibutillde (nota: the protocol 
did not specify explioltly whethe; investigators w.;;e to be bRnded, but the study report ntates that, 
with the exception of the first patient enrolled, the study was double-blind). The study was !(• be 
pedorrned at 4-6 clinic'\! centers. The electrophysioiogic and hemodynamlc effects of increasing 
I.loses of intravenous lbutllide were to be evaluated In three sequential dosing groups, &ach of 
which was split Into two subgroups on the basis of the left ventricular ejection fraction CLVEF).i 
Wi'.hln each of the dosing groups, the dllSing regimen oonslsted of a 10-minute infusion (i.e., a 
"loading' dose). followed by a 30-minute infusion (i.e., a "maintenance• infusion). As originally 
plannec!, 48 patients were to be enrc.lle<i in the study: 24 with a LVEF at least 35%, and 24 with 
a LVEF of less than 35%. The eight pa1:ents w~hin eac:h dosing subgroup were to be randomly 

i Lelt vcn~icular ejocUoo lractloo was to be dell>mlinltd h a11gi<>11raphy, radionucMe 8C"'1, or ooltOCilldiography within 30 days prior 
to the s~idy. 
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allocated lo treatment with lbutilide fumarate (n-6) or with placebo (""'2). The table below 
deacrl>es the treatment aohame. 

Tot.a included In the etudy, patiema were required to be betweeri ~8 and 00 y&ars of age and to 
be undergoing Invasive ele:Atophyalolog!o study for any lndlootlo.,. Patients were recpl8d to be 
In normal sinus· rhythm and to be hemodynamlcally atable, to have 1 :1 atrlovemicular (AV) 
conduction, normal MM1I elecArolytes, and a baseline of QTc cf leM than 0.4«1 sec". Pa!lents 
were excluded II they had a aystoDc blOOd pressure S90 nvnHg, a dlastollc blood pressw-e 
~105 nmHg, or lhhey had symptoms of angina, congestive heart faUure, or other signs of <flS!ress. 
Patients with a hlslorY of drug..lilduced t.orsades da polntee were alao exoluck :I. The use of class I 
or class Ill 111 itl111Thy\111nic modicctions was prohibited within five half·llves prior to enronment. 

Plauned Study Design 

Group A (LVEF235%) Group B i!_VEF<35%) 

--Dosing R"{Jimen-- -Dosing Regimen--

loading• Maintenance• LA"dir:c" Maintenance• 
n· (mQ'!sg) (mg/kgl n' {mg/kg) Jmg!kg) 

5:2 O.u1 0.002 6:2 0.01 0.002 

6:2 0.02 0.004 6;2 0.02 0004 

6:2 0.03 0.006 6:2 0.03 0.006 

• infused over 1 O mimrtes 
• infused over 30 minutes 
0 number of patients to be treated 'Yilh ibutilide fumarate:numbe, of patients to be treak-d with placebo. 

1.4 

Electrophysioiogic and hemodynamic measureme1ots were to l>e perfom1ed at baseline (prior to 
adm!nistration of study drug), immediately following the 1 O·minute loading dose, and during the last 
ha~ of the maintenance infusion. Hemodynamic measurements were also Iv be made at the 
midpoint of the maintenance infusion. 

Drug Administration 
' 

lbutilide was supplied in 1 O ml clear glass ampules in a concentration of 2.5 mg/ml. The solution 
was is<llonic and buffered with acetate to a pH of 4.6. For administration to patients, the solution 
was to be diluted with 5% dextrose in water (D,W). Matching ampules of placebo containing only 
the vehicle were al:10 supplied. Drug administration was to be terminated for any of the following 
rea:«Jns: (a) symr•ornatic hypot•msion, {b) " ' : 1 •nge in rhythm or iitrioventricular conduction that 
was not hemodynamically tolerated or that tl1recitened patient safety, (c) development of new 
bundle branch block or increase in ORS duration 01greaierthan50%, or; (d) an adverse event that 
threatened patient safety. 

1.5 Evaluations 

Pharrm1ookinetics, pharmacodynamics, and snfety were evaluated by senal monitoring of tho 
following: 
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• redltlng blood pl'888Ultt (left ann) and haalt rate 
• electloph)'lllolol)ICI (EP) lllll88URlll'le (atrial and vemtcmr nlfndoly peitods, atrial and 

v8ltrlcular monopllUlti acllon potenllala (MAPa), alnua node l9ClOY8l'Y tlma6) 
• lnvas!ve hamodynamlc 1'1W8UAlll'l9lllll (pulmonaly aipl!ery wedge P"l• •in, pulmonely artery 

prlllllKH, oeidlao outp.K) 
• 12-lead eh ::tmcanlogram: 
• aaf«y labonllorfM: blood.. .·fety labondorlee (henBfolotw, ol'tel1iWly, ClOllQIMllon) and 

urine for urlnaly9ll and mloioeoopln evaluallon 
• blood aaqiles for drug levels (obtained through six hours fOllowlng the end of the 

malntenanoe ilfualon) 
• digoyln le ;;;l:: (!f applnal;lle) 
• medicl!J events 

nie subjeota were also monllOl'8d with a contlnooua electrocarologr reoordi119. SM the table 
t:sbw for a summary of lllUdy evaluations: 

.. ............. ,,,f~ 'lbMha ... fllr·h' -• - • """' - -r 
• -• .. ... • .. • .. I .. iii • I • • .. .. -- • 

Bl ""' 
. • - I ..... ... • • 

H . h • • • • • ' ..... ... 
111.-..:0' • • • • • • • • • • _ ..... 

• • . . ..._ ... __ .__ -----..... ..., ... .........,, -- • - • • • • _,_ -- J -._...M.t-er·•ot -··--!'WOWakut. • • • • • • • • • • • .,__.,..._, . ............... • • 
~~--- . 
n..ia~. • 
"""· _,,, • 
hlWJ~\lp • k ..... 

i ' l.wo ........ l 
.-.,...J.~~ 

l. LV~-~--h...-prior1*1-U.•'-

l. Mrial ...S ~._..~-a~ P4 MAP_.,.._,, OU- li!i' ._..,_ .. i. ... .- M1.Y ...,.._ 
.... ww. ~ (.10 aic\Mf} u.d llt tlwi doll "'u... so ...... ..wo- la"-'" w --- "" 40 
....... >. ........ 

I. ~~...t,.i.-..17~-.df·~· ,~ .... wtwi&I be-.vM•l....-i·lO•.ao 
... , ... in u.. .J ., ......... 1111\a.MM fDlloo.riiir u.. la.al gp ___ ._.... , 

4.. t.D ._IC(), --~ nMLOl&tn.U.O., l.tWI ~._...,,.._,.\cl M doa. ~ tba Wui~ All .u..r 
40 -.ia.M ·-~ ll~P ii ~tnu:.ical ve ~be 0- at tb9 ..J .CU..--~ irl,.,..__ 

I. o.lf t~ ··•"tA kM. ICG ~~--~ 1:.Jit.- *'.a-. aad M-.. tA.r ~·"" r1 lMia....__. .......... 
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'-· RESULTS 

As stated In ihe pt«ocoi, the study planned lo recruit two groupe of patients, lh:>Se with an 
LVEF ~%and those with an LVEF <Sf•%. Data corresponding two these two gn:qia were to 
be analyzed r.&~arately. How9Y8r, results from the .:ieparate analyaee were to be compared 
qualitailvely to see If the linlfr: .!)$ ant consistent In the two 9R>l4'8 of patients. In t.ie &Waequent 
sections, the ov111an resulta when the s1n11a are combined (I.e. results of the "combined stratum") 
wiU also t:;a noted. 

2.1 Disposition of Sub)ecls 

Patients ware enrolled In !lie study from September 1991 thltlllilh September 1994 by seven 
i' vestlgators. One investigator lfid not er.i"Oll any patients. Forty-seven (47, patients enrolled! in 
the trial. One pdlient (#2303) EIXp.:lrienced a medical event (nonsustained polymol'phlc ventricular 
iachycan:f1a) that le<i ft fiscontinuation of th& ir:fusioo of study drug. Nonetlv>leSfl, an 47 patients 
completed the planrt>ri . xirsa of the study, and au were consld•ared waluable by the 3j)<)llSOI'. Of 
these 47 patier.~s. i::. were randomized k "Bl'.eive placebo, 12 to receive ibutifide fumalltt'e 
0.01/0 00~. 111Wl<g, 12 to receive ibutilide fm•.ruate 0.0210.004 m!Yl<g. and 11 to receivf" ibutifid.s 
furnaral~• 0.03/0.006 mg/kg. 

2.2 Demographic and B,sellne Chamct~rlstics 

Of the 47 patients enrolled in the trial, 35 received ibL'.Jlide fumarate and 12 received placel:io. 
Twenty-five (25} had c LVEF ~ 35% e:vi 22 hac! a LVEF < 35%. Forty-one (41) of t:ne patients 
wt:•<: 'Mle and 6 wer~ female. All six of Ill> womeu J> id-~• c:jection l'rar.tion of~%. Thirty-nine 
(39) of the patient'l were classified as white, 7 as bla.::k, a;ld 1 as of an "Olher' race. The table c,' 
the next page describes the demographic and baseline characteristics of the patients by treatment 
group and by Sl!>itum. 

The v:<!riab:es {If •ace, sex, age, and weight genemlly were similar ampng treatmer.1 groups in each 
c< 'he strata. However. the stratum of : :atie:1ts with .;in LVEF ~35% was imbalanced across 
treatmont groups for the variables of age {p=v.0431) and 30X (p=0.0359). That is, the mean age 
of 32 years in the '.l.01/0.002 'Tlg/1'.g group was signitie<! .. •'ly lower lh"n the mean ages in the 
placebo group (54 ... years; p=U.01~5) and in the 0.03/0.000 mg/kg grc•; • (55.3 years; p:0.0133). 
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' 

Baaellne Characteristics of St.d:>ject8 hy 00$0 Gl'Olfl and by Slralt.ll' ~~ 

bulllde (fl'll>'kg)----

Placebo o.oiio,002 0.02/0.004 0.03/0.l'JQ5 
Combined Strata N=47 (n=12) (n=12) (n=12} (n=11) 

LVEF (n) 7/5 616 616 615 
~%/<35%} 

Race (n) 10IVO 10!1/1 '0/210 9/210 
(W/BIO)' 

Sex (n) 1210 913 flf3 11f0 
{o"/i) 

Age (VIJal'S) 59.2 49.5 (8.2 60.8 
(mean±s.d.) ±16.1 ±21.5 ±1·t.4 ±13.6 

Weight (lbs) 188.6 167.2 180.) 171.0 
(mean:i:s.d.) ±41.2 ±25.5 ±48.7 ±37.1 

L VEF ~35% Stratum tl=25 

Number of patients (n) 7 6 6 6 

". Race {n) 6/1/0 5/Q,/1 610/0 5/1/0 
(Wf"J/Q)• 

Sex (n) 710 313 3/3 610 
(d'/fl) 

Age (years) 54.4 32.0 49.5 55.3 
(mean::t:s.d.J ±16.1 ±12.8 ±14.25 :':1€.1 

Weight (lbs) 198.8 155.7 172.0 i83.8 
(mean::t:s.d.) ±50.35 ±30.5 ±30.;~ ±39.5 

LVEF 45% Stratum N"'22 
' 

Number of patients (n) 5 6 6 5 

Race (n) 4/1/0 511/0 41210 411/0 
(W/B/O)• 

Sex (n) 516 ... 
610 610 5/0 

(-1'/fl) 

Age (years) 65.B 67.0 66.6 67.4 
(mean_!-s.d.) ±15.2 ±10.8 ±8.4 ±5.9 

weight (lbs) 174.4 178.75 188.3 155.6 
(mean±s.d.) ±20.6 ±13.5 ±64.35 ±30.8 

• Number ot subjects by race/ethnicity: WIB/O = White/Btack/Otber 

-5-
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2.3 PHARllAC:OKINETIC RESUL T92 

2 

Serum or ~ ooncentration data wera avellable from 32 cf the 35 patients vmo received 
lbutUlde fumanlie. The pnannaoolmetlc results are summarized In th& table on the next page. 
lnclMdual paUent prof!'.es of ooncentndlon versus tme are ehown by treatment group on pages 8-9. 
The 191atlonshlp of plasma concentration to the len~ of the QTc Interval Is shown In the figure on 
~1~ . 

As staled by the sponsor, post-Infusion concent18tlons rapidly declined In a multi-exponential 
fashion, e!ld oorl08lltratlons were .,plcally around or below 1 ng(ml within 1 hour after the 
mahtenance Infusion. However, a high degree of lnte!pBllent variablllly wa'I observed in aU dose 
groups, lllld the presence of extreme outliers resulted In atyplcally hlltl measures of Vllriubllity. In 
addition, many oonoentratlon..time profiles wero atyplcal: .IOIJl8 wem enatk:, and some showed 
mexlmum conoontratlons later than the end cf the flnit Infusion. In general, maximum lbutllicle 
plasma coooentratlons and area under the concentration versus time prof lie values Increased In a 
do»-relaled manner with Increase In dose and we'11 Independent of left ventricular funcllon. The 
phannaookinetlcll of lbutlllde were similar In patients with a LVEF <35% relative to patients with a 
LVEF ~%. Phannaoodynamlc data were also atypical In regards to previou'J studie11. ~hough 
studies In healthy volunteers have ahown that Infusion of lbutiGde fumarate results In prolongat1on 
of the \lTc Interval and this prolongation !s directly correlallld with lbutlllde fumarate dose and 
lbutlllde plasma oonoontrations, no such correl~lion was found In this study. 

' 

R>1" a oomplelo discussion of p/lannacokinetic issues, soo lho review by tho l>iophannaceulic:al rev>.,wer. 
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2A PHARMACODYNAllJC RESULTS 

Invasive hemodynarnb ma•w•ments were made ot cardlaG OU!pUI, pWnonaiy artery pressr"9, 
and pu1mona1y capl!laiy wedge pressure. 

2.4.1.1 ~output 

The figures on page 21 allow the Cl8rdille output by doss group wer time In the slralun1 of pall«* 
with a L VEF :?.35% (lop figunl) and In the stratum at patients with a L VEF <36% (bottom flg1.n). 

Similarity at ~ At baseline the mean cardiac output \\'llS 5.40 Umin in the etralum of 
patientt: with a LVEF ~%. 4.87 lJrrin in the stratum of padentll with a LVEF <36%, and 
C 16 LJrn!n when !he stlala were combined. The cardiac O\Jlpl.ll W8l\ almliar at buellne 8CnXl8 
dose groups, both wllhln _,,., ejection.fraollon stratum and werall when the strata waro combined. 

Chanqes from ba!ellne: Mean cardlac output decreesed elgnlflcantly from baseline In the 
0.03/0.006 mgkg dose ~ wfthln tile slratum of patients with a LVEF :!:315% (moan ohange ~ 
-0.57 LJmln, p..0.0130} and inttle 0.():';t. :.006 ~dose gl'Q"1 wltt;ln the oomblnedetratum (mean 
chao1ge .. -0.37 Umin, pa0.0060). 

Nonetheless, the mean cardiac oulpUt changed from baseline to a alm!lar extent In patients treated 
with ibutlflde (i.e., with any of the three doses) and in patients treated with placebo. At 
Minutes 2&-40 the mean catdiac ~across dose groups ·Niii! 5.15 llrrin In the atratwn of 
p&!lents with a LVEF "1:35%, 4.lla Ullin in the stratum of patients with a LVEF <35%, and 
5.05 Umin overall when the lllata were combined. 

2.4.1.2 Mean pulmonary artery pn1SSure 

The figures on page 22 show the pulmonary arte;iy pressu1e by dose ~ over lime in the 
stratum of patients with a LVEF ~% and In the stratum of patients with a LVEF <35%. 

Similarl!v •I ~lne: At. baseline the mean pulmonaiy artery pressure was 17.5 mmHg in the 
iitratum of patients with a LVEF ~$o/o, 222 mmHg in the sll'atum of patients with a LVEF ~%. 
and 19.7 mmHg when the strata were oorrblned. The mean pulmonary artfH)' prissure W11.S similar 
at baseline acrosa dose ~. bo!h within each ejection-frar:ti<-n slnllum and overan when l'ie 
strata ware corrblned. 

Ch@naes from '2!!!!!>.!i!J!: At each of the three time points after baseline (i.e .. at Minutes 1 o. 25, 
and 40), the mean pulmonary rutery pressure changed from baseline \Cl a similar menl in patients 
treated with ibutifide (I.~ .. with any of the three doses) and in patients treated with placebo. 

For patient5 with a LVEF ~%. the mean pulmoMry artery pressures across dose groups at 
Minutes 10, 25, and 40 were 17.S, 17.1!, and 18.0 mmHg, re$p(!Ctively. For patients with a 
LVEF <3S%, the IT''lan pulmonary artery pressr ires !luross dose groups at Minutes 10, 25. and 40 
wer9 '.?4.6, 24.8, and 25.0 mmHg, respectively. For patients in ~he combined strata, the mean 
pulmonary artery prassures across dose groups at Minutes 10, 25, and 40 were 20.4. 21.2, &lld 
21.2 mmHg, respectively. 
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2.4.1.3 Pulmonary caplllery wedge presaul'9 

The flgurea on page 23 show the pulmonaly oapllhuy wedge pre e aure by dose IJJtll4l over time 11'1 
the stratum of patients with a LVEF 236% and In the strallm of patleits with a LVEF <36%. 

8!m!!arilV at ha!e!!ne: At buellne the mean pulmonary capllaly wedge pmsure ~ 11.0 mmHg 
In the lllratum of patients with a LVEF ~%. 12.6111'1'1Hg In the 8lrahm ct patlerU wlh a 
LVEF <35%, and 11.8 mrrlig when the atrata were combined. The mean pulmonary capllaiy 
wedge pressure was almllar at baseline ll!lross dose gro14>8, both wlhln tlaCfl ejection-fraction 
stratum and overaD when the strata were combined. 

Changes 1rom baseline: /IJ. each of the three lime points after baseline (i.e., at Minutes 1 o, 25, 
and 40), the mean pulmonary capfflary wedge pressure changed from basellne to a aimllar axlent 
in patients treated with l>ullllde (i.e., with 8frf of the three doaea) and In patients treated v.ith 
placebo. 

Fe; patients with a L VEF ?..35%. the meim pulmonary caplllaly wedge pressures aCI098 dose 
groups at Minutes 1 o, 25, and 40 were 10.3, 10.4. and 10.6 mmHg. raepectlvely. For patients with 
a L VEF <35%, the mean pulrnonary capillary w~ pressures aCl'OllS dose groups at Minutes 1 O, 
25, and 40 were 13.6, 14.5, and 14.4 mmHg. respsctlvely. For patients lr1 the oomblned strata, 
th11 mean pulmonaiy capillary weclge p.-essures across dose gn:q>s at Minutes 10, ~. and 40 
W>)re 11.6, 12.2, and 12.4 mmHg, respectively. 

2.4.2 Electrophyslologlcal measuraments 

' 
~lectrophysiological measurements were made of basic cyde length, sinus nodu ll:IOO\lery time, 
Wenckebach r,ycle length. length of the atrial and ventricular effective refractory periods, duration 
of atrial and ventricular monophasio action potentials, atrial and ventrl.."Ular thresholdz., and length 
of the AH and HV intervals. QT and QTc intc;rvals were measured from surface 
electrooardiograms. 

2.4.2.1 Effects or lbutllldfo on f11nc;tlonal tests of the slnoatrial node (SAN) 

2.4.2.1.1 Basic cycle length 

Background: The basic cycle length is the inlerval between consec1.rtil(e, spontaneous 
electrocardiographlc depolarizations. A basic cycle hmgth of 1000 ln"eC corresponds to a heart 
rate of 60 beats per minute, and a basic cycle length of 000 msec corresponds to a heart rate of 
100 beats per mlr.ute. 

Similarity at ~in!'. At base!ir;e th& mean basic cycle length was 838 mseo in tho stratum of 
patients with a L VEF ~35%, 802 rnsec in !hti stratum of patients with a LVEF <35°1,, nnd 821 msec 
overall when tho strata were combined. Across dose groups, the basic cycle lengths were similar 
at baseline in the stratum ol patients with an L VEF :>35% m'd in the corroin&d stratum. 

However, in the stratum of patiants with an LVEF <35%, \he basic cycle length at baseline diffeioo 
significantly actoSll dose groups {p=U.022'i). The mean in the 0.0'310.006 mg/kg dose g1oup 
(963 msec) v.as significantly longer than the mean in the O.C'1/0.00:? mg/kg dose group (716 msec; 
p=0.0091) and significantl~· Jonger than ir,e me>in in the 0.02/0.004 rriglkg dose group (732 msec; 
p'"0.0057). See the table on page 24. 
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Changes from basefin!: Changes in the bealo O)'de length from basellna wera almllar ~ doae 
Ql'OUI» (Including ttie placebo group) In the stmll!l"I of palianta wllh an LVEF <35% and overall 
wh3n the 8lrala were oombl™<f. However, In the stratum of palierl''8 with a L VEF~%. changes 
fll'm besel!n& dlff&rl9d elgnlf!cenlly llOl'O!l8 dose J~ (p=0.0082). In ttils &traturr, the mean 
Increase In the baslo C')'de lenglh In the o.03/0.006 mg/kg dose group (220 meeo} waa elgnlllcanttf 
greater than eaoh d the followlng: (a) the mean lnoreue In !tie plaoebo groq> (9 msoo, 
,,..0.0103); (b) the mean decrnaae In the 0.0110.002 n"9kg group (·74 maeo, pa().001i), and; 
(c) the mean lncreaae In the O.W0.004 n9'kg group (41 msec, pa0.0316). See 1he table on 
pago 24. The heart rates that COIT8SPOl1d to these bulo cycle lenglhs are shown In the tab!& on 
page25. 

2.4.2.1.2 Corrected alnus node recovery Ume (CSNRT} 

Background: The aint.18 node reocwery time (SNRl) Is the Interval from the last paced atrial beat 
to the first spontaneous atrial depo!erization that originates In the sinus node. In this trial, ainus 
node recovery limes wen evaluated following pacing for so aeeonds at five paced oyde lengths 
(600. 500, 4.50, 400, and 350 msec}. Because the SNRT depends on the basic sinus rate, It Is 
often expressed as the corrected sinus node recovery time (i.e., the SNRT minus the ba$lc cycle 
length). The upper limit of normal for the SNRT ranges from about 1400 PlS8C lo 1550 msec, and 
the upper limit of oonnsl for the oorrected sinoo node ~ery time (CSNRT) ranges from 
approximately 500 msec to 550 msee. 

Similarity st baseline: /loJ basefine, the mean CSNRT wa."> 246 mse.:: wh911 the patients were pececl 
at a oych length at 600 msec, 243 msec at a paced cycle length (PCL) of 500 mseo, 209 msec 
at a PCL ot 450 mseo, 23tl msec at a PCL of 400 msec, and 203 1Tl880 at a PCL of 350 mseo. 
The CSNRTs were similar at baseline across dosa groups (witilln each of the paced cycle lengths) 
in the stratum of patients with an LVEF ~35%. 

The CSNRTs were also generally similar at baseline ac~ dose groups In tt.e stratum of patients 
with a LVEF <35% and overan when the strata were combined (I.e. when patients were paced at 
c.,-ycle lengths c• roo msei;, <.-< 400 msec). However, in the stratum of patients with an :.. VEF <35% 
at a paced ~<..• length d 500 msec, the CSNRT at baseline differed significantly across dose 
groups (pd).0036). The mean CSNAT in the 0.03/0.006 mg/kg dose group (87 n•sec) was 
slgnifioanlly shorter than the mean in the placebo [ffoup (335 mseo, p:0.0139) and tho mean in 
the 0.01/0.002 mg/kg dose group (365 msec; p.=0.0051). The mean CSNAT in the 
0.02/0.004 mgikg dose group (n msec) was also significai:tly shorter at ba.selihe than the moan 
in the placebo group (335 msec; P'='(l.0003) and the mean in the 0.01/0.002 mg/kg dvse group 
(355 mseo; P='().0027). See thP. lable , •, ;:age 26. 

Similar1y, in the ccmbined stratum at a paced cycle length of 500 rnsoc, the CSNRT at baseline 
differed significantly across dose groups (p=0.0108). The mean CSNRT in the 0.02/0.004 mg/kg 
dose group (106 ITISE'C) was significantly shorter a! bawline than the mean in the placebo group 
(318 1nsec, p>=0.0030) and the mean in the 0.01:0.002 mg/kg dose group (307.5 111sec; p=-0.0046). 
~ee !he table on page 26 . 

.Qhanqes frvn~ bfil~: Al each paced cycle length, the changes from baseline in the CSNRT 
were sirn'lar across dose 9roups (including the placebo !.~oup) in each of the three strata: the 
stratum of patient3 wili1 an LVEF<35%, tho stratum of patients with an LVEF 2:35%, and \ho 
c0mhi11ed stratum. See the table on page 26. 
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M!mlmum obenges from baseline: Aa noted by the eponsor, piitlents differ in their bftsic cy~ 
lengthl, and therefool each patient may need a different ove!drlve aupp-easioll pacing cycle length 
to distinguish any change In the sinus node l8COY9fY time. Thus, the dose-group mes·• Of 
maximum~ from besellne lo CSNRTG 8CI089 all P!Olng uycl9$ may better d'IStingulsh the 
effeota of treatment. In this anat;als, the CSNRT was occaakinally algnlficontly prolonged from 
baaeh In each at the dose g~ (Including the pfsoebo ~). but the changes from baseline 
W8t'8 generally al a gn1ater magnitude in patienCa treated wMl l1ulllkle than In patients treated with 
placebo. Ma>clmum changes from basbline In ClOITIJCtod .elnus node recovery tir.19 at the end of the 
maintenance lnfuelon are sunrnsrlzed In the table on page 'l7. 

2.4.2.2 Effects of lbutlllde or. functional t611ts of the l!ll>ioventrlcular node (AYN) 

2.4.2.2.1 AV Wenckebach cycle length; antegrade atrtoventrtcular conduction 

Background: Pacing the atria al inorementally faster ralM w!D prolong the AH lmeMli, mostly by 
delaying conduction through the atrloventricular node. Seoond-degr ae AV block of a type 1 pattern 
occurs at the Wenckebach point, and this progresses to 2:1 AV block. The pacing cycle length at 
which 8800l1d degree AV block occurs is generally between 500 and 350 msec. In this study the 
1:1trla were pac::ed at decrements in cycle length of 10 msecto de!oonine!he AV Wenckebach cycle 
length. 

Similarity at baseline: At ~line the mean AV Wenokebach cycle length was 375 msec in the 
stratum of patients with a LVEF <:35%, 399 moec In tne 11tratum\,f patlenis with a LVEF <35%. and 
387 msec overall when ,he Slfll.ta were combined. lhe AV Weockebach cycle lengths were similar 
lit baseline across dose groups, both within each ejectioo-fractloo stratum (i.e., the LVEF.:?:35% 
stratum and the LVEF<35% stratum) anci overall when the strata v ' X>mbined. 

Changes from baseline: The AV Wenckebach cycle length change<J u.Jm baseline to a similar 
extent in patients treated with ibutilide (i.e., with any of the three do%s) and in patients treated with 
placebo. Al Minute 10 the mean AV Wenckebach cycle length was 414 msoc in the slro.tum of 
patients with a LVEF ~35%. 458 l"SeC in the stratum o' patients with a LVEF <~5% and 433 msec 
overall when the strata were combined. 

2.4.2.2.2 VA Wenckebac:h cy.-::le length; retrograde atrloventrlc11lar conduction 

Background: A significant percentage of individuals uffih non-na; antegrade atrtoventricular (AV} 
conductior, will f10t have ventriculoatrial 0/A) conduction In those with ventriculoatria! conduc:ion. 
however, pacing the ventricles at incrementally faster rates will prolong VA coodud1v.1. In this 
study the ventricles were paced at decreasing cycl<:t lengths to determinf\ the \'A Wencl\ebach 
cyclf! length. 

§.!rrtila!:ID/: at baseline: Al baseline the mean VA Wenckebach cychi length was 393 msec in the 
stratum of patients with a LVEF ;>,35%, 399 msec in the stralum of patients with a LVEF <35%, and 
396 msec vvemll when the strata wore combined. The VA Wiinckeooch cycle lengths were similar 
at baseline across dose groups. both within each ejaction·fraction stmtum (•.e., the LVEF:>.35% 
~tratum and the LVSF.:35% striitum) and ovemll when the strata weri'> combined. 

Ch<mges ltom baseline: Changes in the VA Wencketoach cycle length from baselim~ VI -re sin1ilat 
across dose groups (including th•) pla.::ebo group) only in the stratum of palien\.c ·v~h an 
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LVEF <35%. However, changes from bas&!lne differed !Significantly lllCIC8S dose gml4'>8 both In 
the stratum of patients with a LVEF ~% ~-0053) and In the oontiined strata (J>'>.0041). 

In the stratum of patients with AA LVEF~%, the mean change In the VA WllOCkebaoh oycle 
length in the O.Cl3f0.006 rng/kQ dose group (183 meeo) waa elgrillioanlly greater lhan the mean 
change In the placebo group (·20 nl880; p..0.0012) and~ greater than the mean challg6> 
in the 0.01/0.002 mglkg group (75 m!l(''.l, p.c>.0492). In addition, the mean change In the 
0.02/0.004 ml>'k9 groqp (138 msec) 'Wll8 elgnificenlly greater than the mean change In the plaoebo 
group (·20 msec; P={l.0062). Similarly, the msan change in the 0.0110.002 mg.ll<g grtqi (75 lmleC) 
was signiflCalltly greeter than the mean c! :snge In the p'.aoebo group (·20 msec; p=0.0495). 

in the combined stratum, the mean ch8ng& in the VA W~ cycl& length In the 
0.03/0.006 r1l!>'kg dose group (150 msec) was slgnitlcantfy greater than the mean change In the 
pl809bo group (·14 msec; P=(>.0007) e.nd algnlficantly greater than the mean change In the 
0.01/0.002 mglkg group (63 msec, p..-0.0447). In addi!ion, the mean change In the 
0.02j().004 mg/Ilg group {97 msec) was signl!icantly greater than the mean change In the placebo 
• TOIJ!l (-14 msec; p:O.OOM). Similarly, the mean change In the 0.01/0.002 mg/kg group (83 msec) 
was significantly greale; tlian the change in the '?iacebo group (-14 rnsec; p=0.0079). 

2.4.2.3 Effects of lbutlllde on the atria 

2.4..2.3.1 Atrial effective refrac::tory period (AErlP) 

Background: Tho effootr;a refractory period is the psriod in the cardiac cycle during which another 
impulso falls to be condU<.'!.ed. In this study atoordlng to the protocol, an extra stimulus (Sj wa.<1 
to be introduced during the atrial refrsctory period after eight paced beats (at cycle lew41hs of 
600 msec, 500 m::;oo, and 400 msec). The coupling Interval was then to be increased by 
increments of 5 msec until !ho etrium was captured, thereby defining the AEPP . 

.§[nilarily at baseline: At baseline the mean atrial effective refractory periods in the corrbined 
stratum for paced cycie lengths of 400, 500, and 600 rnsec wera 217, 222, and 225 m.'lec, 
respectively. Across dose groups at each ol these pa<.-ed cycle lengths, the atrial effective 
refractory periods were similar, both w~hin each ejection-fraction sll'atum (i.e., the l Vt:P<?a5% 
stratum and '.he LVEF<35% stratum) and overall when the strata were combined. 

Changes from baseline: The atri&I effedive refractory period was prolonged from baseline to a 
significantly greater extent in patients treated wtth ibutilide than in potients treated 'lilh pacebo. 
These significantly greater effects were fairly con$istenl in Iha highest dose group 
(i.e .. O.Oa/o_ooo mg/kg) and were uncommon in thf; lowest dose group (i.e., 0.01/0.002 mg/kg). 
The effects were seen at each paced cycle iength, both al Minute 1 O and at Minute 25-40. The 
data are illustrated in tho table and in tho figure 1oi the combined stral• 1m) on page 28. 

2.4.2.3.2 Duration of atrial monophaslc action potentials (AMAPs) 

Backgrqill!S!: Ti1e duration of atrial rnonophasic action potentials were measured at 90% 
repolarization and at paced cycle lenglhs of 400, 500, and 600 msec. 

Similarjty al baselin~: At basel'ne in the combined stratum, the mean duration of the afri<ll 
mor.ophasic action ,:iotenti:.I was 22ti rnsoc wh(m tho patients were paced at a cycle length of 
400 msec, 239 rnsec when pace<! at a cycle length of 500 msec, mid 242 msec when paced at a 
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aycie length of 600 mseo. Across dose r,l'Ol4>9 (wilhln eacti of the paced cycle leoglhs), the 
duration cf the AMAPs were almllar at buelne both wllhln the alnllum of patielU ¥rilf1 a 
LVEF :a-35 % and In the 'combll'led" sbatum. 

The dur11tlon of the AMAPs were al8o slrrilar at ba!leline across dose ~ In the etratum d 
patlenlB With a LVEF <36% ~.• .. at p800d cycle ""1gtfl8 of 400 meec or 600 IYllleO). HOM111er, at 
a patied cyde length of 000 maeo. the dur.lllon of the AMAPs at baselr.e differed signll!cantly 
aorou doee groups (po.O.G463). The mean dlnliol'I ol lt.6 AMAi' In the placebo ll'Ol4' (335 mseo) 
was Bignl!lcandy longer than lhe mean duration In the 0.0110002 mg/kg group (253 mseo; 
p...<>.0284) and tho mean duration In the o W0.006 mgJ<g ~ (232 msec; P=(l.0086). 

Changes from baseline: The durations of the atrial moncphaelc aclion pot.,r.tlals wero prolonged 
from baseline to a slgnlflcantly greater extent In patients treated with Wllld;;;, but almost 
excluslvely only in lllOSB patierllG treated with the highest dose (0.03/0.006 mg/kg). TIK.ae 
elgnlf!oant effects were demonslrallld most oonalstenlly Ir, !he combined 811'itum, OCCitJrred at eactt 
paoed cycle length, and \l'<ll'IJ :ioted bath at Minute 10 and al Minute 26-40. The data are 
Ulustrated In the table and In the figure (of data from the combined stratum} on page 30. 

2.4.2.3.a Attlal thresholds 

Simllarjty at ba!eline: At baseline the mean atrial threshold was 0.50 mA In the stratum of patients 
with a LVEF :<?35%, 0.58 mA In the stratum of patients with a LVEF <35%, and 0.54 mA overall 
when th~ strata were cornbinec!. The atrial thresholds we~ slrrilar Ill baseline across dose groups, 
both Within each ejection-fraction stratum (I.e., Ills LV~% stratum and the LVEF<35% stratum) 
and werall when the strata were combined. However, the data within each dose group were 
highly variable, with coefficients of variation ranging from approximately 30"k in some strata to 
about 90C.<. in other strata. 

Cl1&!19'AA from baseline: The dtrial trrPeholds changed from beselil\e to a similar extent ln patients 
treated with ibulilide (i.e., with any of the three doses) and in p.-itients treated with placebo. 
Including patients tree.tad with placebo, at Minute 10 the mean atrial 11·1reshold was 0.50 :YJA in the 
str.tturn of patients wllh a L VEF ~'lb. 0.57 mA in the stratum of paiients with a L VEF <35%, t1nd 
0.53 mA overall when the strata were oomblned. 

Similarly (Including patients l"iated with placebo), at Minute 25-45 the moan atrial threshold was 
0.50 mA in fil.3 stratum of patient.'l with :;. LVEF ~35%, OJO mA in the stra!um Qf patients with a 
LVEF <35%, arn! 0.59 mA when the ~'!rata were combined. 

Maximal atrial. lh[<ishok:ls in pallen!s treated with ru,1ive dn!ll: Prior lo the inf.ision oi ibutilide 
(l.e., at tiaseline), the greatest atrial threshold in a·patient with a LVEF 235% was 1.40 rnA. t.I 
Minute 10 (lollowmg the loading dose of ibutilide) the grUc11esl atrial threshold in any patient was 
2.00 mA. At Minute 25-40 (at 1he end ot the maintenance infusion of ibutiltde) the greatest a1rial 
threshold in any pa!ienl WilS 2.00 mA. 

Prior to 1t.,1 infusion of ibuti!ide (i.e., al baseline). tile gr~test atrial tiucsholJ in a patient with a 
LVEF <35% was 1.U rnA. At Minute 10 (fellowing the loading dose of ibL~ilido) tho greatest atrial 
threshokl in any patient was 1.00 ml\. At Minute 25-40 (at the end cf the maintenance infi.lsion 
of ibulilide) tho greatest alrial threshold in any patient was 2.00 mA. 
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2.4.2.4 Eftects or lbutllkle on the ventrlcles 

2.4.2.4.1 Venlrleular errectlva Nfntctory per1od (VERP) 

Background: The effective rafniotory period Is !he period in the CSldiec cycleo dullng which ano!her 
impuhe faila to be conducted. In this atudy aooording to the protocol, sn 8Xlra adi'rdus (8-) was 
lntroduoed during the ventricular refnldOfy period after eight paced beats {at O)'llle lenglhe of 800, 
500, and 400 maec). The ooupllng Interval was then to be Increased by Increments of 6 l11ll8C untl 
the ventricle was captured, thereby defining the VERP. 

Similarity at baseline: At baseline the mean venlricular effective rofraclory peilods In ths :ionillned 
lllratum for paced cycie lenglhs of 400, 600, and 600 mseo were 218, ?.ZT, and 237.5 msec, 
reapecif/&r /. J>J each of these peced cycle lengths. the ventrlcldar effective rehadory periods at 
baseline W(!!re &iml:ar across dose groups, both within each .,jection-fmctlon atratum Q.e., th<J 
LVE~35% straturr. and the LVEF<35% 81ratum) and oval wl1ar1 the atrata were corrt.lned. 

Changes froll! baseline: The ventricular effective refractory per!cds ware prolonged from baseline 
lo a si!Jnifir.antly greater extent In patients treated with ibutlllde than in patients troated •Nitti 
placebo. These significantly greater effects were fairly consistent In the ™> highest dose ~ 
(i.e., 0.03/0.006 mfYkg and 0.0210.004 mg/kg) but were somewhat more erratic in the low-est dos& 
group O.e., 0.01/0.002 ITl!Vkg). They OOCUl1'ad et each paced oycle length and both at Minute 10 
and at Minute 25-4-0. These data are iHustrated in the table and in the figure (of data from the 
combined stratum) on page 29. 

2.4.2A.2 Duration of vontricular monophulc action potentials (VMAPs) 

Backg_~; The duration of ventricular monophasio action potentials were measured et 90% 
repolarization And et paced cycle lengths of 400, 500, and 600 msec. 

Simila1itv at baseline: At baseline in the oombined stratum, the mear1 duration of the ventricular 
monophasic action potential was 241 msec when the patients were paced at a cycle length of 
400 msec. 254 mi:ec when paced at a cyr,le length of 500 msec, and 263 msec when paoed at a 
cycle ienglh of 500 msec. Across dose groups (within each of the paced cycle lengtM), the 
duration c .' the VMAPs at baseline were IJimilar in both strata 1.:.0., LVEF ~35% and L VEF <35%) 
and were similar when the strata were combined. 

' 
Changes fro_m baseline: The durations of Iha ventricular monophasic action potentials were 
prolonged from baseline to a signiflCa!llly greater extent in patients lreat6d with lbutilide than In 
patients treated With placebo. Thase "liQnlficantly ure:iter effects were fairly oonsistent in the two 
highest dose groups (i.e., 0.03/0.006 mg/kg end 0.02/0.004 n11Y1<.g) but SOITl"\Utlet more enatic In 
!he k1wemt dose group (i.e., 0.0110.002 mg/kg). These significant effects 00'\un-ed at ur.h paced 
cycla length, and hoth at Minuie 1 O and el Minute 25-40. The data are iHuslrated in the table and 
in the figure (of data from the combined stratum) on page 31. 

2.4.2.4.3 Ventricular thresholds 

Silllilarity at baseline: At baseline the merm ventricular threshold was 0.39 mA 111 tt"} stratum of 
patients with a LVEF "'3S%, 0.38 mA in the stralum of palients with a LVE~ <35%, and 0.38 mA 
overall whe'l the strata were combined. The ventricular thr'lshold:; WPf<} [irnila• al baseline across 
dose groups, both within each ejection-fraction stratum (;.e., the LVEF?35% 1.ttatum end the 
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LVEF<35% stratum) and ovemD when the etrara. were oomblned. HowPver, the dldil Wfthn each 
dose group were highly variable, with co 1fic!ents of variation In the LVEF ~% 8lndum, for 
exarr. pie, ranging fiom approximately 40% to about 130%. 

Changes from bas Blin1!: }11e ventricUar lhrealwld9 changed from basellne to 8 ainllar extent In 
patkmlat1'118led with bdde o.e., wlh any of the three doses) and In padentstnlaledwllh placebo. 
Including patients tre!deci with placebo, at Minute 1 o the mean ventrlcWJr threshold was o.sa mA 
In thfl stratum of patients Wlh a LVEF >.36%, 0.41 mA In the stratum of patlenta with a 
LVEF <36%, and 0.40 mA overall when lhe strata wore oo!Wlned. 

Similarly (lnoluding patienls traaled with placebo), at Minute 25-45 the mean ventricular threshold 
was 0.37 mA In the stratum of patients with a LVEF ~%. 0.40 111A in the stratum of patients with 
a LVEF <35%. and 0.38 mA when the strata were combined. 

Maximal ventricuhr threeholds In pati!!nls !r!@!Nf wfth active drug: Prior to the infusion Of llub11de 
(i.e., at baseline). the greateel ventricular thre8hold In a patient with a L VEF ~% was 2.00 mA. 
At Minute 1 O (foYowing the loftding dose of lbutilide) the greatest ventricular threshold In any patient 
was 1.00 mA. At Minute 2.5-40 (at the end of the maintenance infusion ot ibutllide) the greatest 
ventricular threshold !n any i'atient was 1.0 rr.A. 

Prior \o th., infusion of ibutilide (i.e., at baseline), the greatest ventricular threshold in a patient with 
a LVEF <35% was 0.80 mA. Al M'lllUte 10 (following the loading dose of ibutllide) the greatest 
ventricular threshold in any patient was 1.6 MA. At Minute 25-40 (at the end of the maintenance 
Infusion of ibutilide} the greatest ventricular threshcid in artt patient was 1.0 mA. 

2.4.2.5 E~s of lbutlllde on conduc;tlon lnt&l'llals 

2.4.2.5.1 AH lnt..lrval 

Background: The Al1 interval is the time from the begioning of the A delleclion to the beginning 
of the His bundle deflection (measured in th€ same lead). If' this trial. the AH interval was 
evaluated at pacing cycle lengths of 600, 600, 450, 400, and 350 msec. As noted above in section 
2.4.2.2.2, pacing the atria at incrementally fastlll' rates will prolong the AH interval, mostly by 
delayir.g conduction through the atriovenlricular nodtl. Second-degree AV block of a type 1 pattern 
cccurs at the Wenckebach point, and this progresses to 2:1 AV block. The upper limit of nonnal 
for the AH interval ranges from about 130 msec to 140 msec, whereas the lower limit of normal 
in adults is approximately 45 msec to 55 msec. 

Similarity at baseline: At baseline, the mean AH inteival was 101 !MOC when the patients 'Wtlfe 
paced at a cycle length of 600 msec, 103 msec at a paced cycle length (PCL) of 500 msec, 
121 mse.:; at a PCL of 450 msec, 158 msec at a PCL of 400 msec, and 152 msec at a PCL of 
350 msec The AH inteMdi. were similar at baseline across dc,;;a groups (at each of the paced 
C}'cle lengths) in each stratum (i.e., LVEF ~35%, and LVEF <35%) and in the combined strata. 

Changes from baseline: Changes in the mean AH intervals from baseline wefe similar across doo4'I 
groups (including the placebo group} in the stratum of patients with an LVEF <35% and in the 
combined stratum at each pacing cycle length. The table on page 32 lor data from the combined 
stratum. 
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Changes from baseline W8lll genr.ally similar across dose groups In the l!lratum of palienta wllh 
au LVEF ~%. wllh the 8'.(C8p!lon of the paolrig cycle length Of 400 ~ (p.0.0040). In this 
stratum (at this paoing cycle length), the mean change from baseline of the AH illleMll In the 
0.03/IJ.006 ffil>'kg dose~ (106 maec) was slgnlflcantly greater than the mean ctianoe In the 
placebo group (·1 msec; pa0.0052) and eignillcanuy greater than the mean ~ In the 
0.01/0.002 ffil>'kg ~ (-2 meeo. p:0.0087). In addftlori the mean dienge In the 
0.02/0.004 IJll1kg group , 71 mseo) was a!gnlflcantly greater than the mean ctmnge In the plao8bo 
group (·1 msec; p..o.0029) and algnlficantly greater than th6 mean change In the 0.01/0.002 ms;lcg 
group (·2 mseo; poo0.0062). · 

2.4.2 .6.2 HY Interval 

B@ckground: The HV Interval is the time from the beginning of the His dellectlon to the beginning 
of ventricular dl;polarlzalion {measured ellher as the beginning of the ORS 00111plax In 8ll'face 
leads, or as lhe beginning al the V deflection in the His bundle electrogram). In this trial, lhe HY 
interval was evaluated at pacing cycle lengths of 600, 500, 450, 400, and SSC msec. In adults, the 
normal range for the HV interval ranges from about 30 rnsec to 55 rnsec. 

Similarity at baseline: Ai baseline, the mean HV interval was 56 msec when the patients were 
paced at a cycle length of 600 msec, 57 msec at a paced cycle length (PCL) of 500 msec, 
55 msec at a PCL of 450 msec, 54 msec at a PCL of 400 msec, and 54 msec at a PCL of 
350 msec. The HV intervals were similar at baseline across dose groups (at each of the paced 
cycle lengths) in "8oh stiatum Q.e., LVEF :?35%, and LVEF <31i%) and In the oombined strata. 

Changes from baseline: Changes In the mean HV inteivals from baseline were similar BCIOSSdose 
groups Qncluding the placebo group) at each of the paced cycle lengths in each stratum and In the 
combiried stratum. Changes from baseline in the combined stratum are shown In the table oo 
page32. 

2.4.2.5.3 QT Interval 

Similarity at baseline: At baseline the m..an QT interval was 385 lll"8C in the stratum of patients 
with a LVEF ~35%, 391 msec in the stratum of patients with a L VEF <35%, and 388 msec overall 
when the strata were cont>ined. The QT inteivals were similar at baseline across dose groups, 
both within each ejection-fraction stratum and overall when the strata were combined. 

' Chanae from baseline: At Minutes 10, 25, and 40 in each stratum, mean changes from baseline 
In the QT Intervals were always greater in the ibutilide treated groups than in tM COITe8pOllding 
gl(' ~ treated with placebo. The average mean changes from baseline in the butilide-treatment 
groupc. (i.e., the averages across the loeding and n ~intenance infusions a'• Minutes 1 o, 25, and 40) 
were significantly greater than the changes in tl19 placebo group at each dose within each stratum, 
with the sole exception of the 0.01/0.002 mg/kg dose in the stratum of patients with a LVEF<3.'>%. 
See the table on page 33 for a summary of these data. 

2.4.2.SA QTc Interval 

Similarity at baseline: Al baseline the mean QTc interval was 0.414 sec" in the stratum of patients 
with n LVEF :?35%, 0.439 sec" in the stratum of patients with a LVEF <35%, and 0.426 sec" 
overall when the strata were combined. The QTc intervals were similar at baseline ac~ dose 
groups, bolh within each ejection-fraction stratum and overall when the strata were combined. 
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Changctf!Qm bgeljne: At Mlnutee 10, 2.5, and .co In eacl\ l.ltnltlJm. mMn ohangea frorii baseline 
In the QTc Intervals went always gree.ar In the l:tulillde beated gn:qM1 than In the ccneepondkig 
Ql'OUPfl treated with placebo. At the O.OS/0.000 mg/kg dole wlltm eact'l etralLln, the ll'l8l1lg8 meM 
changee from baseline kt the ~uent 9fOl4l9 (I.e., tflf' A'9f8t188 acroca the loacfug and 
malntananoe lnfualcns at Mln!ies 10, 25, and 40) were elgnlllcill'dly gre Illar than the changea In 
the plaoebo ~ Somatmes the average moan c:tianges from banlne within ..,.m slndurn In 
the other lW'll:lulllidHreatm group11 (I.e., 0.01/0.oo2 n°"9 and o.C»J0.004 mg/kg, Mint aleo 
elgnlflcanlly g:-eater than the ~ In t!le placebo ~- See the hble on page 83 for a 
aummary <:I these data. 

' 
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1. 

-.:t 
0 

LVEF<35% 

LVEF~5% 

Combined 

Pi'*-1 P·?&fitl.00!\7 

a.lie Cycle l.erlgllw 

Balle Cycle Langlh (meec) 
ReHftne llelues ISld Changaa flOm BaHl'le to f.he End of tl'8 MairUnallCI lntueat (mM.'1 :t: &d.) 

.fbulllde tum.11111 ~ 

eil!P"hole..._ 00110.002 0 QM> NH. O.nMi.M8 

Benflne • P,SS''ne e s 11ntt •'•mt:• Bne!!D' •P PIM I n s pw •Rs 2M 
830 :I: 121 1 :I: 124 718 :t 56 49 :t 54 732:I:183 78 :t88 •:1: 128 -89:1:84 

811:I:153 9 :I: 68 818 :I: 184 ·74 :I: 129 eeo :1: 204 41 :I: f1'1 888:t21S 220 :t 218 

819:I:135 6 :I: 90 767 :t 140 ·13 :t 114 796 :t 196 80 :1:88 910:t: 178 104.S :I: 225 

~ 
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PIOIOcDI, P·7S60-0007 
) 

8Mlc ey.:le l.Mglhe 

Buie Cycle l.enOlha (mno) and ComMpondq Hemt Rllf8 {baarlt"mtt) 
llB 11lneandlllEruof~ 

BarallneU... Efld.Gf-Malnlenance Meiin-- ng.tgm .u Bel. HB M Ba. J:IB 
LVEF45% Placebo 5 830 72 5 831 72 

0.01/0.002 6 716 64 6 764 7& 

0.02/0.004 6 732 82 6 611 74 

0.03/0.006 5 9133 82 4 930 ee 
lVEF:eSS'IC. Placebo 7 811 74 7 820 73 

0.01/0.002 6 818 73 6 744 81 

0.02/0.004 6 800 7Q 6 901 61 

0.03/0.006 6 866 61:1 6 1087 55 

Placebo 12 IJ19 73 12 625 73 

0.01/0.002 12 767 78 12 754 80 

0.02/0.004 12 796 75 12 856 70 

0.03/0.006 11 910 66 jO 1024 59 

' 
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Pmflocol P-7!60-0007 

CGmdM S1nue Node R-r nm. 

Comlcted Sinus Node Ra:overy Tinllfl (meec) at Various Paced C)1cle ..... (PCLa) 
Pr11Bne Values and Changee f10m B alne (rnem"I :t e.d.) 

--~~------~utllldefumanlle(lnD'ka} ...... ----~----
0.01/0002 OOZJqoq4 Qm.!JQOfi 

BeuUne &Bge'11 aae9Jlna 4BmDne P'H'a •P'rta Pc h + papllna 

290 :I: 160 -80 :I: 94 372:1: 160 ·114 :t 145 145 :I: .292 24 :1:315 79:1: 99 101 :I: 71 

335 :I: 99 -8.5 :I: 64 365:!: 158 -56 :I: 150 Tl :I: 189 107 :I: 200 87 -J: fi1 1()"' 78 

36S :1: 110 111.51' 102 219 :I: 156 13 :I: 153 203 :I: 214 -18.5 :I: 110 72 :I: 19.5 1181' 130 

466 :I: 308 ·208 :I: 306 254 :I: 201 -55 :I: 233 207.5 :t 182 -89.5 !f: 318 188 :t 188 1"4 :t 84 

339 :I: 83 32 :I: 139 261:I:218 .97 :I: 345 200.5 :t 170 -96.6 :I: 321 88 !f: 118 m :1:348 

340 ± 137 -45 :I: 134 193:I:163 60 :I: 215 24f: :t 120 -.SS :t 170 271:I:111 ·11>'7 :I: 331 

306 :I: 95 -71 :I: 88 250 :!: 55.5 .92 :I: 146 134 :I: 172 147:I:175 388:1:254 ·181:I:603 

251 :I: 155 -33 :I: 90 230:1:81 4 :I: 108 88 :I: 122 128:I:138 215 :t fSS 143:t589 

243 :I: 212 ·77 :I: 145 137 :t 79 39 :!: 183 79:1: 113 187 :I: 112 378:tS88 -128 :t: 563 

195 :!: 258 .9 :I: 189 92 :t 100 228 :I: 3Z7 100~ 135 9-J: 111 350:t 295 ·158 :I: 899 -
317 :I: 143 .59 :I: 115 274:I:179 ·'Zl :t 198 200 :I: 20& ·9-J: 229 184 :I: 142 .ao :!: 236 

318 :I: 94 -49 :1: es 307 .5 :I: 128 .74 :I: 143 108"' 176 127:I:180 240 :I: 238 -80.5 :I: 470 

300 :I: 146 25 :I: 118 225 :I: 118 8 :I: 128 145:1: 171 57 :I: 139 158 :t 141 1SS :1: 446 .. 
324 :I: 261 ·117 :I: 197 195 :I: 158 ·12 :I: 2(1'! 143 :I: 149 34 :t 251 301 :I: S2IB ·29:t449 

252.5 :I: 212 8 :I: 151 161.5 :!: 192 66 :!: 360 155 :t 157 ~ :1:286 282:1: 274 5:1: 740 
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..... -cu...ttna 81111 ... aelaC1neot1d 8bm9N~BHaHQ Tlllla6-He) 

Buell1111 Wot 
StraQIJll ·. tlllk(~ .... Malllw-

MMD 

LVB~ Placebo 18Pll9 1110.117 

I {).011Q.G02 6U8 316.00 

0.02/0.004 64.l? '82.50 ---l\.OSIO.fJ08 2H.OO 428.1'1 

L VBF <8lllJI · Pl.-lio 810.00 '"7.60 

O.OlJ0.002 lcaC.l'l 822.00 

l).Of.111.004 100.87 239.50 
• 

C.03.'0.006 24.00 382.00 

Combined Plu!ibo 203.54 296.73 

o.ow.002 151.211 818.SO 

0.1>210.ll04 82.'2 261.00 

O.oal0.006 188.20 407.70 

BoJd awnben lndic:ete iripifbJJt dwlps from b• .. liiw (P.&b.05) 
• Sipificantly cli&reut &om pl-'>o <PsO.OSI 
Soarff: To6le L.lO 

,._ Cll.atp &om 
e-11-·(80) 

?LI!f (98.75) 

248.67 (1!03.911) 

llUI (11?.911) 

182.17 (&91.81) 

181.110 (a"f. 78) 

87.83 (18'.86} 

180.88 1191. 79) 

aaa.oo- (174.38) 

N.18(82.221 

187.tl (238.91) 

1'1'8.18 (1'1:1.&8) 

IU.&V Cff&.Ul 

' 
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Prolocol ,P-755(H)007 

Atrlal-tll• (AH) lnt.rtal• and Hf8.Ventrlculs ~HY) Interval• 

•II 6'on B•Rll• la A·B ad tawl(mttt) 

.... c,a. Leactb <-> 
O-i-.~l l60 400 4fki eoo eOo 

A-B bltena1 '-> 
Plaeelio 11.ill(4) ·l.14 (7) -11.29 ('I) 9.ll3 (9) I0.00 (9) 

o.ow.002 -17.SO (2) 4.CIO co;> 28.00 (7) lJ.66 (9) 1.U (ll 

0.CIM).Gll4 '111.IO Cl) ~ .. (5) 40.aa (6) 11.71(7) 8.00 (8) 

O.OlllO.oo& 20.00 (J) IJ.00 (8) M.76(4) M.80 (6) 11.'rl (8) 

H-V lDteHel c-> 
Pl8Cll!bo 1.00(10) 8.8' Clll 8.09 (11} 1.78 (11) &I0(10) 

O.OJJ0.002 Ul'l (8) 2.llO (6) 1.ll8 (8) ll.lr7 (9) -1.83 ca; 
0.02/0.0IU 4.30 (4) "-81 (6) G.00(6) 11.00 (7) 2.83 (6) 

0.03/0.00G CJIO !Ill U0(6) 1.11(6) 2.86 (7) 6.'4 (9) 

Data ~tell M W eUage from ti.wUne in - wit?! number of patillnta io 
pareath-. 
Bold n•unher:J llldlclte lipifiQUlt ciume• &o!ll bueline CPsO.OSl 
Soun:t Tahl# L.60 and L.61 
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QT Interval and QTc lntwvals 

ll'l' ___ c;:i. __ ._ ..... 
I Ill ..... c-oa - _....., Mlall .... .... ;,: .... -.. -J.- - o..• ... ,. ....... _.. Miit 

G.Ma - 97 ... .. -MMIAIM - - 'If.II •• ...... - - ...... -LVllf- - t.ao )Ull •SJlll :4AOtt l.010< 

o.owa - - - 4llJll ·- - ,, .. -;..et -OJIMl.llllf l- l- &MM --~ 
,._ us ..... ..... ..c.utit OJlllOl 

OAIAl.OOll - - - llUO'I 
OJM)JIO< - - - -o.GllllOGI - - - te.'11"' 

QTola..-nl ---~--...._ _. ••1'••11•4 JI 
_ ...... _. 

- ~~ I( lO WU. :Iii Mlla40 
..,_. -LVEF>3&* - 1.11 ·1.14 •7.lf .O.'lttt 

O.OlAl.002 .WAO - TUii If.A• 

0.02/ll.004 fll.111 "".A TU? II.II 

O.llMUIOS lOUO llUI ~ to.41' 

LVEF<SK - - SUJ· ..... lU'lt 

0.01111.ooi n.u II.Ill - ., ... ,,. 
o.02/0.004 llUO t'l.40 - 4UOI 

0.0311UIOS - 11.IO - 18.&1"1 

c-hi...i - lU3 I.GO ..Z.1t U'ltif 

0.0111).002 44.0t U.M IUO IU7'f 

0.02M.GIM 41.00 14.llli euo 11.11•1 

O.lllW.OOIJ - llU'I auo 11..81"'1 

B..wa_.....,.......,.~.-_-..-i,,.(Psl).O&) 

• Sialllll-111~ ~-~ ,_IN.Oii! 
f Slp••eo•t.11- - 0.0IAl.002 ~ -(P:sO.OS) 
~ !lfcnlD<aJ>llt dlllol'e!lt -O.Oft.904 ....... _ fPSO.OSi 
I Slc•IP-tl1 di-I - 0.03/0.006 !l!riks -(~.05) 
5...,.., Tabl.1 l.!S. l.B9.Z.C.B9.J 
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2.6 SAFETY RESIJL TS' !: 

2.6.1 OVervlew 

. t!o pallenta eM:Jlled in the atudy died. No palielt wllhdr8w from thll lrial beon•• of an ~ 
went. However, the lnfuelon Of atudy drug ... dlloontlnUed In aplllen *81189 9' two .... dee 
ofnonausiulnodpolymorphlovemtcdwfactr/Cllldla(Patler•l2303;0.08/0.0081191c&). lnedclllon, 
one aedoue adv6198 ewnt we npcllted: a pulmonaly erubohn In a pallen wlh a LVEF ~ 
whorecelvedlbutlldefumande0.01~.G02 nVklJ(Paliefltf2109). Seelhepellenlnamtlwabelow 
for summaries of these oasee. 

Conalder'.ng only the cardlovaaoular a'j8t8m, 88Ytftll a1venle evenkt occmad only In palillm 
treatedwilh IJU!lllM but not wilh placebo. Theeehlbfedatrial fbllallon (n-2), tnd)'lcanlla(n-1), 
bundle branch block (ns2), hypotenslon (n-3), nonanalalned monomoiphlc wrtiQar ~ 
(n-1), and nonsusla!ned potfmolphlc ventrlcular tsdlyoardla (n-1). &lltalned monomorphlo 
ventricular tachycardia occurred In one patient l&Olllvlng lbulllide (0.02/0.004 rno1qJ) and In one 
pstient receiving placebo. The cases Of ventriclW laohycanfra ere summarized beiow In the 
patient nanatives. 

2.5.2 Patient Namdlves 

This section summarizes the clinical course of patients who experienced adverae events that were 
serious ~alient 112109), that led to disoonllnuatfon of the Infusion of study medication (Patient 
#2303), or that Wllf& classllied es a ventricular tachycan:lia (Patients '2303, f1102, '2207, #2304). 
The cases are ranked In the order of the patier!! number. 

Patient f 1102: Nonsustained mooomc:phic ventricular tachycaJdia. Right bundle-branch block; 
This patient was a 21 ·year-old wilite man with a history of supraventlivular tachycal'dia and asthma. 
His left ventric!tlar ejection fraction was 55%. He received a loading infusion of 0.01 mg/kg llutillde 
fJmarate and a maintenance Infusion of 0.002 mg/kg ilutilide fumarate. At the end of the 
maintenance infusion, right bundle branch block was r.oted on the eleotroc:ardiogram. 
Approximately two hours after the end of the Infusions, five beats of nonsus'11ined monomorphlc 
ventricular tachycardia were note. Two hours after the infusion the QTc was 0.431 sec". The 
event was not felt to be serious and the patient recovered without any intervention. The 
investigator felt that the event was j)OSSibly related to the investigalional mecfrcation. 

' Patient '2100: Pulmonary embolism; This patient was a 69-year old while man with 9 history of 
three myocardial infarctions ot Which the last was four ytWS before admission. Catheterization sllc 
days prior to admission showed disease of three valv8$ an<:: abnormal waU funotlor He was 
admitted with chest discomfort. On admission he had rare premature ventricular contractions and 
couplets which progressed to 8.."')'mplomatic non-sustained ventricttlar taohycardia. He was treated 
prophylactically with lidocaine. His ejection fre.ctioo was 32% (determined by calh&terizatioo). He 
received the 0.01 mg'k loading dose and the 0.00? mg/kg m&lnt~ infusion of ibutilide 
fumarate. The day after Infusion, the patient was diagnosed with pulmonary errtioli (unknown start 
time) after he complained of severe shortness of breath and was found to have abnormal arterial 
blood gases and an abnonnal perfusion scan. The patient remained hospitalized wt>ile 

3 Sslely •ssues are discussed oomprehansively In Dr. Goidon's review. 
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antiooagulatlon therapy was lllldertakBn. The ~ma 8Ubelded three days later. Neilhar the 
Investigator nor the princfial monitor '°"9kleflld the pulmonary emboll to be caused by l:Jutillde. 

Patient l2207: SlistaJnfld monomotphlc venttb.llar tach)'mniia; This 65-year-old whle man had 
a hls2oly of oom!l8IY artery dia"8l'8 end oongnltve ti.rt fllbe. He was undergoing 
elaJ:iophyalolcglcalevaluatloiHJfVWlbtculllrtachycQnla. Thepallenthadaleftventricdarlfer:OJn 
fraDlion of 20%. A acmenlrlg eleabocaldiogra ehowed llnlt-dagree AV block anci a prolonged 
QTo lntlMll of 0.466 w!-. He 1eoelved a bdng dose of 0.02 mi>'kg l>utilde fll'narste followed 
by a rnainenance·lnfuslon of 0.004 RQ'lcg l>ulllde furr.aiate. Six hours after the end of the klualon 
the QTo was o.446 8'!ld". Appl\ooltuately 11 hours airer the end of the Infusions the patient was 
noted to have wide conpklx tactpnla which was thought to be suslained monomorphlc 
vemicular ~~ycardla. The paliel'C 19COVered with no realdl ral effects and this ev6nl was neither 
feli io be serious nor related to the lnvealigatlonal medicalion. 

Patient '2303: Nonsustalned po/yloorphlo ver4rlcultu tachycardia', This patient was a 61 year-old 
white man with a history of nonsulllalned vembDr tachycarcia (V1) and lachemlc 
cardlomyopathy. He underwentelectll'lplP/al waluation following complalnts of palpllatlona, 
lighlheadedness, and nonsustained VT. He 1>.acl an ejection fraction of 15-20%. He was 88Slgned 
to receive a loading dose of 0.03 mg/kg and a maintenance infusion of 0.006 mg/kg l>utilicle 
fwnarate. During Infusion, the patient's QT intetVal increased from 440 to 520 msec. Twelve 
minutes after the iniiJSlon began, cluring alrisl threshold testing, the patient developed polymorphic 
VT. The atrial pacing was Immediately atoppe<!. The VT persisted for 10-1 ~ seconds befona it 
terminated spontaneously. He experienced one more episode of spontaneous nonsustalned 
polymorphic VT that was initiated bf a long-short interval and was Dreceded by QTu altemans. 
The infusion was terminated. Megnesium was administered and the patient underwent ventricular 
pacing. at a cycle length of 800 msec for 15 minutes. ThJ QT had decreased to 440 mseo at 
Hour 2 and the patient did weU thereeftsr without further complications. The investigator 
considered the nonsustalned po!,'11IOl'phk: VT to be related to study medication. 

Patient #2304: Monomctphic ventTicu/ar tachycardia. This 41 ·year-old white man had a history 
of two previous myl)Cllrdial infarutions. He experienced a cardiac arrest three weeks prior to the 
study, arid he had a left ventricular ejection fraction of 30"k. He was undergoing ele-.-trophysiologic 
evaluation of ventricular tachycardia. The patient received placebo. Toward the end of the 
maintenance infusion, the patient developed monomorphic ventricular tachycardia which was 
terminated by pacing. The patient's QTc was 0.426 sec"' at baseline and 0.445 sec" at minute 25. 
The event ~ neither felt to be serious nor relateJ to treatment. ' 
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REVIEWER'S COMMENTS . 

This was a randomized, . placebo-oartn>l ll!udy that 9V81uated the elecbophysiabgk>lll efhda. 
hemodynamlc elfeota, and the~ cA Wuslona cA bdlde fumande In •t>Jeda 
undergoing lnvaalve eledl~ ttudy.' The effecCa cA ilCl'llelling doeel of •lllaWNIOUI 
l>utllide were ovalualed In tine .eaquenlill doalnQ ~ eadl of which was epla lnlo lwo allata 
on Iha basis of the left veccrbdar ejeotlonfnrcllon (L~% orLVEF<36%). Thapallenla wlhln 
eadl etmtum were rando111ty allooaled to ltealment wilh 11utlfde fUmande or plaoebo. Wlhln each 
of the doalng groups, the dosing regimen oansiatacl d a 1 O-lrirUe lnfutlon (I.e., a "loadng" dose), 
followed by a 30-mlnubt lriualon (I.e., a "maintenance" infulllon). 

Forty~en (47) patients eruolled In the aludy: 25 wllh a LVEF at least 36%, and 22 wllh a LVEF 
of less than 36%. As aummarfzed In the table below, 12 patleru received a placGbo bolus 
followed by a placebo maintenance Infusion, 12 patlenla reoeflt<ild a bolus of bdllde fumarate 
0.001 mg.lkg followed by a maintenance lnfualon of 0.002 mWkg, 12 patlenta reoelved 0.02 rr9kg 
followed by o.004 RA· and 11 palienta l809lved o.os ""followed by o.ooe IJIWkg. The fable 
below descri>es the distribution of the patients by treatment gro14> and L \IEf: atratum: 

Distribution of sub)ecis by Treatmant Group and LVEF stratum 

Group A (LVE~%) 

--Dosing Regimen--

Loading" 
!l lm9'kgl 

6:2 0.01 

6:2 0.02 

6:2 0.03 

infused over 1 o minllles 
infused over 30 minutes 

Maintenance• 
(l!lQ'kg) 

0.002 

0.004 

0.006 

Group B (lVEF<36%) 

--Dosing Regimen--

Loading" Mslntenance• 
~ IOOW (mg/kg) 

6:2 0.01 0.002 

6:2 0.02 0.004 

5:2 0.03 0.006 

number of patients treated with ibutilide fumarate : number of patients treated with placebo . 

General: The design of this study was adequale to obtain reliable pharmaooklnetic, 
phannaoodynamic, and safety data for the studied population. Of the 47 t•ed pati-.'!'lts, 39 
(83.0%) were white, 7 (14.9%) were black, and 1 (2.1%) was of an "othef race. Futy-one (8"1.2%) 
of the patients were men, and six (12.8%) were women. Nineteen (40.4%) of the patients we.-e 
more than 65 years of age, and the most eklerly patient was 80 years old. Pediatric patients were 
excluded from the trial; the youngest patient was ;;;1 years old. Pctients were required to have a 
baseline OTc ot less than 0.440 seo", and to have 1 :1 atlioventricular (AV) oonductlon. Patients 
with hypertension, congestive heart failure, angina pectoris, or a history of torsades de polntes 
were excluded from the trial. The use of class I or class Ill antianhythmic medications was 
prohibi:ed within five half-lives prior to enrollment. 

• Nole: ""' protocol dd not specify explicilly wl1tither Investigators ware to be blinded, but the study report states lhat, wilh lhe 
&XC9plion of the ftrst patient enrolled. the slUdy was double-blind . 
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Henoe, the phm11aauld111llo, ph&11i800dynllnlo, and _,., ,_.. lhcdd be llldr..,.iwed with 
OUlon lo pllli111ts with cmatll'd dlmogiaphlo chRat«lldal (e.g., ._.. wlh •·-.or,... 
dllrllWl'IC88),crudlo:a1mlllrcMl1 11cm:t1M•~1l:f·llruclll!al,madl8lllalll,or~ abnonndlfel), or wlh II I I .... QTo ...,,,. .,.. OMO,.., Thia ..., dOH not 
ocmlJIU any klfonulllian .,... pci 1 He ~ Clf bdde Wllh ._, ur ._ ftl 
anllal'ltlyttvn agenla. . 

The dllfeient doe8I of .......... Mlluated llQll9rltialy, l'lllherlhlll cotillllNlllfl/. 11la, elfed9 
of the drug may be oonbndld wlh 1tl9 9"'lda d llme (I.e •• "period lhds"). 

The 1po1111cr Is nae 1111ldng an lndlodon for the pn>longad ed111Hllllidlo11 of bdrk fumllnde. 
Nonechfllsa, I llhould be nolad lhlt In thla llUdy the pharmeoodysmma IUld 8llf*Y Of b:illlde 
were not wailuated Ill *8dy lfate. That la, the 8lud)' MIS not perfonned ai lled;' Jta1e blood 
lllwll, nor at 1tee.dv"8fllte tflllA lellela of the drug. 

Dgae !!!l!!orptlnn: As plennad, the eponlOr llUdled only tho three ,.u1na outlned ebcwe. The 
eff8Clta of higher doaea W8l'9 not evalualed. Thus, the alfects end tolnbllly of doe raglmene 
with a bolus doae of greater than 0.03 mijllg end a maintenance lnfualon ot gi.ater than 
0.006 ll'l9'kg for thirty mlnutee l'llm8lrt unknown. The fdure to explore the etfecta of theae higher 
doles has at leaat two oonsequencea: 

• poasble 8S80Clatlona d QTo prolongation wilh anhythmogeneals were not 8SSBIBlld; 
• at theee higher dosee, otharposalM elec:tiophysiologloal elfecta, hemodynamlo effects, other 

pharmacodynamlc effects, or other advenie effects of llutlftde were not evaluated. 

The sponsor seeks to obtain approval for 1 Cl-minute Infusions cl ibutllide fumarate that are not 
adjusted for body W61ght. For reference, then, the table on the following page provides the 
absolute doses administered to aubjeats of vaiylng weights In the cflfferent treatment ~ro~. In 
this trial, the lightest patient WM 54.1 kg (119 lbs), and the heaviest Wl:IS 123.6 kg (272 lbs). 

Pl!armaGoklnetlcg: As stated by the sponsor, post-infusion concerMltlona ~ declined in a 
multi-exponential fashion, and aoncentratlons were typically around or below 1 nf>'ml within 1 hour 
after the maintenance infusion. However, a high degree of lnt81p8tient variabfllt¥ was obs-"l'Ved 
In all dose groups, and the preeence of extreme outllefs resulted In atypically high measures of 
variability. In addition, many concentration-time profiles were atyploal: some were erratic, and 
some showed maximum concentrations later than the end of the first lnfuslon. In general, 
maximum lbutllide plasma conoeubatlons and 8l'8ll under the concentration versus lime profile 
values inoressed in a <fos&.related manner with il1Cl'&ase In dose and were Independent of left 
ventricular function. The pharmacokinetlcs of lbulillde were almllar in patients wllh a LVEF <35% 
relative to petlents with a LVEF ~%. Pharmanodynamic da1a were also atypical In regards to 
previous BIU<fres. Although studies in heallhy voluntsere have shown that lnfUsion of lbubllde 
tumarate results in prolonl}3tlon of the QTC lnt&1Val end this prolongation Is dlreclly oonelated with 
blllillde fumsrate dose and ibutlllde plasma concentrations, no such correlation was found in this 
3tudy. 
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Abeolute Doee of lbutflide Fumarate (IT'G) by Treatment Group and Bod'f Welt#' 

~~~~~~~~~~Trea!mentgroup~~~~~~~~~~ 

Bodvwe!ght 

40kg 

60kg 

60kg 

70kg 

80 kg 

OOkg 

100 kg 

110 kg 

120 kg 

130 kg 

0.40 0.08 0.48 

0.02-t0.004 11¢9 

~ Mwnt' Total 

0.80 0.16 0.96 U!O 0.24 

• 
• 

Shaded cells enco"1)ass the range of body weights for patients included in this trial. 
Maint = Maintenance 

1.44 

Pharmaoodynamics; Invasive hemodynamio measurements were made of cardiac output, 
pulmonary artery pressure, and pulmonary capillary wedge pressure. These pammeters did not 
appear to change from baseline In a consistent dose-related Wl.lY either in paltents with a LVEF < 
35%, in patients with a lVEF ~%. or in patients overall when these stra:a were combined. 
These parameters changed from baseline to a similar extent in patients treated with ibutilide and 
in patients treated with placebo. 

lbutHide ~red to depress sinus node function &0mew'hat, but these effects generally were not 
marked. lbutHide appears to prolong the basic cycle length and to prolong the corrected sinus 
node recovery time to some extent. lbutUide prolonged the maximal sinus node recovery time. 
These effects may be of greater significance in patients with intrinsically abnonnal sinus node 
function, a group that was not systematically evaluated during the development of the drug. 

Similarly, ibutilide appears to depress AV nodal function to !JOrne extent, but these effects also 
generally were not marked. lbutmcle appears to prolong both the AV and VA Wenckebach cvcle 
lengths to a minor degree, and ii also appears to prolong the AH interval somewhat. These 
apparent effects may be of great~ significance in patients with intrinsically abnonnal AV nodal 
function, another group I~ ~. was not systematically evaluated during the development of the drug. 

As expected of a Class Ill antiarrhythmic agent, ibutilide prolonged the duration of the atrial and 
ventricular monophasic action potentials, and it increased the atrul r;nd ventricular effective 
refractory periods. In genoral, these effects were greater at the higher doses ">f ibutilide. Similarly. 
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oon1lalt11t wlt:I la~ ae s Clall 111 anllalrhylhmlo agent. l>ldlld9 ~tie QT 
and QTo lrOlvalll (as 111111 i with 12-leed ECG&). Prolonglllon ot lie QT end QTc ll\feNlla 
app88l8d to be d.:iee relaled. 

lbldde did not IFll •arto altal' HV concUllon. The dr.ig did not &ppelll'it- .._ ..... «wnlrlcdlr 
lhreaholds. 

Safely; No palielM eclft>led In the alUdy died No palldnl wlfdaw fmm the trial.,__ of an 
ed"9laa avenl. 1io1119var, hi lnfualun ot 8lUdy drug was claccnlnued In a plllillnl (nrdlnlfwd to 
Wiide fl.mlrate 0.03/0.ooe mglk;) beoauee ot two eplaodee of llOlll'~ polymorphlo 
ventricular ~ In adclllori, one aeriou8 adYenle ......,. waa 1&pclted: a pdmonaiy 
embolism In a patient with a LVEF <95% who received l:J~lde fwnarate 0.01/0.002 nvt.g. 

Conalderlng only the oan:lcwaecular eys:em, eeveml advenle 6Venlll oocunid «*/ In pallenla 
tnteted wlh b.dlide tu nm wlh placibo. These Included lllrill fllrllltkln (n-e), ~ (n-1), 
bundle brancl block (n-2), hypctenelon (n-3), nonauatalned mono11101phlo ,,...,.,..,taohyoardla 
(n=1), and M *'8llllMd ~ vemlcular taoh)'mrdla (n-1). Sustained monon101ph:c 
ventricular tachycardia occurred in OM patient reoelvlng llullllde (0.02J0.004 11111ku) and in one 
patient niceMng placebo. Thus, !hie trial confirms that l:iutlllde may induce antiythntiae, eome of 
which may have hemod>/llllmlc consequences. 

' 
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1. DUCRll'llON OF ntE llUDY 

1.1 Tiiie 

An OperH..a11e1 Dciu• Riripw-... o1 ••••oue .,...,. ., Miner""" hflltit v..... T..,._.. ~ S 16qrq di"""1 .... (Pl'*«d P..~1S: T41drillll Rn;klft721& 
&Hm). 

1.1 .,..,,.. 

1.11 ,,,.., CNll•CllMe 

The tcu prilnary abfectiv91 lpeGllM In the tN'*>wlW9to dl1l!llllt16 the .... d ...... .....,.. 
llQllde on 1he folowlng: 

• the lbllly to Induce vtN'llrlDdllr ~ bV pogninimed ••• atltclll llrrV:lllon 

• vemtcularelfdve Nlfl.-.Y perladl (ERP) and it1e dlnllan d monaptasl: 9CllkM\ polen''s!t 

• the •elation d the llbove ......... to the QT lrUNal d , ... el1alnlolldlogiwn In patleitllll 
&ntergolng , .. •oph)'llllltogla llUdy 

• 1he. hlletlol llhip of moncphMlc lllllloit poCdll dunatlocYERP l'lllC> to cycle length 

.• 1.U 8eoondary Qbllollv9I 

The lltudy had two p....,eolild aecondllry objedMJs: 

• to &8BH8 the elfeats of blllde on oltlr lllllldald aleoln:lphyelolaglc palWnllt81'9 lnduding 
tlnus node recxMNY 1lmn and AV oonduallon lnl9Mlla 

• to oonellde the pharmeooldnetlca or "'dkie wllh ill llledlqitiyllolcglrl effeda. 

1..1 Cxpw'.menllll Olllgn 
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n 
~1 20 

~· 20 

Gmup8 20 

• lnfllled cwor 10 mhba • lnflllld -- 80 mhba 

Doling~ 

l.OIMl'lff 
lnp'lg) 

o.om 
0.01 

0.02 

........... 
(mt'lp) 

0.001 

O.UOI 

G.C104 

To be l!dudld ltl lie lll.ldy, filllilli Wll'9 rlqihd lo bl1 bfl\w111181Mtd 80 ,_. d •mt to 
be lnlli9ol11g an lnlrlllt1e lledlqAl)'liDloglc lllldv for ~ or •Jll*lld Y8lllriaullll' 
...,..,,.... Pllfllrlli who IWGllwld lbtdde W9N NqURd to htw9 l'l .. INd venlrlaullr 
tlllll\IC*da (1.9 .. >80 ...... cllnloro Clf leilNi.-.S by .... 111) ht Oll'Jd be lll' led ..... 
tiy pmgrlilllllllld 111 a111o111 ............... '-1•119 .. .it•· -..quhd 1o be ~•IV 1111118, 
tc. ,.,. a left wnbloulw lj1cllon hollon1 of 111 ...... tt.n ~. nomllli l'llftll'll 1l1:A1 .. 1e1, nf • 
b111h d QTo d no men 1111110.440 fM!'. Pallanla _,. -*ldld I hy hed a ¥1all blood 
pr9Clln dO mmHg. a 11«1do bload prlH ll't ll:106 mrnHg, or I lhlf hid~·..--of••· 
OOllQI ... '-rt r.111.n, OI' ottilf llgrll cf dlll!W. Plllleia wlh a hlldclty d toi-.. de pdi' 
(!loin q ca'99) wr.........., The 1118 of..._ I or ctl9I RI anlllrrhylhmlo llllClalla•• 111111 
prohl:ll·~.ict within 11119 hll' ... pdor to ~ 

EllcAa~ m11t •••••and Pftlfillllll••Mid .ieotrto.l lllfnQllloi\ W9 to be ptlfonnld at 
mnh (prior 1o ildl••Mi...., d lludv dru9) and dlSfno the mllntenlnoe lrlfullon. 

1.4 Drug Admlftlltlatlon 

b.dde WD •'f~...; in 10 ml olNr Qllla ~ In a COl'IOlftll'l1l ol U fllltml. ~ eolullon 
waa l"*lnlo Md bcM8rec:t wlh GUiii• to• pH d 4.8. For admlnllllllllcM ID p1l11A, thl IOldlon 
WU ID be dlk.Qd wfth 5'% d8KIRlel In Wldtlr (O.W). Matching~ of pllOlltl ci oonlalnlng only 
the vehlale wwe allo 11ippllld. Drug ~ - to be tem•lllld for.,,, of !hr "•llbwing 
reeoone: (a) d9cn 111 of ~lllolc blood pr111Ul'9 to <90 n11r1Hg, (b) a chllrfl In rir/llvn or 
lltrblllllricullroonduallon llatwu not hernodynamia.lytollraled nrthltttVll&enld ~ ..r.ty, 
(o) development of new bundle branch blook or lnoNue In QRS dlnllon of gnlldw than 80%; 
(d) In advll8e went lhlt ttnml9!Mld patln safely. 

2 ""..i.ci 1n lh• o11gN1 Pft*.lOI, .,. venillcular 111etir-11e mua1 i-'*" lnllaltd .i-. tw1oe. 1n a ...,_nt -°'""~ 
howt11, - lrdlcean - llJl!lclwll H ht pallll.: requbd aleclilcll can:totMllkln anc1 h 111111 r'c • r 1111 M npeaad 
C111dcMllllol1 - unao ,..,..... 

1 LellvenlllclAw~ lnlcllcm -lo be dM!mlnec!lly ~..,.,,,, ndonudlde ICWI, or~itoa;ap'ty--$0111Jt9priof 
lO ,,, 8'ldf. 
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1.6 EVll!uatlons 

FharmaooklMlicl, pha!Tl1llOOdyn&mlc, and a&'JSy were evaki&lecl by aerial monlloring d the 
followi119: 

• resting blood pra 111n (left srm) and hefirt rate 
• ele 4rqiliyalologlcal (EP) m1 nu11111111a (lllrial and wnlfloljar rafractoly perioda. dcnlloo Of 

atrial and vantricl.llar ~don potentlals (MAPa). ainus node AICOV8IY 11mea) 
• programmed l!!imUlatlon br lrddan d Wltilular lachycaniia 
• 12-lead eteclroaarclogn 
• eaf«y labondorlee: blood for aafaty labclllatortes (llematolosw, chemlsby, eoegidadon) and 

urine for urlnalysla and ri::roeac.,ic evaluation 
• blood l8f':1lle$ for drug levels (obtained thmugh sbc hours following the end of the 

maintsnance Infusion) 
• dipln levels (If applicable) 
• medical events 

The Slbject8 were also monitored with a comlnuous electrocardiographlc fflCOldil ig. See the table 
on the next page for a summary of study evaluatims. 

' 
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MhlV ho 0 I 111 u Ill • .. • • I 10 11 .. l I ' • I If .. 
'float 
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1 LV ~ bctim must be obtal:aecl prior to lllll'Clllment. 

• All BP~ will be mat» belia-. the Joed!n1 dme ad after the main'....,•_ in!us!on. 
Atrial ad Vlllltricalar wf<ldw7 perledl end MAP d11fttiml will be~ Wore the 
(Mdlnc ckm, after the loecfina "-. end at tbe end of the mmteq•nce IDfUalan. 

"'kt:tv~~ I ,"" .._ ,. • 

' 

• 01117 etendml a11111e lead ECG ID.Olllt.orlJli Is requlnld W; ::-80 minut. and U haunt after the 
malnten•- IDfiaslon ' 
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:i. RESULTS •. 

a 1 DlepGdloft of Subler* 

2.1.1 Enrolled ....,,. 

Flly..ftw (55) patlMa ... erllOlled In 1he lllUlt/ from Augual 1981 fhlo&9t Mu.lh 1194 by 
1e •lll'sltigatoia. Four lnri-doM• did nae enrol any plltillR. One pallert (1224) dlloonllnulld 
1he lnfualon of "'Olellfterlheio..:i1Qcbeof O.O:ZO llVkvmid wll'Gewfromthedudf becm• 
oflhedalielopmenlof~ioll;OOllllbleVfll1blcQar~ Thlapidelt .... load 
three ..._,. Of polyri101plllc venlltcdar tactpn:la. two Of which wwe llUlltalned and one of 
which waa nons11atal11ed.4 

Of lhe l9IDlinlnp 64 pillields, the lnfuelon of l>ldllde 'MIS clllocnbled In ................. 
Three of theee five pllllerD ('204, 1218, f802) • dMlloped ~nl: ly l.l1llable 
Vfll1lllcl*r tachycardia. a blth patllct (f228) expsrlenced ~of U. arc lnllMll. and 
a fifth patisnl (t220) ct.velaped tiypoteualcin asaocialed wlh lll'lglna IUid dylpne8. Al f"'9 of tw 
aijJjeots ~ lhe planned study OCU1119. Eacl1 (It ltlllee OCOLmnOl9 WU repoit9d M a 
medical event. except forthsvertrlcUar~ In patllctta. In 1'8palilnt. the~ 
tachycardia was induced par potoool but requlrtd aneslhssla to be oonverttMt electrlafolly. 

The palienta were aaalgned to asquentilll does gioupa of IUllde fumande ~··· pdenta were not 
randomy aaalgned IO treatmtrt). Of the 55 enfOled petienlg, 20 reoelved b.dlllde fumlrate 
O.OOE#'0.001 ""' 20 receive lbullllde fumarate 0.01/0.002 mo/kg, and 15 received blllllde 
fumarate 0.02/0.004 mc>'kg. 

2.1..2 Evaluable •ubjec:ts 

Of the 55 patients enrolled, the aponeor oonsldered ll8V&n patient.a to be nonevaluable for el'llcacy: 

a) Two patients (1101, 1102) were ooneidered nonevaluabls because polymolphlc VT was 
Induced .. ~ baseline, rather than monomorphlc VT as required by the protr,ooi. 

b) Three patient.a ('220, 1223, and 1224) were considered nonevaluable ~ l9inductlon 
of VT during the infusion of ibutlllde fumarate was not attempted beca•lll& d adverae events. 

' . 
c) Two patlenta(t1600 andf1501) each received 2.6 mgof lbutilidsfumaratedurlngtheloadlng 

dose (0.029 nll>'k9 and 0.033 mc>'kg, respectively), mther ttian 0.010 rrl(J'kg as por the 
proloccl. They both reoslved the correct maintenance Infusion of 0.002 mg/kg over 
30 minutes. 

2.2 o.mographk: and Baseline Charac:teristlcs 

Of ths 66 patients enrolled In the trial, 47 were male and 8 were female. Atty-two (62) of the 
patients were white and 3 were black Overall. the patients had a mean (±s.cl.) age of 64.9 ± 

' See the patienl narratives In section 2.5.4. 

5 Overall, including patient 1224, the ibutilide infusion was discontinll6d in six patients. 

-5-

93 _. 



fllillOCal ,_7fllSO.OO'la 

t.2 yein. ~ m1111l!odywefQtllt1178.7 :t 40.8 pounda. a•....-hlWll at ea.a :1:8 ...,__ 
The tllllle below drr die& the demographic end he 1h dlMUMlll6» d a. fl Dania bV 
beabi.nl group. 

E.lotl "' ... t1118 .c1 .......... ..,... ..... I ............. - 1(J1iwaof 
~. Mlahl p.G.00&"1). The ._. bodr ~ kl 119 O.CIMJI04 .. l!lr ,,_. f1aap 
(201,1 Iba) w lfgr.fiw.,, "' tr Im h W Wiidt In 1he 0.ClllM1001mcJlllll1N161•«i 
~ (167.9 Iba; p.0,0014), 

"' 

lbdde(~ 

2,005f0, ".lg1 !1-5!J&0012 g.~ 
(n-20) (n-20) (n-16) 

Race (n) · 17/S 20IO 20IO 
(whller'blaclk) 

Sex(n) 17/S 1814 1"'1 
(.Wt) 

Aoe (years) 68.36 62.flS 63.3 
(n.nt:a,d.) ±6.6 :1:10.9 ±8.9 

Welgta (Ila) 157.9 177.3 201.1 
(moan:ts.d.) ±3'.2 ;t.40,7 ~.9 

Height (lnchee) 68.2 ea.1 88.6 
(nlMRta.d.) :1:3.5 ±5.9 :t3.1 

PHARllACOKINETIC RESULTS' 

Plasma ooncematlon data wer9 avaleble from 50 al the 56 patierU who 'racelvect lxdlde 
fUmarale In thla llludy. The phannacoldnellc results are~ SI the tllble on the IWJd page. 
lnthiduBI patient prafilee ot~ vem.tlmeareshown bytleatmenl ~on pllQ98 8:9. 
The relatlonahlp of plMlna COll08lltlation to the length of the QTc Interval or to changee in the QTc 
interval are shown In the figures on page 1 o. 

As atated by the sponsor, post-Infusion concentrations declined rapidly In a mulli-elcponent 
fashion, and conoentratlom1 were typically around or below 1 l9'fnl wllhirl 1 "" ..r after the 
maintenance Infusion. However, a high degree of luterpatient variability wu observed In al dolle 
groups, and the preaenoe of extreme outliers resulted in alyplcally high moe11Ures of variablllty. 
In addition, many concentration-time profiles were atypical: llOllle were enatic, and some showed 

• For a compieta di9C'l8'1191l ol phannac:oldnelic !ssuas, - the RIView by the ~ .....i-r. 
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I: 

fte tmO!lld: The .... node l'9CICMlfV time (8NR1) .. the lrUrYal from ... bllt paold ... .,.. 
to the tlrlt epocllaneolll 1111111 dlprAlalzalon thll Oligllllldel In the •• l'ICI 1e. In ....... 8lnua 
node l'80CMll'Y IJnl88 Mnl M'lllualld lollowlll'J 1111111 Pll*v for 30 ........ foca' ..... .,.. 
lengll1a (800, l500, 400, .nd 880 meeo). hew• the 9NRT dlpel• un Iha .. lbu nde, I 
Ill often er1Cp1 HI Id •ttl90D1r1Ct«! *iul nodlt rwoa·:MCY time (I.e., the 8NRT Ra Y. the bMloqde 
length). The """'lml d r.om• tar the 8NRf range& from~ 1400 RIM kl :&60 lllllO, n 
the ~ llml d nu111• for 1he conliMd lbJ8 node ftlO'MlfY time (C'Sf>1FO') 1W1Q119 frcm 
apprada~811ly l500meeo10 850 maec. 

8!mllar!!.y at ba!e!lnt: N. baaelne, I.he mean CSNRT w similar 81XOU eacl1 d the tvae doee 
groupe et eaotl or the four paced cycle letiglhs (p valuea b'/ one way AHOVA ranged from 0.28 to 
0.84). See the top table on page 14. 

Changu from here!Jne: As shown In the top table on psge 14, the mean OSNRT ohlngad 
slgnlllcantly from buellne In tine lnstancea: 

• +294 meeo within the fow.doee group (0.006/0.001 m:jkg) at a POL or 600 maeo (p.0.0454); 
• ..es maec within the mlddle-doee group (0.01/0.002 mg/leg) at a PCL of 400 maoo (p.(1.0381 ), 

and; 
• + 132.5 meeo wilhln the coM>lned doe& group at a PCL cf 600 llll8C (p-0.0198). 

At each or the paced O'ICle 1eng11i1 the ohange8 tram be8elllle went not llignlflcantly dllf81'81it llORlll8 
doae groupe (p values by one-way ANO\' ... rmtged from 0.0685 to 0.9079). 

Maximum obangea fJom beae!loe: As noted b'/ the sponsor, patlenle differ In their ballc cycle 
lenglhe, and therefore each patient may need • dllfenmt a.oenlrive auppnl88ion paolng oyde lengttl 
to diatingulsh •rrt change In the alnu8 node reoovery time. Thul, the doee-group mean or 
maximum changes fJom buellne in CSNRTa acroaa all pacing cyclee may batter diltingulsh the 
efflOIS of trec.tment. In this anat,oals, the CSNRT Wll9 algnllk::antly prolonged from baaallne In each 
cf the lndMdual dose groups, and alao when the doae groups were continlld. Maximum llhangee 
from buellne in corrected alnu8 node reoovery time at the end of the malntenanoe Infusion ant 
summarized in the bottom table on page 14. 

2.4.2.2 Effects of lbutlllde on funetlonal tMtS ofUMI atrlowntrlcuillr node (AVN) 

2.4.2.2.1 AV Wancbbach cycle length; antagl9d• atrloventncular conduction 

Baofsgrouncl: Pacing the atria at lncremenlaliy fa811er rates will prolong the AH inte!Val, mosti'/ by 
delaying conduction throvgh the atriovent!lcular node. Second-degree AV block of a type 1 pattern 
occurs at the Wenckebaoh point, and this progrBSSeS to 2:1 AV block. The pacing aycle length at 
which 8fl00nd degree AV block OOClll'S ls genemlly betw-1 500 and 350 111811C. In this study the 
atria were paced at decrements in cycle length of 1 O rnsec to detemilne the AV Wenckebach cycle 
length. 

Similarity at baseline: At baseline the mean AV Wenckebach cycle length was similar for each of 
I~ three treatment groups (p,,Q,6715). See the top table on page 15. 
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qt== fmm,. •a: A8 thoMI In the top tlble on -.16, 11111 tie ad fie ..... ..._,. 
lnluelon ~ 2CMO) tie AV W.i0h1bwltl O,fde lenglh Ila 11111C1...,._.,fltllnIle11111• In 

"'°~ 
• +18JI'& mseo In the lo111 d\IM 1M1P (Q.ClGliVO.OOt n9'V; p.0.o2815), and; 
• ..s7.8meeowllNn1119 W1111l11111C1 dole~~. 

The cMng8I from llM ............ d .............. Wllllon ... no1 ____ ... 11 
... doee gruupe (p-0.-7). 

""'Ila ant: A lignlkm~ pero11111Qe d JncMbls wlh normal • .,,_ 111rlowu11tamr (AV) 
ccmduDllon wll not hM venllltdaJlllnl (VA) aonducllan. In .... wlh Wlllrfcll&mlsl aondualon, 
howlvll', peeing the ve:lllll:IH ail mama t1:ly ...... 1111• wll polong VA oondudlan. In tis 
tlbatf the V81tJlcle!t were .-.. al clsCI 111t111 op. langltl8 to de•mn lhe VA w.nct>sbe•• 
oyole lenglh • 

..., • tq,'..,; At hHlht ttte 11111111 VA WaiDkll:reoh oyole l6ilQlh wualmlarforench of 
tie tt... b6id.ment gioupa (p-0.6323). See lhe boliom table on page 15. 

pt=mr m b'?•lin!: ,. tl10llln In a.~ table on pege ts, at the «1d of the rmlnl•810ii 
lnru.lon (MlncUa 20-40) the VA '•v.M..., .. length klCI I ud ~from bf.lnlne In 
the ~ 9"l'IP mid In the oontined ... -. ~· The lnonlue from bs11tlne Ulo 
llflPIOllOhed algnlflaanoe In the low.Qu jll'OUJ): 

• +104.0 meeo wtttin lhe hlgh-doee 9ftq> (0.02 mi;lcQ I 0.004 mwkg; p.0.0028) 
• +70.8 meec wllhln lhe OD11iblried dole QRM4>. (p.0.<>001) 
• +46.0 lnl8C In Ille low-dole group (\1.006 mg/kg I 0.001 mWkg; p.0.0626). 

The changee from buellne at the end ot the malAenllnce lnfullon were not elgnlflcsntfl/ dlffeftHlt 
llOl'OU dole groups (P"0.0885). 

' 
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81 .... Atom~ ""'"'•*""• . ' (ltt.llMtaMO) 

n - n -· pWlllll 
PWlld OWllle ........ (mN4 (ftllllO) 

800111110 
o.GOll ..= / 9.CI01 ml)'lla 11 llO.I 11 ... ..... 
0.01 I OJ10t"" ,. IOI.Ill 10 47.1 O.:mlt 
Cl.Oil nft/ o.GM ....... • 87.2 • 80.0 o.-
Taeal(e-ow1MllCI) ., r/4.2 llO 1au o.cn• 

!500-o.oo1.=10.001.:c' 17 $48.1 14 au 0.4488 
0.01 /G.CIGI 18 aa.a 1a 22.& 0.3B01 
O.Clll ""I 0.004 mo1la 11 20U6 10 48 0,4711 
Tolel (dD9M OGniblnecl) 44 27.U 37 406 OJ!.011 

400-
0.00I 1119'1a/ 0.001 rr9'I 17 <llS.1 13 -10.S 0.8198 

0.01 ""' o.ooa mo1la 11 .... 13 .... 4.1*1 
1).02 n?liV I 0.004 n9iG 11 :ao.6.0 10 A7 0.80M 
TGW (dD9M conM*') "' 807.1 31 13.21 0.7948 

·1<-t" ... 
SllO.-

0;005 nVkU I 0.001 mr;1qJ 14 122.1 11 93.1 0.11589 
0.01 nVko / o.ooe n9'kll 11 235.1 10 71.4 0.2901 
0.02 nVko I 0.004 nft • 2fft.O 7 -48.8 0.5440 
T<Jtll (doMe corrilll*') • 118.06 28 51.4 Q.2012 

• 8talilllw:lly lllOnlflcllnt alltngM fram 11 ••h fl><O.OI) .. hlgllftgllted with bold dllrlrlt .... 

Conllllled 8lnU8 Node ReacYery Tlmle <->: 
~ Buelne V... lllCI II 1111111 u..i Chlngee fron1 ~ 

BIHln9 A from t U llllne ' 
.,., lllllntenWICe lnl..iort 

{Ill Mklule 20~ 

n - n lllMll A p Vlllue 
<-> <-> 

0.006 ~I 0.001 n9k11 14 1'42.2 14 aa.:a O.oD11 
0.01 ~I 0.002 "9'11V 13 175.7 13 1M.15 o.ooa 
0.02 ~I 0.004 nQ'kg 10 163.8 10 1at.1 0.01A 
Total {doMB contilned) 37 157.1 31 225.9 4.0001 

• ~ o! pa.ied cycle lengdl. 
~ Sl!dllllioally signltc.nt chMgea from baaellnt (p<0.05) are highlighted with bold chaniotM. 
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..-.~ . ...,., 

2.42.8 

• • 

Pi •11111 P.7'llG-0019 

NI .......... ~IAIClll (mllc): 
............... -.... frCllll811111n1" 

•••••• 6 .,, bl '"""' 
n .... n l'hl8ll A pwijue 
~ (lnM.'9 

a.Olll ..... /OMt nft 17 ... 1• 1C. .... 
0.01,.,,./o.ool1119'ke ,. a.7S 11 71.41 0.1tl0 

G.QI,..,,. I O.G04 mrllll 11 41Ut 10 ao.o o..a11ii 

TcMll " 41U 87 ~· 
....,. 

N. tnd °' ......... WUllon CMlnuill aMO). 
8' I Uaslf lllO:llbant ahlnQM hm llM 111\e (pc0.05) .. lllat:llglMd 111111 bold ollll....._ 

VA W.iilflllMoll c,ale l.Cllllh (l!INO): 
w.t 8•111111V...llldMM11Ohm .... hm81 111111" 

81111M ahnlbulillrMI" 

n ,,.. n 
.,_. 

p Vlllul 
<--> (lllNO) 

O.OIJl'i ..... I 0.001 n9'11G • 428.7 4 48.0 O.OIS26 

0.01 n9'kcl I 0.002119'kQ 8 475.0 4 66.0 0.111!.2 

O.OI n9'kcl I O.~ ll9'kQ • 408.7 5 1N.0 O.oo23 

T• 20 ...io.o 18 10.t 0.0001 

N. end of IAllkltel111ioe Im.ion (Minutoa 20-40). 
SI d II::- _...:t Clhlngee fl'om bats.an. (p<0.06)-~ Willl bo.J ~ 

' 
U a 8.1 Aldll ~ MlictDty perfocl (ACRP) 

Jte ' 'U 1119 effdwt ,.,._,,. l*lod la the period Ill the oanl10 oyole du:'ig Miich #1Clth3' 
..... to be oon&Noled. 1- thlll wcty ~lrO to th& piiAOIM, an extia ..imutua (Sa) w 
to ... ~ during the atnal rehctoty period after eight r**1 beats (al oylllt lengths cl 
flOO AW and 400 mMO). The prol."!JOI .tplClllad a JMllllll af four woora betM!en drive tntlnl. 

••Mr at tnst111: Al bl.uh the 1n111n AERP waa airnMlr tor .m ot the three t1a1tnient 
glOl.lpa at etdl ol the paaect ~• lerlGh (p-0.'1026 at PCl cl 400 meec; pu.0.8007 at a PCL °' 
eoo r11111C). See ttt. table an the '*'1 page. 

Q"== fJOm znt111: Tht lllrill effeolive l'9fracklly period VM pralonged lto!lt b6iaelne In ..mi 
d 1ht lrelltnlcft gmupe. Signlbs1I prolongllttonl from ~ OCCUl'f9d In eech " 1ht dote 
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Protocol P-7650-01118 

Mill Thrwliold (IM): 
u..t B••h V.._ end U- ClllnQle from Bll.l4lfr,a• 

Bnelne Aflwnll uh 
e!llrlod!Gdaff 

Afromh1 1l11e ................. 
lnl\lllon 

<• ..... 10) (llll Mlnule 2MO) 

n ~ n lllll'JI .A p vr!cll. n -A pvelue 
(mA) (lllA) (~ 

0.008 llft/ 0.001 ~ 17 0.87 18 0.11 cua 17 0.33 O.e? 
16 -IJJJ7 0.180!! 13 0.02 0.7240 
1t -o.oe oaoo 10 .(1.03 0.8872 

Q.01 n9'1rG I 0.002 119"4 18 0.04 
0.02 ft91qj I 0.004 n9'1cv 11 0.72 
Toti! (cloMB contined) .... '7li 42 --0.00 0.81 l 40 0.14 0.4840 

2 4.2.A Efteal8 of~. on the wublclra 

2.4.2.4.1 Venbfcul# effectlW 111flacto1y PMtod (VERP) 

Venlrioular effegtiye 19fractory periods wer1:1 lllllMll'8d at the rfvtlt ventricle, ~ al the apex f.ll'ld 
at the oulftow trad Because ot the amall number cl pelJellfa wflh menurements at the OUlflow 
tracl, reeulia wll bo allOMI only for the apical~ Allhough not llhown, the results from 
the Oldow Ind Wl9RI gtmel'lllly consistent with those from the apex. 

~: The effeolive l'8fmctoly period Is the period In the can:llac cycle during which another 
lqlulae faile to be conducted. In this 8ludy aooordktg to the protocol, an extra stimulus !EY was 
introduoed during the vertricufar refractoty period after elgli paced beats (at cycle lengths of 6W, 
600, and 400 nv....w}. The protocol ~!Id a pause of 4 seconcls between drive trains. 

S!m!!arity at baseline: At baseline the mean venlricular effective refractory periods were similar 
acroaa doe& glOl4l8 at each of the paced cycle lenglhs (p vaiues by ANOVA across dose Qr<>l4>S 
at eacti of the paced cycle lengths 181'1ged from 0.42e6to 0.7861). See the table on the next page. 

Changes fl'om l:!aat'lb: The ventrlcUar effective refraoloiy period was eignlficanlly prolonged from 
baseline In each of ihe treatment IJOl43S. These algnificant prolongations from baseline occurred 
In uach of ttie dose grot.!JlQ, at each of the paced cycle lengths, after the loading dose (at 
Minute 10), and at the end of the maintenance Infusion (al Mint.1e 20-40). These prolongations 
exhlblled a doae-responaa: prolonga1ions at the high« doses were generally greater than 
prolongation!; al the lower doses. However, the changee from baseline wera not significantly 
cliffOOM\t 8GroSS dose groups. See the table on the nm page. 
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MMll B111ln1 V..... Md Mimi Clllillfltl from Blullne" 

l:l1111M 4 lnlm hnlne J.,~ llfllr loaclnQ daelt 
lrMlon 

<• Minute 10} (• Mlnull IMO) 

n ....... n 1111111114 pwdul n R..-.4 pVlllul 
P8Ded Gycl8 Llfl9lh (""90) (INllO) {mMO) . 
800IMIC 

9.005 n9'k; I 0.001 mglku 12 2118..8 10 11.0 l'i.0002 10 41.0 O.W1 
0.01 mglku I 0.002 mg/kg 1$ 251.5 11 40.0 <D.oll01 12 ... UOOI 
0.02 mglkg I Q..004 mg/kg 8 M7.5 6 liO.O O.G111 6 48.0 "-"1 
TcOI (doetl oomblned) S3 261.2 2fl 38.6 <D.D001 2:1 Cl.2 4>Jlll01 

60011111C 
0.006 mg/kg I 0.001 mglkg 18 2'2.6 14 28.ll O.QOCl2 18 n.1 o.eoaa 
0.01 n9'k0 I 0.002 mg/kg 16 238.0 14 37.1 4.D001 14 37.11 <O.AIOOf 
0.02 mg/kg/ 1).004 mglkg 10 233.0 7 .iu O.Q026 8 37.6 O.QOG 
TOIBl (doae8 combined) 41 237.8 3S 35.1 <O.ooot ~41 31.6 4.0001 

400msec 
o.006 n9'ku I o.001 mg/kg 18 231J!6 14 2fi.7 O.CIOG6 18 211.4 0.0001 
0.01 1'9'kU I 0.002 mg/kg 18 220.75 1-4 au <OJI001 14 n.11 4.0001 
0.02 n9'kg I 0.004 R9°k" 11 2.212.7 8 40.0 O.ooa4 1 40.0 0..G067 
TOii! (clo&ee eontmlll) "3 228.6 38 3U <0.tl001 S7 31.2 <0Jl001 

• Statlstically significant chllllll8S from baselne (p<0.05) - hlghlighttd wtth bold chsrw;ters • 

2.4.2A..2 Dur1ltlon of vantrtcular monophll•lc ac:tlon potential• (\IMAP•) 

The durations of the vantricular monophaalc action potentials were IYIPesured at the right wnlride, 
both at the apex and at the oul1low tract. 8-use of ths small number of patients wilh 
r.1NSUl'l"Tlents at the outflow tract, rwtJta wlU be llhown orly for the apical meaaurementa. 
Although not shown, the resulla from the outllow tract were generally cor.sistent with those from 
the apex. 

Backg!O!l!!d: · The duration of ventricular monophasic aotlon patenlials were ~ at 90% 
repolarization and at paoed cycle lencths of 400, 500, and 600 msec. 

Sim!larj!y at beM!j,ne: At baseline. the mean durations of the ventricular monophaalc action 
potentials were eimllar across dose groups at each of the paced cycle lengths (p values by ~VA 
across dose groups at each of 1he paced cycle lengths ranged from 0.5973 to 0.9083). 

Changes from baseline: The v61'ilrioular monophasic action potential was prolonged from baseline 
In each of the treatment groups. Significant prolongations from baseli!'le occurred In each ot the 
dose gl'OUpl!, at each of the paced Cl1Cle lengths, after the loading dose (at Minute 10), and at tho 
end of the maintananoe infusion (at Minute 20-40). The prolongal!ons exhibited a dose-response: 
prolongations at the higher doses were generally greater than prolongations at the lower doses. 
In scrne cases, prolongations from baseline were significantly greater In the higher do..~a groups 
than Ir. the lower dose groups. See the table en the next page. 
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U..B .... 8lld ChangM lnlm S•111rt-

a uen. Aflunti111I• 4fromb•lllne ............. .......... ._ 
llfutlan 

. (II Mtnuta 10) (• Millllll IMO) 

n llllM 11 "*llA p Vlllue n IMMA pwkie 
Peoed~~ (-.o) C-) ,_, 
eoo,.... 

0.006 ~I 0.001 l'l9'D 14 270.0 10 llM"" O.ll08I 12 111.4 O.alM8 
0.01 nV'lrg I 0.002 n9'u 11 llll.8 8 11.r O.GllM 9 .... OAlllM 
0.02 mgllcg I 0.004 n9'u 8 2IU 7 11.1• o.ooa Ii au G.Oll8S 
Tola! (doHe combined) 33 271.li 2li 5U <OJICI01 28 40.IS O.ll007 

60011*C 
0.006 nv'ko I 0.001 '""1c; 14 218.8 11 KO O.D110 13 18.4 0.1'427 
0.01 mg.tg I 0.002 mg/leg 12 280.1 10 au O.Ci112 10 23.3 0.1'121 
0.02 n91tg I 0.004 mgllcg 8 202.li ., 81.1 OJJQ28 8 41.8 0.G014 
T alal (doses combined) 34 264.15 28 38.7 <0.0001 28 25.1 O.ll024 

400meec 

0.006 ""' 0.001 ll~ 13 87.8 10 7.rl-° 0.3674 11 8.45 0.6026 
!>.01 119\; I 0.002 n9lqj 14 2118.8 11 'R:r o.ooao 12 20.8 0.1808 
0.02 mcr'kll I 0.004 no'kg 11 254.9 8 lit.II° O.aot& Ii a.a 0.GO'lO 
Toe.I (doeee combined) 38 2156.8 29 31.0 ..o.tAll)1 28 20.8 0.01118 

• 
• 
• 

• 
• 

2.4.2.4.3 V•nblcular thresholds ' 

Ventricular threshoids were measured both at the apex and at the ouUtow tract. Because of the 
small nuntier of patients with measuremerrts at ths outflow tract, raaults wll be shown only for the 
apical measurements. 

Similarity at baseline: At baseline, the mean apical ventricular threshold was 81mifar tor each of 
the three dose groups (p=0.8318). See the table on the next page. 

Changes f!om baser.:ie: The mean apical ventriculllr threshold did not change &lgnllicantly from 
baseline wlhin any of the treatment groups. Changes from baaeline w.ire similar across the 
treatment groups both Jfter the loading dose at Minute 1 o (pa02636) and 8lso i.I the and of the 
maintenance infusion at Minute 20-40 (p=0.4730). See the table on the next pa9<1. 
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. 1;.~~~·~~:~\,, ~';_· ~·-~q: 
,.~\- 'l" -•, 

MMll B...,_ V...111d ,.._a... fromB1 11119" 

i••lne .. ,,_ ........ 
... ladlgdoee .a.~-==-WU8lon 

111-...10) (llMlndtlMO) 

n ... n lllMll A p ... n nwmA ,.,.. 
(mA) (mA) (mA) 

0.006 n9'g I 0.001 mA 18 OJl2 14 -0.08 O.OfJllT 16 -0.08 0.1181 
0.01 n9'g I 0.002 no'llD 17 0.28 18 -0.06 0.3187 18 -0111 0.1717 
0.02 n9'g I 0.004 no'llD 11 0.211 8 0.16 0.8320 7 0.:0 o.a:r78 
Tollil (dou9 oontilnecl) .. 0.28 38 .().01 0.7941 38 -0.01 0.8009 

2A 2 a En.cta C»f lbUllllde on conducllon lnlwvala 

2A.U.1 AH lntervlll 

Baekgn?und: The AH lntlllVlll 18 the time fnim the beginning of the A delledlon to the begln'*9 
of the His bundle dellecllon (1118811.nd In the earne lead\ In 1hls 11'1111, the AH Interval was 
8Yllluated at pacing oyole lenglll8 of eoo, 600, 400, and 31. ~ maec. la noted above In l8Cllb'I 
2.4.2.2.1, pacing the atria et •101'811181ll81y futer iates wll prolocig the AH hteMll, moally by 
delaylng oonductlon through thelllriovenlrfoul node. &Joond.degr9e AV block d a 1:W8 1 patten1 
Occuris at the W•l'ICkebaltl polnl, and thil pcogreaaea to 2:1 AV block. n. l4lPOf' llml d normal 
tor the AH Interval ranges flam llboli 180 maec to 140 msec, whereas the lower In« of normal 
In adults Is approximd•tf 45 lll98C to 65 msec. 

S!mllarilv at base!!r.e: Al baseline, Ille AH interval was similar tor each of the ttne dole groups 
al each of the paced cycle lenglhll {p values by ANOVA across dole groups at eac:h of the paced 
cycle lengths mnged flOm 0.4474 to 0.8594). See the table on the next p; 1ge. 

Changes f!om be.!e!!ne: The IM8ll AH Interval did not change slgnlllcanltt horn baa allne Within 
any ci the lreatmerit QIOl4l8 al 8fPf of the pece cycle lengths. Furthermore, at each of the paced 
cycle lengthp, changes fulr/1 buellne were slmHar across the ttealmad ~ (pvaluea by 
ANOVA llOIOtl8 doee glOUpS at each ci the paced qoie lengths l8llg9d flOm 0.1840 to 0.9463). 
See the table on the next page. 
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FWieoool P.1ll0-001S 

AH lnlllwt (MM) ~· 

M111n B ..... VU. md u.i Qwigae from 8111111& 

P1111nit Atwalla '\:I 
llW11wi11Mr.,..4al n ........... 

·n ._._, 
PillC*I c,ale LlftSllh 

n ""*' A (mlilo} , ....... 
«IO-

O.OIJIS qlq I 0.001 nft 14 1112.R 8 -a.o 0.1111 
0.01 ..-10.002 .. '18 1111.7 8 1.U o.8218 
0.02 119'118Io.0041'9118 • 140.e 8 ·-~ O.atlll 
Totlil (doMI 0011illlllld) • 14'.4 28 7.2 0.2980 

600'!191C 
0.00& n9'Klll om~ 11 167.11 8 ·1.0 G.8S1'l 
0.01 nV1G I o.ooa 12 13U 11 .f.11 o.e.iee 
0.02 nVIGI 0.004 llft 10 167.6 Cl 1:4 OMOS 
Total (doeMOOITMled) • 1411.8 26 ·1.2 0.11124 

.coo-
0.006 ""I 0.001 ft9'klil 7 160.0 4 -3.0 0.21117 
0.01 nVku I 0.002 nVku 8 141.t 7 6.7 o.eaoe 
0.92 119\u I 0.004 "" 8 173.25 4 as.o O.C11rl 
Toe.I (doeel COlmined) • 1156.1 16 11.2 0.1820 

350.-
0.006 "" I 0.001 nl(l'lcg 6 1"2.0 3 10.0 0.22U 
0.01 nVkg I 0.002 nv'kt 8 183.2 3 0.3 0.91122 
0.02 no'lcg I 0.004 nVka 2 175.0 1 10.0 NA 
Total (doees CO!n>inecl) 'l8 1152.2 7 6.9 0.8382 

2.4.2.5.2 HY lnter'al 

Saqkp!pund: Tho HV lltelval la the time fn>ln the beginning of the Hla deflecllon to the beginning 
of ventriclW ~ (meeand elher M the ~ of the QRS oonipklx In 81.wface 
leecla, oc as the begln;*'o cl the V del«Alol 1 In the Hla blhlle elecbognlnij. k\ this trial, the HV 
int«val WU waluated Ill pacing aycle lenGCl\S d 600, 500, 400, and 360 maec. In adults, the 
normal mnge for the HV ~erval ranges ffoln about so msec to ss msec. 

Slmlar!ty al baut•: Al baaellie, the HV ir.181V81 was elmHar for each of the lhr9e dole urot4'8 
al eaoh d the pa.cad aycle lenglh9 (i> Vlllues by ANOVA across doee 910C4>S at each of the paced 
cycle lengllls ranged from 0.0852 to 0.2634). See the table on the next page. 

Changes f!om t!an!!ne: The nw HV lntetval did not change slgnillcrinlly from baseline wtilirt 
any ol the tl9alment ~ al 8lP/ of the pace cycle lengthe. Furthermore, at each of the paced 
cycle lengths, changes f!om balleliie wete aimllar across the treelrnenl 9l'Ol.pll (p VGIUe& by 
ANOVA across dose groops at each rA the paced cycle lenglhs ranged hom 0.1513 to 0.8409). 
See the table on the next page. 
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Pl-.xil P.71fl1M!018 

HY lrlllMll (lllHG) 
Mllll 811111111 V... lllCI U.. C1w1111 hm I .... ...... ..... b.~ ... ....... -mn 

(ti ... SIMO) 

,. .-(lnMa) n -•(mllo} , ... ...... ~._.... 
~. 

l.IOOneo 
O.ODI ~ /0.1'01 lrVkl 14 51.4 • -0.tl O.?IOt 
0.01 ft9'llg I 0.002 n9'g 14 .... 10 2.6 0.'102ll 

Cl.Q2 ""I C>.C04 nV'kt 8 ea.a I 4.26 0.07711 
T«*i(c!DH9~ 88 17.9 rt 2.0 0.4177 

600 lllNC 

0.008 .=I 0.001~ 12 A.4 • -o.a 0.8874 
0.01 I o.ooa · 14 IS7.1 12 3.8 0.8284 
0.02 RR I 0.004 nVkv 10 M.O 8 o4.0 0.1002 
TOia! (doRI OClldlllMd) • eo.o 28 2A 0.4286 

400 lllNC 
O.oo& 119'ku I 0.001 1191CU 7 66.3 5 3.0 0.3013 
o.ot n~I 0.002 ~ 12 64.6 • 0.1 0.8407 
0.02 ft9'ko I 0.004 ~ • tfl.a II 1.7 o.eoao 
Totlll (c1Dee9 oomblMd) 28 58.8 24 1.3 0.3043 

360-
o.oo6 RV'kg / 0.001 nlD'1!ll 6 56.0 4 8.5 0.2820 
0.01 ~I 0.002 mr;lro 12 66.5 8 -0.8 0.7878 
0.02 nVko I 0.004 n9'kg 8 86.6 6 7.2 0.1004 
Total (dolea contined) 24 57.9 17 8.S5 0.1020 

2.4.2.5.3 QTlnterval 

Sim!larlly at bu eh: Al buellne, the QT Interval waa slmlhr for each cA the three doSe groups 
(p-0.1168). ~ the top table on page 24. , 

Changes fmm !wellne: The QT ktterval was prolonged from baseline In each of the tr8iillmert 
groups. and significant prolongatlana from baseline occurr-;,1 ln each ~- The prolongatbna 
from baseline exhl:>lled a ~. That Is, (a) at tile higher do!M, prolongallons were 
generally gre&ter than piolongatlone al the lower dGses; (b) at the higher dosea, significant 
prolongallons generally began .,.,,. than the piolongatlor.s at the low9r doses. and; (c) at the 
higher doses, algnlficanl pnilongaliona generaly 'uted longer than prolongations at the lower 
doses. See the bottom table oo page 24. 

Furthermore, as shown by repeated measures analysis, the p!Olongatlons in the QT interval actceS 
the loading/maintenance Infusions (Minutes 10, 25, and 40) were slgn»icantly different (p=().0002). 
The average mean change from baeeHne in the QT interval a.cross lhe loadlngfmalntenance 
Infusion was 8ignitlcantly greaklr In the high-dose group{~ msec) than in the mid-dose gro143 
(tM msec) or the low-dose group (+ 16 msec). 
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Prolaocll P-7ll50-0018 

1.42 M QTo llfMWll 

?t't f. tz "i•· Al h ullM, the arc lrUrval was almlllr tor Wiii of the 1tne doee grcq:e · 
(poi0.1881 • See lie top fllble on .... 2A. 

Chlrwm..;c The arc rnt.1111 w polorlGld fcom t111l• In-"' dllm ......... 
groupt, and pidollOlllOM flam t ...... ODCUINd In wh .,....,. 1be ~ 
from bAnlne lldlllk 11 a da 11 .....-. Thlt II, (a) 111 lhe lll(llel' doMI, pNlonrglluM W9 
oe:wnllf ""•• 1wa pob4 r .... 6i'a the loMlr' .-..; (b) 11 .... higher' dow. 1191...,.. 
prolor ..... ~ ~ ..... llM the~· at »le lowlrdoiNif, end; (o) .. ,... 
higher doeM, ...,.._. pidor4 "n g111erlllly lllted tonger thin pnilor-J 1 •-.. at 119 lower 
doaee. See the bottom table on page 24. 

F&ltlll8ITllOf9, as lhown ~ ~ ........, analple. the piolclrigllb• In the QTc lmrval 
actt• the ~ lrlualona (Mi'ues 10, 25, and 40) were llgntlclnl!y d"'8nlnt 
{pol).0193). The awrage mean change from buellne In the QTc lrUMI 8Cn''88 the 
loaJngfmllltenance lnll.ion wu llgnlllcardly pder In lhe hfQ!tdole an:,~+80 .W x 1000) 
than In the rnkMoee group (+<48 wf" x 1000) or lhe low-doee group (+38 x 1000). 

2 4.2 8 Ccmtlldlons blltY.w changes In ellctrophplolofkllll ,.,.....,.. 8ltCI ahlngM In the QTC 
lnltarval 

Oorrelallon anaJyeee were pecfonned on •lectu:iphyaloi.lglaal data oblalnecl at a paced or.le length 
of 800 maec. At the end Of the loading doee {Mlnlde 10), the prolor.gatlon of the QT1J lnl8Mll was 
ec11119What related to chcngea In the dulaliofl of the venrtc:ular monophaalc 8'Alon potectlal 
(VMAP). Alhough leas comilated, at the end of the loading dose the pcolongatlon of the QTo 
lnleMil was weald'f related to c:hangee In the ventricular etfectlye refraclay rJf'l'lod (VERP). 
P Jlongatlon d the QTc lnte!Val did not geneially appear to be correlated wllh ohariges In the atrial 
effective rafnuory period (AERP). 

2.4.2.6.1 Atlial effective 1ef1actory period (AERP) and QTc 

Prolongation ot the QTc lntetval did not genecally appear to be oomiiated With changes In the atrial 
effec:tive refractory period (AERP). However, In the low-dc.18e group at tlif.I ood of the loading 
Infusion (Minute 10) the Speannan'a correlatlon coefticlent Identified a posllive trancl at the 
5% level. The Pean!on'a oorrelatlon ooefflclent was affected by an outft.ar. See the table arid 
figure 00 page 26. 

2.4.2.6JI Ventricular effective refractoiy period (VERP) and QTc 

Prolongation <fl. the QTc interval appeared to be only weakly correlated with changes in the 
ventricular effective refractory period (VERP). When an dooe groups were combined at the end 
of the loading infusion (Minute 1 O), the Spearman's comJlation coefficient id9111tified a positive trend 
at the 5% level. The Pearson's C01Telatlon coefficient was affected by outliers. See the table and 
figure on page 27. 

·23-
111 

-



........ _ 

• 
b 

• 

' f~?.--.~tf~~· 
-~,c~ ., 

• PrlllDOcll P-7&&0-0013 

QT lnlllwl QTo_.., 

.... Niii n ..-(mllo> It _.,...,OllOJ 
I ,. -.1 " .. , ,. ., .. 11 ..... 

11 m.o 11 411.7 

QT .... fnlm'll•••· I aro-...flambi ...... 
A -.. 4 wllul n IMml p n ..... p 

(lllNO) (_,.X1000) 

Minuit 1d' 
o.oos 119'111 / 0.001 mglkg ,. ' 14.8 0.1841 18 au OJI004 
0.01 rr4'ftll/0.00I n9'llv 11 ...... o.oooe 18 I0.7 O.GOIM 
o.m nVllal OJI04 n9'v 1t IU OJllM4 11 ., .. O.GOOI 

MlnllleS' 
O.GOl ff9'1re/ 0.001 ~ 18 111.4 0.o11t 18 ... O.oml 
om mota / o.a n9'u 18 aa.1 OAIOM 18 40.1 0.0178 
O.QI n.-10.~ nft 12 16.0 0.0001 I:? 77A 0.ooo4 

MllllMW 
0.005 rro'lcg I 0.001 mglkg 18 13.6 0.1528 18 au O.oo811 
0.01 mglkg I O.OOI mglkg 18 ... o.ooao 18 "7.4 0.0018 
0.02 mglkg I 0.004 mglkg 12 "" 0.0001 12 71.71 0.0007 

30 mklulll lfter lnfullon 
0.005 ""I 0.001 11Vk; 18 8.7 0.4073 18 27.3 0.011• 
0.01 mg/kg I O.OOI rnglkg 18 43.8 o..oooe 18 SI.I 0.0178 
0.02 mg/kg I 0.004 ll9'kD 11 71.4 0.0002 11 74.4 0.0009 

1 hour lfter lnfulllcin 
O.OOIS ll9'liO I 0.001 "" 1!1 13.7 0.1088 18 16.1 O.OOOll 
0.01 =I O.OOI mWk8 18 32..7 O.oo&I 18 22.8 '0.10111 
o.oa / 0.004 n9kll 12 to.a 0.0001 12 &0.3 0.0004 

2 hoUr9 ..... infllllon 
o.ooe ft9\U / 0.001 llVkll 17 5.2 0.11451 17 14.8 0.2085 
0.01 nvtca I O.OCll! nvtg 18 20.8 0.0446 18 10.9 0.3053 
0.02 llVkg I 0.004 nvtg 11 61.8 0.0001 11 31.8 0.0002 

<4 houra eh' lnfueion 
o.005 llVkg I 0.001 rnglkg 18 1.2 0.8823 18 11.6 0.2702 
0.01 f19'kv I 0.002 mgJkg 18 11.<4 0.177• 18 •1.&4 0.8290 
O.CCl n9'kg I 0.004 mgJkg 12 30.7 0.0019 12 17.& 0.0138 

Stalieticllfv tlgnlloant cilent19S from baseline (p<G.05) ere highlighted with bold characteca . 
After the loadng doae 
MJd.polnt a( malrMunoll infusion 
Folowlng maintenance Infusion 
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Protocol P-7560-0013 

U 21.3 Durllllon ol "'9 Wllllloulal' monopf111la ..._. "'*'dill (VllAP) and QTc 

Plob ..... t at fhl arc lrCtlrwil 'iWl9 IORlllWllll CCXIII led wlh dw1gel In the dlmion at ,_ 
~nlOllCIJlfi 1iD9diallpcM16d (VMAP). Wherleldo99paupaW91901NtMNidat'1e end 
d 1119 ..... lnfulbl(MlrJlllt10). bait fie Spaan•'• and r..an's c.on lal:in ooellcleea 

. ldei .... a pollhre and atfhl K llwl. 81efhlllllllt end ftgln on page 28. · 

2.4.1.7 Rt' "Dlllllfp blturun lb w111kialw MAPJERP l'lllllD 11111 "'9 pwd CIJ'lle llclglh 

The d11191e flom b Z lllne at the MAPt'EflP nllllo Ill a ~ f*lld cyale llngll'I Mre often 
• ....., and~ oonwl I 1d wlh tt. ot.1111• flan 1Mr8"ie Of fhl MAP/ERP lllllo al the 
other paollJ ~ 11C911e. Co11elallol18 for M!flln QIOt4> ohlngee from barelin8 for the MAP/ERP 
m;lo .. lhown .. folowa: 

• PCL at 800 nwec wllh PCL ol 600 maec: IN the mp tlble '"'' page 29; 
• PCL of 800 mreo wllh PCL cl <IOO mreo: eee the baaorn 1able on page 29; 
• PCL d 600 mreo wllh PCL of <IOO maec: aee llw table on page so. 

Also, aee the figure on page 31. 

' 
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Protocol f'-7560-0013 

Suoo n a a was da'lned aa the ablllty to prevent lhe 191ncfuctio!1of8Ullafnec:I monamorph.'o venlrlouW 
~7 du.ing the Infusion of b.dlde fumande. 'rheae NlndUallon llimull W8le to be 
adtrinlatered to the same tile that auoc~asfuly Induced ventricular tachycardia prior lo drug 
tiaatment. 

Overa8, SUlltBlned mcnornorphlo venlricular tachycardia llOUld rd be Induced during the Wuelon 
In 44% (21 of .t8) cl the waluablo petlenta. Allhough the 11U01111 a !Ille Increased tligl1lly at each 
higher doae, the clllf8!'8'lD9 In the euccaaa rate 8CCOB8 the doee gRq'l8 waa not 8lali:ctbllly 
slgnlllcm (p..0.8324). See the table below. 

Number and Pereentage of Evaluable Patienl8 (n-48) In whom lh• 
Reinduclfon of Vtilltricuiar Tachycardia was Succeesfully Prevented 

during th• Infusion ot lbutllide 

Succ.e Fallure 

Treatment GroijP.. ~ ll ~ 

0.005 m¥kg f O.OOi mg/kg (n=18) 1 38.9 11 61.1 

C.01 mg/kg I 0.(lll\! ,'l'lglkg (n=18) 8 44.4 10 55.8 

0.02 mg.'kg I 0.004 nl!;l"kg (n=12) 6 50.0 6 50.0 0.8324 

The ni!lllb<ir of exlras:imull required at baseline for induction of ventricular tachycardia did not differ 
between succ::asses am failure6. In the suooess group, 2 of 21 (9.5%) patients required a single 
extrastimuh.111, 1 o of ~1 (47.6%) required double extnistimuli, and 9 of 21 (42.9%) required triple 
extrastimuli. In tha fatlure group, 4 of 25 (16.0%) required a single extreatimulus, 12 of 25 (48.0%) 
required double extrastimuli, and 9 of 25 (36.0%} required triple extrastlmuli. 

Similarlt, at baseline the cy<'Je kmgth of the induced ventricular taohycardla wos similar between 
the two groups. The mean cycltl length in the success group was 270 msec, and in the faffure 
group was 260 msec. 

' 
Furthennoro, the ventricular effl()tive refractive period (VERP) changed by a similar amount from 
b&seline to the end of the lnflJ$kln in patients classified as successes and in those classifiad as 
failures (p=0.5241). 

lbutilide was not effective in preventing ine reinduction of l/entricular tachycardia in 27 or 48 (56%) 
of patients. Although the reinduced ventricular tachycardia in these patients was on average 
slower (i.e., the cycle length was longer) tha;i at baseline in each treatment group, these 
differences were not significant. Sae the table on the next page. 

Sustained ventilcular tachyelirdia was defined llll venllicular tachycarcia tt1a! lasted ;10 seoonda, or as venlrlcular tachycardia !hat 
reqi~frad pacing or carlioversk>n tt> be tonninaled 
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o.oos ""·' 0.001 """"° 
O.G'lftV1cl/O.OQ2llR 

o.cra llv'tt! o.oM n9'lv 

B111llnl VT 
(befOl9 lnfullon) 

'. 

flnaltt, d 11118 a falln9 (1.9., patients YtilOlll V9drblllr ...... cmd toe Induced dwlng 
the ... ..,. infu91an), Jou' Md Yel1lriacMr ......... - ... hi .... whle ba' had 
~ lacll'jloMla es waa more lnduollle than c b11aht. Thil w deCennlrwd tJy an 
lncfs11t or deor1111 In the number of atlmul ~ad to lllllla lhe ventllaular ~ 

2.5 SAFETY RESULTS' 

The l1lljor ..rat)' firdnga In this study are 8IA'l'lllWized below, a.ltd are ccnlldered In more detail 
in ttw fo!lowi,ig ll8dlcns: 

D!a!f!: No pallentll enrolled In the study died. 

8edoua mec1p11 !V!Oll; Of the 66 pllllana enrolled In the trial, hw expellenced eeriolJa medical 
events. al of the 08Jdlovaecular system, and an of whom l'9qUired dlaccnllnuatlon of ftle infu&lon. 

Dlaeonlim!!!!M Of the lnrutlon; Of the 66 palienll eM>lled In the trial, 50 oonlpleted 1he etlJdy as 
planned. ~ dtha live patlente In whom the lnfualon waadleccnllnued had experienced serious 
rnedlcel events, and two had 8lCp6ri9nced non eerlous medical events. 

V!!11r!cu!ar arrhy!hm!!!s: Overal, 8lx patients 8>CpOS8d to ibl.dd• experienced a tdal cf seven 
ventrioular anhyllvniaa olasallied aa adverae evem. In two of dl8le patierD the ventricular 
lllThythmlaa went Hrioul' and led to cliACOnrlnuallo of the lnfualon. The two patients that 
~ SUSlained polymcrphlo ventrlculat tachycerdia were euccesefully DC Cllldkwerted. 

' . 
.M2!!U1"'!9!1.!!!iUISU!l!!..!~M: Among the 65 patients 6lqlQ88d to IUllkle, the meet frequent 
treatrrwnt-emergent medical events were back pain (9.1%, n-5), atrial flutter (5.5%, n-S), chest 
pain (5.5%, n-S), heaclach& (5.5%, n-3), end euetalned imnomciphlc ventricular tachyoardla 
(5.5%, n-S). 

\fl!al signs; Systolic and diastolic blood pressure dectH88d slgnllicantly from baseline, 
predoninal '"'; ::i the low dose ggoup. These dea'eases began at approximately four f.r 'Jrs after 
the infusion anti continued llvough 24 h<lurs after the Infusion. The pulse rate decreased 
signlficantiy from baseline througho•ll the course of the study, predominantly in the mid-dose and 

1 Sllety IHuM Ml liacuaaocl ~<lly In Ur. Gordon's 19'Aew. The sponsor did not provide a narrative of safety Issues 
for this lrial, end tl8 lolowlng haa boen B830lllbled trom Iha slatisticlll lables. 
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hlgh-doN groupe. Theeediangee In vllal elgna ....... '°be ctic::df ~ Wtt10Ut the 
bel'lllllt al • .,..... plwllo group then cliangea ... dllfrdt to lntmpr& 

12 lag'Ylf::t:i::'; Noollltallt; .. ...,. .......... .,. ncUdal bllilkfltcin lhe 
PR or - .,__ ..,._of bdde on ht ar ~ QTo 111191• me dllour 11 if 41bov9. 

' •"'•fa: No dluk•alti ~ ilbaraloly lbnormalllaa WllAI llllrbUble to bllllde 

2.S.1 s.iou. lllldloal ..... 

Ovecal, 5.6'11t (3 d &6) cl lie patiela In the 8lUdy axpacl111oed ..toua mecbl ewnta, an al the 
aardioYucular ayllllm. See the table bebw. Namdlvae forlheee pallenls may be found In eectlon 
2.5.4. 

Number of Pallenta Experiencing 
Seriou8 TIMlmenl·-Emergent Medic81 ;_'Yfldli' 

.la: Mid l:llm 
0.006/0.001 mg/kg 0.01/0.002 mglkg O.<e/0.004 n9'kg 

Medical Event (""20) (ns20) (11=16} 

Hypotenaion 0 0 

Su8tained monomoqihlc VT 1 (#204) 0 

Sustained polymOrphlc VT 0 0 

• Patient ldard"ICllll:ion llllni>era are given in bracke18 D-

2.&.2 Medical ewnta causing dlacontinuatlon of the lnfUslon 

1 ['220) 

0 

1 (12.24] 

1 

1 

1 

Of the 55 patients enrolled in the trial, 50 completed the study as planned. The infusion W:J.S 

di800lltlnued in five pcatleots who experienced eight medical events. The Infusion was dieconliooed 
In three of these five patients (#204, '220, and #224) because of serioua medical events. See the 
table on the top of the next page. Narratives for the five patienla ~ discontinued the Infusion 
may be found In section 2.5.4. , 
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Nunilll' of Palllolll Wiil 
Mecltel EvelU NeurrJdi19~II1111111..-

~nvtG o.wo.11...,... a..e,,... 
...... Ewlll ....., ,,..,, (n.11} 

.... ._.~VT 0 1 (1211) 11111114J 

Andlm 0 0 1 (f22q 

DNna 0 0 1 (t22q 

~ 0 0 t [ll20J 

NOlllUlt8lnecl po¥nolphlo VT 0 0 1 (l2M) 

QT 8egllleal prolollGed 0 0 I (ta2SJ 

&illa8Nd mononiarphlo VT 1lOMJ 0 0 

• P1111ent ldenllic8lloll numbela .,. giv8ll 1n bracloll8 a . 
• Seriolll llCMm9 WW* - lnclcaled by bold type. 
• Some~~ more than one altiel9't event. 

2.U Ventltoular Mtlythmles 

. 
(111111) 

2 

1 

1 

1 

1 

t 

I 

Of the 56 patients enrolled In the trial, elx experienoed a fdal of 88'/en ventricular anl1)'lhmlae that 
were drsl"ed ae adver8e 9Vllllt8. In two at thee& pmiante ('204 and 1224), the vemicular 
arrhythmlu were 89rioua and led to c:llaccnlnuallo ot the lnfullon.. The two patlen&a thal 
experienced 8U8lalned polyrnorphlo venlriculartachycardia were llUCl0888fully DC cardloYerted. See 
the table below. Nanatlves for the patlems who experience venlriculllr arrhythniee may be found 
In aec:tlon 2.5.4. 

Nurrber of Pat1enta with Ventricular~ 

1m Ml!! 
O.OOM>.001 ITIS>'kQ 0.0110.002 n'O'kg 

Anhylhrria (n.-20) (n..20) 

Sui!11ain4KJ polyrnolphic VT 0 1 [11218] 

NOfl8ll'IUined polymorphic VT 0 0 

SU8llllned monomorphic VT 1 fl204] 1 [t4U2) 

Noll9Ullalned monomaiphlc VT 0 1 ['2091 

• 
• 
• 

Petlant identification nurmera are given ir. bn!cketa a . 
Serious lllMll8e events are indcaled by bold type. 
Some plllents experienced more than one adverse event 
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O.Oi/0.004 mg.lkg 

(n-11i) 

1 [f224] 

1 ['224) 

1 (11604) 
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Thia IMIClllon U'IV'llariz• the ollnlcll oouree of aalmDlad plllilnla who eiq>erillioed mecloal ewnta. · 
Many ol these pallam eJCp9lienoed ., ..... n....., -. ao the aventa natld In Ile lldloll• 
above are hlghllghtad. 'The nmnatlval are I.tied In the oldlr or the palianl runber and are In the 

. WOids Of the aponaor. . 

,.... 804. &lltlW.od Monomotph/a Ventlilfa' lllaftwidllt The pali8nt WM a ~...-.old 
l:Uck male ._ a hlelory ot OAD, alUltol' Ml, and CHF. One WMk prior to the study 1he pilllent 
had a cmdlac amset and waa 8111lllBBB~ dllblllalld. The monitor ehowed vnlcdlr 
fbllatlon/VT. Hie LVEF w 26-30%. Manomotphlo VT WM lnduoed at baaelne and requhd 
DCC. 'The pattant l9C8lved the o.ooo 11" lo8llng dose, ~:nw b'f the maintenance Wullon 
ot 0.001 nvt<g. Hie QTc at Minute -10 waa 0.442 w/', ar.cifolowlng the loading dose (Minutia 10) 
was 0.509 tee". The ftlllWjenance lnfualon Vftl8 ltClpPlld after 22 mlmr.ea due to llllllllned 
rnonomorphrVTwlhloasofoonacioullness. Hl8QTcwaa0.448w/'. Appnlodmately13rd1'1\1tee 
after 1he end ol the Infusion 8Ulllalned monomolPhlc VT wu lnduoad wllh a alngle 8lClrasllml.US 
during delemination of ventricular ERP. 1-lve mlnutee later there waa a apontaneous onset of 
auataJned monomorphlc VT. The Investigator felt these events were poealbly related to the 
adorinlsbatlon of ibuiilide fumarate. 

Patient 1299. Nonsustsin«I Monomotphlc Vsntrlcular T~ Tt:la waa a 52-year-old whits 
ma!e with a history of an lnferlorwall Ml COfl1>kated by heart block. elevated choleaterol, HTN, and 
l'lOlll8chcHnlo mrdlomyopathy. He also had three fllJllOOPlll eplaodea In the prior 6 months. His 
LVEF was 40%. He received a loading dose of 0.010 mg/kg lbutllide fumarate, followed by a 
maintenance Infusion of 0.002 mg/kg. At baseline VT waa lnduoed at beth the RVA and RVOT 
requiring lJCC. His QTc at Minuta ·10 was 0.457 fll!Kf', followed by 0.496, 0.580, and 0.494 aec"' 
at MinUtes 10, 25, and 40, r&apeetively. Saven hours tollowlng the Infusion the patient had seven 
beats of mo!'Ol'J!."tphic VT. The Investigator cfld not feel this was due to treatment with l>utillde 
fumarate. 

Patient fg16. Sustained Polymorphic Ventricular Tschyoaidia: This patient was a 71-year-old white 
female with a hiSIOly of CAD, CABG, CHF, HTN, and intermittent atrial flbrillatiJll. !'he also had 
a history of documented monornorphic VT and waa taking Quinldex. Hor LVEF was 35%\-40%. 
She reoelvad a loading dose of 0.01 o rngldl l:lutllide fumarate and 17 minutes of the 0.002 mg/kg 
maintenance infusion. At that time ventricular extrartlmulus testing was performed at a pacinfl 
cycle length of 600 msec. At ooupling intervals of 600/27CY220, polymoiphic VT was induced, 
resulting in raPid loss of tonsciousness. A 200 joule shock was required and the resulting rhythm 
was atrial flutter/libriDation. Subsequent measurements oould not be obtained due to the atrial 
arrhythmia, which spontaneously oonvert9d lo NSR appr<'ximately 4 hours after the infusion. The 
patient's QTc at Minute ·10 was 0.441 sec"', and rose to 0.478, 0.546, and 0.515 sec,. at 
Minutes 10, 25, arid 40, respectively. This event ·~~ considered by the Investigator to be possibly 
due to the ibutilide fumarate infusion. 

Patient #220, Hypotension: This patient was ~ 65-year-old white male with e history of CAD, 
. diaietes mellitus, PVD, und sustained mononx.•rp11ic VT. He had symptol'0'3 of increasing SOB, 
chElst tightness, arid palpitations at the time ol th<; medical history. His EF was 70%. In addition, 
h& had a history of bladder cancer 14 years prior, which ultimately led to a left nephroureterectOITT)' 
9 years later, as well as an esophageal ulcer with gastritis and severe antral erosions. He was 
entered into this study following routine EP stur'y. He received 0.020 mg/kg ibutilide fumarate over 
1 O minutes. He complained of chest tightness st the midpoint of the infusion and was given 

-36-

124 



Protocol ~-7660-0013 

ldllilgual nllrog~. At th8 end of the loading Infusion and beginning cl pr~ 
stlmulatlon, the patient 00t 1'81ned of WOl88lllng oh8llt ligl1bM118 and pain l1ldlatlng to hla neck wllh 
aeecolated SOB. His blood pn1a1ure decnNl8ed flom 131178 mmHg at Time o to 72143 n1111Hg at 
Minute 10 and 8CW8 mmHg al M!Ue 16. The maitenanoe lnfullon (0.004 nVku) was 
ck:oi1 .. 1ued after 9 mruea. He WM plaaed In Trandelenlxrg end an IV bolus or normal ea"1e 
was given. Hla blood pn1111re relumed to 10&'83 mmHg. RelndurJllon of VT wu·not a1te11"18<f, 
and lllOlit of the EP llMlalllJl8lll8 were not done. The patient had a 8C1'11811 hemogbbln and 
hematocrft cl 9.1 gldl and ~. niepectively. Al Hour R4 his hemoglobln had dropped to 8.6 gfcl 
and his hernatocdt to 28%. The patient wae on a hepelfn ~. but had heme poelllvs eeoole and 
the heparin was diloontlnued. The oheet llghtneas and dyrlpnea were 00111idered by the 
lnveatlgator to be possllllJ related to the lbWllde fUmande lnfullon, but the hypalenslon was not 
oonskleracl related. 

Patient 1223, QT Segment Prolonged. Thia 66-year-old white male had a history of CAD, Ml, 
CABG, HTN, and NIDDM. He also had an episode of VT. His LVEF was 34%. His Minute ·10 
QTc was 0.442 aec", Which rose to >0.600 eec" at the midpoint of the loading dose, at which time 
the infusion was stopped and 1 g magnesium sulfate waa given IV push. "Ille patient remained 
In NSR and hemodynamlcally stable. Hia QTc was 0.561 sec", 0.514 sec", and 0."88 &eQ" at 
Minute 10, Minute 25, and Minute 40, 1'811fl8dlvely. This event was considered by the lnvestlpator 
to be possibly due to the lbulilide fumarate Infusion. 

Patient #224, Susta/11ed Polymorphic Ventrlculat Tachyc:81dis: This patient was a 59-year·<Jld white 
female with a history of CAD, CABG, CHF, anterior Ml, HTN, and PYO. Four days prior to the 
study she was found unresponsive at home ar.ro was DC cardioverted. Her LVEF was 20-25%. 
She underwent EP study for eyncope with SUSlalned wide oomplex tachycardia. At baseline 
8Ultained monomorphic VT was induced twice, both episodes requiring DC cardiovelllion to 
terminate. The patient received the 10-mlnute 0.020 mg/kg loading dose of lbuliUde. During the 
detem1ination of atrial pacing threshold at the end of the 1 O-minute infusion, the patient 
experienced tha ;:;pontaneous onset of bizarre wide complex poiymorphlc ventricular tachycardia 
requiring immediate cardioversion to terminat11 due to loss of consciousness. The infusion was 
stopped immediately and the maintenance Infusion was not given. Her QTc at Minute ·10 was 
0.454 sec", then Increased to 0.669 sec", 0.511 sec", and 0.536 seci'' at Minutes 10, 25, and 40 
fllllP6C(ively. The patient experienced a second episode of spontaneous wide bizarre polymorphic 
VT shortly thereafter during the Institution of atrial pacing and while magnesium sulfate wes 
prepared for administration. Ttte second induction followed a long-short lnteival, apparently due 
to transient loss of atrial capturn. Two gnims of magn631um sulfate were adminisfered lmm&diatoly 
and atrial pacing at 100 bpm suppressed the recurrence of polymorphic VT. A third gram of 
magnesium sulfate was administered and over the next 45 minutes the atrial pacing rate was 
decreased from 100 to 70 bpm with no further ventricular arrhythmias. Pacing was disoontlnued 
and while in sinus rhythm at 60 bpm, the patient had a third recurrence of spontaneous wide 
complex polymorphic VT, again requiring DC cardioversion. Atrial pacing at 90 bpm was relnltialed 
and two more grams of magnesium sulfate were administered intravenously. A tempon1.1y pacing 
wire was placed through the right internal jugular vein Into the right atrial appendage for continued 
atrial pacing on discharge from the EP Jab. The patient had no further ventricular arrhythmias 
during continuous atrial pacing while monitored in the coronary int6nsive care unit over the next 
36 hours. She was scheduled for automatic implantable ~rdiac defibrillator placement. The 
investigator felt this represented a proarrhythmic even! which was probably related to the lbulilide 
fumarate infusion. 
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PDtlent f402. SlllllSJnBd Monomotphlc Ventrloular T~ Thia-• 8&year-dd White male 
with a history of CABG, frequent PVC&. anemia, and lneulln-deperlC diabetes melltus. Hla 
LVEF was 25%. Eight days prior to the etudy he had a n11Of8U8l8lned VT~ cardicweralon 
with 200 and 400 joulea. He WU lllartlld M bretylurn 2 "9mkJ end the VT rwcurl9d 40 mlnulee 
later. During the baseline pedod of thla llUdy, VT Wllll lnticed twfoe at the RVA. per pctouol. 
The pallent ~ad a loading dole of 0.010 n'O'lrG bllllde fumanlte, end a malnlenanoe doee 
of 0.002 IJV'kg. During the end of the maintenance Wuelan VT waa ralncftlalld. The pallerta QTo 
at Minute ·10 was 0.395 aeo•, and i1CAIU8d to OSl8 eed', 0.400 eeo'l, ard OA08 eeo" at 
Minutes 10, 25, and 40, respeolively. Teetlngfollowlng oompletlon of the lnfualonwaa stopped due 
to 8USlalned monomorphlc VT Induced with a alngle extrutimulus during 1efnde>1y period 
recordings. The Investigator felt there wae a pt1 ael>lly that this event waa caused by the 
lnveallgatlonal drug. 

Patient 11504, Sustained Monomotphic Vontmu/ar T~ Thia patient was a 62.year-old 
w:ine ,...ie with a history of an anterolatetal Ml, left atrial enlargement, mitral regurglta:!on, septal 
wall hypJklneala, and a ~181 Ml. Thnle yearn prior to the Btudy the patient had VT and 
was started on tocalnide. A week prior to the study he had auatalned VT, was cardlovetted, and 
was started on lidocalne. The patient had VT Induced mult~e times at baseline at the AVA. He 
received a loading dose of 0.020 mg/kg lbulffide fumamte and a maintenance infusion of 
0.004 mg/kg. Distal heart block ooowred during the malnter .ance Infusion. Sustained 
monomorphic VT at a rate of 173 bpm occurred at Minute 20, and was paoe-tennin&ted. Another 
episode of eustalned monomorphlc VT occurred 6 mlnldes after tho encl of the infusion, and 
required DCC wl!h 200, 200, 300, and 360 joules. This was followed by a third epleode of 
sustained monomorpl 1lc VT 15 minutes after the encl of the infusion due to catheter manipulation, 
which W83 pace-terminated. The QTc values were 0.426 sec", 0.532 sec", 0.600 sec", and 
0.546 sec" at Minutes -10, 10,25, and 40, respectively. The investigator felt all the episodes could 
have been due to the investiga:::.;1al medication. 

' 
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REVIEWER'S COMMENT8 !.· 

The elr80ll of lncrealllng doeea d llmanuoua lxdlde on lho abllty lo lnduoe verUlct.Mr 
tachyoaRla tr/ piog18111111d 1l1ctrloal ltlmulatlon (PES) and the elfecta on aled!:ophyalologlc 
meaaurements MAI to be avalusled In three eequenlilll doling groups of twenty patlenta. Wlf*I 
•oh of the doelng groups, the doe!ng regimen oonalsted of a 10-mlnute Infusion (I.e .. , a "lolldlng" 
cbae), tolk>w&d Ill'/ a 30-mlnute Infusion (I.e., a "maintenance" Infusion). Aa aummarlzed In the 
table below, 55 patients enroled In the study: 

Distribution of Pllllem by Treatment Group 

Loading" 
.!!. llllCllkg) 

Group 1 20 0.006 

Group2 2(1 O.o1 

Group3 16 0.02 

• infursd w11r 1 o minutes 
• lnfw:<ild ov11r SO minutes 

Mal~t" 
lndml 
O.Olll 

0.002 

O.llO( 

General: The des~n of this sludy (non-randomized, open-label, no placebo control, sequential 
enrollment of the treatment groups) run11 the definite conclusions that can be dlawn from the study. 
Of the SS· patients enrolled in the study, 62 (94.5%) were white and 3 (5.6%) were black. Forty­
tMWer, (85.5%) of :he patients were men, and eight (14.5%) were women. Thirty-four (61 .8%) of 
the patients v.ere at least 65 years of age, and the most elderly pment was 83 Ytani old. Pediatric 
patients werll excluded from the trial; the youngest patient was -40 yeer& old. Patients were 
required to have a baseline QTc of leas than 0.440 sec"', and to have normal baseline serum 
elactrolytes. Patients with hypert1mslon, congestive heart failure, angina pectoris, or a hlstoiy of 
torsedes de point es were excluded from the trial. Ti~ use of class I or class Ill antiarrhythmic 
medications was prohibited within fr.~ half-lives prior to enrollment. 

Hence, the ph.~:rnacokinetic, pharmacodynam!c, and safety results should be extrapolated with 
caution to patieoi.s with different demographic characteristir.s (e.g., subjects with age, sex, or raci&I 
differences), cardiovascular disease, carcfiac abnormalities (e.g .. structural or mechanical 
abnorlTV'llities). baseline QTc inlervals that exceed 0.440 sec", or with electrolyte abnonnalities 
such ras hypokalemia. This study does not contribute any inlonnation about possible interactions 
of ibutilida with class I or class Ill antianhythmic agents. 
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As noted, the dllTerwrt doeee of b.dde W9"I 8Wllulled ~ • ...,.. thin coilcurertly. 
Thus, etrecta of the drug may be confounded wlh the etreota Cf 6119 (le., "period t4Tem"). 

The eponaor la not aeeldng an lrdcellon for the piolongBd adl1*tllltlidlofl of l1ulllde flanande. 
None4heleu, It lhould be noted lhlt In thll llUdy the~- ...,,. (In po••liig 
relndnallon of VT), and llfllrAy al .,...,. we nat e1Jal11ated et lleady ...._ 1hat le, .. *df 
WU not pelform8cl at ~1111de blood ... l'IOI' et Ilea~ 1i1111Je levell al the drug. 

Doff emlora!!Qli: A8 planned, .. 1pcn1or atudled only the 1hnle rwglmlnl Ctdned llbove. The 
effecl8 al higher dc8e8 W9'9 nal evaluated. Thuo, the ~ and kJlerabllly al doee ......... 
wllh a bolus doee of gl98ler than 0.02 lllt>'kg and a maintenance lnl'ullon of giMler than 
0.004 n'9'kg for thirty minutes l'ORlllln unkncwn. The faBure to explore the effecl8 of these higher 
doaea has at least two ooneequences: 

• poesi)le 88llOCfatlonB al QTc prolongation wlh arrhythmogeneele were rd aueeaed; 
• al !hue higher doles. othor pculJle elecbophyalologloal effeota, homlcdynamlc elfecla, 

phannacodynamic effects, or Ofhet adveme effec:t8 of llulllde were net evaluated. 

The eponaor seeks to dilaln approval for 1 O.mlnute Infusions of l>ullllde fumalate that are not 
adjusted fer body weight. For reference, then, the following table piovldee tll'l abaolute dcsea 
administered to subjects Of varying weights In the different treatment grot~. In this trial, the 
Ughtnt patient was 42.7 kg (94 lbs), er.cl the heaviest waa 119.1 kg (262 lbsj. 

Absolute DoM oi lbutUide Fumarale (mg) by TIHllTltllll Group and Bod'/ Weight" 

·---------Treat:nent group----------
Bodv weiql\t o.~.001 rndkg o.01=t0.092 mWkC! 0.02...0.004 msjkg 

Bolus Malnt !2!I! .@9J!!!. Maint l2!!l !!.21!!!, Maint' !21!! 
40kg 

51) kg 

60kg 

70t<g 

80 kg 

90 kg 

100 kg 

110 kg 

120 kg 

130 kg 

Shaded cells enco"1lass the range of body weights tor patients included in this trial. 
Main! = Maintenance 
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: M 9lld8d by the IPOflllOI', poet-infusion conoeiMdlona lapidly dedillned In a 
mulli-eDcponenlal fashion, and oonoentndlona W9f91.ypica'ly around or bellJw 1 llC>'ml wllhln 1 how 
after the melnlenance lnfullon. However, a high degree of lnletpalin varllbRy w d:laarved 
ind doll g:oupa, and the preaanoe al e>drerne OUlier8 M8Ulled In atyplcaly high me&eun11 al 
vartabllty. In adrJllloi-., llllflY OON11111iatloMime prdl1ea were alyploll: aome were «ri111o, m:I 
eome ehoWed rr.axlmlm oot...,ttlilllb• lit• than the end al the ftrlt lnfullQn. In general, 
maximum llullllde pluma ooroceiillidb'll and ..... under the COl'ICll'*8tlon w time prolle 
valuee lnanle8ed In a duet Nlated W. Pharmloodynemlc data Wire alao "WJioll m regarde 
to pevloua stucllte. Allhough ebd11 In healhy voUllwa t.ve ehown that Wualon at bllllde 
fumarale reaulls In prolongatlon al the QTC lnte!val m:t thle prolong1tloo le~ OOIT8lal.td wlrtl 
lbulllicle fUmalate dose and blllde plurM oonoe11tlatlone, no such oarrclllllM w 10llld In this 
study. 

Pharmacodynam!ca: Invasive hemodynamlc measuremerits were not lllOOlded for tt1iai atuit,'. 

lbulillde appeaiW to depresa alnus node funolion somewhat, but theee effects generally were not 
mar1<ecl. lbulilide appeared to prolong the oorrected sinus node reoovety time to eome extent. 
lbulUide prolonged the maximal sinus node reoov81)' time. These elf8lll:!I may be of greater 
significance in patients with lntrlnslcaly abnormal sinus node funotlon, a group that was not 
systematically evalliated during the development of tho dr:Jg. However, bt.1111de did not appear to 
affect the basic oycle length conslslendy In this study. 

Similarly, lbutllide appeared to deprasa AV nodal funotlon to aome extent, but lheae effeota alao 
generally W819 not marked. lbutftlde 8PPe&l8 to prolong both the AV and VA Wenokebaoh oyole 
lengths to some degree. These apparent effeot& may be ol greater significance in patients with 
iottlnsioally abnonnal AV nodal funotlon, another group that was not systematlcaltj ewluated during 
the development of the drug. However, lbulilide did not appear to prolong the AH interval to any 
great degree in this study. 

As expected of a Class Ill antiarrflythmic agent, lbutlllde prolonged tho duration of the ventricular 
monophasic a.::tlon potentials,• and it increased the atrial and ventricular effective refractory 
periods. In general, these e!fl!Ols were greater at the higher doses of butilide. Simllarty, ooMlstent 
with its charaoterizatlon as a Class Ill antiantiythmic agent, ibumide prolonged the a·r and QTc 
intervals (as assessed with 12-lead ECGs). Prolongation of the QT and QTc Intervals appeared 
to be dose-related. That ls, (a) at the higher doses, prolongations were generally greater than 
prolongations at the lower doses; (b) at the higher dos9s, significant prolongatiol'G generally began 
earlier than \he prolongations at the lower doses, ~; (c) al the higher doles. significant 
prolongations generally lasted longer than prolongations at the lowor doses. 

lbutilide did not appear to alter HV conduction. The drug did not appear to alte• atrial or ventricular 
thresholds. 

Correlati;:,n analyses were ps:formad on electrophysiological data obtained at a paced cycle length 
of 600 msec. At the end of the loading dose (Minute 10), the prolongation of the QTc interval was 
somewh~t related to changes in the dt1ration of the ventricular monophasic action potential 
(VMAP). i\iihuu;Jh less correlated, 111 the end of the loading dose the prolongation of the QTc 
interval was Wtla!;!y related to changes in the ventricular effective refractory period (VERP). 

The eftl!Cls cl ibutilide on the duration ol dtrial monophasic action potentials was not assessed In this sbJdy. 
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Prdongldloi'I at the QTo lrterval did not gll'llll'ally appear to b& ll0!1*ed wllh chano- In the .irlll 
8'feollve 1ef11doly period (AERP). 

The ohlanglll from baaallne of the MAP/ERP lmtlo at a given paoed O'lde llnglll WIN often 
algnlllcanlly and~ OOITllDd wllh the ohange8 tr..m ba1 alne of the MAPIERP l1ltlo al the 
oCher paoed ~ lel91•· 

•r: ov...., IUlllalnad monomoiphlo venlrioular tad1ycerdla OCMlld not be Induced cUtno 1he 
lnfUllon In 44% (21 d 48) of the .......... patients. However, tlil red .. dllloult to lmqnC In 
the llbeenoe of a concurent plaoabo oonllol DIOUP or, In facl, at any ooncurrant wntlol gnq>. 
Moreover, art/ pWllM llffacl of bAllde to pnwenl the relnductlon Of eulfalned monomorphlc 
tllChyoaRh cld not lhow a dolle reaponn. Thal la, the difference In the •a11oc111• nde acioea tM 
doee gn:q» Willl not lfatlltloally lignllcanl (p-0.8324'). 

S!!f!lyi No patlenta enrolled In the study died. Of the 56 palientl enrolled In the trill, three 
expellenoed l8riou8 medlcal eventa, all of the cardiovaacular eystem, and ell ol whom requhd 
diacon11nuatlon of the lnfualon. Theee earioua eventa Included hypotanalon (a'IO"Aated wllh angina 
and dyapnea), audalned monomotphlc VT, and IUSlalned polymcKphlc VT (89800iated with 
llOnauatalned polyrnorphlo VT}. 

Of the 66 patlenla enrolled In the trial, 50 OOt11>leted the aludy aa planned. Three ot the five 
patienla in whom the lnfullon WU dlsconlinued had aicperienced wioua medical everU (noted 
above), and two had experienced non &erioua madlcal events (lncludlng 8Ullalned polymofPhlc VT 
and prolongation of the QT segment). 

This :rial ;)()flflnna that WIHde may indLIOe arrltythmlaa, some of which may have hemodynamlo 
OOlllMIQU811C88. OVerall, six patients exposf'd to butllide experienced a total of Hllen ventricular 
anhythmlaa dasailled as advense events As noted above, In tw~ of these patients the ventricular 
arrhythmlaa were serious (sustalnecl polymoiphic VT in one ; 1:1Se and SU81alned monomorphic VT 
in anolhef) end 19d to dlaoonllnuatlon of the infusion. Of 1!1<> eeven ventricular anhytl>.mil.tJ, the five 
remaining Included sualained polyltlOfPhk: VT (1 atH1donal case), nonsuslalnld IJOlymcxphlc VT 
(1 case), sustained monomocphlc VT (2 additiooo' cases), and nonsustalned monomorphio VT 
(1 case). The two patients that experienced susi:.tined polymotphic ventricular tachycaidia were 
llUCCIUfully DC cardioYelted. 

Among ttllc' 55 patlenlS expo&ed to lbutUlde, the most frequent treatment·emergeqt medk:al event& 
were back pdln (9.1%, 11=5), atrial flutter (5.o%, n..a), chest pain (5.5'4, n..S), headache (5.5%, 
""'3), and 8U8talned monolllOlphlc ventricular tachycardia (5.5%, 11=3). 
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Protocd P· 7660-0008 

1. DESCRIPTIOH OF THE eruov 
1.1 Title 

COmptuativfl Pharmacok/nt1tlc and Phannaoodynamlcs d lbutiHtl Ftmt11111eand Its Enanliotneta, 
IJ.92,2JBE and LJ..82,209E, Following Single 1~1nute lntnwsnous Infusions In Hea111PJ Male 
Volunteers (Protocol P-7650-0000). 

1.2 ObJectlves 

As specified In the protocol, the objecllves of this study were as follows; 

• to defiM and co~ the pharmacokinetics and pharmacodynamic of lbutilide fwnl'~e. a 
racemic mixture, and Its ser-,,.uate enantlomeni, U-82,208E and U-82,209E, following a single 
1 G-minute intravenous infusion of each drug. 

• to determine if racemizatior. xcurs In vivo using chlral-epe'Jffic assay methodology. 

• to determine if the presence of one enantlomer affects the disposition of the other. 

1.3 E..:jlerlment.al Design 

This was a randomized, double-blind, three-way crossover s!udy performed at the Upjohr. 
Research Clinics. 1 The study had three periods, aach with a different treatment, and with each 
treatment separated by saven days; 

Treatment A: ibutilide fumarate; 0.01 mg(Kg i.v. over ten minutes for one dose 
Treatment B: U-82,208E; 0.01 mg/kg i.v. over ten rrinules for one dose 
Treatment C: U·62,209E; 0.01 mg/kg i.v. over ten minutes for one dose 

Six healthy men were randomly allocated to unique treatment sequences, and each treatment was 
administered after an overnight fast. Serial blood and urine samples were obtained for 
phamiaookinetic analysis, and serial signal-averaged electrocardiograms were obtained for the 
assessment of QT iniervafs. 

To be includ~ in the siudy, st.Djects were required to be mer between 18 and-60 years of aye, 
and to have a body weight between 150 and 200 pounds and within 15% of the ideal weight. 
Subjects who smoked or vt'ho u ~eel concomitant medications were eimluded from the study. 

1.4 Dru9 Administration 

!butiiide fumarate, U-8.Z,20SE, and U·82,209E were r.upplioo in 1 O ml clear glass ampulo'l, ea1:h 
at a concentration of 2.5 mg/ml. The formulations were isotonic and buffered with acetait1 to a pH 
of 4.6. A standardized diluent for preparation of the intravenous injections was not specified in the 
protocol. 

1 The study was not placebo-controlled. 
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1.6 Evaluations 

Pharmaooklnetica, phanmoodynamics, and aafllly wern evaluated by aerial monitoring of the 
folowlng: 

• lqllne blood pn11181119, pulse, r.ap.."'stlons, and body temperature 
• 12-lead eleclrocardlogr 
• algnaJ.aveniged eleotrooaldlogr 
• 88faly labondoriae: blood for aaf8ly laboratoriea (hematology, chenially) and urine for 

oon1Jlete l.lil\alt/8ls 
v blood and ll'lne eampl9s for dnJg levels (ooncentndlons of the enanllomers were determined 

ln plasma and urine by a chlral-epeclfio HPLC method}. 
• medlcal events 

The subjects were also rnonitored by carolac telemetry for 24 hours before and after eaph dose 
of study medication. 

2. RESULTS 

2. ~ Disposition of Subjects 

Slx men enrolled In the trial and completed the evaluations. None withdrew. 

2.2 Demographic and Baseline Charactarlstlcs 

Six mer. enrolled In the trial. Of these six men, four were white, one was black, and one was of 
an "other" race. The subjects had a mean age of 32 years { -·. a moan weight of 
82.6 kg ( , and a mean height of 71.1 int 

2.3 PHARMACOKINETIC RESULTS2 

The results of µhannacokinetic analyses are summarized in the table en the next page. 

As stated by the sponsor, the enantk>mers of ibutilide have a high clearance, which approximates 
liver blood flow, and a larg'l volume of distribl.ltion. The pharmacokinetics of each enantiomer are 
similar regardless of the OO!lllOUnd administered. There was no evidence of in'llivo racemiza!lon 
as only the administered enantiomer was detected in plasma following treatment with either 
U-82,208E or U-82,209E. 

2 For a complete discussion ol pharmacokinolic issues, soo lhe review by the biopharmacoutical N'viewer. 
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2..4 PHARllACODYNAlllC RESULTS 

2A.1 Slgnakrveraged electrocardlogram' 

The QT lntervtll lengthened after lnfulloM of Wilkie fumarate, lJ..82,208E, and U-82,209E. The 
maxlrilal change in the QT lrumd waa at the end of the lnfuelon. On average, the QT lmerval 111119 
prolonged for four hours after admlnlslndlon of l>ullllde or lJ-82,208E. Ry~. the maxlrnal 
QT prolongation was less and the QT lnteMll was prolonged for a shorter time after lnfuslori1 of 
U-82,20\lE. Blood preasure, pulM, PR Intervals, and QRS lntatvals,4 did not change following any 
of the treatments. The table on the next page shows the lengthening of the QT Interval with ei!lCh 
of the three treatments. 

Using the NLIN prooedure in SAS, AQT 'ler&us plasma oonoentratlon for the first six huurs was 
fitted to the slgmoldal Emax model: 

AQTC=(Emax x d')+{EC50
8 + c8) 

where C is the plasma e<>ncentration. As shown in the table below, estimates for E..iax fthe 
maximum change in QTc Interval), EC50 (the plasma concentration at which A'JTc is 50% of Emax), 
and s (the slope factor) were obtained. The figures on page 6 show changes in QT interval for a 
•representativa" subject a) with respoct to time, and b) with respect to plasma concentration. 

Estimates of Phannaoodynamic Parameters (mean ± s.d.) 
Obtained by Fitting the Sigrnoidal Emax Model with NLll~ 

= 
lbutilide Fumarate U-82,208E U-92,209E 

.!n..=.fil (n=6l (n=3) 

EC50 (ng/rn[) 0.5a±o.16 0.55±0.14 0.96±0.69 

s 5.0±3.0 4.7±2.7 3.9±2.8 

Emax (msec) 120±37 172±34 44±10 

' 

3 SignaJ.,,>e<aqed electroearciograms were obtained at the timeo o: hlood sampling fo1 d&terminalion ol drug conoontrafons in 
plasma. neart ;at<·. and PR. (}RS, and QT intervals were measured '"1d averaged from 25 b6ats. Prolongation of Ille QT Interval 
{6.QT) was calcula\ed as Iha difference batween Ille measured QT interval and the average of tile predose values . 

• PR intervals and ORS Intervals were measured willl 12·1ead electrocardiogram•. ~ot signal-averaged electrocardiOf>rams. 
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2.& SAFETY RESULW 

No sW,lect wllhdnwt from the 1rlll beoanse of an adverae event; no aerio&ll or ....,.... aP!enae 
eventa were repotted. ll*teen ncn eartoua medical ewnta ol mld-to-modenlle .... 'elly were 
reported 11/ live of tne tilx llllbjtlOl8 who W9l9 8IVOlled and ccmplated the atud'/. Of theee adv8l'89 
events, aeveral were pc r Ny nilated lo the canflovaaoular ayetem Including the followlng: cheet 
preaeure (""'1), mfd.elemal p111s1.n (n-1), dlalneas (n-1), and llghtheedednesa (n-1). 

3. REVIEWER'S COMMENTS 

The obJecttvea cl this stildy were (a) to define and compare the phannacoldnetlo and 
phannacodynamlc of butllide fumamte, a racemio mixture, and Its aepmate enantlomers, 
U-a?.208E and U-82,209E, following a elngle 1 o-mlnute Intravenous Infusion of each drug; (b) to 
detennlne If racemitatlon oocwa In vitro using chlraJ.apeclftc assay methodology, and; (c) to 
determine if the presence of one enantlc:ner affects the diaposltlon of the other. 

This was a randomized, double-blind, three-way crossover study. The study was not placebo 
controlled. The study had three periods, each wit/> a different treatment, and with each treatment 
saparated 11/ s.wen days. For each treatment, a si1sg!e dose of the study agent was administered 
Intravenously over 10 minutes: (a) butilide fumarate; 0.01 mg/kg; (b) U-S2,208E; 0.01 mg/kg, or 
(c) U-62,209E; 0.01 mg/kg. Six he6lthy men participated In the study. QT Intervals were assessed 
with signal-averaged eleclrocsnJlograms. 

Gen~I: Features of this study (i.e., the randomized, double-blind, crossover design) increase the 
Ukelihood that reliable data were obtained for the studied population. Hov ever, the lack of a 
placebo control and the lack of dose exploration limit !he definite conclusions that can be drawn 
from the study, particularly with regard to pharmacodynamlcs. Furthe:more, as this was a single­
dose study (within esch period), pharmacodynamk: and saf~ty data wehl not obtained at steady­
state. 

All six of ttr subjects were men. The youngest subject wss 22 years of age, and the oldest was 
55 years ol c1ge. Thus, the pharmacokil'etic, phannacodynamic, and safety results should be 
extrapolated with ca:..1ion to SL"bjects witll different demographic characteristics (e.g., lo pediatric 
subjects, elderly subjects, or women), or to non-healthy individuals. 

Dose exploration: Only one dose of eerh ~tudy drug (0.01 ms'kg) was evaluated. Thus, this study 
does not provide any information about the linearity of the pharmaookinelics ot li>utllide or of its 
enantiomers (lJ-92,208E end U-S2,209E}. Similar1y, beyond the limited data obtained with this one 
dose, the study does not otherwise provide any phannacodynamic or safety lnfonnation. 

Pharmacokinetics: As summarized by the sponsor, thf' enantiomers ot ibutilide had a high 
clearance, which approximated liver blood flow, and a large volume of distnbution. The 
pharmacokinetics of each enantiomer were slrnllar regardless of the compound administered. 
There was no evidence of in vivo racemization as only the administere<.l enantiomer was detected 
in plasma following treatment with either U-82,208E or U-82,209E. 

• Safely Issues am discussed comprehensiVely in Or. Gordon's roview . 
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Plpmaqodmtmlo!: The QT Interval lengthened after infullons of lbutlllde fumande, Wl2,208E, 
and lJ.82,209E. The maximal chaFlge In the QT Interval was 81 lhe end of the lnfualon. On 
average, the QT lnterlal waa prolonged for four hounl after admlnlstndlon of lbutlllde or U-e2,208E. 
By compariaon, the maxima! QT prolongatlon was less and the QT Interval was prolonged tor a 
shorter time after Infusion of IJ.82,209E. Blood preesure, pulse, PR lntervafs. and QRS Interval& 
did not change followlng llfi Of the treatmenla. . 

Safety; The safely dala from this trial ant of limited uae given the ohanlolerlallca Of the trial design 
(e.g., single dose) and the ohanloterislb of the aublects (e.g., healthy men). Nonetheleaa. no 
subject wll."lcfrew from the trial beoilliae of an adv9188 event; no serious O!' aeYere adverse events 
were reported. lhliteen non serious medical events of mild-to-moderate severity wctre reported 
by five of the six subjects who were enroRacl and completed the study. 

' 
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1. DESCRIPTION OF THE STUDY 

1.1 Title 

Evaluation of ths Metabolism Bild Excretion of lbutl/lds FolloWing sn /ntrsvenoos Infusion of 
14C-lbut1Jfd6 Fumarate /r1 Heil/thy Male Volunteers (Protocol P-7650-0016). 

1.2 Objectives 

As stated In the protoool, the objective of this study was to quantly the disposition (metabolism and 
excretion) of 14C-lbutlllde In man after Intravenous administration In a manner similar to that 
recommended for antlarrhythmlc therapy. The goals Included the following: 

• to evaluate the distribution and claarance of lbutftlde and possible metabolites from plasma 
and blood (from the quantlatlve analysts of blood and plasma) 

• to obtain lnfonnathn on the rates and routes of excretion of the lbutlllde-related materials, as 
well as lnfonnatlon on the chemical structures of the excreted metabolites (from the anafysls 
of urine and fecal 9J1eclmens) 

• to compare metabolite profiles In man with metabolic pathways that have been established In 
animal models. 

1.3 Experimental Design 

This was an open-label study in which a single dose of 1 mg containing 30 µCl \ .. C-lbutllide was 
to be given as a ten minute Intravenous Inf uslon to six healthy male volunteers after a fast of ten 
hours. Quantitative urine and fecal samples were to be collected until the excretion of the drug­
related radioactivity In the urine and feces for the subject reached a level less than three times 
background. Metabolites of lbutillde were to be ldentlf led and quantlf led In blood, plasma, and urina 
when possible. 

To be included in the study, subjects were required to be between 35 and 55 years of age, to weigh 
at least 70 kg, to be within 10% of ideal body weight, and to have a corrected QT interval of 
~.440 secj\. Subjects wer1:J excluded ff they were smokers or i\ad a history of torsades de pointos 
or long-QT syndrome. Ingestion of ca:folne, ak:ohol, or use of other medicatloo~prior to enrollment 
were prohibited. 

1.4 Drug Administration 

14C-lbutilide (Lot 26,657) was supplied In 1 ml vials in a ooncentration of 2.5 mgm!. The solution 
was Isotonic and buffered with acetate to a pH of 4.6. Subjects were lo receive an Intravenous 
Infusion of 1 mg oontalnlng 30 µCi 140-lbufilide. The 14C-lbutllide solution was to be diluted in 5% 
dextrose In water (06W) and lnfusod over 10 minutes. 

1.5 Evaluations 

Phannacokinetics and safety were evaluated by serial monitoring of the following: 

• blood, urtne, and fecal specimens for drug and metabolite levms (by HPLC) 
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• expired air (to monitor for radioactivity) 
• vital signs (heart rate, supine blood pressure, respiratory rate, t~mperature) 
• 12-lead electrocanfograms 
• continuous electrocardiographic recording (Holter) for the 24 hours before. and after drug 

administration 
• safety laborator!ets: blood for safety lai>oratories (hematology, chemistry, OO-llgu!ation) and 

urine for urinalysis and 1111aoscopic evaluation 

The subjects were also monitored by carcfaao telemetry. 

2. RESULTS 

2.1 Disposition of Subjects and A.mount of 01119 Administered 

Six male subjects enrolled in the study and completed the evaluations. The mean (±s.d.) dose of 
ibutilide fumarate received by the six subjects was 0.83 ± 0.04 mg. When adjusted for body 
weight, the mean dose of ibutilide fumamte was 0.010 ± O.C''J1 mg/kg. The mean dose of 
radioactivity delivered was 24.95 ± 1.16 µCi. 

2.2 Demographic and Baseline Characteristics 

All six of the subjects were white men. The subjects had a mean age of 45 years 1.• 
, a mean weight of 83.5 kg t 1, and a mean height of 179 cm ( 

2.3 PHARMACOKINETIC RESULTS1 (Refer to the table on page 3 and the figures on pages 4-6) 

As summarized by the sponsor, the phannaool<inetics of unchanged ibutilide and its enantiomers 
were consistent with previous reports of high clearanc.J and extensive distribution. Within seven 
days of dosing, all of the radiolabeled dose wa.) accounted for alter excretion in urine and feces. 
Ori average, 82% ± 2% and 19% ± 1 % of the ckise was recovered in urine and feces respectively. 
No radioactivity was detected in expired air samples. Ei<Jht ibutilide·related metabolites (previously 
identified in rat, dog, and monkey) as well as t;ric~angad ibutilide were detected in urine and 
accounted for 89% ± 4% of the radioactivity pre.s1o>rit ir. urine. Six metabolites and unchanged 
ibutilide were detected in fecai samples from the two &Jbjects evaluated, and acc'.>unted for 97% 
of the radioactivity present in th~ fecal samples. Low levels of radi<"'.activity were measured in blood 
an plasma. '-'nchanged ibutilide accounted for the radioactiv~' in plasma at eari, time points, and 
four metabolites were detected in later samples. The mete t>olism of ibutilide in humans appears 
to proceed primarily through a pathway consisting of m-oxidation of the heptyl side-chain followed 
by p-oxidation of the heptyl side-chain of ibutilide. Initial (m·1)-oxidation of the heptyl side-chain 
and the associated one--carbon-loss pathwety is a le~ •gnificant metabolism pathway in humans. 
Metabolites resulting from these degradative oxidation processes and unchanged ibutilide are then 
eliminated principally through urinary excretion (abvut 82% of the dose). 

For a oomplete discussion of phaimacokinetic i:..:. · ~ s, see lhe review by the bioph.innaceulical reviewer. 
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T.iale8 
Pbarmuo~c -panuae---'t.erw"- ettlmates for ib1d;llide famarate 

mul lta (+)· ad (·)..ezo1nt!omera (U-82SOSE ad U..a2IOBE) 
t'ollowlq imravenou bsfuion of appl'Orimate17 

o.a ml{ r'ClllnUIUde fuma:raie (15 j.i.Cl} to healthy male volu:ateers 
( :!: Id) DU!&D 

p___. lhatilfde U-811088 fJ..l!'MQE 

.WC- Cut >< bMnL) E.44 :1: 1"2 MS :1; 0.79 3.00 ::I: 0.65 

c-. (JllP'mL) r;.79 :t S.49 5.03 :I: 1.19 4-76 :I: 1.10 

CL (mJ • Dinlka> 27.2 ± 6.7 26.2 :I; 6.5 29J. :I: 1.0 

Vu(Uq) 9.18± 2.43 9.22 ± 2.27 9.82 :I; 2.65 

Alt {hr"l) 0.129 :t O.O'J4 0.120 ± 0.029 0.W:l:O.OU 

tlli (brJ- 5.4 5.8 5.4 

' 
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Flgure2 Exm'1lon of ll!doacllvlly folorAng i~ infusion of about 0.8 mg 
(1t]lbutllde furllUllta ("""5 pCI) to heallhy male VOlunt8ela (mean ±sci) 
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FlfllU9 I Pluma mwdlallun prom11 of L4l'?"8E and u.me llfter lutsai1811C1Us 
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2.4 PHARMACODVNAMIC RESULTS 

QTc 

The QT interval was prolonged in each subject after the infusion of lbutttide. Maximal prolongation 
occurred at the end of the Infusion In each subject, and the prolongation oisslpated by 12 hours. 

QTo lrrteivals (mean± s.d.) 
befora and after an Intravenous infusion flf ibuliHd11 fumarate 

in six healthy men 

Predose 

381.7 
±26.5 

10 minutes* 

4512 
±3~.o 

1 hour 

420.3 
±22.3 

12 hou;s 

387.3 
±27.4 

• End of the infusion 

2.6 SAFETY RESUL TS2 

No subject withdrew from the trial because of an adveroe event. No serious or severe adverse 
events were reported. Of the six subjects w!lo enrolled and completed the study, three subjects 
reported a total of seven medical events which ware all of mild-to-moderate intensity. None of 
these events were related to the cardiovascular system. 

3. BEVIEWER'S COMMENTS 

2 

The objective of 1his study was to quantify ths disposition l,metabollsm and excretion) of 14G-ibutilide 
in man "Iller btravenous acfministration in a manner sim:!ar ;o that recommended for anti.3'1'hy!hmic 
therapy. 

This was an open-label study in which a single dose of 1 mg conbining 30 µCi "C·ibutilide was 
given as a ten minute intravenous infusion to six healthy male volunteers after a fast of ten hours. 
The study was not blinded and not placebo controlled. Only one dose of ibutilide was evaluated, 
and therefore the study alw was not randomized. 

Ge_neral: The design ' 'his study (open-label, no placebo control, no cor.cu~nt control group, 
single close, no rando1rnLalion) limit the definite conclusions that can be drawn fmm the study, 
particularly with regard to pharmacodynamics. Furthermore, as this was a single-dose study, 
pharmaoodynamic and safety data were not obtained at steady-state. 

All of the subjects were while men. The youngest was 37 years of age and the oldest was 
49 years of age. To enroll, subjects were requiwd to have a corrected QT interval of !>0.440 sec". 
Subject~ wem excluded if they had a history of torsades de voin:<'ls or long-QT syndrome. 
Ingestion of other medications prior to enrollment was prohibited. 

Thus, the r·harmacokinetic, pharmar.odynamic, md safely results should be extrapolated with 
caution to subjects w~h diiferen: demographic chardc!eristics (e.g., pediatric or elderly subjects, to 

--------------
Safety iss•Jc'.l ili'O discuss~ comproh<!n.:iively in Or. Gordon'.-; roview 
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l'lomon, or ta subjects of different rac.;s). Similarly, the results should be extnipolated with caution 
to subjects with a baseline OTo inteival that exceeds C · 'O sec'". or to subjects with long-QT 
syndrome. The study does net contribute eny informatkm aoout drug interactions between lbutilicle 
end other '110dicalions. 

Dose eg:.loration: Only one dose of dr1g (0.01 mglkg) was evaluated. Thus, this study does not 
provide any 1nfonnation abolrt the linearity of Ilia pnannacckinetics of ibutilid&. Similarly, beyond 
the limited infonnation obtaindd with this one dose, the study does not otherwise provide any 
i:-• • .lllTlBcodynamic information or safety inforr. .atic'l. 

Phannacokirietics: As summarized by the sponsor, the pharmacokinetics of unchanged ibutilicle 
and its enantiomers were consistent with previou.o; reports of high clearance and exteooive 
di$1ribution. Within seven days of dosing, all of the radiolabeled ci...se was eocou'lted ror after 
excretion in urine and feces. On average, 82% ± 2% and 19% ± 1% of •he dose was recovered 
in urine and fecos respectively.. No radioactivity was detected in expired air samples. Eight 
ibutillde-related metabolites (p.·eviously identi:iecl in rat, dog, and mo.1key) as well as unchanged 
ibutilide were detected ;n urine 1t11d accounted for 89% :t 4% of the radioactivity present in urint. 
Six metabOlttes and unchanged ibutilide were detected In fecal samples from the two subjects 
evaluated, and accounted for 97% of !he radioactivity present in the fecal samples. Low levels ol 
redioactivity were measured in blood an plasma. Unchanged ibutilide accounted for the 
radioactivity in plasma at early time points, and four metabolites were detected in later samples. 
The metabolism of ibutilide in humans appears to proceed primanly through a pathway consisting 
of m olf.da.lcn of t~e heptyl side-cha!n foliowed by ~-oxidation of the heptyl side· chain of ibutilide. 
Initial (ill-1 )-oxidation of the heptyl side-chain and the associated or.&carbon-ioss pathway is a less 
significant metabolism pathway in humans. Metabolites resulting from these degradative oxidation 
processes and unchanged ibt.1ilide are the.) eliminated princip.;>.ily thrC'· 1gh urinaiy excretion (aboat 
82% o! the dose). 

Phannacodynamics: fhe QT inteival was prolonged in each subject afle• the infusion of ibutilide. 
Maximal p~olongation occurred at !he end of the infusion in each subject, and the prolongation 
dissipated by 12 hours. 

Safe!Y.: The safety data from this trial are of limited use given the characteristics of the trial design 
{e.g., single dose) and \11e characteristics of the subjects (e.g .• healthy whtte men). Nonetheless, 
no subject withdrew from the trial because of an adverse event. No .;criou.> or severe adverse 
events were reported. Of the si;< subjects who enrolled and cc:nplPted the study, three subjects 
reported a total of seven rnedical events which were all of mild-to-moderate intensity. 
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1. DE;SCRIPTION OF THE STUDY 

1.1 Tltle 

1-'J"ltlrmscoldridVcs and Phanna~ of !bl.llflide Fumarate In H'3aithy MsJe and F11tnale 
Volumeem (Protocol P-7550-0022 [CC 1004Il. · 

'I .2 Objectives 

/..$ atatf'd in the protocol, the pr'mary objective of this study was to evaluatl\! potential sex-related 
differences in the phermaookinetics of buti!ide fumara~a. Aoother objt!L'iivo was to evaluate 
potential sex-related cf.lffarences in pharmaoodynamic responses, as measured by proloogatlon of 
the QT illierval. 

1.3 Experimental Design 

This was en open-label mudy in which a single dose of 0.01 m~g of ibutilide fumarate was to be 
given aft11r an overnight fast as a ten mir1ute intravenous infusion to 6-1 o healthy men and to 6-1 o 
healthy women. Male af'd female subjects were to be matched by age (±2 years). 

Subjects were requir&d to be between 45 and eo yea.rs of age, to weigh between 50 and 100 kg 
(inclusive), and to be within 20% of Ideal body weight. At (':laSI thrt,'G of the women wer6 lo be at 
least 60 years of age. The subjects were roquirad to nave a oorreciad QT interval of ;;o.440 eacli 
and a resting heart rate greater than 60 belltslminllle. Women were required lo be post· 
menopausal (or surgically sterile) and to have a negative pregnancy iest Honnone-replllcement 
the~ and smoking ware permitted. Subjects wore excluded from the st1¥Jy if they had a history 
of torsades de pcintes, long-QT syndrome, were treated with medications known to prolcng the 
QT interval, or had ingestad rdr.x>hol In 1he 48 hours prior to drug administration. Informed consent 
and review by an !nstitutiona! Allview Board were st~iuiate<.I. 

1.4 Drug Adminlstrelion 

1.5 

lbuti!ide fumarate (0.1 mg/ml in a total of 1 O ml :nfus.ate) was supplied in single-dose vials 
(Lot 27, 127). 

Evaluations ' 
Pharmacokinetics. pharmacorJynamic< .. ar.d safety were c.valuated by serial monhoring of the 
following: 

• vital signs {supine blood pressure. heart rate, respirato1y rate 
• siijnal-averaged elec1rocardiograms •or maasurernent of the QTc intervi>l ltieart rate. QT, and 

QTc inte1vals were measured and averaged from 25 beets) 
• blood specimen~ for drug levels (as measured by chiral-specific HPLC) 
• sa:'ety laboratories: blood for safety labomlo.;es (hematology, chemistry. coagulation) and 

urine for urinalysis a1vJ microscopic ovaluation 

The subjects Wt!ro also monitomd by cardiac tt!lernetry Rnd ;.,-lead Holter rnonrto~ for th•~ 24 :1ours 
before and after m1•ninislration cf the study drug. 

-1-
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Protocol P-7550-0022 

2. HESULTS 

2.1 Dispoatdon of Subfllets and Amount of Drug Administered 

Eight men and eight women enrolled and OOIJllli!led the 8ludy. Six of the eight peum of etbjeota 
woo. mt.ched for age within ±2 yee.rt'; the lllfJ'l'1!11h and eighth paira yrore rnatctied within S ant.I 
5 yNra, respectively. The men had a mean ag"> of 64.8 years '' !he 
women had a mean r•g& of 64.2 YEWS ' 

2.2 Der. 1ug1 aphlc and Oasaline Characte. ortlcs 

AD of tho man and women wero white. The men had a mean w11ight of 79.1 kg ( 
, P..nd a mean height of 68.9 L"lChes ( . The women had a mean 

weight of 67.4 ~ 1 , and a mean height m 63.7 im:has • 
The oorrt>ined mean, eye, weigh!, and height variables for both men ar.d women 

were 64.5 years, 73.2 kg, and 66.3 in, respectively. 

2.3 PHARMACOKJNE"nc RESUL.TS' 

As summarized by the sponsor, postinfusion plasma concentrations of the(+)- and {-)-enantlomers 
RS wall as total racemic ibutilido decreased rapidly with at least two rapid distribution phases. 
Nealfy identical oon<:entrations of U-82,208E and U-8'>.,209E were achieved alter cfo;;ing in beth 
mal& anct female subjects. RaoerniQ ibutllida and ~s onantiomers axhlbltad slmi:ar ~hannaookinetic 
properties; an c:xiJlllOnents demonstrated a high systemic ciearance, ~:ioroxlrr.ating liver blood flow, 
and a largo volume of distr!hutlon. No differences in pharmacoklnetlc ~.·arameter eslimatos were 
found between mal9 and female subjects, as illustrated in the tal>les on 1~e next p>:1ge. ThE> lime 
course of plusrna concentrations in r;epresi>ntalivo mer> and women art s~wn in the figuro on 
page 4. 
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2.4 PHAflMACOOYNAMIC RF.SUL78 

Compared to baoeline measurements ln bolh men t1nd women, infusions of lbutilid1t fume.rate 
resulted in prolongalion of thtt aro lnlerval!i. See the table below. 1he prolongetlons "~ 
generally ~i.. for three hotJrs after d:ug administration. The ma:dnial QTc prolongation was 
0.066 sac"" for men and 0.065 uo"' for wormn; bolh maxirna were obselved flve mlmtes &ftor the 
end of the lrifuslcn, and racrosented a 16% Md 15% ~In t.'le QYo Interval for men and 
women, resrectiveiy. 

QTc Intenal (msec) -Time Data Followmf A SJngle 
10 Minute lnftmon of. Ibutlllde Fwnarat.e 

- 'l1m8 (hr) Ible l'....te 
·LO 409*22 429 :I: 21 

-0.3 408 :r; 9 .f.22::: 20 --0.J.67 473 :I: 16 "80 :I: Z4 

0..25 4'7& :I: 14 "91 :t 8 -O.fS 4652:17 472 :t ~l 

0.'15 456=28 <4'10 :t 14 

1.0 4S8 :I: 17 ."6,'"j :I; 1 "l 

2.0 4t9 * l'./ 460 :I: 17 - -·-3.0 427 .f: 13 4315 2: 10 ... 
4.0 413., 16 ""':t 18 
6.0 417 :t 14 428 :t:: ~1 

-~ a.o 400 :I: 14 422:t 24 
-~-

10.0 413 ::I: 2.() 426 :S: 16 

12.0 416 :I: 13 425 :t 23 

24..0 411 :I: 16 421 :S: 29 

•Mean (:1:) standard deviation .. 

~5-
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Protocol l'-7550-0022 

Ulling the NLIN proced. ' in SAS, Lt.QT versus ol8sma concent:ation for :he first ab< houns was 
fitted to the slgmoidal Emax model: 

lt.QTe=(Emax x CS)+{EC.,8 + CS} 

YJhere C Is the planma ooncenlration. As shown in the table below, estimates- for Emax (The 
maximum change In QTc Interval), EC., (the plasma concentlation at which lt.QTc Is 50% al Emax), 
and s (UJe slope ~ were obL1lned for men and women. The figures on the next page show 
changes in QT interval for "18p19118n1ative" subjects a) with respect to time, and b) with respect to 
pla!.ma concentration. 

Similar estimates - obtained In men and women in the sludy. However, the predose QTc 
intervals were sfightly longer In women tt-.an In men (0.426 sec" vs. 0.408 sec"). 

Estimates of Phar.na<xxlynlllllic Parametens (mean ± s.d.) 
Oble'"6d by Filling the Slgmoidal Emax Model with NUN 

==== 
Men Women* 
fn=8) Cn=n 

EC00 0.52±0.13 0.58±0.21 

s 4.31±2.01 4.71±2.99 

Emax 67±16 65±15 

•. Data from one woman could not be fitted to the Emax model 

' 
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SAFETY RESULTS" .· 

No slbject withdrew from the trial because at an adverse event No serious or severe acil;erse 
events were reported. Of the 8lxteen ldljecls who enrolled alld complelecl the BIUdy, two~ 
reported 1J 10lal of tluee medical eventa whHl were al <A mlld Intensity. None of lhesft events were 
related to the cardlovasoular syilem. 

3. REVIEWER'S COMMENTS 

The primary objecllve of Illa study was to evaluate polantial aex-related dlffereuoea '" the 
pharmacokinelio of ibutilJde tumarate. Another objecliv<t was to evaluate po«ential sex-related 
d"dfenmoea In pharmac;cd'fnamlc responses, as measured by prolonga!io'l of the QT lnll!Md. 

This was an ~study in whlc.h a single dose of 0.01 Rl9'lqJ of llutlllde furnarate was to be 
given as a ten minute ~enous infusion to &-1 O healthy men and to 6-1 O healthy llllOIJlen. Male 
and female aubfecta wore to be matehed by age. The study was not blindeci and nol placel-o 
controlled. Only one dose was evaluated, and therefor:& the study also was not randomized. Eight 
men and eight women enrolled in and co""1!eted the study. 

Qeneral: The design of this study (open-label, no placebo control, no roncurrent control grou;.i, 
single dose. no randomization) limit the definite oonduslons !hat can be drawn from the sWdy, 
particularly with regard to pharmaoodynamics. Furthenrore, as this was a single-dose study, 
phannaoodynamic ard safety data were not obtained at steady-state. 

AR of the men and women were white. To enroll, the subjects were required to be between 45 and 
80 ye~rs of age and to have a corrected QT interval of s.:>.440 sec". Subjects were excluded from 
the study if they had a history of torsades de pointes, long-a·· syndrome, or were treated with 
medications known to prolong the QT interval. 

Thus, the pharmacokinetio, pharmacodynamic, and safety results should be extrapols.ted with 
caution to subjects with d"lfferent demographic characteristics (e.g., pediatric subjects or subjects 
of different races), to aubjects with a baseline QTc interval that exceeds 0.440 sec"'. or to SIJbjects 
with long-QT syndrome. The study does not contribute any infomialion about drug interactions 
between ibutiHde and other medications known to prolong the QT int!MVal. 

Dose exploration: Only one dose of drug (0.01 1Tll>'k9) was evaluated. Thus, this study does not 
provide any information about the linearity of the phannacckinetics of ibutirlde. Similarly, beyond 
the limited infoonalion obtained with this one dose, the &tudy does not otherwise provide any 
pharmacodynamic or safety data. 

PharmacolCnetlcs: As summarized by the sponsor, postinfusion plasma concentrations of the(+)· 
and ( • )-enantiomers as well as total racemic ibutilide decreased rapidly with at least two rapid 
distribution phases. Nearly identical concentrations of U-82,2081£ and U-82,:ZOOE were achieved 
after dosing in both niale and female subjet.18. Racemic ibutilide and its enantiomers exhibited 
similar phannacokinetic propertiee.; all components demonstrated a high syst11mic clearance, 

2 
Safety ls.wes me discussed oomprehensively In Dr. Gordon"• review. 
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approximallrig livar blood flow, and a large volume of distrl:Jullon. No cflfferences ln 
plWmaoollinetio parameter estilMtes W'!l"e found between male and female subjects. 

Pha111!8C9dynam!cs: ~to baseline measurementa in both men and women, Infusions of 
i>utilide fumtvde prolonged the QTc Interval. ll1e prolungationa were generally measurable for 
three hOunJ after drug adr.inlmdlon. The maximal QTc prolongation was o.086 set!' for men and 
0.065 sec/' for worner. · holh maxima were observed five minutes after the end of the Infusion, and 
repreHnted a 16% and 1F% proF.ongatioo !l"I the QTc Interval fc-% men and women. respectively. 

Safety: The safety daln from this lrial are of Dmlted use given the characleristics of the trial design 
(e.g., single dose) and the characteristics of the. aWjects (e.g., healthy men and women). 
Nonetheless, no slbject v.ttdrewfrom the Ilia! because of an edverae event. No serious or severe 
advel88 events were reported. 

' 
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1. TITLE OF TERMINATED STUDY 

An Open-Label, Dos9-Ranglng Study In Patients Und9rgotng Electropl!ys/ologlc Sflldy 
{P-7650-0004). 

2. DESCRIPTION AND RESULTS OF THE STUDY 

This study, conducted by Dr. Glen KabeD, was closGd aiter one. patient was trested under the 
protoool. Tne spGOSOr's sumrnaiy of this patient's coune ioDows: 

Subjeot #101 was a 56 year o~ white ml:lle undel\)Olng electrophyslologic Sludy. Hs was given 
three ten-milute illusions of o.oos. 0.01, end 0.02 mg/kg lbutlllde with 7-8 minutes between each 
Infusion. There were no cllnlcally slgnillcllnt salety lab abnormalities. Medlcal events reported 
were ahoulder pain, palpllallons, abdominal muacle pain, groin pain, back pain, and headache. 
None were fell to be related to lhe l>utlllde Uuslon. Colfllded QT illervals Increased as follows: 
0.410 sec" at baseline, 0.460 sec" following the 0.005 m!>'kg i11uslon, 0.520 sec" following the 
0.01 m(fkg Infusion, and 0.530 sec" following the 0.02 m!>'kg Infusion. Sinus node recover}' times 
were nonnal both at basellns 9l1d faliowlng the Infusions. Atrial and ventricular effective mfractory 
periods (ERPs) Increased following lbutlll<W illusions. Ventricular ERP Increased from a baseline 
of 250 mssc to 300 msec at a cycle length of 600 mssc at the end of th9 0.02 mg.ll<g Infusion. 

3. REVIEWER'S COMMENTS 

No rellablo conclusions can be drawn from an Isolated case report. The electrophyslologlcal 
finding'! In this patient that occurred with lbutlflde Infusion (I.e., prolongation of atrial and ventricular 
effective refractory periods a 1d prolongation of the QTc interval) are consistent With findings In 
other studies and the oxpectE'<:I ectlons of lbutilide. 

' 
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TAB!.£ OF CONTEKTS 
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Prctoco' P-766ll-001 e 

1. TITI..£ 01' TERMINATED S;TIJDY 

An Open-1.Pbe/, Single-Dose, Pl/ol Study in Patients with Paroxysms/ Airisl Flutler/FM/atlon 
(P-7550-0018}. 

2. DESCRIPTION Afo!D RESULTS· OF THE STUDY 

This study, conducted by Pltlfeeaor HJJ Wellens of The Netherlands, was clost>d after two patients 
wero treated under the ~oool. The eponso(s sunvnary oi these ()Sates follows· 

2.1 SUbject number 202 

This was an eighty-one year-old female patient with p1uoxysmal atrial fibrillation (AF} of leas than 
24 hours duration. Her Q'To lr49Mll from !he l'Jlectrocardiogram on enrollment waa 0.4~ o«!'. 
She was given 1 mg of lbutUlde inlused <Ner a period of 1 O minutes in a volume of 20 mt ~ did 
not wnvert to sinus rhythm In !tie fiiSt hour after infusion, and 24 hours after the Infusion she was 
electrocardioverted wlt'1 a single ahock of 200 joules. There were no effects oi lbulilide on blood 
pressures or laboratOI)' tests. Her QTc was C.475 sec~ ihirty minutes after the infusion. There 
were no reported medical 91/enlS during the infusion and up lo three days after the Infusion. 

2.2 Subject number ~03 

This patient was a 70 year-old rn.tle with paroxysmal atrial fibrillation of n duration lees than 
24 hours. His electrooarcfK>gram showed 8Vldence of right bundle branch block (RBBB) and a OTc 
of 0.473 sec~. H11 wa:i givon 1 mg of ilut~ide infused in 20 ml over a 10 minute period. 

At the end of lh~ infusion his blood prtlSSUre was reported to be 90/60 mmHg from a previous 
recording of 125/55 mm Hg m&de five minutes ear!ler. No action was taken and the next recortled 
blood press11re W>IS ·14(}'7(1 five minutes later. At this time (i.e .. five minutes after the end of the 
infusion) the patient converted to sinus rtryihm. He remained in sinu.-; mythm until the end of the 
study Which was 31 hours after the infusion. His QTc was repc<rted to be 0.460 sec" at the time 
of the conversion. lhere were no reported medical events during the study period and there were 
no effects of ibutilide on laboratOI)' tet'ta performed before and five hours after the Infusion. 

3. REVIEWER'S COMMENTS 

' No reliable coflcluslons can be drawn from isolated case reports. Although the course of subject 
#20,'i provides minimal ll!lecdolal support of the efficacy of ibutilide in term:ne.ting atrial fibrillation, 
the clinical coume of subject #202 provides none. The hypotension that occurred in subjact #203 
is notable. 
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Proposed Dosing lhgimen: 
In patients weighing~ 60 kg, 1 mg; in patients weighing< 60 kg, '.01 mg/kg. rne dose 
should be adminlsten.'<i by i/v infusion over a 10 minute period. If the arrhythmia does not 
termi.nate, a second dose ~ual to the first may be administered 10 mfoutes 1Jiter the &st 
dose. ~ Doses rut- of the salt, and not of ibutilide. ~ The maxi'1lum clinicalty 
propoeed. dose ill 0.033 mg/kg in a patient who requires two doses aiul weighs approxi~ 
mately 60 kg. -. 

Related JNDs: 

, 
SubmiH§one Reviewed: 

NDA 20,491, original submission dt Oct 27, 1994 
Amendment #99 dt Jan 19, '95 to IND 33).162 
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Summary, Conclusions &: Recomntendatti>ns 

l:iS;. Page numbers refened to below are thoee of the Full reriew, whld\ follows this aectton of 
the n::rie.w. 

""'m'C941"'•'Ai . 
In-yitro !lbJdjtg 

-
o .AdlClll potential duration (APD) in isolated guinea pig atda l'l'U dole relatedly inaeaaec1 in 

the dOle nnge 10"-10"' M; inaeues in APD at 3Hzand.1Hz1ltimulal!ion ratea were similar 
(Sh:dy #1, p8). Jn mother atudy, ibutllide was ehown to dOlle relatedly increase atrial 
effective tefractory period (ABRP) 8-25% at dosea of 10-6 and 10" M; force of contraction 
was not affected; spontasleOUI rate of contraction was slowed \Study '!JS, pll). 

o Jn isolated guinea pig ventricular. cells, using v~tage damp techniques, Jbutilide was shown 
to increase the amplitude of the slow inward current (eliated by application oi depolariza­
tion steps); increase in the slow inward current was maximum at 10" M ibutilide concen­
tration. Using different external and internal perfusing soluti0111S, it was shown that the 
inward current that is increased by the application of Jbutllide Js carried by ea++ at about 5 
msec into the depolarization step, and by Na• at about 000 mi;ec into. the voltage step. 
Jbt&tilide ~the late inward current even when the holding potential is -4.-0 mv, which 
inactivates the fast Na• channel. This indicates that the late iil\ward current which is 
increased by ibut!lide is carried b:1 a slow Na channel Jbutilide ckies not seem to affect the 
activation/inactivation l:inetics of this al.ow Na channel. (Study #2, pp9·10} 

Tetrodotoxin ('ITX) lo-'M abolished the effect of ibutilide on the APD of ventricular 
myoc:ytes. Jn cells depolarized by lncrea$ing external I<' concentratic111, neither ibutilide not 
TIX affected the upstroke of action potentials which under these conditions is produced by 
ea++, but the prolongation of action potential was abolished by TIX (Study #3, plO). 

The late outward current carried by K• was shown to be increased by ibutilide in the dose 
range lo-7-10'5 M, under conditions in which the inward currents wern abolished by 'lising 
appropriate external solutions. (Study IM, pll) 

o U-107246 (a metabolite of ibutilide in man and dog; its AUC in man was< 8% of the AUC 
of ~t-utilide, p21) dose relatedly increased ABRP 18-30% in the dose range 10"'-lQ"ll M. 

hl-yiyo studies: 
o ID a dog model of atrial flutter, reproducibly inducible flutter was terminated by ibutilide 

in the dose range of 0.001--0.01 mg/kg i/v in all 8 dogs tested. At dose levels at which 
flutter was t~rminated, AERPs and monophasic action potential durations (MAP,.,) were 
increased (Study #1, ppll-12). 
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o Omliomscular Effects: Jn chronically inshumented conscious dogs, iOutilide in th_· dose range 

0.01-1 mg/kg had no ei;~ct on mean arterial pressure and heart rate. At doses 0!.0.1 mg/kg 
QT. was increased, which is the expected eHect of a drug that iru:teases ventricular APO 
(Study #4, pt5). 

Concbasii•>n: The studies summarized above show that: lbutilide inc:mases the APD of 
ventricular c:ells by inaeulng the magnitude of a slow inward Cllrl'flDt, which hs c:arded in the 
early part ~ the AP by Ca++ and in the later part by Na• passing through a slow dlannel. This 
slow Na• channel is not inactivated by prokmged dei"°1alUation. but Is blocked by nx. 
Ibutilide also inaeaSl!S lhe late outward 1<• current. The medumiam by which ibutillde increases 
APO is thus an increase in slow inward currents, and not a decrease in the Jate outward K• 
current. Ibuttlide also increaaes the APO of atrial cells, and ABRP of a~ In a dog model of 
atrial flutter, flutter was terminated by administration of ibutllide. Ibutillde thus has the cardiac 
effects of a class m antiarrhythmic agent. 

Toxicology; 
~ When a drug related change in any parameter is described, unless specified otherwise, 
the change is from the value in the control group; s-s stand for statistically significant and s-ns 
stands for statistically not significant; NAED stands for 'No Adverse Effect Dose'. 

Rat: 
Acute: Ibutilide: LDso- 85.1 (80.1-9C.8) mg/kg; there were no deaths in the 50 mg/kg groi"tp. 

Ibutilide · · · LD,o, 64.1 (58.3-69.7) mg/kg; 1/20 ~in the SO mg/kg group 
died. \s a degradation product formed during heat sterilization of ibutilide 
(Ibutilide (HS)); and may also form during shelf storage. Note: The 95% Cls for two LDsoS do 
not overlap. The sponsor has stated that at the most of ibutilide is degraded to · 
during heat sterilization of ibutilide. 

Subchronk: 
14 day stµdy; 1.2.5 mgll.~lday was the NAED. 25 mg/kg/day: clinical effect was only post dose 
salivation for a few minutes in 1/30 rats on one day; some females in this group hcid 
mucification of vagina, and proliferation of mammary glands; 2/15 males had atrophy of 
the seminiferous tubules of the testes; -5% reduction in body wts of males. 50 mg/kg/day: 
Clinically, post dose salivation O.."CWTed in several animals in the last week of the study, 
and some animals exhibited depression, generalized shaking. hyperpnea/dyspnea during 
the finlt week. There was ..S% reduction in body wts of males, -9% increase in body wts of 
females. Uver wt of females was increased by .. 13%, ancl. ALT was increased by a20% in 
females (pp25-27). 

7 day stuc!y with lbuti!ide±l _ i (3 mg ibutilide+ _ _/kg/ day had no 
adverse effects clinically, on body wts, or on the histopathology of heart, kidneys, liver, and 
male and female reproductive organs(p27). 

Note: This submission also contains two week and three month oral toxicity studies in rat. 
These studies have not been reviewed since this NDA is only for at the most two i/v doses, 
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and these oral non clinical studies are therefore not a~ all relevant to either assessing 
possible risks during clinical use of the drug or indicating any precautions to be taken 
during clinical use. 

Dog: . 
Acute: 6 mg/kg ibutllide (lowest dole tested) caused CNS signs lilce appn!hension. head 

bobbing, body rocking, tedumi motor activity.;. (p23); the signs jpted for a few houn. In 
2/9 animals CPI< waa increued (in one af:W 8.5 mg/kg, in the other after 6 and 8.5 
mgr"!§}; the increases ranged &om 38%-72% over the highest value in the other 7 animals; 
on retesting 3 weeks later, CPK was normal. 

Subchronic (14 day Study): 1.25 m1/ki/clax (lowest dose used) was associated with slight 
apprehensive behavior for 1-2 days, and •18% increase in heart wts, in females. ~ 
m1/g/di)' was associated with apprehensive behavior for 1-2 days in females; increue in 
heal! wts in both sexes. 5 mclkJ!dA)" was associated with CNS signs similar to those seen 
in the lk.'tte study; in the second w~k, the severitf of the signs was less pronou.'lced, and 
only 50% of the anb:...!1; showed the signs; heart wts were increased in both sexes (more 
increase than at lower doses in females), thymus wts were increased in females, and there 
was testicular degmeration in 1/3 males (p 28). 
Comments: 1.25 mg/kg/day, the lowest dose used in this study, was associated with 
increase in heart wts in females. Clinical signs which at this dose were present only in 
females were mild and tran'lient. and therefore are not of toxicological significance. 

Note: This submission aJso contains two week and three ntcMth oral toxicity studies in dog. 
These studies have not been reviewed for the reason given above for not reviewing the oral 
subchronic studies in the rat. 

Reproduction Toxicology: (All studies oral; dr•tg administration by gavage) 
Rat: 
o In a segment I study (pp30-32), ibutilide at a dose level of 20 mg./kg/day was embryoddal 

and teratogenic. Utter incidence of pup abnormalities at 10 mg/kg/day was s-ns (0/19 in 
control group and 2/17 in the 10 mg1l<g/day dose group), but the sponsor thinks the 
abnormalities in this group inay also be drug related. 

~ In a segment ll study (pp32-p34) in which ibutilide doses of 20, 40, and 80 mg/kg/ day were 
used, adverse effects were observed at all doses. There were no live fetuses in the high dose 
group; 20 and 40 mg/kg/day doses were associated with dose related embryocidal effects, 
and with terato~enic effects. 

o In a repeat segment II study (p34) ibutilide doses of 5, 10, and 20 mg/l<g/day were 
administered. 20 mg/kg/day ibutilide was associated with teratogenicity (nCJ of live 
fetusw/dam were lower than in the control group, but difference was s-ns; table R6 aftel' 
p29). The sponsor considers that the presence of fetuses with scoliosis iI1 2/24 litters in the 
10 mg/kg/day group (versus 1/23 in the conlrol gToup) may be indicative of teratogenicity 
at this dose level. 5 mg/kg/day was thus the NAED in this sturly. 
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Rabbit: 
o In a segment ll study, 2 mg/kg/day was the highest dose used; there were no adverse 

effects at any dose. 

Genotmidty studies: 
The following ats were done and wae all negative: Ames test In 5 atrafns of Salmonella 
typhinwrium. Forward G«ie Mutation Aaay In mammalian J1!11a, Unscheduled DNA 
Synlhesis Assay In rat hepatocyta, llld Mia:onudeus test In D10W1e bone mamr.v (pp36-39). 

Discmsion & Condusiona: 
A mixture of Jbutilide + of the degradation product. iad • 25% lower ID111 ln the 
rat than ibutilide alone. In the 1 day rat study, I _ _ _ had r:1uced no 
adverse effects; In terms of body surface area ~), this dose is= _ • If the heat 
sterilir.ed solution of ibutilide contains not more than < · · · (the highest amount that the 
sponsor says is present in the heat sterilised solutioo of ibutilide), the maximum dose of this 
chemical that a patient weighing 60 kg could receive would be r - - - · · 

mg/M2
• Thus on a mg/M basis, times the maximum prr.-iJOSC!d dose that a patient could 

receive had no adverse effects when administered to rats for 7 days. The amount of this 
degradation product (if it does not exceed of ibutilide) in the formulation therefore does .not 
seem to pose a safety concern. 

In both rat and dog, ibutilide produced CNS effects, the severity of whidl was dose related. The 
incidence and severity of these effects became less during continued dosing; thus l'ldaptation 
seems to occur for these effects. From the point of view of help i• assuring safety during 
clinical w:e of the drug, subc:hronk: studies are mainly useful dwmg drug development. 
Therefore the results of the 14 day studies are not discussed any further. 

~mi:!ll.&!;tisln...J~is:il;J:.Ji~W· Iii.' The rabbit study is not helpful in assessing possible risk to 
gnant women, since the study was an oral study, and there is no toxicokinetic infonru tion 

om the study that was done nor Is the bioavailability of ibutilide in this species known. In the 
rat studies (which were also oral), 5 mg/kg/day was the NAED. Bioavailability of ibutilide in 
rat when given an oral dose of -45 mg/kg was 4-11% (p12); in a second study (p12-p13), 
bioavailibility of ibutilide after 0.5 mg/kg oral d0&e was •l.8%, and after 106 mg/kg oral dose, 
it was •24%. Based on the results of these studies, one can estimate, that aft~ an oral dose of 
5 mg/kg, bioavailibility of ibutilide would be < 4%; this makes the 5 mg/kg oral dose the 
equivalent of a < 0.2 mg/kg i/v d08€ in tenN of ibutilide AUC; this is < 1.45 mg/M2

• A patient 
who receives the maximum dO&e of the drug clinically, would receive 1.26 mg/M2

• Even though 
in the rat after an oral dose of <J.5 mg/kg, at least 60% of the drug is abaorbed, there must be 
a very high cate of first pass metabolism to account for the low bioavailibility of ibutilide. Since 
one does not know the chemical entity/entities that cause teratogenicity after administration of 
ibutilide at doses> 5 mg/kg/day, the safe thing is to assume that ibutilide is the teratogenic 
agent; on this assumption, a patient receiving the maximum dose would receive a dose = the 
NAED in the rat. This leads one to infer that there is hardly any safety margin from the point 
of view of fet1'1 safety during the clinical use of this drug. 
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Safety Assessment of Inactive Ingredients: 
Each ml of Corvert injection contains 0.1 mg ibutilide fumarate, 0.189 mg sodium a~\'.ate 
trihydrate, 8.90 mg NaCl, and HCI to adjust pH to approxh.illtely 4.6, and Water for 
Injection. The concentration of sodium acetate is < 0..2%. Jn tile agency's list of inactive 
ingredients in marketed fonnuJatlona, >1% CONlel\trafioas oi sodium amtate trihydrale are 
pttsent in formulations lor i/v llijectioN. Therefore the amou'lts of inactive !ngredienta in 
this formulation are not a matter of COl1Cll!'1'n from the point of viQt of patient safety. 

Recommendations: 
The results of the non dinical studies reviewed and discussed here do not coo.traindicate 
approval of this NOA. The appTOYal would be decided on the ba3is of the clinical studies. 
However, since (the degradation product that Is formed during heat sterilization 
and may also form during storage) is not inoc:cuous, if this drug Is approved, the spollllOr 
should be required to determine the rate of production of this product during storage to 
ensure that the amount of 1resent in the drug solutiC!ll does not exceed an amount 
that would have to be set by the division. Ar discussed above, · · · of this material does not 
pose safety concerns. 

Labelling: 
Labelling proposed by the sponsor is attached (Attachment I). 
o p2, para 1 of the 'Hemodynamic section' should be deleted. The statements in this 

section refer to the results of a study, the methodology of whi.ch was so poorly 
described that this study was not evaluable (p 10 of Full Review). Therefore the results 
of this study should not be included in labelling. 

o ¢,under the heading 'Pregnancy, Labour, and Deliv~', 2nd line, after rats the present 
text should be deleted and the following substituted: The rat studies were done with 
oral dosing; using the lower part of the range of bioavailability observed in phannaco­
kinetic studies in the rat, and assuming that ibutilid1; itself is the teratogen, on a mg/M2 

basis, the 'No Advetse Effect Dose' in these studies is .. the maximum recommended 
human dose. Since the relative sensitivity of the human fetus with respect to the rat 
fetus is not known, there does not appear to be much of a safety margin. Therefore 
Corvert should not be administered to a pregnant woman, unless the clinical need of the 
patient outwei~hs the p0ssibility of risk to the fetus. · 

<> pro, under t~le heading 'Acute Experience in Aninials', line 2: After 'convulsions.' the rest 
of the text should be deleted, ll\d the following text substituted in its place: The i/v 
median lethal dose in the rat was more than 315 mg/M1 (50 mg/kg); this dose, on a 
mg/M2 basis, is at leadt 250 times the maximum recommended human dose.' The 
reasons for this recommendation are that the mouse study was a dose range finding 
study in which only 3 ?.nimals/sex/group were used, and the median lethal dose could 
not be determined. Moreover, the mouse study was done with ibutilide and not with 
ibuti!ide containing · which is the amount of this degradation : •roduct in 
the i/v formulation for clinical use. 
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Full Review· 

1:{QU;. Jn the text of this review, b-s stands for biologically significant; s-s stands for statistically 
significant; s-ns for statistically not significant; used without a qualifier, S-F and HUI refer to 
statistical tests done by the sponsor; s-rev stands for statistical tests done by this reviewer. Jbuti 
and ibutilide stands for ibutilide fumarate; the base comprises 86.9% of the weight of the salt. 
Jn the Pharmac:odynamic section of the review, abbreviations have tlw.following memings: AP, 
action potential; APD., action potential duration measured at n% repolarization; MAP, 
D\OJ\l)phasic action potential; PH, plateau height of the action potential; RMP, resting membrane 
potential; TFAP, threshold for firins action potential; I,., _urrent carried by ion x; V, voltage. 
Since this NOA is for u·eatment of atrial fibrillation and flutter, pharmacodynamic studies 
dealing with ventricular arrhythmias are not reviewed. 

Pharmacodynamics: 

§ 1; In vitro studies: 

#1 EJectrophysi?logical Effects of Ibutilide on guinea-Pig Atrial Cells: 
Single atrial cells were isolated from guinea pig hearts by incubating the atria with tyrode 
solution containing 0.1% collagt'tlllSe. Atrial action potentials, elicited by electrical 'ltimula­
tion, were recorded using glass microelectrodes; effects of different concentrations of the 
drug on APO"°' PH (measured at 1/3 of the AP duration above 0 mv membrane potential), 
and TFAP were measur.:?d: 

Results: 
APD was increased dose relatedly in the dose range 10-7-10"5M; magnitude of the effect at 3 
Hz was similar to that at 1 Hz (Flg. 1 illustrates thi- effect). RMP, according to the sponsor's 
statement, was affected only at the high dose; there was some depolarization of RMP. TFAP 
was reduced at all doses. (According to the sponsor, since atrial cells do not have much of 
a plateau, TFAP measurement in these cells is not very useful.) Effects on APO, PH, and 
'i'FAP are summarized in Table·l 1 Drug effects could not be reversed by wash out. 

Comments: The sponsor st<1tes that comparii;on of dose effect relationships between atria 
and ventricles shows that atria are about 10 times less sensitive to the drug than the 
ventricles. In the ventricle, APD is prolonged by increase in the magnitude of IN • .,, the slow 
Na current; the ionic mechanism of atrial APO prolongation by ibutilide has not been 
studied. 

1 The values of various AP parameters after washout seem to indicate that washout was done 
after 10·'M. Since this dose was tested only in 4 cells, n for washout should be 4, and not 7. 
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Figure 1. Wfec:t ofibutilide on atrial. cell action pot.>.nlials. APD prolor.ption b1 ibutilide 
at lO''M to 104M'. an abown. Results on upper panels Yrere taken at 1 lb: 1timulW! 
frequency and those at lower panda, at 3 Hz. · 
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TABLE 1 

Raw mean '9llms at e+r'•..U t..un, U70228E Oil tbe atdll lll!I--
'1'n.atmelll D D 

:· ... 
' cao.trol c 7 c 30.71. 7 

.. ' llMl'T. D 7 D 38.79 7 

. -· ~ ": 

control c 30:10 5 c 29.60 5 ... 11M16 D '°.10 5 D 39.00 5 
cao.trol c I ,,.83 4 c 49.38 " 11M15 D . .1 61.38 4 D 63.00 ' W89h 1f \ 57. ' 7 w 61.5 1 ..37 7 

e: The mem "1ne ~ APO that was pooled all Clll.trol APlls together 
is 37.55±4.,6 m.tee (n=lO) at l Hz and 37.3±,.47 msec (n=lO) at 3 Hz. 

. ' ~ ~at 1 lff • rate al 3 Ill 
Treatment lif!lllllra SDI Ihm. tmvi --11 . ..!L 

control c 90.'8 ,.92 7 c 85.68 3.12 7 
lE-07 D 89.'8 4.31 7 D 89.12 3.58 7 

OOD.trol. c 88.38 5.29 s c 83.76 3.69 5 
IE-06 D 86.28 2.97 5 D 87.41 2.43 5 
C.."'!ltrol c 95.51 9.68 4 c 91.65 7.31 " lE-05 D 93.06 5.63 4 D 89.61 6.25 __lJ 

wash 1f 91.79 . 4.80 7 w 85.44 5.22 7 

TFAP ..... n.te at 1 Hz p....i .. N rate at 3 Hz -, 
1'rtat.ment Ileen lnAl SDI N llean fnAI Sl!I( n 

cco.t.rol c 1.00 0.16 7 c 0.95- 0.15 7 
u;-01 D 0.81 0.14 7 D 0.80 0.15 7 
aintrol c 1.05 0.22 5 c 1.02 0.21 5 
lE-06 D 0.80 0.19 5 D 0.84 0.18 5 
oonlrol c 1.18 0.26 4 c 1.14 0.24 4 
! E--05 D 0.75 0.11 4 D 0.6! 0.06 3 

wash w 0.71 0.05 7 w 0.63 0.06 7 -
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#2: Specific Activity of Ibutilide on a Novel Slow inwo1rd Na• Current In Guinea Pig 
Ventricular Cells. 

Single ventricular cells were Isolated from guinea pig hearts by the following method: 
Perfusing the heart with oxygenated tyrode solution of a t'Omposition and pH Wied for 
studies on isolated perfused nwrunallan hearts (solution A) followed by perfusion with 
solution B (B .. (A-Ca++ +0.1% hyaluronidase); incubating 1 mm thick slices of the ventricles 
in solution C (C • B+ 2" .. bovhv! serwn albumin). Single venl:ric&dar cells were !M!mally 
perfused and tlae effects of lbutllide on various rurrents were studied using whole cell 
vol~ clamps with micropipettes used fer intemaJ cell perfusion. ExtemaJ aud Internal 
solutioN were: 
Hxtema1: 
1: K+ free, Na+ and ea++ solutions containing in mM: NaCl, 144; Csa, 4; CaO:z, 2; MA 

1; glucose, 5; pH adjusted to 7.6 with Tris buffer. 
2: Na• free, I<+ free, solution in which NaC.1 of solution was replaced with equimolar CsCl 

or isotonic D-mannitol. 
Internal: 
3: K• free solution containing in mM: CsOH, 151; TEA, W; 4-AP, 5; glucose, 5; ATP-Mg, 5; 

MgCl:z, 1; CaCl:z, 1; pH adjusted to 7.1. 
5: Normal internal solution contains I<Cl instead of CsOH, and no TEA or 4-AP. 
Note: solution #s are as assigned in the lab, and are not just sequential #s. 

Results: _ 
> With normal tyrode externally, switching from internal solution #5 to solution #3 

abolished the late outward current I., without affocting the l·V relationships of inward 
currents (Fig. 2). 

" With external solution #1, and internal solutions #5, 1 pM ibutilide increased the 
amplitude of the inward current measured at 60 msec into the voltage step, and that of 
the outward current measured at 600 rnsec; at +20 mV voltagt: step, the inward current 
seems increased up to 600 msec (Fig 3). 

,, With external solution #1, and internal solution 113, since there are no outward currents 
at any voltage, the full effe<:t of ibutilide on inward currents could be studk>d. Hg. 4 
shows the effect of l(t" M ibutilide on inward currents. The effect on the fast inward 
current (INal cannot lle seen in the figure. According to t..'le investigators, fr.e increase in 
the inward current appeared at .. 5 msec into the voltage step, and inward cunent was 
present for a much longer period after ibutilide, than in the control dmg free tondition. 
In the lower part of fig 4, I-V relationship of current measured at 60 msec is plotted. ·1~;e 
maximum increase in this slow inward current was ~ 45%. Fi[, 5 shows the dose 
response relationship of the inward currents, measured at 60 RW!c and 200 msec, at a 
+20 mV voltage step ("11.2re the effect on the inwi>rd current seems to be maximum, Fig 
4). The investigators have given calculations for the magnitude of increase in the inward 
currents at 60 msec and 200 msec, and state that in the dose r.>nge io·• to 10·1 mM, the 
range of increase at 60 rnsec was 7%-47% (largest increase at 10_.M) and at 200 m-;ec, 
47%-100% (largest increase again at to·"M). 
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o When solution #2 (Na• free) was used as the extemal solution, and solution #3 as the 
internal solution, ibutilide llt7M increased the inward current; peal< current amplitude 
measured. at C?5 msec into the voltage p'Jlse was in...teased by 34%. This inward current 
was blocked by 1 JiM nifedipine. These effects inc:Ucate that ibutillde has an eflect on 
lAype Ca dlannels. The ina:ealle of this current was mostly at 5 DllleC; there was very 
little effect at 60msec.Withdution11 as the extemal soluticn,, the %inaesse in current 
in the presenoe of 10'4M lbutilfde wu the Wplt at• 600 ~ 6). This result seems 
to indicate that ibutilide increases inward curret.t main!:' duough a late, slow Na 
charmel Pig 7 shows that the inaease in the iate inward cum.nt at a holding potential 
of -40mV (which would lnadivate the fast Na• channel) was reduced when Na • was 
removed from the external aolutiol', and restored to -original amplitude, when NaO m 
external solution was restored. 

o Study of the effects of lo-'M ibutilide on activation and inactivation kinetks of the slow 
inward current showed that the drug did not affect these kinetics; normalized curves 
with and without lO"'M ibuti!ide, superimposed (Fig 8); 50% inactivation occurred at -27 
mV in both cases, and 50% activation (after complete inactivation) occurrecl at +2 mV in 
both cases. Note: The time into the step pube at which currents were measured for 
plotting activation and inactivation kinetics is not given in this report, but is stated to be 
60 msec, in a paper (p 102of1 of Pharm and Exp Therapeutics, 1992, 262: 99-108). 

Discussion: That the blow inward Clll""eilt is not due to slow inactivation of the fast Na• 
channel is indicated by the following results described above: The slow current is pre5P..nt-at 
a holding potential of -40 mV, which inactivates the fas~ channel. 

#3: Effect of Tetrodotoxin on Prolongation •)f APD by ibutilide: 
In isolated guinea pig ventricular myocytes, effects of different concentrations of ibutilide on 
APDs were recorded, and at the dose level at which the APD increase was nwdmum, the 
effect of adding tetrodotoxin (ITX) on APO was studied. This experiment was repeated in 
cells depolarized to -45 mV by increasing the external K• concentration to 1 mM. These drug 
eff-.>ets were also studied on inw~d currents in depolalized, volta~e daJ1ped cells. 

Results: 
Fig 9 shows the effects of 3 concentrations of ibutilide on APD; maximum prolongation of 
APO occurred at 1Cl"7 M. Addition of 10·7 M 1TX reduced APD to "' pre-il.>utilide control 
value; washing reduced APO to below control level (Fig 10). Similar results (in terms of 
effects of ibutilide and Tl'X on A APD ) were obtained in cells depolarized with 15 mM 
external I<• (Flg 11). Ca++ mediated upstroke of the APs of der,..,larized cells v;as not affected 
by either drug. Fig 12 shows the I-V cu·ves and the effects of ibutil<de, and ibutilide +TD< 
(TI'X added after foutilide). 1TX reduced the: increa.>e of inward current produced by 
ibuti!ide. 

Comments: The investiE,dtors state this slow Na channel is much n\Ore sensitive to the 
blocking action of TIX than the fast Na channel that , ,1rries the r:urrent during the upstroke 
of cardiac AJ>s. 
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H:Bffect of Ibutilide on lk and the transient outward current, I,.: 
Using whole cell voltage clamp techniqut, effect of ibutilide on lic& (There are more .than 
one type of I< channel& in canilac c:ells) of guinea pig isolated ventricular myocytea were 
.studied. InpmW solution waa nomud internal solution; external solution,, at the start wu 
Na• free, and IC+ free (Solution 11: CaCl 144 mM; CaO.., 2 mM; MA 1 mM; normal 
unount& of glucose, and pH adjusted to 7.6 with Tris buffer). The tnwud c:umnt (carried 
by Ca*) evoked by a 10 mV puJae was abo1fahed by the additiqa:of 2 mM Co* addea to 
the extemAl solution; addition of Co had no effect on the Jk. After these init3al observations, 
the extenlAI solution was 'Solution #1 + 2mM Co'. 

Results: 
o In the dose range 10"-lW, I;, was doee relatedly increased. Fig 13 shows the eHeds of 

(l-5)x10" M ibutl on I.., and Pig 14' (solid ban) shows the dose response relationship of 
Ji.. The resting Orci) and transient (I.,) outward currents (both carried by K•) are lnl:Ubited 
by ibutl (Figs 15 and 16). 

#S: Effect of Ibutilide on Rabbit Atria: 
Effects of 10" and 10"5 M ibutl on ERP, force of contraction, spontaneous beating rate, and 
isoproterenol dose response relationships of bolated rabbit atria were .studied. 

Results: ('t' indicates Increase.) 
····"' , o AERP (measured while pacing the left atria at 2 Hz) was increased by 14±3 msec (8±3·% 

t over control), and 40i-4 msec (25±2 'Yo i over control) at the two doses tested; the 
increase at the higher dose was s-s. 

o Force of contmction: lbutl at the doses tested had no effect on the fo~ of contraction, or 
on the dose response relationship of isoproterenol for for1.."e of contraction. 

o Rate: 10-s M ibutl decreased the spontaneous rate o{ rt atrii\ by approxirnately 25%; dose 
response relationship of isoprotenno! was shifted downwards; -!i. HR was aporoxi­
rnately the same at all doses of isoproterenol tested (dose range 10·9 to 3x10·1 M). 

§2: In-yivo Studies: 

fl: Effect of Ibutil!de on Atrial Flutter in Anesthetized Dt>gs: 
In anesthetiud dogs, Y shaped incisions were made in the rt atria. After the incisions, atrial 
flutter could be induced in these animals by fast pacing of rt atria. Sustained flutter was 
terminated and induced by fast pacing several times to establish :reproducibility of 
induction. AERPs were determined during periods of normal rhythm, and flutter cycie 
length w;:is determined from recordings of MAP'°' Cumulative doses of ibHtl (starting with 
0.001 mg/kg) were given i/v at 5 min int;?rvals till flutter WilS terminated. AERPs were 
again determined after flutt~r termination; and induction was tried at intervals for the 2-3 
hours of observation. Effects ">f ibutl were tested in this manner in 8 dogs with reproducibly 
inducible flutter. 

In six anesthetized dogs, no incisions were mad~! in the rt atria, and effects of cun1ulative 
doses of ibutl on AERPs and MAP90 were studied. 
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Results: 
o Cumulative doses of ibutl at which flutter was terminated were: 0.001 (2 dogs); o.om (2 

dogs); and 0.01 (4 dogs) mg/kg. In 6 dop, after flutter terminated, it could not be 
induced during the 2-3 hours of observation. In two dogs, in which flutter was 
terminated at 0.001 mg/kg, it could be.induced again within one hour. lbese dogs were 
then given another dose of lbutl; flutter terminated at a cumulative doee of .Q03 mg/kg. 
and the d~ remained non indttdble. Flutter cycle lengths beUn administration of ibutl 
(Control), and alter the dose at which Sutter terminated, and AERPs in the CXJ!:ltrol 
ronchtlon and after flutter termination are given below. 

Csmttlll Tremd 
l'og #I AERP Cyde-L Cum Dose AERP Cycle-L 

1 105 170 0.01 185 190 
2 95 140 0.01 115 185 
3 90 140 0.01 150 165 
4 110 165 0.001 

0.003 140 180 
5 100 135 0.01 150 190 
6 100 135 0.001 150 165 
7 130 175 0.001 

0.003 150 200 
8 100 145 0.003 140 175 

Note: Cycle-L is cycle length; Cum D<lse is cumulative dose; ERP and Cycle-L are in 
msec; Cum Dose is in mg/kg. In dogs 4 and 7, AERP and Cycle-L atter 0.001 mg/kg 
dose are not shown. It is not explicitly stated by the investigators, but presumably Cycle 
11::nph during treatment must be the last cycle length before termination of flutter. 

Conynerts: AERP~ after a dose of ibutl that terminated flutter were increased v Control 
values in all cases, and flutter cycle length was increased before drug induced termma­
tion in 6/8 cases. 

o In the six dogs in which the effects of cumulative doses on AERP and MAP.a were 
studil!d, both increa~ dost' relatedly in the dose range tested; the increase at the 
highest dose (0.01 mg/kg} was 50 msec for AERP and 55 msec for MAP• difference 
from pre drug baseline values was s-s only at this dose (p"'0.0006 and 0.01 respectively.) 

#2: Comparative Assessment of Ibutilide, D-Sotalol, Clofilium, E-4031, and UK-68,798 in a 
Rabbit Model of Proarrhythmia. J of Canliovascular Phann 220: 540-590 (1993). 

In rabbits, infusion of a-agonist methoxaminc and administration of class HI agent clofilium 
was found '1 induce polymorphic ventricular tachycardi11 {PVT). Based on this, the 
investigators (from sponsor's labs) tested the effects of compow1ds mentioned in the title of 
this paper in groups of 10-16 anesthetized rabbits receiving a continuous infusion of 10 
µg/kg/min a-methoximine. The test drug infusion was started 15 minutes after the st.ut of 
<Hnethoxirnine infusion, and the rate uf test drng infusion was such that the m<1xio.um 
intended cumulative dose was administered in an<> hour; a group of 6 riibbits re.:eived 



NDAf20,491 13 

saline and served as control. In 4 rabbits from each group, monophasic action potentials 
(MAPs) were recorded from the rt ventricle several times during the operiment, and APD90 
were determined. Lei'.id II EKGs and a.-teria1 pressures were recorded throughout the 
experiment. Total cumulative dotes of variola drugs were 25 mg /kg for D-Sotalol, and 10 
1118/lcg lor all others. The authors atate that In the canine myocardial infmion model, 
therapeutically effective ~ levels (TBDLs) of these drugs were: UK-68,798, 0.0'3 mg/kg; 
ibutl, 0.1 mg/kg; B-4031, 0.3 mg/~: dofilium,, 11118/kg; and D-.,Sotalol, 3 mg/kg. (Note: It 
is not clear whether 'therapeutically effective' indicates ED'° or the lowest dose showin.g a 
s-s ~t compared to control) 

Results: 
0 Fig 17 shows the dose response of arc and MAPDiio for the drugs tested in this study. 

QT. intervals in all except D-soWol group, were maximum at approximately 0.2 mg/kg 
dose, and remained at that level for higher doses. In thr ~ase of D11otalol, QT, interval 
increast.d with dose up to 1L -ng/kg. 

o Incidences Jf PVT and the 'Mean ± SE' cumulative dose at which PV!s occurred are 
shown below: 

Group 
lbutilide 
D-Sotalol 
E-4031 
UK-68,798 
Clofilium 

Incidence 
2/16 (13%) 
6/10' (60%) 
9/16' (56%) 

11/16" (69%) 
8/10" (80%) 

Cumulative Dose (mg/kg) 
1.0 ±0.9 

10.4 ±2.1 
0.4±0.6 
1.3 ±0.4 
2.6 ±0.7 

.. , "•indicate incidence significantly different compared to ibull at p ~ 0.05 and p ~0.01 
respectively (Fisher's exact test, s-rev). 

o Amplitudes JL 'Early After Depol<'rizations (EADs) as o/os of MAP amplitudes in 
different groups were: 22.5±5.9, 84.7±18.4, 89.0±8.6, 87.0f9.S, and 62:1:8.7 respectively for 
the gi:·oups listed in the table above (n=4 in each case; these measurements could have 
been made only in rabbits in which MAPs were recorded.). EAD amplitudes in the ibutl 
groi..p were s-s lower thiu1 all other groups. (Note: Development of EADs is considered 
to have a causal relationship to the proarrhythmic effects of class m antiarrhythmic 
agents.) 

Comments: Doses at which PVI's were produced are probably not very useful for compar­
ing the safety margins of the tested drugs. Drug administration was by r.ontinuous infusion, 
and the latencies for this effect may not necessarily be the same for all drugs. Since the 
maximum doses administered were l\lO, 8, 100, 300, and 10 tin.es thP. 'Canine TEDLs' 
r•·spectively of the drugs tested (in the order listed in the table above), the incidences of 
PVTs du indicate that with the possible exception of UK-68,~'98, ibutl has a higher safety 
margin than the other drugs. (Note: In tenJIS of 'Canine TEDLs', the maximum dose of 
UK-68,798 ~vas 3 times that of ibutl; the higher incidence of PVT in the UK-68,798 may •'.:>t 
therefore necessarily imply ;:, l,>wer safety margin compared to ibutl.) 
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#3: Comparative Aueument of Prourhythmic Effects of lbutilide, d-Soatalol, and Clofilium, 
in a Dog Modii!I of Proarryhthmia. 

In anesthetized dogs, complete AV block wu achieved by electrically ablating AV node, and 
hearts were paced when necessary to maintain a minimum ventricular rate of 25 bpm; BKG 
and QrteriaJ. pJ:ftlure were mooitmed continuously; rt ve.1tricular electrodes were positioned 
for recording MAPa. After baseline measurements of heart rate, aortic pressure, (1f interval, 
and MAPD,o, n..ethoximine was infused at the rate of 5 µg/kgl.Jpln; 20 minubs after the 
start of methoximine infusion i/v infusion of a class m agent or saline was begun (n=6 for 
each drug and the control group given saline). Doses of the drugs uSt'ld were: d-sotalol, 25 
ang/kg; ibutilide and dofilium,. 10 mg/kg each; the total dose was administered over a one 
hour period; cardiovascular parameters mentioned above were monitored before starting 
infusion c,f drug/ saline and ~eral times during drug/saline administration. (Note: Artilide 
and sematilide were also tested. However, artilide is not being dweloped as an antiarrhyth­
mic any more, and there is no information about the '<'..anine TBDL' of sematilide. The 
effects of these two drugs are therefore not reviewed hece.) 

Results: 
Incidences of PVT and MVI' in each group are given below (numbers within parentheses 
after the drug name are mean:tSB of the cumulative dose at which vr appeared): 

Ibutilide' ( 3.0±1.S) 
d-Sotalol (12.4±3.1) 
Oofilium ( 3.0±1.4) 

PVT MVT PVT and/or MVT 

1/6 
0/6 
5/6 

3/6 
4/6 
3/6 

4/6 
4/6 
5/6 

CoJmments: This study i~ not adequate tl• determine the relative safety margins of the tested 
drugs. Total cumulativ" doses administered were: ibutilide, 100 times 'Canine TEDL' ; 
d-Sotalol, 8 times 'Canine TEDL'; and clofilium, 10 times 'Canine TEDL' (Canine TEDL 
values are taken from study #2). Beca\4St? of the small sample size and a large difference 
between the total cumulative doses (in terms of 'Canine TEDLs') of ibutilide and the other 
two drugs, the r1 hth-e saft:ty nwgL'l of ibutilide vis a vis the other two drugs cannot be 
assessed from tht 1 csuHs of this study. 
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14: Cardiovucular Evaluation of Ibutilide and Its enantiomers in the Conscious Dog: 
In 8 chronically instrumented conscious beagle dogs, effects of ibutl and its two enantiomers 
on mean arterial pressure, HR and QT. Weft studied. Each dog received saline, and the 
three drug&; on a particular day only one substance was ~tered, and 2-3 days' 
intervals were given between 1UCCe1aive treatU\ents; cardiovascular parameters were 
recorded at lnb!rvals for Ol1e hour before start of treatment; the drugs were administered u 
i/v boluses at om., 0.1 and 1.0 mg/q sequer.tially at two hour in!SIVals; for each parameler 
average of 4-6 consecutive cardiac cycles was Uell!rmi.ned. 

Rand ts: 
o Arterial Pmpnm:; Table 2 shows the results. There was no significant (b-s or s-s) effect 

on mean arterial pressure at any dose level of any of the drugs (compared to baseline 
values as well as salil'.e control). 

o Hart Rah!; Table 3 shows the i:esults. lbutl and the I-isomer had no s-s effects on A 
heart rate (presumably from baseline) at any dose level compared to saline control. At 
the highest dose of the d-isomer, A he.art rate 30 minute post dose was S-F increased 
compared to saline control and ibutl. The i:&lcrease was by 26-27 bpm. Com;nents: The 
mean baseline heart rate of this group was 23 bpm lower than that of the ibutl group. 
Therefore this does not seem to be a biologically significant effect. 

o QI.,; Table 4 shows the results. According to the sponsor, statistical analysis has been 
done by adj\lating for differences in pretreatrnentvalues. At dose levels ~.1 mg/kg, QT. 
intervals in the lbutl group were s-s increased compared to saline control at all tizne 
points , and in the case of the d-isomer, at all but one tiine point. 

o pYCsi PVCs were looked for at 8 time points during the 2 hour post treatment period 
after each dose of each treatment. Results are shown in table 5. There were no 
differences amongst groups in terms of PVC frequencies at any dose level. 

Comments: 
At all doses tested (in the case of the raoemate and the d-isomer, the highest dose tested 
was 10 times the dose at which QT. was s-s increased (compared to saline control)) there 
were no significant effects on heart rate, arterial pressure and PVC frequencies in any 
treabnent group. 

#5: Cardiovascular evaluation of lbutilide in the anesthetized dog: 
Note: The methodology is described very poorly; a previous report is referred to which 
cannot be found anywhere in the submission. Therefore one does 11ot know e.g.: what 
method was used for determination of cardiac output, and at what ventricular pressure 
dp/dt was determined. Jbutl is said to have been heated to dissolve; one does not know at 
what temperature, and what effect this heating had on its structure and activity. 

In view of the abovt., this study is not '!Valuable. 
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TABLE Z. Ablolute Chanpa In Mean Arterial Pre 1 are (mmBc> In Canealou 
Bealle Bop Treated with U-'111!88 .DJ Its....... . LIS 

Dole Time Veblele BllOllMte cl-is•• Illa 111 
<ml(lke,L•.) .. (min) (ealine) <U-10i28Bl (11.lt~NI) (U-l?FJ & 

Pretreatment .. 0 118&4 109 :t 8 · 118al 111&:1 

0.01 15 ·1:t4 +2~d2 +2:t8 ·2sl 
30 +1 ,.,3 ·12:2 -Is 1 Dal 
60 O:t2 ... 1:t3 ·2a2 . +aal 

120 ·1 *" -l2:& 4 +Isl Oal 
Mean 02:3 O:t2 O:tl Oal 

0.10 15 ·2:t2 0:1:3 -2a4 ... , 
30 -2:t3 +3:t3 -4:tl. Oe2 
60 +2,., 3 +1 ,.,3 -2 :I: 2 Oel 

120 ·1 :I: 3 Oa2 -6 :It 2 Os2 

Mean ·1 :t 3 ·1:t3 . -S:tl ·. -2.t: 1 

1.00 15 . ·2 :t 4 -3 :I: 4 ~:I: 2 +t':i: 2 
39 ·1 :1:2 -1 :I: 3 +4 :t: 3 +1s2 
60 +3 :I: 2 +1 s3 ·1:t2 O:t 1 

120 +5:t 2 +J :t 3 +1 *a +2s:2 

Mean +1:t2 ·1 :I: 3 +t :It 2 ,+ls 1 

n = 8 dogs/group 
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TABLE a. Absolute Chan1ea In He91i Rate (bpm) In Coucloas 
Bes,te Dop Treated with U·'10228E ud its Stereol!lom9a --

DoBe Time Vehicle R1=emate ..... 
(mirlka', LY.) (min) (..Uae) (U.'Mbl6B) ro-81715'.Bi 

Pretreatment 0 100:t9 113 :t: 11 SOa:t 

Cl.Oi 15 ·10 :t: 6 -8 :t: 6 +13 :II:.,. 
30 ·9 :I: 8 ·2:ii:6 +7:1:7 
6() +3 :I: 8 +S :t: 7 +llS :t S 

120 ·l :I: 8 -10 :1:' 8 +12·:1:,,.. 

Mean -6 :I: 5 -4 :i; ' +12:1:r 

0.10 15 +6 :t: 13 ·13:t10 +8·:1:& 
30 .5 :I: 7 ·1' :t.8 +6.:1: '1 
60 +10 :t 8 ·10 :t '1 +ta :ta 

120 +7 :I: 11 ·13s 10 OtlO 
Mean +4 :t: 9 ·12 :t: 8 +7s6 

1.00 15 ·1 :t: 13 +6 :t: 8 +M·:t 6 
30 O:t 9 ·l·:t 8 +2fht.,.. 
60 +15 :t: 13 O:t: 7 +13':1: 7 

120 +17 :t 7 -4 :t 9 +21 :I: 5• 

Me1>t1 +8 :I: 9 0 :I: 7 +21:t3 

Pasttreatment ave: +2 :I: 7 -6 :t G +13 :I: fl' 

:i = p S .05 from vehicle control; b = p :s .05 from racemate 
n = 8 dogs/group · 

, ....... 
(Ullm) 

100a 10 

.7 :t: 10 
.a :t: 8 

+12 :I: 'I 
. +6:1:6 

+1:t6 

-4 :t 8 
-G :t:9 
+2:t 8 
+4:1: 11 

·1 :t8 

. ti91:1:9 
+12:1: 10 
+12 :I: 14 
+7 :I: 11 

+9 :1: iO 

+3 :t '1 
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TABLE 4 Covariant Corrected Lead II ECG QTc Interval Lengths In Coucloua Beacfe 
Dogs Treated with l.V. U·'10226E or Its Steref';lsomen -

Dosage 'nme Vehlele Raee••~ d ........ w.o .... 
(mg/kf, 1.v.) (min) (118llne) (U.70U8B) W-819B) (U.818B) 

(abiiolute mean pretreatment QTc ftluea) 

Pretceatmenl 0 2:M :t 9 2515 :t 12 224:tl 9''1:t4 

(estimated mean posttre.tment QTc vaJuea eo1rected &Ir. Pl' x dos x block mw•'anla) 

0.01 15 242:1: 10 258 :t 10 271*10-a llla10 
30 233 :I: 11 269:t u Zll:tll 2aS :t 11 
60 234:t7· 258:t 't' 289 :1: 'I 11SS:t7 

120 236:t 10 241:I:10 2C8:t 10 ICl:t 10 

low dose ave: 236 2&4 2M JC3 
0.10 15 231:t9 266 :1: r 270:t 9• 211:t9 

30 219 :I: 10 261 :t 10* 278:t 109 2lS7 :t 10-
60 234 :I: 10 264 :1: 10• 271:t109 m:t10 

120 229 :t 9 257 f: 9• 280:ar 2SO:t 9 

mid dose ave: 228 284 269 . 

1.00 15 224 :t 8 m :1: s• 211 :1: a• 290:1: s• 
.30 226 :t 10 277~10• 284:t10* 271:t 10* 
60 · ~O:t 11 273 :I: 11• 271 :t ll 291:I:11• 

120 232 :t 10 283 :t 10* 309:t 109& •:1: 10-
high dose ave: 23! m 284 .281 

3 hour pc;3t· 232 265 269 280 
treatment ave: .. 

• " p s .05 from vehicle control 
,, = µ S .05 from I-isomer 
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§3: Effects of a Metabolite (U-107246) of lbutilide in Isola2ed Rabbit Atria: (Report #f7243/94./ 
059; Amendment #025 dt March 27 to NDA 20,491) 
Ii.ifects of U-107246, which differs from ibutilide in having an [OH] in place of an H in the 
end CH, group of the amino-haptyl chain, on isolated rabbit atria were studied. Note: 
According to the sponsor, this com;>ound was first synthesized as it was thought that it 
may be a possible metabolite in rat, but it has now been shown to be a metabolite in tMn, 
rat, and dog. In the original method used to separate various 111$bolites, it co eluted with 
an other metabolite; using a diHerent method this compowui can be separated from others 
and its amount can be qw.ntitated. 

Resu;ta: 
At· 1 Hz ERP was increased dose relatedly; approximately 18% increase at 10" M end 
approximately 30% increase at 10'5 M; most of the increase was reversed at wash out (n=4). 
At 3 Hz, ERP increased to a lesser extt.'llt, and the increase was not reversed at wash out 
(n=4). Force of contraction was slightly increased at 1 Hz, and was undfected at 3 Hz (n=4 
in both cases). 
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Pharmacokinetics 

Rat 
Bioavailability and pharmac:oldnetic:a of ibutilide in the rat: (Report I 7256/94/010) 

2 remale and 2 male rats were administered 7.5-7.1 mg (20.7-28.2 mg/kg) ibutl l/v; these 4 
aninWs and 2 additional females were admUUste:ed 14.3-15 mg (45.3-50 mg/kg) ibud orally 
(by gavage); the l/v and oral doaes were administered at a week'a interval; blood for ibutl 
concentration was sampled at 10, 15, 30 minutes, and 1, 2, 4, 6, 8 and 24 hours post dose. 

Results: 
After i/v administration, measurable llDIOunts of the drug (13.84 ng/.ml) were detected in 
plasma for 6 hours in 3/4 rats and for 8 hours in 1/4; after oral dosing, mersurable 
amounts were detected up to 8 hours in 5/6 rats and up to 4 hours in 1. Table below shows 
various pharmacokinetic parameters; 

c_ (µg/ml) 
c_ (µg/mll" 
;we !11q. hr /1111) 

MIC,_ I.UC,_. 
111\T (hri 
V .. (L/kg) 
CL (L.hr-1/kg) 
t.,,JJ (hr) 
t:..,. (hr) 
Bioavail ('Ii) 

i/v(n=4) 

Me11D±SO Rug• 
6.08±4.38 
0.25±0.18 

3.66±1.25 
0.15±0.05 
0.9±0.1 
6.63*2.4 
7 .1±1.8 
1.2±0.4 

O:ral(n=6) 

11•.utl:SD 
0.155±0.065 
0.003±0.001 

0. 521±0 .183 
0.010±0.003 
3.4±0.8 

1.217±0.407 
0. 87±0. 89 
7.2:1:2.3 

Note: •N• indicates that t:J:.ls parameter value is normalized for dose on a mg/kg basis; 
'Bioavail' stands for Bioavailability. 

Metabolism of ibutilide: Plasma Concentration of lbutilide and its Metabolites after i/v and 
Oral Dosing. (Report #7256/!;4/014) 
~ 8 SD rats (male) were administered 1.05±0.05 mg/kg 1'C labelled ibutilide; blood 
samples were collected at 5, 10, 30 minutes, and 1, 2, 4, 8, and 24 hours (one rat/time point). 
Qnt Tw'l oral doses were used; Low (0.5 mg/kg~ a.nd high (l06 mg/kg); blood was 
sampled at 5, 15, 30, 45 minutes, and 1, 1.5, 2, 4, 6, 8, 12, 24, 36, and 48 hours after the low 
dose (3 rats/time point); and 0.25, 1, 2, 4, 8, 12, and 24 hours after the high dose (one 
rat/time poiut). 

Results: 
i/v: 
Ibutilide and/or its N-91dde : C.,..: 277.5 ng eq/ml (100% of radioactivity) at 5 minutes.; 
AUC 398 ng 1~.hr/ml (.84% of total radioactivity AUC ); t112 tenninal, 10.7 hours. 
Metabolites: Three metabolites identified as G, H, and L peaks, were present;·G was present 
from 30 minutes to 2 hours, and comprised 5, 5, and 12'Y., of total radioactivity at the time 
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points sampled; H wu pment at the same time points and comprised 6, 4, and 4'Yo of 
radioactivity; L was present at 2 and 4 houi'r., and comprised 11 and 36% of tot.al radioactiv­
ity at the time points sampled. 

Oral: 
In Poe Jbvttlk't ancl/or Ha *""1ki c_ 5.7 ng eq /ml at O.S houn; AUC, 3.6 ng 
eq.hr/ml (< 2% of total radloactivity AUC); there WU no nieuu.ble ibud peak after one 
hour. Mefpbp!itn· There were 1eve.11l metabolites; rnetabolites that contrlbu~ to the total 
AUC in amounts • or greater than ibutI were: G, 29%; ff., 20%.: F, 7%; B, 4%; J, 3%. 

Hieb dose; llmtiJ!dc an4/or ita N.mfdg; c_ 4845 ng eq/ml at 15 minutes; AUC, 9762 ng 
eq.hr/ml (16% of tot.al radioactivity AUC); there was no meuul'able ibutilide peak at 8 
hours. Metalzollta; Metabolites that contributed up to 10% of the contribution of ibutl to the 
total AUC were: C, 22% (detectable up to 8 hours, the last time point up to which individ­
ual peaks are listed); B, 13%; P, •1.8%; I, •l.7%; G & H were Orlly detectable at 2 hours and 
G comprised only 0.33 of total AUC; H was 1/lOth of G. 

Comments: E, P, G, and H peaks (which according to the sponsor correspond to metabolites 
resulting from (a)-Oxidation/lk>xidation and 6>-l oxidation/one carbon loss ) represented 
65.2-84.1% of radioactivity in the 0.25-4 hr time interval after low oral dose. The sponsor 
states that ~ab 1l and C represent intermediate metabolites in the one carbon loss 
pathway, which seems to become satura~ after the high oral dose resulting in the 
accumulation of these intermediate metabolites. 

Dog: 
Bioavailability and pharmacokinetics of ibutilide In the beagle dog: (Report # 7256/87 /057) 

Two dogs were given S mg/kg ibutl i/v and oral each at one week interval; blood was 
collected at 5, 10, 20, 40 minutes, and at 1, 1.5, 2, 3,4, 6, 8, 12, 24, 36, 48, and 56 hours post 
dose for determination of serum concentrations of ibutl. 

Results: Figs kl and k2 show the time profiles of serum concentrations in the two dogs. 
Pharmac:okinetic parameters are shown below: 

Dog 11 J)og 12 
i/v Or•l 179- Oral 

c... I µg/ml) 1.91 0.34 1.26 0.53 
At'C (µg .hr/ml) 5.26 l. 7'1 3. '18 3.27 
llll'S' (hr) 3.7 4.8 4.1 5.7 
v .. (L/kg) 3.1 4.7 
CL (L.hr"1 /kg) 0.837 1.157 
Bioavail (%) 33 .o 83.5 
tl/;1 (hr\ 2.7 2.7 2.9 3.7 
k. (hr" 1 ) 2.2 2.4 

Note: 'Bioavail • stands for Bioavailability; MRT is the time for 63 .2% of the 
drug to be eliminated. It is not stated whether II.UC is for 12 hours, the 
time up to which detectable/quantifiable drug concentrations were pi;e,,ent in 
the serum. · 



P• 18 (1) 

Fig. KI 

\ 



p. 18 (2) 

2. -
~ OOG2 --. 

~t6 D OAALDOll 
•, '1 

~ 
<> MMVSOJI !lOE 

' ·, . 

< , 
t 

, 

10 .' 20 30 40 50 60 
TIME CHOURS> 

Fig. K2 



NDA#20,491 19 

B!oavlilablllty and phannarokinetics of ibutillde in the bugle dog: (Report # T1S6/trl /'158) 
4 dogs were given 3 mg/kg ibutl i/v and oral eld\; same methcJology u in the~ 
study. 

B.eaulla: 

e_ (/VJ/ral) 
auc: ( µ.g. hr /llll 1 
.... (hr) 
CL (L.hr"1/kg) 
v .. (L/kg) 
,_ (hr) 

aJ.olaT&il l'I 
t."J' !hr I 
k. (hr"1 ) 

i/Y 

Me·ntsn 
0.91±0.312 
l.27±0.79 
2 .16±1.23 
2.97±1,23 
4.57±1.'3 

oral 

... ntsn 
O.lti:0.071 
0.507:.t.•14 
3.0l:ll.01 

1. Oll±o. "''' 31. 8±12. 36 
1.74±0.59 
2.55:!:0.53 

Note: 'Bioavaii' stands for bioavailabilily; all values for oral dosing are from 3 animals (one 
animal that coughed up some of the oral dose is excluded). As in the previous study, time 
over which AUC is calculated ls not Indicated. 

MID& 
From the 1ponaor'1 1ummary; In a number of studies in which i/v infusions of 0.01-0.l mgiltg 

ibutl were infused in human vol\.ll\teas over a 10 minute p.· .• od, C... was very variable 
(e.g. at a dose of 0.03 mg/kg. 2.0:W.5 ng/ml in one 1tudy and ?8:H0.8 ng/ml in another). 
According to the 11pONOr this was due to a rapid distribution phase and diffic:ulty in precise 
recording ..,f sampling times in the clinical setting. So this parameter in these studies is not 
reliable. The other pharmacokinetic parameters that show consistency across sttt .1ies are 
shown below; values are mean:l:SD. 

Do•• ( 111!1 I"" I 0.01 o.oJ :>. 01 0.1 
(n .. 36) (n•lC) (n•B) (nm8) 

auc (ng.h/ml) 6. 65:1:1. 26 19.79±5.93 36.3:1:9.8 55.3:1:9.3 
CZ. (ml .ndn"1 /kgl l 25. 91:1:5. 32 21 • n:1:2 . :a 29.1:1:6.4 :,o. 9:1:5 .1 
v .. (L/kg) 11.62:1:3.31 13.7±6.2 11.8:1:3.0 10.5±2.5 
1:11, (hr! 1 5.4.-7.l 6.9 6.1 5.7 

Note: •I' t112 was determined as a humonic mean (presumably by taking the mean value of 
K.s, and then taking the reciprocal of this mean, and multiplying by 0.693); 0.01 mg/kg was 
administered to 5 different groups, and the range of t 11i& for this dose is the range of values 
in these groups. 

Comments: Within the dose range tested, AUC is fairly dose proportional, and CL, and tu1 

are fairly constant, indicating that elimination does not saturate within this dose range. 
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Species Comparison of metabolism and excretion of lbutilide in Rat, Dog, and Man. (Report 
f#'l256/94/072 in Amendment #99 dt Jan 19, 95 to · .). Note: This COUl.{>arison uses 
the resttlts of a number of different phannacokinetic &tudies (some of them reviewed above) 
and an in-vitro study using rat, dog, and human liver slices. 

Results: 
Table Kl shows the amounts of ibutilide and its metabolites. excreted in urine after 
administration of "C ibutilide (i/v ht all thnie species; oral in the rat ); A is ibutilide 
and/ or its N-oxide. According to the sponsor's statements: Metabolites identified as B and 
Care formed by w-1 oxidation of the haptyl chain (C6-hydroxy and C-6 keto oxidations 
respectively); subsequentl}' sequential one caibon Joss yields G .. I, J, K, and H metabolites. 
This w-1 oxidation/one carbon loss pathway (called pathway I) is the main metabolic 
pathway in the rat and dog. '1>-oxidation/jH>xidation (called pathway III), is the major 
metabolic pathway in man. (&)-Oxidation yields me:-JJOlite I:.; subsequent 13-o:-:idation (two 
carbon loss) yields I and K metabolites. 

Table l<2 shows amounts of radioactivity excreted in urine and feces in these species. After 
i/v dosing, urinary excretion is the main route of elimination in man; it constitutes -60% of 
the elimination in the dog, and • 43% in the rat. 

Pharmacokinetics of U-107246 in Rat, Dog, md Man: (Report #7256/95/026 in Amendment 
·, #!03 dt June 14, 1995 to (for rat and dog), and Re::>ort #7215/95/ull in amend­

ment #025 dt March 27, 1995 to NOA 20,491 (for man). 
As stated earlier in the PharmacodynamiUo section of this review, U-107246 (a w hydroxy 
metabolite) has been sr'lwn to be a Metabolite of ibutilide by using a newer method to 
separate it from U-86092 (a lo.'>·1 hydroxy metabolite). For man: Plasma ~·mples coll.ected for 
pharm:i.cokinetic studies done earlier, were used to determine th, concentrations of 
U-107246 and U-86092. For rat and dog, plasma samples from the No adverse effect (NAE) 
dose groups from the i4 day toxicology studies were analyzed for these metabolites. Note: 
Plasma concentrations of ibutl and U-107246 from clinical trials reported in this submission 
are not very useful for purposes of comparison across species, since the dose of 1butl 
administered in individu:U cases is not mentionf'C!; the doses administered varied from 0.012 
mg/kg/30 minutes to ::! mg/30 minutes (wt range of patients in this protocol is not 
mentioned). 

Results: 
Table telow compares C.,., and AUC of ibutilide and its w hydroxy and w-1 hydroxy 
metabolites in man (n"'4), rat (n=6), and dog (n=4 for ibutilide and n=5 for the two 
metabolites. In one <log ibutl Cm., was > 2.4 time$ the highest C.,., of the rest of the group; 
this de.g's ibutilide values were excluded from the group means. plasma from the 6th 
animal in this dose group was !"st) 
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c_ (ng/mll 
Human 
Dog 
Rat 

AIX:e-a. (ng.hr/ml) 

lbutilide 

6.9 :t 5.8 
5.l.2. 3 :I: 29 

2077 :t 567 

U-1072ff 

0.053 :t 0.01' 
1.7 :t 0.8 ,_,. 0.075 :t: 0.02• 

7.6 :t 2.5 
3•.o ± J6.(I 

Human 6.1 ± 1.0 a.so ± o.1e 0.12 :t o.s2 
Dog 653 :I: 79 s.o :t 2.3 ""12.0 :t 21 
Rat 18•6 :I: 425 ,_,. 1•• ± 92 

21 

Note: ,., U-107246 was detected in only 2/6 nta, ar«t at only one time point in each; the 
concentrations were < 1 ng/ml ln both; ibutilide conallltralions at that time point were 104 
ng/ml and 127 ng/ml; U-86092 concentrations were 8.75 rig/ml and 11.2 ng/ml. 

Pluma Protein Binding of lbutilide in Human, Rat, and Dog Plasma: (Report W12!i6/95/017 
in amendment# 103 dt June !4, 1!1·95 to ; 

Reeults: 
Table K3 shows ;he% of ibutl bound to plasma proteins in the 3 species over a range of 
ibutl plllsma concentrations. OvE'· ''1\e ranges tested, pto•:ein binding was independent of 
p:a.m~:t o:oncentrations, but the •," :1ding was s-s different across species. 



.. -- -· ----·--·------------- -----··--·-·-·---·-.. 

Table ;f./<..1. Species Comparison or Urinary M8tabolites aftc;r IV and Ond Admlnlstndion of 
[ 14C]lbutlllde Fumarate 

r.reont lliu\111.i. er Me\lbollle la UrlDt Pall 
Specie• Roule °""" (Tlmo) <malk1l A B c D ::;: F 0 ff I ' K -n111 IV 0.511 8.0 :t 24.3:1: 18.8 :t 1.7 :t 4.U 1.4 :I: 15.B :I: IU:t 1.1:1: U:t: l.lt 

111 ... 

(0.;.!'hrl n ~.5 3.1 1.8 0.6 0.2 I.II I.I I.I DA 1.0 

6.0 :t 
-

U:t Oral 0.oMI 0.1:1: 6.3 t 1.3 t 0.2:t 8.0t 28.1 :t 2SAI :I: 12.7 :I: l.8:t 
(0-24hr) 0.2 0.8 0.1 o.s 1.1 5.9 2.0 2.., ... u 0.8 

Rat' Multlpl< 100.0 2.6 20.0 30.2 3.5 1.4 0.1 12.4 11.4 ... 7.8 2.1 
Oro I 

Dog• IV i..-.294 2.~t lS.'H: 8.1 t 6.0:t Ut 1.8 t 8.0 :t l.2:1: f.0:1: 11.1:1: U:t 
C0·2-ihr} 1.9 7.5 2.3 1.0 l.B 0.8 1.0 0.2 LO u 2.0 

Oog4 IV 2.923 2.5 J: 31.8 t 16.7 :t a.at 4£t 0.8:l: 4.Ca U:t Jl.Tt , :t 13.0 
(0-24hr) 1.2 0.2 3.8 1.4 0.8 0.3 u 0.f I.I <LT :t l.T 

Dog' IV 2.823 2.8 34.5 14.9 3.11 (.9 0.5 2.11 • tll.t l.'1 lJ.I 
(0·24hr) 

I Dog IV 0.279 • 37.3 4.1 4.6 2.6 0.1 7.4 0.5 U.I 11.a n.a 
I (0-24hr) 

Pog' Or.I 0.279 • 3.l 9.9 u 1.7 l.O 15.1 l.O ""· llU JI.? 
l0·24hrl 

Human' IV 0.010 6.7t 7.9± l.&t O.llt 2!1.6 t • 0.2:1: • 17.0 :t 111.1:1: 4.CI :t 
C0·24hr) 1.6 3.0 0.8 o.a •.o 0.4 2.0 u 1.2 

L 

• 

• 

• 

l.7 :I: 
0.6 

0.8 t 
0.1 

0.7 

0.4 

0.1 

• 

1. 
4. 
7. 

TR 125618911!39 Ip""-' 88·2.32i \ll 2. TR 725&'11M>79 (protoool 88·195113) 
TR 7256'9-C/!>49 Cprocaool 92·530)(11) 6. TR 726&'141'146 Cp-' 92.ll3Q) (12) 

3. 

•• 
TR.,..,......,,._. lf.0381 (91 
TR '12llllllM8I ~ IMS2l 00) 

Jungbluth TR In propar1tlon (pro1-I 1'7660--0016) 

• Dc!ow dcttttlon Umft 

'<:I 
• 
N ... 
--­... ...,., 



p. 21 (2) 

,I 

TableK2 Species Comparison of Mean Recovery (ljl, Dose ±SD> and· Half-Ute 
of [1'CJJbudllde Related Radioactivity After Slna'le IV and Oral 
DoM )ldmtnfstration of [MC}lbutlllde Pwnarate 

8PBi #IA Ofoilte el A• I I I II ) -Pu11 .. .. Jlat Das Das .... 
~ s-

OV> (°'81) (IV) (Oall) (IV) 
. 

,.... .... JW lW IW ... 
a- UU*o.DDI OMl*CUIGI Ul:l:OJll 8.ll:l:OJll UA:l:0.111 O.OlOi,0.001 - - . 
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TahleK3 Concentration Dependence ofU-70226 Bindhlg to Plasma. 

U·'10U8 pt•sm• M•n V0 70ll8 Bhldlnl :I: Ld.(dJt) · 
CoDceatndoa. . 

(Da1mL) BalOO Dol<N> - B••-a(N) -1 :aa GO.a :I: 1.9 CBl 8'1.7 :I: u ('> 

10 -.0:1:Ll (2) &OJS :I: 1.8 (4.) 81.8 :!: '° (-0 
. : 40 a.a :t a.o oo IS0.1 :I: u (2) .. 

' &O na 52.1 :l:U (B) . 38.2 :I: M (-0 
. 200 na 52. 7 :t 0.8 (2) 8'.6 :I: 1.8 (<&) 

400 t 48.7 :t: 8.6 (2) 48.1 :t 1.8 (2) na 
1000 I .. na 50.0 :i: 1.8 (2) 82.8 :I: 8.9 (4) 

2000 40.0 :I: 1.2 (2) 51.0 :t 2.5 (2) na . 
10000 36.8 :I: 0.9 (2) 49.2 :t: 1.0 (2) na 

Hean : ML 41.l:t:U li0.4 :I: 1.0 88.9:t:8.5 

na "' not assayed 
N = number of replicates 

Table K3 
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Toxicology 

NRJtl In the toxicology review under 'Results' usually only adverse drug related effects are 
mentioned. If any parameter is not mentioned, it means that there were no adverse drug related 
effects on that parameter. All studies review~ below (except where a different study site is 
mentioned) were done in the sponsor's Lab, and all studies (lnduding thOSt· done at contract 
labs) are certified as having been done in compliance with GLP regulations of the agency. 

Rat i/v study; (SD CRL): (Report#: 'n27 /8P,/l16) 
n=S/sex/group; treabnent groups 1-4 received 50, 75, 100, and 125 mg/kg ibutl respec­
tively, control group received saline; standard LD.'° methodology. (Note: the volume of solution 
administered is not mential".ed.) 

Results: 
There were no deaths at SO mg/kg; "o of deaths in groups 2-4 were 2, 3, and 5 respective!::; 
in males, and 0, 1, and 5 respediv.ely in females; l.Dro=94.2 r:'&Ll$ (fo.ccording to the 
sponsor, 95% confidence intervals W1'm! not determinable). Deaths occurred within a few 
minutes of dosing, and were preceded by depression and gasping for air. There were no 
signs of toxicity in group-1. Survivors of groups 2 &: 3 exhibited depression, rapid bre11thing 

....... ,.) and shaki.1g; the animals appeared nc1rmal by the end of the day. Gross necropsy did not 
;how any abnormality in any animal. In 1-i animals each in groups 1-3, there was 
necrosis/inflammation at the site of injection; this according to the sponsor was mos~ 
probably dtte to some drug leaking into the subrotaneous tissue during injection. 

Rat ilv Study: Comparison of the Effects of lbutilide with the Effects of Ibutilide containing 
of the Degradation Product · (SO CRL): (Report II 7727 /91/002) 

According to the sponsor, solutions of ibutilide when heat sterilized or when subjected to an 
extended shelf life may form up to of a degradation product. This study was 
done to compare acute toxicity of ibutl with acute toxicity of ibutilid.:! so!utiot\S ccntaining 

>f the de11,cadation product. For this purpose ibutilide solution was heated to 90°C for 
8.5 hou1·s; assay of the drugs administered showed that ibutl(HS) contained 

at each strength used. 

10/sex/group; groups 2-4 received 50, 75, and 100 mg/kg ibutl respectively; groups 5-7 
received 50, 75, and 100 mg/l<g il:-'.ltl(HS); group-1 received vehicle; rest of the methodology 
was the same as in the previous srudy. 

Results: 
Mortality: lbutl: 2/20 in Mid-dose, 19/20 in High-dose; all but one deaths occ:urred within 
3 minutes of dosing; one mid dose death occ'.lrred at 5 minutes. IbutHHS>: 1/20 in 
Low-Dose, 17 /20 in Mid-Dose, and 20/20 in High-Dose; Jll deaths occurred within 2 
minutes of dosing. 
LDso (mg/kg): Ibutl: 85.1 ( 
LDso (mg/kg): Ibutl(HS): 64. l 
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Qjnical silDI& There were no clinical siens in the ibutl I.ow dose group; animals in all other 
groups exhibited depression, gasping, and general body tremors; the number of animals 
exhibiting these fligns and the severity of the signs were dose related; the signs in the 
survivors lasted approximately 5 minutes. 

Comments: · .creased the toxicity of ibutl. The amount of this compound adminis­
tered was 2.65, 4.2, and 5.7 mg/kg respectively in the low, mic!..and high dose ibud(HS) 
groups. As stated above, none of the clinical signs were unique to the ibutl(HS) group. 

Dog iJv studies: 
Beagle: (Report # 7227-89-094) 
3 males/group; single i/v doses; 6 mg/kg administered over 5 minutes; 6 mg/kg adminis­
tered over 30 minutes; 8.5 mg/kg administered over 30 minutes. Dnig administration was 
repeated at weekly intervals in such a way that eac.h dog received all three dose regimens. 
Dogs were examined clinically once/day; neurological examination during thr fi:.:st trial; 
body wts periodically; hematology and serum chemistry befo1e start of treatment; the day 
following each treatment, and three weeks after the administration of the last dose. 

Results: . 
CNS 11j&DS; Similar CNS signs wne seen with all three regimens; within any regiu..m there 
were variations in the signs exhibited by different animals, but all animals exhibited some 
signs; at the 8.5 mg/kg dose, the signs were more intense and of longer duration than with 
the other two regimens. The most common signs were apprehensive behavior, and 
decreased motor activity/recumbency. Other signs that were seen less consistently were 
restlessness, apparent disorientation, head bobbing/body rocking, aggressive behavior, 
hunched body posture, panting, unsteadiness/ataxia, tremors, defecation/urination. 
approximately two third of the animals had excessive salivation in all treatment regimens. 
Clinical signs occurred within a few minutes-two hours post dosing; decrea!'!d within 2-7 
hours, and the animals appeared normal after approximately 12 hours post dose, except one 
dog (# 3) after the high dose in which the signs persisted until the day after dosing. During 
the time that the CNS signs were present, the animals did not eat. 

Serum Cbemistty & Osmo1arity; 
One animal (# 3) had increased creatine Phosphokinase (CPK)·, Na, and Cl; decreased 
glucose, and increased serum osmolarity afh>• the high dose; another animal (II 4) had 
increased CPK after the high dose and the 6 mg/kg dose administered over a 30 minute 
period. The range & Mecn ± SE for all animals (excluding the values in animal # 3 at the 
high dose and in animal # 4 for CPK when W;!se values were high) and the individual 
values for animals 3 & 4 are shown in table Tl. 

Comments: 
Changing the r11te of drug administration did not affect the severity or duration of CNS 
signs. The changes in serum electrolytes, glucose, and serum osmolarity in dog #3 after the 
high dose are ascribed by the sponsor to the animal having not eaten nr taken water during 
the prolongeci duration of CNS signs in this animal; this explanation seems reasonable. 
lncreas~ in CPK after the high dose in this animal and in dog #4 is ascribed by the sponsor 
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Parameter 

Na (mmol/L) • 
Range 
?-.!Jean::: SE 

i #3 

I #4 

II Cl (mmollU 
Range 

II Mear. :t SE 

1' #3 ii # 4 

I Glucose (mg/dL) 
Range 

I Mea..-, ±SE 

I # 3 
ii # 4 

11 CPK (UfL) 

'i Range 
I Mean± SE 
I # 3 
. # 4 

/f"Osmolarity (m<'>mikg) 
1 Range 

., Mean± SE 
#3 

i :; 4 

Pre· Treatment 

(n=9) 
145.8±0.47 (n=9) 
14.6 
148 

(n=9) 
112.2±0.7 (n=9) 
113 
113 

(n:9} 
108±21 (n=9) 
93 

111 

;n=9) 
wrd6.3 (n=9) 
2•A 
169 

.n=9) 
300 9±0.5 (n=9) 
301 
302 

' ' 
i 

Table T1 

6 mg/kg (5 min) 

(n=9) 
148.1±0.6 (n=9) 
145 
150 

(n=9) 
112.9±0.4 (n:9) 
113 
112 

i=9) 
104.9±3.2 (n=9) 
98 

102 

(n=9) 
175.2±13.4 (n=9) 
165 
178 

. 
(n=9) 

303±1.5 (n=9} 
306 
301 

6 mglkg 130 min) 8.5 mA (30 min) 
. 

{n=9) (n-8) 
147.9±0.6 (n=9) 147~7 (n..S) 
147 - ~(016) 
146 147 

(n=9) (n-8) 
11hQ.6 (n--9j i~.;r (n-8) 
111 lli (016) 
113 112 

(n=9) (n-8) 
101.9±3.03 (n=9) 104.3:t3.4 (n-8) 
95 ~ ([l 16) 

114 114 

. (n=S) {n-7) 
179.8±15.6 (n"'8) 166.ti'.22.3 (1\97) 
242 ~(016) 
m(D2) S<D 9) 

t\ 
(n=9) (n-8) 

303:!:1.3 (n=9) 304.S:tl.3 (n-8) 
306 m 
300 301 

Wk, n IS me numt>er ot """"tor aetemurung me rani,e ana mean vaiues; \U nt JS me :i:'y on .. ·--·me par 
arnmai/s #3 and/or !14 was obtained. 

('D 37) 

(n=9) 
149.8±0.5 (n=9) 
150 
150 

-
(n=9) 

110.6±0.4 (n=9) 
110 
110 

(n=9l 
. 9'.9:t:l.9 (n=9) 

90 
38 

(n:9) 
· 232.5:1:14.S (r.=9) 

242 
217 

(n=9) 
298.6±1.2 (n=9) 
299 
297 

vuue tor 

'ti 
• 
N w 
..... ... ...... 
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to prolonged recumbency; however this reviewer has not been able to find such an effect of 
less than one day of recumbency (Hairison's Principles of Medicine lists the followi.."tg 
conditions involving skeletal muscles that may cause an increase in this enzyme: i/m . 
injection, muscular diseases, muscle damage secondary to trauma, convulsions, and 
prolonged immobiliz.atlon; less than a clay of recumbe&y does not fall into the lut categc:y.) 
However, whatever the mechanism, the effect WIS transient. SJnce next serum chemistry 
was done only three weeks later, the duration of thi'I effect is ~ determinable. The CNS 
effuds would seem to be due to a secondary phannacoiogical effect of the dru;;. The highest 
dose at which no effects other than the primary cardiovascular effects of the drug !\re seen 
is not determinable from this study. 
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§2; Subc;hronic; 

Rat (SD) CRL:Upj (BR) (14 day study; Report# 7227/89/062) 
n=l5/sex/group; one control and three treatment groups; groups 2-4 received 12.5, 25, and 
50 mg/kg/day ibutl i/v for 14 days; group-1 received vehicle; volume injected was 10 
ml/kg in all groups. At the end of dosing period, the first 10 animals /sex/group that had 
no evid.ena! of perivenous leakage of solution, and all animals ~t had such leakage were 
saai.ficed; the remainder were sacrificed at the end of one month recovery. The number of 
animals sacrificed at end of dosing (End Dose) and end of recovery (End Rec) are given 
below: 

Gr01IS) 1 
Sn4 :Do•• 10 
Bn4 Jlec 5 

2 
10 

5 

Mal•• 

3 
10 

5 
' 11 
3 

1 
10 

5 

2 
11 

4 

3 
11 

2 
' 11 
2 

Animals were observed twice/day for any clinical signs during the dosing period; recovery 
animals were observed once/day during recovery period. Body wts: pre dosing; daily 
during the dosing period; twice/week during the recovery period. Food consumption: pre 
dosing; weekly during dosing and recovery. Urinalysis, chemistry, hematology, ~oss 
necropsy, and organ 'Vis were determined at end of dosing period for the arimals sacrificed 
at 2 weeks, and at end of recovery for the recovery animals. Histopetthology of all organs 
and of injection sites was done in the following: All control and high dose animals at end 
of dosing; all animals that died. Histopathology of aorta, heart, kidneys, liver, urinary 
bladder, and reproductive organs was done in all animals at necropsy. 

Results: (Dosing Period) 
Deaths: High rlose: Three deaths (2 F and 1 M); one femal~ was killed '.'>n D 10, when further 
injections became impossible because of severe tail lesions at injection site; the other two 
animals died while being restrained for dosing. Middle dose: T• 10 deaths (F). One female 
found dead on D 13; the skin of its tail was accidently pulled off while dosing on D 9, and 
there was gangrene of its tail at death; the other fenmle died during restraint while dosing. 

Clinical sjws: 12.5 mg/kg: There were no adverse effects in this group. 25 mg/kg: One Female 
had excessive salivation for approximately 5 m.:nutes post dose on D 10. 50 mg/kg: Exces­
sive salivation occurred in 28/30 animals on days 8-14, and lasted for approximately 5 
minutes post dose; two females had depression, generalized shaking, and hyperp;1ea/ 
dyspnea for 1-2 days (on clays 3-5 of treatment); one female had dyspnea on D 5 (the 
duration of these symptoms is not mentioned). 

Tail lesions: Discoloration and swelling were present in two low dose, two middle dose, and 
two high dose females (in addition to the high dos<! female that had to be killed ), and one 
high dose male. 

Body wt: Female:': Mean wt of high dose grnup was higher than 'hat of control from D-4 of 
treatment (Fig Tl), and the difference was s-s horn D-ii onwards; on D-14, t~ increase was 
z9.6%. tvfa/e5: Mean body wts of mid and high dose groups were lower than th"t of control 
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through most of the treatment period (Fig T2); at the end of treatment, mean wts of mid 
and high dOBe groups were • 5% lower than that of control (s-s; p=0.03, two tailed t-test, 
s·rev). 

food Consumption; Females: Food 001Vumption of the high dose group was higher than that 
of the control group during the dosing period (3% higher pre dose; •10% '\igher at 8 days, 
and 16% higher at 14 days); the differente was s-s at the end oL '.reatment (p=0.006, two 
tailed t-test, s-rev). Malts: Food consumption of mid and high dose groups was slightly 
lower than that of control during the treatment period; on D-14, the deference from control 
was • 9% and was s-t1 (for both grou1'5, p <().007; two tailed t·test, s-rev).) 

Water Consumption; Water consumption of high dose females was • 50% higher than that 
of control group (s-s; p=0.0007; two tailed t-est, s-rev) during the second week of treatment. 
Acr-:rding to the spvnsor, this increase coincided with onset of in"reased salivation in this 
group. 

Hematology. Serum chemistry &: Urinalyses; There were no drug related adverse effects on 
any hematological or uxlnary parameters. Serum chemistry: b high dose fem.tie group ALT, 
and serum cholesterol were higher thw in r.ontrol group and the differen-:es were s-s (ALT 
(U/L, m."an :t SD), Control; 25.1± 3.14; High; 30 ± 4.8; p:0.012 {s-rev). Serum cholesterol 
(mg/ dL, mean± SD), Control: 51%9.26; High: 67.73±12.74; p:0.003 (s-rev). N111t;. Th~ sponsor 
mllkes a special note of the following: One high dose female had the highest value of BUN 
(24 mg/dL; llext highest was 20 mg/dL in a control animal), and one high dose male had 
the highest alkai.ine phosphatase value (418 u/L; next highest value was 344 u/L in a 
group-2 animal). However the differences between mean values of BUN of high-dose and 
control females, and mean values of alkaline phosphatase of high-dose and control males 
were s-ns (BUN (F): mean high-dose > mean control by 7%; P"'0.394. Alkaline Phosphatase 
(!Vt): mean high-dose > mean control by 5%; p• 0.652. (s·rev)) 

Ori:an Wtsi Liver wt of group-4 females was increased approximately 13% corr.pared to 
controls (s-s); the relative liver wts in the two groups were s-ns. 

Hjstqpatho)QU (Other than at injection site); Female50 High dose: 5 females had mucification 
of the vaginal epithelium (in 3, the change was n1oderate and ;h 2, minimal); 3 females had 
moderate proliferation of the mammary glands (one of these three also had moderate 
mucification of vagina). Mid dose: 3 females had mucification of vagina (one moderate, one 
slight, and one minimal); 2 females had proliferation nf the mammary glands (one of these 
'llso had mucification of vagina).~ One middle dose rat had 11 . ltifocal degeneration/ 
atrophy of se~niferous tubules in one testes. One middle dose re .• ivery rnt had similar 
lesions in both testes; the epididymal c'ucts co11tai1wd no sperms, l:ut contained degenerated 
germinal cells. hijl,ction site (mdes ~ fcmalesl; Frequency •md 3everity of lesions is stated 
to be comparable in treated and control animals. 
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Comments: Uver wt: lt is difficult to understand why increase in body wt of mature rats 
would be accompanied by increase in liver wt, but there was a dear linear relationship 
between body wt and liver wt of individual females of control and group-4 (Fig T3). Since 
ALT was also Increased in high dose fema!-~, the high dose may have been hepatotoxic. 
Vagi111ll and mammary gland e/fed8 in high and mid dose females indicate aecOndary effects 
via some gonadal hormonal changes. Analy11e11 of chemistry, body wt, liver wt, end hlsto­
pathology in the recovery females cannnt provide any useful infoanation about reversibility 
of the effects observed in treated animals, since there were only 2 animals each in groups 3 
and 4. Testicular lesions: nie BpoNOr comments that unilateral findings in one middle dose 
rat was considered incidental, particularly as it was unilateral, and was not dose related; the 
sponsor also states that this is a common incidental finding in this strain of rats. Lesions 
similar to the bilateral lesions in the middle dose recovery rat were also found in high dose 
rats in subchro!"IC oral (gavage) toxicity studies, and therefore may be drug related. (Rats 
that received 600 mg/kg/dcy orally for a week, had testicular degeneration, ant rats that 
received 150 mg/kg/ day orally for a week had degenerated cells present in epididymal 
tubes). In the two week oral study, 7/10 high dose tats (250 mg/kg/day given in twc 
divided doses) had degenerativ~/ atrophic changes in testes (bilateral in 5 and unilateral in 
2), and presence of degenerated germinal cells in the epididymii; 3/f:, recovery rats in this 
group had bilateral testicular atrophy, and aspennia and presence degenerated genninal 
cells in the epididymal ducts.) 

Rat, (SD; CRL): 7 Day Uv Toxicity Study of 1 alone and in Combination with Ibutilide: 
(Report # 7127 /94/009). 

The sponsor refers to a 14 day toxicity study in which 12.5-100 mg/kg/day heat sterilized 
ibutl (ibutl(HS)) was used; it is stated that ibutl(HS) was more toxic than ibutl alone, and 
there was no NAE dose. The present study was undertaken to determine the toxicity of 

at lower doses. Note: The nature of toxicity found in the 14 day study is not 
mentioned; the 14 day study is not in this submission. It is '.'lot clear why doses higher than 
SO mg ibutl(HS) were tried in the 14 day stud}' since in the acute toxicity study reviewed 
above, 17 /20 animals givtn 75 mg/kg ibutl(HS) as a single dose had died; 

10/sex/group; group·l .. vehicle control; group-2 received 3 mg/kg/day ibutl; groups 3-6 
received 3 mg/kg/day ibutl and respt.'C-
tively; groups 7-10 received . . _ 
Clinical examination was <lone once/day; body wts twice pre dose and daily during the 
treatment period; food crnsumption pre dose and over a six day period <luring treatment. 
Hematology, urinalysis, and serum chemistry were not done; the reason given is that in the 
14 day study much higher doses of ibutl and ibutl(HS) were found to have no eflec:t on 
these parameters. Organ wts were not detennineC: (110 reason given). Histopafoology of 
thymus, heart, liver, kidneys, testes, epididyrrui, ovaries, uteri, vagina and mammary glands 
was done in control, ib•1tl, •), and 'ibutl-+ groups. 

Results: No dose related abnormalitie$ were detected in any of the parameters e::amined. 
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10 Fig T3 
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Dog, Beagle: (14 day i/v study; Report# 7227 /89/059) 
n=3/sex/group; groups 2-4 received 1.25, 2.5, and 5 mg/kg/day ibutl respedivelfi group-1 
(C) received vehicle; doses were injected in approximately 5 minutes; plasma samples were 
collected on several occasions for toxicoldnetics; rest of the methodology similar to that in 
the rat. 

Results: -· 
Qjnjcyl sip; High Dose: All dogs in this group had exressive salivation and exhibited 
apprehensive behavior; most dogs also exlu'bited some or all of the following CNS sigN: 
restlessness, disorientation, and head bobbing/body rocking; one female in addition showed 
aggressive behavior, and had decreased motor activity and convulsions. These signs 
appeared immediately after dosing, were IIlC'"t pronounced at 1-2 hours, and the animals 
appeared normal at approximately 8 hours post dose. The incidence and severity of these 
signs was less pronounced after 3-4 days of treatment; in the second week ortly 3/6 dogs 
showed oome of the signs seen in the first week. Mid & !.ow Dose: Slight apprehensive 
behavior was present i;, 2 females in each group for 1-2 days. 

Bo<!y wt High Dose: High dw..e males had lost some wt by the end of the study (since there 
were only 3 animals/st:x/group, statistical comparison of A wt with control group is not 
very helpful). 

Necrqpsy; Heart wts were increased by approximately 11% in medium and high dose males, 
and dose relatedly increased 18-36% in all treated females. Thymus wts were dose related 
increased by 60-77% in medium and high dose females, but the increase was s-s only in the 
high dose group (s-ns, p=0.092, s-rev. However, as stated before, with such small group 
sizes lack of s-s does not mean that the change is not biologically relevant.) 

Histqpathology: High Dose: Orie high dose dog had focal ;:?sticular degeneration, and an 
increased no. of degenerate cells in tne epididymis. Injection site: Some animals showed 
phlebitis and perivascular signs of inflammation, and one animal had venous thrombosis. 
(non occlusive). 

Toxicokjnetics: 
On treatment days 1and14, blood samples from 2/sex/group from the low and high dosP 
groups were drawn pre dose, and at 5 mil~, and 1, 2, 4, and 6 hours post dosP; pre dose 
blood S'1rnples were also collected on days 2, 4, 7, 9, a:.i.d 11. 
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Results: Except in the case of -.ne high dose dog (#20), repeated doses did not seem to 
produce any significant accumulation of drug. Table below shows some CJf the pharmaco­
kinetic parameters; values ln dog #20 in the high dose group are shown separately. 

Doff 1.25 (mg/kg/day) 5 (mg/kg/ day);n""3 5 (mg/kg/day;# 20) 

Day 1 1' 1 H - 1 H 

C..(ng/ml) 2S6.3±M.S 248.5:1:26.9 1398.7±61.7 1232i61.1 1478 1708 
I ' I I -

AUC.. 306.8±20.8 338.5±48 1561.±156.8 1759.:1:172.6 2942 5844 
(ng-hr/ml.) I ( 

t,JJ(ht) 1.5:t015 1.48:l:D.15 1.37±0.()9 1.45±0.07 27 4.7 

\ I ( 

Pre dose Cone 0.618±0.25 2.01±0.765 8.05 
ng/ml. ' ' 

Comments: Normali7.ed for dose, c_ and AUC increased (30o/o and 28% respectively) and 
clearance and volume of distribution decreased (23o/o and 26o/o respectively} at the higher dose; 
these changes were s-s. The sponsor points out that testicular degeneration was seen in dog #20, 
which had a much higher t112P titan the other 3 dogs in the high dose group. 
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§3; Reproduction Toxicity Studjes; 

Rat (CrlCD[BR]): Segment l Fertility and General Reproductive Performance Study (Report 
1#7224/92/051) 

18m+36f/group; one control and 3 treatment groups; groups 2-4 received 5, 10, and 20 
mg/kg/day ibdtl by gavage; control group (group-1) l'ea!ived vehicle; volume of fluid 
administered by gavage was 10 ml/kg/day in all cases. Treatme.u,t of males started 70 days 
before start of ma~ and continued throughout mating; treabnent of females started 14 
days before mating and continued for 12 days of gestation for 50% of the females in each 
group (these animals were sacrificed on day 13 of gestation, and 1heir uteri examined to 
determine various reproductive parameters); and up to day 20 oi lactation for the other half; 
estrous cycles of 12 females from each group were monitored daily during the fo:st 14 days 
of treatment All pups born live or dead were examined externally for malformations; litters 
were culled on day 1 to 4m+4f/litter; all pups that were culled or that died between days 
0 and 21, were examined for visceral malformations. Besides body wt and general condition, 
pups were tested by the following tests for development Pinna detachment on day 2; 
responses to negative geotaxii; on days 6, 8, and 10; auditory startle reflex on days 12, 13, 
and 14; eye opening on clay 15; and maze test on days 25, 26, and 27. lm+lf from each litter 
was selected for breeding. Note: Reproductive performance of F1 is not reviewed, as. this 
NDA is for only one or two ciuses of the drug. According to the sponsor's summary, there 
were no dose related adver:ie effeclll on the reproductive performance of F1 • 

Results (F0 Dams): 
Wt Gain; There were no ciiffere>1ces between mean wts of different groups at the beginning 
of gestation; wt gains of all groups at 12 days of gestation were similar; between day 13 and 
day 20 of gestation, wt gain of the high dose group was approxi.matdy 16% lower than the 
wt gaL'l of the control group (s-s; p <0.05, two tailed t-test, s-rev; analysis was done by 
calculating wt gain of each animal, and then calculating the means and SDs of the two 
groups). During days D-6 and 6-9 of gestation, wt gains of high dose group were 9% and 
19% respectively lower than the wt gains of the control group; the differences were s-ns 
(p=0.185 for the 6-9 day interval; two tailed t-test; s-rev); wt gains tor the periods 0-12 and 
0-20 are shown in tabk Rl. 
Estrous Cycle l,enp; There were no differences between groups. 
fertility Index (lOOx(no. pregnant)/(no. mated)): 92, 83, 89, ar.d 92% in groups 1-4 respec­
tively. 
Reproductive Parameters of Dams Sacrificed on Day 13 of Gestation: Table R2 shows 
various parameters. None of the values which numerically indicated adverse drug related 
findings in group 4 or groups 3 & .;, were s-s. 
&productive parameters .Qf.Pams ~chec.!ttled for delivery a:e shown ire table Rl. The high 
dose was associated wit.1 an embryocidal effect; number of live pups/litter was reduced 
25%; post implantatit'n loss/ dam was nearly three times that in the control group; number 
of dams with litter sizes ::;; 14 was nearly 8 times the number ln L'le control group. % of 
dams with some post implantation loss was d(so higher in the high dose group, but the 
difference was s-ns (s-rev) 
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Table Rl 

Reproductive Data for F0 Dams Scheduled for Delivery 

·-
o-Gmap Omflkt/day Smr/q/day 10m;Jq/day 20 fll8/k¥/uy 
Wt Gain (gm) 73.6.t13.6 68.8:t10.7 69.W.6 71.1±11.7 

0-12 days n=32 n=29 n=32 n::31 

Wt Gain (gm) 170.1±20.6 158.4±17.8 163.!i:l3.9 142.2:1-32.8" 
0-20days n:18 n=l6 n=17 n=17 

. 

Gestation (days) 21.7±0.4 22.liC.3 21.9±0.5 21.8±0.5 

Live pups(/Lltter) 16.4±1.6 15.7±1.9 16.2±1.8 12.3±.5.0" 
·-

Dead pupe(/IJtter) 0.2:!:0.4 0.1±0.5 0.2±0.5 0.2±0.5 

PsthnpL (/dam) 1.5:':1.1 1.4±1.5 1.4±1.5 4.4±.3.8°0 

PIWlll with PsthnpL 15/19 11/17 11/17 18/18 . 
Imp Scara(/Dam.) 17.9±1.8 17.1±2..0 17.5±1.2 16.7±2.6(n-s) 

-
I# of Litten with S 14 1 4 3 8" 
live pups 

No:e: Gestation stands for duration ot gestation; PstlmpL stands for 'post implantation Loss' and 
includes dead pups; Imp stands for Implantation; '•', p < 0.05; ••••, p <0.01 (two tailed t-test, 
s-rev). The smallest litter size in the control group was 14, And this number is -:i~osen to 
determine the number of litters with sizes S this numb~r. 
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Table R2 

13 Day Hysterotomy Data 

Dose Group 0 mg/kf/d.-, s lf.lf/l:Woy 10 fllflkf/oy 20 mg/kg/day 

Ne Pregnant 14 13 IS (1~1 14 

Corpora Lutea 19.2:1:2.8 17.9±1.6 IM±i.76 18.6±1.8 

Complete llesorp 0 0 0 0 

Pre Imp Loss 1.14±1.7 0.6ltl.U 1.14±1.7 1.5±2.07 
(ns;p=.622) 

. 
Pre&Post Imp Loss 2.14:1:1.92 1.39±1.19 2.43±2.14 3.07±2.23 

(ns;p ... 249) 
-

Dead Embryos l:Hl.9 O.S:W.9 1.29±1.44 1.6±1.3 
(ns;p=.168 

No. with Dead Em- 9 7 9 11 
bryos (ns; p=.339) 

Live Embryos 17.1±1.7 16.5:1:2.0 15.5±2.2 15.6±2.7 . 
(ns;p=0.09) 

Note: All parameters in the table above are mean±SD; '1', in group-3, one dam had only 9 
corpora lutea, one implantation site, and one live embryo; the values in this group are 
means of 14 dams, excluding this one dam; Resorp' stands foe Resoiption; 'Imp' stands for 
Implantation; Statistics are from two-tailed t-tests done by this reviewer. 
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Results (F1 pups): 
Note: For all parameters, numters of pups and litters are indicated as follows: "pups(Litters). 
BodY wts; Body wts of pups of groups 2 and 3 were not different from those of controls at 
any time; lxx:ly wts of group-4 pups were 1.6, 2.9, 3.5, 2.9, 3.2, and 3.9 % lower than the 
control group on days 0, 1, 4, 7, 14, and 21, respectively, but the differemes were &-11& at any 
time. 
Morlalit;y: Before c--..dling, there were 5(5), 2(1), 15(7), and 9(§) deaths in groups 1-4, 
respectively. After culling, there were 1, O, 1, and 6(5) deaths in groups 1-4 respectively (all 
these deaths occurred within 6 days). Deaths between days 0-21 were 6(6), 2(1), 16(7), and 
15(8) in groups 1-4, respectively; difference between groups 1 and 4 is s-ns (p::.367; fisher's 
test; s-rev). Comments: Statistical test was done using Utters as the units te:;ted, since litter is 
the appropriate unit to use for these studies. 
Malformations; All malformations are listed in the table below; visceral and skeletal 
examination results are from pups that died up to day 4; viscerat1 examination results are 
from pups that died after day 4, or were killed after day 20. 

MalfonuatioD.:i;. 
External: 

Pups (litters) Examined: 
No. Affected 

Visceral & skeletal: 
Pups (litters) Ex1'mined: 

Visceral: 
No. Affected 

f'keletal: 
No. Affected 

Visceral': 
Pups (Litters) examined: 
No. Affected 

c 

316(19) 
0 

5 (5) 

0 

0 

103(18) 
0 

2 

269(17) 
1 (1) 

2 (1) 

1 (1) 

0 

102(17) 
0 

3 4 

280(17) 236(18) 
2 (2) 10 (Sf 

6 (5) 8 (7) 

0 0 

0 2 (2) 

101(17) 91(17) 
2 (2) 6 (Sf 

Notr; ·•• and .... indicate p < 0.05, and p < 0.01 respectively (Fitiher's test using litter as the 
unit tested; s-rev). External malformations in all cases were: fo) tail, kinked tail, or thread 
like tip of tail. Visceral and skeletal examination was done only on pups that died between 
days 0-4; the visceral malformation was an interventricular si=ptal defect, and the skeletal 
malformations in bofu lugh dose pups were bent tails (the sponsor states that if these pups 
had lived, tail abnormality would have become apparent to external examination also). The 
viscerul1 malformations were: hydronephrosis in group-3; in group-4: diaphragmatic hernia, 
2; absent innominate artery, l; rt sided aortic arch, 1; vestigial testes, 1; and hydrocephaly 
1. 

Developmcnl<!l Parameters: Pinna detachment: Tnere was no difference in the percentage of 
pups that had one/both pinnae detached on day 2. Auditory Startle Response: On day 12, the 
perc·~ntage of pups with positive response was 97.2, 94.1, 82.4, and 86.8 % in groups 1-4 
respectively; the difference in the response rate of grovps 3 & 4 v C was s-s (p=0.02; Fisher's 
test, s-rcv); by day 14, all pups in all groups had a positive resr>onse. Eye opwing: On day 
J 5, 97.2, 100, 99.3, and 96.8 % pups in groups 1-4 respectively had their eyes opened. Maze 
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test: (Done on days 25, 26, and 27). There were no dose related adverse effect!; on mean time 
to escape and mean no. of errors on any of the days. J1Qk;. The results of the negative 
geotaxic te:;t are not evaluable, as there are mistakes in the presentation of the results. 
Body wts after weanif\ii {lM+ 1F /litter; wts on days 31, 37, 44, 51, 58, and 65) 1~ wts of 
high dose males were 8-13 % lower than those of controls, and the differences were &-s at all 
time points; body wts of mid dose males were 4-6 % lower than those of controls, but the 
difference was s-s only on day 58 (s-rev; two tailed t-tests). Fema'.!2: Body wts of high dose 
females were 5-7 % lower than those of controls, but the differences were s-s only at the last 
two time points (s-rev; two tailed t-tests). 

Comments: The sponsor thinks that the occurrence of external malformation in 2 mid dose 
litters (even though the incidence is s-ns) may be drug related, since the malformation was 
of the same type as found in the high dose group. In view of this the NAED in terms of 
fetal effects in 5 mg/kg/day; 20 nig/kg/day was embryocidal and teratogenic; 10 
mg/kg/day may be teratogenic. Body wts of F1 after weaning were s-s lower ti:1an control 
in the 20 mg/kg/ day dose group. 

#1: Segment II Teratology Study in the Rat: Crl:CD(BRl<SD): (Report # 7224/92/003) 
24 mated females/group; one control, and 3 treabnent groups; groups 2-4 received 20, 40, 
and 80 mg/kg/day ibutilide by gavage from days 6-15 of pregnancy; control group received 
the vehicle by gavage during the same period; volume of ::luicl administered was 10 ml/kg 
in at! cases. Doses were selected on the basis of a range finding study in which 50 
mg/kg/day was embryocidal. Dams were weighed on dayz 0, 6, 10, 12, 15, and 20. 
Hysterotomies were perfo1med on day 20 of gestation; all fetuses were examined for 
external aJ.;normalities; half the fotuses in each litter were processed for visceral and the 
other half for skeletal abnormalities. 

Results: 
Dams: 
Clinic11l siw: Post dose salivation occurred in a dose related manner in terms of the number 
of animals affected and the nun:iber of days on which it occurred. 8 dams in the low dose 
group exhibited the sign for 1-2 da~rs; 20 in mid dose for 1-4 day& (average: 2 days), and all 
animals in t"ie high dose group for 2-10 days (average: six days). Red vaginal discharge: In 10 
mid dose dams (one day in 9; 3 days in one), and in 6 high dose dams (one day in 5; 2 days 
in one). 
Body wt&: (Table R 3) Body wts of the low dose group were not different from those of the 
control group at any time point. Up to day 12, body wts of groups 3 and 4 were < 1.5% 
lower than those of the control group; di.y 15, groups 3 & 4 wts 2.6% and 3.9%, respec­
tively. lower than control; clay 20, groups 3 and 4 wts 14% and 18%, respectively lower than 
contro' 
Hysterotomy Data: Table R 4 shows the data. All dams in the high dose group and 50% of 
the da!I'.s in the mid dose group had complete resorption (p<0.0001); No of dams with some 
resorptions were 6, 10. 24, and 23 m groups 1-4 resp~tively; difference between control and 
low dose group was s-ns (p,,,0.174; s-rev). Mean nambcr of live fetuses/dam (using only 
darns with some live fetuses tor the mid dose group) was markedly reduced in the rn:d 
dose group. Even though litter size in the iow dose group was not reduced, mean no. of 
resorptions/ do.m (which indicates post implantation lc1ss) was s-s increas, J. 
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Table R3 

Hody &: Uten1s Wts 

Group Day-0 Day-10 Day-12 Day-15 Day-20 Uterus B-Uterua 

Control 195.0 251.7 262.9 279.62 339.59 60.0 279.59 
n•22 :.:15.42 ::1:23.18 -

20mglkg 198.0 .l!il.l 263.1 Xl9.7 334.9 58.2 276.7 
n•22 :1:16.58 :1:26.44 

~o mg/kg 195.2 1249.4 260.2 272.3 29286" 16.6 (12) 274.26 
n"24 :1:11.91 :1:18.ll 

80 mgtkg 194.6 248.6 258.9 268.6' 278.19" No wt1 

n=23 :1:16.35 :1:18.72 I 

~ Wts are in gm; '1' in grocp-4, there were complete resorptions in all animals, and !he uteri were 
not weighed. '", p <0.05; •· ', p <0.01.; 'B-Uterus stands for 'Body wt-Uterus wt'. 

Table R4 

Hysterotomy Data - =:=ii Observations Ibutilide Dose: mg/kglday 

0 (Control) 2.0 40 80 

No Pregnant 22 22 24 23 
-· 
No. with All Resorptions 0 0 12·· 23•• 

No. of Litters 22 22 12 0 

Mean No of Corpora Lutea/Dam1 14 13.5 13.4 (12)1 -
---

Mean No Uve Fetuses/Dam 11.1 :1:3.58 il.2 3.1:1:3.15'' G 
n=121 

Mean No Dead Fetuses/Dam 0 0 0 -
No Dams with Resorptions 6 10 24'' 23•• 

(n-s;p~-174) I 

- --- j Mean No Resorptions/Dam 0.32±0.57 0.91±1.23' 9.5± LS'' -
n~J.2' 

-
~ Data, wheru it is not hL1ary is given M 'Mean±SD'; biPary data was analyzed by Fi~her's exact 
test; non binary by two tailed t-test (s-rev); '', p<O.f)C,; "", p<0.01; "', p<0.0001. • ': Corpora lutea were 
countable only in dams that had some live fetuses; numbe~ within '( )' after a parameter indicate the 
number of dams from which paramct~r vaiues were taken;·• inrlicales that only dams that hod some 
fetuses wer.~ considered for that parameter. 
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Fetuses: 
Fetal wtsj Mean fetal body wts were: C, 3.34:t.C.197 gm; Low Dose, 3.26±.535 gm; Mid Dose, 
2.19±0.312 gm. Dlfference between C and Mid dose is s-s (p<0.00001; two tailed t-teGt, s-rev). 
Fetal Abnonnalities: The incidences of various :nalfarmations are listed in the table below. 
Table RS lists fetal and litter incidences of all TJariations observed in the study; table RSb 
givES a consolidated summary of fetal and litter incidences of variations. 

Incidence 
External Malfarmation.q: 

Control: 1/245 (1/22) 
Low: 3/247 (3/22) 

Mid: 10/ 37 (6/12)" 
(p=0.004) 

Visceral Malformations: 
Control: 1/118 (1/22) 
Low: 3/122 (1/22) 
Mid: S/ 14 (3/ 6)' 

(p=0.022) 
Skeletal M11lfonnations.· 

Control: 1/i27 (1/22} 
Low: 8/125 (5/'22) 

(p=0.09) 

Mid: 6/ 23 (4/12)' 

All Malformations: 
Control: 

Low: 

Mid: 

(p=0.042) 

(2/22) . 

(8/22)° 
p=0.034 

(7 /12)" 
p=0.004 

Description 

1: Mandibular Agnathia (F3, L16) 
2: Adactyly (F6, L31; F9, WS) 
1: Oeft Palate (F2, L33) 
5: Adactyly (Fl, L53; F2, I..57; F6 F9, L60; Fl, L68; 

F4, L70} 
1: Edema (Fl, I..53) 
1: Cleft Palate (Fl, I..60) 
1: Ablepharia (Fl, L'i'2) 

1: Interventrlcular Septa! Defect (Fl, Lll) 
1. Retroe;cphageal Rt Subdavian (PS F7 FlO, IAS) 
1: Lung: Portion of a lobe absent (Fl, 157) : 
2: Malformed Pharynx & Palate (F7 F8, L60; F3, L70) 

1: Scoliosis (F3, Ll6) 
5: Scoliosis (F8, 126; F4, 128; F2, L31; F2, L37; 

Fo,l.A7) 
1: Absent Metc:.rpals (F9 f14, L31) 
3: Scoliosis (Fl, LSO; FS, L60; Fl F4, T"70) 
1: Bifurcated Rib (F6, L57) 
1: Absent Metacarpals (F6, L60) 

1: Visceral (Lll) 
1: External & Skeletal(Ll6) 
Z: External (L33, 135) 
4: Skeletal (126, L28, l.37, L47) 
1: Visceral (L45) 
]: External & Skeletal (l31) 
3: External (L..'i3, L68, L72) 
3: All three (I~';7, L60, L70) 

Note: In the se,:ond column, pup and litter incidences are listed as 'pup (litter)'; in the 3rd 
column, 'n:' is the number of litters in which the abnorn~:uity listed was found; after thr' 
abnormality, the fetus/es and th~ir litters in which the abnormality occurred are listr=d (Fn 
Fn, Ln). At the end, the litter incidcnc?s of all malformations are given. 5; ~~tics used is 
fisher's exact test with the litter as the unit (s-rev). Jn the mid dns1e group only 6 litters 
were available for visceral examination (the other 6 had only one tetus each, which was 
examined for skeletal malformations). Statistical test used is Fisher's exact test with the littt>r 
as !he unit (s-rev). 
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Table 6: Summary of Vllrietllin1 
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lnFe1u ... : 

Gron' 01246(0.0I 0/247(0.01 0137(0.01 .• 
Visceral 71118(6.91 91122(7.41 1/14(7.11 .• 

"' 

Skeletal" ' 11112116s.a1 691125165. 21 2312311 oc.01• .• 
Total.,. ( 781245(31 .81 781247131.6) 24/37(64.9)• .• 

In Utt1r1: 

Gross 0/22(0.0i 0122(0.01 011210.01 .• 
Visceral 11i2131.81 7f.?2131 .SJ 1/6116.71 .• 
Skelatal 21122(95.51 20/22(90.9) 121121100.01 .• 
Total" 21/~2195.Sl 21122195.5) 12/1.2(100.0l -· 

"01"' aro: Numb« romMk.Ut/Numbet 1xarnintd (%). 
~,.,. pritgftent dMW Md rHOrptt.,.,. only: thu•. there wer• "° f•N••~ to 1x.m!M. 
"The tl.oclifiod Jo.....,_,. Onl-Alt•mo:tlwt T111 for DoH A•tl>•"'• ,. .. "111i1ticelly olgnfic1nt. o<0.0001 
'st&U•llaoly olgriilcantly diff.,.nt trorn Ille eo•trol gtoup, p<0.01 
9Fttu ... with multipt• vwi1tione ..,,.,, oount.:t only once. 
- • Not lllll*•.,.• 

Tabk R5h 
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Comments: For determining whether a certa;n dose has a teratog1:m.ic ef£ect, the litter 
incidences of all malformations lumped together should be considered. Considered in this 
manner, 20 mg/kg/day as well as 40 mg/kg/di\y In this study were teratogenic. There is 
a dose response relationship; 36% litters in low dose and 58% In mid dose had abnormal 
fetuses. (Note: As all high dOHe dams had total litter loss, teratogenic effects <:ould only be 
assessed in mid and low dose grou,s.) -#2: Segment II Teratology Study In the Ral: Crl:CD(BR](SD): (Report# 722.4/94/(]2.7) 
~ This repeat study was done to determine the NAED. All methodology except the 
doses wexe the same as in the #1 study reviewed above. Groups 2-4 of mated iemale rats 
received: 5, 10, and 20 mg/kg/ day ibutl respectively; group-1 (Control) received the vehicle. 

Results: 
Dams: 
Clinical siw; There were no clinical signs of an any toxicological significance in any group. 
Body wts: Body wts of low Md mid dose groups were not different from the body wt of 
control group at any time point. Body wt oi the high dose group was "'3.4% lower than that 
of the control group (s-ns; p=0.193, s-rev); after subtracting the mean gravid uterine wts 
from the mean body wts, the adjusted body wts of the two groups were not dissi11Ular. 
According to t11e sponsor's statement wt gain of the high dose group between d:iys 15 and 
20 was 8.3% lower than that of the control group and the difference was s-s (p<0.01). 
livsterotom,y data; Table R6 shows the data. High dose group had " 9% lower no of l,ive 
fetuses/ c\am, and r. higher post implantation loss (as a % of the number of implantations), 
but the differences were i;-;:is. 

Fetuses: 
Fetal wts: Mean fetal wt of high dose group was 9% lower than that of control group, and 
the difference was s-s (p<0.01). 
Fetal abnormalities: Fetal malfom1ations are listed in the table R7. External malformations, 
al\d all malformations taken together are s·s incre~sed in the high do:ie group (Fishers exact 
test; s-rev). Table RS lists fett.1 and litter incidences of all variations observed in the studv; 
table RB~J gives a consolidated summary of fetal and litter incidences of variations. · 

Comments: 10 mg/kg/day is the no itdverse effect dose in this study. Tne spPnsor states 
that 10 mg/kg/ day may aim have been teratogenic, since scoliosis was present in 2 litters 
(3 fotu~es) in this group, and il1 only oni~ litter (one fetus) in the control group. To be on the 
silfe side one ll'ay consider the slight numerical it.crease in litter incidence to be a pos::iblc 
teratogenic effect. Taking this approach, 5 mg/kg/day is the NAED. 
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Table 1: Snmmary of Reproductive D•ta 
. P&T 90-513 
U·70226E: ,A Seamenc U Teratoloo Study (Oral) in f'at. 

. . 
~~'r"'X'~":.'>~"-~"'"$r.-:s::r;v.~~-.,.,.,..,;~;">v'~' -~v .,'' ,_,.,..,;;~·~;>..._/,y-.,:..;;_,f' ~~.,.-';-:'~:-: """'~;rrr.,-r.,.,..,....,.~~·-"""...,.~ 

F · ·· . 1 (,~ ..... 1 .. 1v-. .... ~ .... ,,., ,, q "-·1 . ..,~1. . 
' y ~'', ,. ' ,· • • ' I. ~ r Q, ,, ~ , ':.~· ::-~ y '.,.....,...._._" : ',,.~, -. - ".,_ 

~\&-);Y'Y~'~ ·'~,_"'";y~' ,,' ' ' ' ~ ~} i' " ~~ ~/\; ) f ( ; •' •'rll$/ 
i. .............. ,~d- -·--··"'""'" , < --~· ·~' ... •'' • .~.... _,,,,,,_:;... ~· ~ .... , ~--~,.,.,...,. " ~-~. 

No. Dami laeemina~ 2' 2' 2' SU 
No. Dama PftOllJID.t 28 28 2' ~ 

No.DemeN H 1 1 -o 2 --
Pacwt that CclDI •lwllll 915.8. H.8 100.0 9L7 
No. Dami tbat Died 0 0 0 0 

~o.;- witbO!ilY 0 0 0 0 

No. of Litten 28 28 24 22 

Total No.' - Lutea 3215 332 348 281 

My:1~~~ Dam"' 14.1 14.4 14.S 13.0 
Total No. Imnl11ntationa 299 304 319 257 

Mean No. 
13.0 13.2 13.3 11.7 

Implff tationa/Prernant 
Dam 

. 
Total No. Live Fetuses 286 286 304 239 

Me~giwit 
Dam 

12.4 12.4 12.7 10.9 

--- -
'fatal No. Dead Fetuses 0 0 0 0 
Mean No. Dead 
FR~gnant 0,0 

Dam 
0.0 0.0 0.0 

No. of Dams with 
Resorptions 9 12 12 9 

'fatal No_ of Reson>tions 13 18 15 18" 

Mean No. 
~rptionslPregnant o.s 

Dam 
0.8 0.6 0.8 

Mean Body W/.fbt live 
Fetuaes (g ·· of; 3.5 3.4 3.4 3.2 

Sex Ratio Live Fetuses 
(M:F) 1.0:1.2 1.0:0.8 1.0:1.2 1.1):1.0 --
Group Mean 

Prei ffia.lan ta tionaJ 
7.3 8.3 8.3 12.8 Loes (%) - --

Group Menn 
Postim,i>lantational 

4.5 5.7 4.6 Loss(%)<- 7.2 
=.:::::;:&;:..l":;:ll"'"-'A~- - ' - ~· 

r " ;· .:_ • t' I 
I 
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Table R7 

Jnfr•,nces of Abnormalities 

Incidence 
External MaljoTTlflltirms: 

Control: 0/2M (0/23) 
Lo1'.1~ t/:?86 (1/23) 
Mid: 0/304 (0/24) 
}Ugh: 6/"139 f,>/'12)" 

(p=(l.022) 

Viscenzl Malf ormatitmS: 
Conb:-ol: 1/142 (1/23) 
Low: 1/141 (l/23) 
Mid: 0/152. (0/24) 
High: 6/116 (5/22) 

(p=0.083) 

Skeletal Malforma lions: 
Conl.rol: 2/1 :4 (2/23) 

Low: 
Mid: 

High: 

All M ·ifo1 mnlions: 
Conb·()l: 

Low: 

MiU: 
Higb: 

(l/145 (0/23) 
4/152 (3/24) 

(p-=0.1 "J,5) 
13/1:.2:3 (7 /41.) 

(p~0.058) 

(3/Z.3) 

(2/23) 

(3/24) 
('!/22)" 
(poo-0.037) 

Ducription 

1: Mandibular agnathia & Cleft Palat:ee (F3. U17) --2: Ar.asarca (P3, LS.5; P2, 186) 
2: Ada.L'iyly (fS, L?l3; F4. l.84) 
1: Sy~ (P2, l.'78) 
1: Thread Like Ta'I &: Anal Atresia (F14, LOO) 

1: Situs Inversus Complete (PS, 118) 
1: Microph::ha]mja (FlO, U7) 

4: Interventricular Septa! Defect (F3, L74; F8, L77; P1, 
L78; F8, L84) 

2: ~etroesophageal SuX!e:vian Rt (F6, L64; Fll, 185) 
1: Rt sided aortic arch (Fl, L7li) 
l; Vestigial Pitlmonary lrun.1t (FS, l.JY,) 

l:Sc.~liosis (F6, L19) 
1; Ribs bent (Tho;.·aric) (F6, L6 

~· Scoliosis (F2, l..64; Fl F3, l.7) 
1: Ribs bent (Thoracic) (F8, L59) 
5: !koliosis (FZ F9, L77; F4 FlO, l.64; F7 FE, LSS; 

PS F!l, LSQ; F 4 F13. L93) 
J: Meacil.1'als Fused (FS L85) 
1: Metacarpals Absent (F2, L7B) 
1: Ribs bent (Thorade} (Fl, L73} 

2: Skeletal (L6, Ll 9) 
1: Visceral (LlB) 
l: L~demal (t..37) 
1: Visceral (L26/ 
3: Slr.eletal (L.59, l.64, l.71) 
2· External (L86, L90) 
••. "'· l tal (l..89 ' 0~' ,;., ~"~e e , i.J7JJ 

2: Visceral&. Skdeta: (l.74, L7'/) 
3: l\ll three (l.78, L 84, 1..85) 

Note: h, the second column. f'tlt' and lilt,~• incidences are listed as 'pup (titter)'; ill the 
3rd columu, 'r,:' is the number if litters in which the abnormality listed was fo1md; after 
the abnormality, the fett1s/t'S and their litters in wluch the abnormality occurred arc 
listed (Fn Fn, Ln). J\.I the end the litter incidences of all rnalforrnations are given. 
St~tistics used is foher's ex.id l.c·st with the litter as the unit (s-cev). 



Table R8 

P&T: 90-513 p. 34 (3) 
U·70226E:A Se11nent Il Teratology St>.dy <Onll) in Rats (Repeat Study) 

TableR8c Summary of the Incidences of Individual Variation'! 

;;;,~i ·;~;j;!t!llllt:;;~!it~1!1:;:rillJI~l!t1i~~~·~·;:;L ..... ;··j··,:J~,;:;J;f:~~7~022~.:-~.:-::s~E~}~~~~.w~···••·~~~::~·~~oh~;:I.t:.~:~]•··•Jit~1 l~i~~r~~:Li-;tJ'.~1·1~·1··•••.i····••i,,.I:· 
No Lit oan Examine!!__ ____ +---'23'"---+--""2_3 __ +---"'2 ... 4 __ -t-· _ . ..:'2:::2'~-~ 

i-Jio. Examined Grouly 286 286 304 239 · 

g.....;No:.=·~En==ml:::::<ned:::::.V1.-.-9Cl?'f:::.:.::J~ll~·ry~~~--t----'1~42---+-~·J·'-1----l,__~1-&~2~~1--~~·~l6~~~ 
No. • lillr•l1;t.RY 144 145 lli2 123 

Left Umbilical ... ~. 

No Innomtnate 

ffvnid: Unollill'"" 

In Ital: - leta Osa. 

Sguamoul{a); incomplete On. 

Frontal(al: Incornnl~ Ou. 

Vertebrae: 25 Pnucn.I 
VertAlbtu: lncomt.let.e OH. 

I- Rlb(•); • • 

Ri"'sl: Rudimentary 

I!Jb(al: 7th Cervical' 

~4:bru: Other thllJ!. t5/6 
n mfie<r -~-~-1---:.:.:.--~---='----i----::.;_ 

Stemebru: 1516 Unossified 

St.emebru: Laelc <.( Ann""1tion 

S:emebru: 13iear;u~·ie ....... • ------t-----T-­
"''""" a>: UnaHifir.d' 

IJ.achiA: m._compl•tot 0.•"'·------1--=--; 
T\bi•(•); ln<omplee. o_._•.·-------·---+-----

1 Fl bu 1a(1): I na>m pl~•-""''...;:;v.•o;•:_._ ____ _,__-",..;;_--l----'"-"-

F eml'_i:i!l: income!•"' °'~-· -----1------r­
Metaca.,,.llal: Incomnlet• o ... 
Metatarsal(•): lnromplete Oaa. 

'Fetuus from only 21 of the 22 litters were eumint<I visceraH.y. 
"TI,;, Mad11itd Jo;;ckhe..re Ordered Alternatins for Doee R""pon.., w~• •tat:i•tically significant. p<O 05. 
'Statistically 1ignlficAntly di!l"er.,nt from tho rontro\ group, p<0.05. . 
IndiV!duaJ f,etuus rnay havts mof'ft than one vari1ttion. 
·· • t~ot applicable Oas. • Otlsification 

29 
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TR. No.: 7224-94-027 

Table R8b ... 
P&T: 90-513 

U-70226E: A Segment ll Teratology Study (Oral) in Rsts (Repeat Study) 
Table 6: Summary of Variations · · 

f .·::.· ·~ ·. ;:~r ~-.~~::-~c ·7< ~-~··. ·:·~· . ~:;:j~~':-':~].~~]~!~i;'., ~;~ ·· ·· ~~ 
l """';.:.;. ,4.,( ;.;r._.,, "' • ;' '., ~,., ., • , .... •' • ' • ,,~ ,· ! 
;,.,t'd.'.:•('",.1i· ·, ... ~· ~ ~)"~(, ~· ,>?,..i ... ,. .,,,>>ic··~, '! 
;;,;;:,.'.:::.~1':".,.:~,',."V';\\;t ~,.~_,' , ,,.. '"'•~ ,,_.,. '4' ~ , , ~,,-.. ._,,..y,.;;f,Mv~•"" ·"' ..,,...,. _._,,,,~,...._..>,A,,,~.(.........,;,,,~; .. ~.~~~,..,,~.,,,~ •• ~ ... ;:.. ............ 1 

Fetuses: 
I 

Gross 0086(0.0) Ol286(~.0) 

V1SCel'81 4/142(2.8) 61141(4~3} 

Skeletal ,1 741144(51.4) 691145{47.6} 

Total~ 7arJ86C27.3) 751286(26.2) 

. 
Littt..'l'S: 

Gross ~0.0) 0/23(0.0) 

V1SCera1 4123(17.4) 6,122(26.1) 

Skeletal 21/23(9UJ) 2!1123(87.0) 

Totaib 22/23(95. 7) 20/23(87.0) 
. . 

•nata are: Number remarkable/Number exnmin.>d (%). 
~Fetu..es with multiple variations wei:e counted only onro. 

0/304(0.0) 

31152(2.0) 

851152(55.9) 

881304(28.9) 

0124(0.0) 

3124(12.5) 

23/24(95.8) 

23124(95.8) 
-· -

'Dam 91 had a litter of only one fetus which was emm:ned grossly and skeletally only. 

0/2."-19(0.0) 

51116(4.3) -
751123(61.0) 

80J239(33.5) 

_:. 

0/22(0.0) 

5'21(23.Sf 

22122(100.0) 
' 

'~(100.~ 



NDA # 20,491 35 

Segment II Teratology Study in the Rabbit: Dutch belted (Report# 72.24/92/001) 
4 groups of 16 does/grouf. After insemination, groups 2-4 were given 0.5, 1, and 2 mg/ 
kg/day ibutl respectively by gavage, from C:ays 6-18 of gestation; group-1 (control) receiv!'d 
the vehicle; volume of fluid administered was 10 ml/kg in all cases. Doses were selected on 
the basis >f the results of a dose range finding study, in which 1, 10, 40, ancl 100 
mg/kg/day doses were tested, and doses~ 10 mg/kg/day resulted in deaths of all animals 
in these groups (Nole: It is not clear why a dose of 4-5 mg/kg/ ~y was not chose.n as the 
highest dose for the present study.) Hysterotomy was performed on day 28 of gestation, 
and various reprodm.1ive parameters determined; body wts were determined on day 0, 
daily during the treabnent period, and on day 28. All fetuses were weighed, measured 
crown to rump, and examined externally; all fetuses were examined for vi:>eeral as well as 
skeletal abnorma1ities. 

Results: 
Does: 
Mort<tlity: One doe from the mid dose grmtp died on da 27 of gestation; the p<1U1ologist 
diagnosed the cause of death as toxemia of pregnancy. 
Clinical signs: There were no dose related adverSP clinical signs. 
Body wt gain: There were no dose related ad·.rerse effects on wt gain for any time interval. 
f''.'.:.'!ter.Q!Q.rr!J'.,....Pata: Table R9 shows the hysterotomy data. None of the reproductive 
parameters wer: adversely affected by treatment. 

Fetuses: 
Fetal Wis and len~ths; 'Inere was Ito drug related adverse effect on these parameters (Table 
R9). 
Fetal abnormi\)ities: Fetal t1111/furmr.tions ?re listed in the table R10. Individual fetal variations 
are listed on table 11.11, and a consolidated summary of the incidences of variations is given 
in table Rllb. fuuiilide in th1! iabbit was not teratngenic up to the highest dose tested. TI1e 
litter incidences of skeletal variations and all valiations were higher in the treatment groups; 
the c:fference between ·•1e high dose group and the control group, however, was s-n,; 
(p=0.14, Fisher's exact teA: s·rev). 

Comments: Since the highest dose tested had no adverse effects on the does at all,. it cannct 
be stated that the highest possible dose has bew tested for teratogenicity in this species. 
Moreover, since then• is no information about the bioavailability oi the drug iti this species, 
no comparison of exposl!re levels to the maximum exposure level in the clinical setting is 
possible. ·n,e C(;sults of this study, therefore, are not relevant to assessing the risk to a 
p:~gnant woman. 
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Table R9 
P&T 90-503 CU-70,226El 

Su.ll!UIUU"f and Analysis of Reproductive Data 

U·70,226E Cm(/kgfday) 

0 0.6 1.0 2.0 
~· 

No. 6f Delea that were lnMminated 14•· 16 14• 16 . 
No. of D0811 that Qmcemd 13 15, 1:r 14 

Fertility Imhs 'Soi'" 92.9 93.8 ~ 87.5 

No. of Does that Died 0 0 1 0 

No. of Does that Ahort.ed (J 0 o• 0 

No. of Dees with ResorptiOna only 0 0 o• 0 

No. of Does wtt.h Embrya'Fetal Losa 4 8 3• 7 

No. of Litters (Live .Fetuaas) 13 15 12' 14 
~ 

Total No. of Cci pora Lutea 104 121 ioo· 124 

than No. of Corpora Lutee/Preg. Doe• 8.0 8.1 8.3' a.9 

Total No. of Live Fetuses 69 91 67' 93 

Mean No. of Live Fetuselll'Preg. Doe .. 5.3 6.1 5.6' 6.6 

Proportion Live Fetuses• 0.93 - 0.88 0.94' 0.90 

Total No. of Dead Fetuses 0 0 O' 0 ---
Total No. of Resorptions 5 12 4' A.0 -

Mean No. ofResorption5/Preg. Doe .. 0.4 0.8 0.3• 0.7 

Proportion Resorbed Fetuses .. 0.07 0.12 0.06' 0.10 

Total No. of Implantations 74 103 71' 103 

Mean No. of Im.plantations/Preg. Doe• 5.7 6.9 5.9' 7.4 

Mean Body Wt. of Live Fetuses"" 30.1 32.2 31.8' 32.2 ---· -
L M!'an Fetal CroWT!-U>·Rump Length (cm) .. i 

8.3 8.7 8.3' 8,6 
, ~- • ~i:Oiii ...... :::c::=c -

• Exclude11 dues that were removed from tht> study because of accident, or pre-study 
death 

• 
• .. 

Includes one doe that died pregnant 
Ez:cludes one doe that died pregnant 
Not statistically significant @ 5% level 

-

J 
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NVA # 20,491 

"fable RlO 

Incidences of Fetal Abnormalities 

Incidence 
External malformations: 

Control: 0/69 (0/13) 
Low: 0/91 (0/15) 
Mid: 1/67 (1/12) 
High: 1/93 (1/14) 

Visceral malformations: 
Contml: 0/69 (0/13) 
Low: 0/91 (0/1.5) 
Mid: 1/67 (1/12} 
High: 2/93 \.!/14) 

(p=0.259) 
Skeletal malformations: 

Control 2/69 (1/13) 

Low: 'i/91 (1/15) 
Mid: IJ.'57 (C/12) 
High: 1/93 (1/14) 

All Malformations: 
Control: 2/69 (1/13) 
Low: 1/91 (1/15) 
Mid: 2/67 (1/12) 

High: 2/91 (2/14) 
(p=0.529) 

Description 

--
1: Carpal Flexure Left (F3, I..3.3) 
1: Multi.pie Abnormalities (F6, L60) 

1: Hydrocephalw (F2. L33) 
1: Multiple Abnormalities (F6, l.60) 
1: Vestigial Lt. Carotid (FS, L64) 

1: Stemebrae 4-5 fused (F6, L14} 
1: Basisphenoid malformed (P9, L14) 
'l: Scoliosis (F2, L17) 

1: Multiple malformations (F6, L 

l: Skeletal (Ll 4) 
1: Skeletal (Ll 7) 
1: External (l.33) 
1: Visceral (L33) 
1: Extemal (L60) 
1: Ske!.:?tal (lbO) 
2: Visceral (L60; L6·1) 

p. 35 (;:) 

~ In the second column, pup and litt~ incidences are listed M 'pup (litter)'; in the 3rd 
column, 'n:' is the m;iml.;er of litters in whid1 the abnormality listed was found; after the 
abnormality, the felu!l/ es and their litters in which the abnomtality occurted are listed (fon 
Fn, Ln). At the end the litter incidences of all malformations are giv~. Statistics used is 
fishe1 's exact test with the litter as the unit (s-rev). 
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7224-9~..001 

P&T90-603 
U·70226E 

TahleRll Fetal Varbttlom: Ob1191ved' ---

p. 35 (3) 

.- : ·. I..• ... • ·~) 
l .• 

,, ' 

Dosap :...vela (mg/Jqp'c111Y) 

Oblemltfaaa: o.o O.li 1.0 

I GROSS· . 

No. 0£ Fetwles Exemmed 69(18) 91(16) 67(12) 
(No. C?(Litten) 

. 
Albino l 1(1) 8(3) 1(1) 

VISCERAL 

No. o!'Fetuaes Eumined 69(1:1) 91(15) 67(12) 
(NG>. ol Litters) 

Acceasory Ula Subclavian 0(0) 1(1) 0(0) 

Left Carotid AlUea Crom Innominate 1(1) 5(1) 2(2) 

Thorar.i= Cavity: Int.erm.ediate Portion 1(1) 3(3) 1(1) 
o! Oiapbragmatic Lung IAbe, Absent 

SKELETAL 
No. of Fetuses Examined 69(13) 91(15) 67(12) 

(No. of Litters) 

Hmdpaw(e): TaU Unoaailied 2(2) 0(0) 1(1) 

Hyoid Body: Incom'!)!t1te Ossifi.:.-ii:ion 1(1) 2(2) l(l) ., .. _.w 
Hyoid Body: Unosaified ' l(l) 0(0) 1(1) ! 

'"Data given as the numll("r of fetuses (litters) with the finding; 
individual fetuses may have more than one variation. 

. 

2.0 

98(14) . 
O(O) 

93(14) 

0(0) 

0(0) 

1(1) 

93(14) 

1(1) 

6(2) 

2(2) 
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Table RU (cont.): Fetal Variations Observed (Continued)* 

..... -

p. 35 (4; 

' .. ~} .-.. ,_. 

Doeap LewdB (mrllq;day) 

Obsenatfau: 0.0 0.5 1.0 

! SKELET.U. 
. 

Hyoid Arch(es): Incomplete Ouilic:ation son 1(1) 0(0) 

Eqoicl • • • ): Unoesified 0(0) 0(0) 1(1) 

' Rib(e): 12th Rudimentary 1(1) 0(0) 0(0) 

Rib(e): Accer.aory 2(1) 11(7) 18(1} 

Skull: Frontal(a): Incomplete 1(1) • l(l) 0(0) 
Oaaif!cation 

Slm1l· Suture Bon• 1(1) 1(1) 0(0) 

Sblli Parietal(a): ~m.plete 0(0) 0(0) 1(1) 
Ossification 

Stemebra(e): #5 Unossilied 10(6) 22(9) 5(2) 

St.enu.bra(e): Other U. . .an #5 Incomplete 0(1)) 1(1) 2(2) 
Oaaificauon 

Stemebl'IJ{e): Other than #5 Unossilied 0(0) 2(1) 0(0) -
Sternebra<e>: Aer,easory C(O) 1(1) 0(0) 

Vertebra(e): '>.7 Presacral 0(0) 4(3) 5(5) 

Vettebra(e): 25 Presacral 1(1~ ()(0) 0(0) 

Bone Island of Dorsal Skull Bone 0(0) 0(0) 0(0) - =- ··-
'"Data given as the number of fetuses (Ii tters) with the finding; 
individv.al fetuaes may have more than one variation. 

2.0 

3(3) 

1(1) -
1(1) 

:\9{6) 

0(0) 
. 

1(1) 

0(0) 

18(8) 

1(1) 

0(0) ' 

0(0) 

6(4) 

0(0) 

1(1) I 
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Taole R.1 lb Summary of Fetal Varbtions 

• 
Daaap Levofa (mg1kgf.!ay} 

, ..... . 
Obeenatiou: o.o 0.6 1.0 2.0 

No. ctFetuses-with Grosa 116~ ·3191 1167 0/93 

Vadation&'No. E:amined (CJ,) (L4) (3.S) {L5) (0.0) 

No. of Fetullf8 with VlSC8l'81. ?169 8191 3/67 1193 

Variatiom$o.. Examined (CJ,) (2.9) (8.8) . (4.5) (1.1} 

No. oCFetulea with Skeletal 16169 33191 24!€7 40/93 

VariationslNo. Examined (9&) (23.2) (36,3) (35.8) (43.0) 

Total Ne;. of Fetuses with I 
-

18169 39191 26/67 41)93 
f-." 

Variatiom/No. Esamined (CJ,) (26.1} (42.9) (38.8) (44.1} 

No. of Litten w!th Gml8 1113 3115 1112 0/14 

V&riations/No.Examinec(%) (7.7) (:40.0) (8.3) (0.0} I . 
No. or Litters with Vtb-."ral I 2/13 4115 3112 1/14 

VariatioLS!No. Examined(%) (15.4) (26.7) (25.0) (7.1) 

No. of Littdrs with Skeletal 9/13 12115 :~/12 l 13114 
.. 

Variations/No. Examined(%) (69.2l (80.0) (75.0) (92.9) -
Total No. or l.itters with 9/13 14/15 10/1'2 13114 

. 

Variations/No. Examined(%} (69.2) (93.3) (83.3) (9~.:;) 
-·· - . 
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Segment HI Peri-Postnatal Study in the Rat: Crl:CD[BRI (Report # 7224/92/046} 
This study is not reviewed in detail, since this NOA is for a maximum of two doses for 
termiT'latie>n of atrial fibrillation. 5, 10, and 20 mg/kg/day ibutilide were administered to 
gmups of pregnant dams (n=24/group) from day 15 of gestation th:rough post parh:m day 
20; dams were weighed periodically during pregnaIKJ' and the lactation period; no. of live, 
dead, and abnormal pups in each litter were reco1ded; live pups were weighed on days 0, 
4, and 21; all pups that died were necropsied at death, and the !ilJIVivors were necropsied 
onday20. 

Results: (Fro:i1 the sponsor's summary): 
Dams: There were no adverse effe<.is on dams at any dose level; Utter size W3.S not affected 

by treatment. 
Pups: 
Wt & yjabili~ Mean pup wt, and pup viability were not affected by treatment. 
Viscera} anomalies: Examination of pups on day 20 post partum showed that 0, 2(1), 4(3), 
and 5(4) pups(litters) in groups l(control)-4 respectively had hydronephrosis; C v 4 (for litter 
incidence) just misses s-s (p=0.055, fisher's exact test, s-rev); Peto's exact trend test is s-s 
(p=0.02; s··rev) .. In the high dose groups, 2(2) had hydrocephaly, and 111) had anophthalmia. 
These abnormalities were not seen in any litters in the other three groups. Considering all 
abnormalities together, 7(6) (pups(litters)) in the high dose group had visceral abnonnalities; 
(. v 4 (litter incidence) is s-s (p,,,0.021, (isher's exact test; s-1ev) 

,1ments: The fetal no adverse effect dose is considered t0 be 5 mg/kg/day by the 
.sor; the litter incit!ence of hydronephrosis in this group (4.4%) is within the range for 

. .istorical cC'ntrol from the lab (in 3 studies: highest inciden~: (8.7%); .Jlean: (4.5%)), but the 
litter incidence in the mid dose group (12.5%)) is outside this range. 

§g: Mutagenki_ty Studi_es: 

Ames test: (Report# 7227/89/032), 
TA97, TA98, TA100, TA102, and TA1535 st.rains of Salmonella typhimurium were used. Up 
to 5000 µg/plate of ibutilide v:as tested ir the presence and absence of S-9, whkh was 
obtained commercially and stored in liquid N2 in small aliquots. 

Results: Table Ml shows the detailed results, the drug was not mut'lgenic in any ,;train with 
or w;thout metabolic activation. 

AS52 /XPRT Mammalian Cell Forward Gene Mutation Assay: (Report #7228/90/028; study 
done bu Pharmakon Res Int i\t their lab in Waverly, PA) 
Note: According to the sponsor, this cell line is u gt:nelical\y engineered litw derived from 
Ch:nese H.un.<ter Ovary (CHO), and i;, more sensitive to chrnm.isome breakage than •he 
CHO cell line. Jbutiiide was tec>ted itt concen!r,1tions up to 1000 ug/ml with S-9, and at 
c,mccntrations up to 250 µg/ml withaut S-9; these c1>nc entr,1tion,. ~V'!fe chosen basrd on the 
results of preliminary cvt::toxicity tests. 
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Table MI 

., 

r ABi.E 2-. Raw plate ;ounts showing lack of mutagenidty of U-70.226£ toward strains TA-97.TA·98, TA-
100, TA· 102 and TA· 1535. U-70.226E was diswlved in DMSO at 50 mg/ml{highest dose) al1d appropriate 

serial diltJ1ions were made and inc1 .rporated Into top !'98r(see '!:ext). Each vaflHt represents a single 
independl'!nt plate. See legend to TABLE 1 for posttive controt 1nformation, l.e. identity and 

concentrations. --
U·70,226E TA-97/ TA-98 TA-100 TA-102· TA-1535 

RAW DATA +S-9_ L_:_~t_._ + S-9 I -1·9 +S-9 I -S-9 +S-91 ·Sol +s.tl ·S-9 -
Positive control 

' 

Vehicle control 

,l 
Dose 5,000 ug/plate 

Dose 2,SOO ug/plate 

' 

Dose 1,250 ug/plate 

! . 
Dose 625 ur;i/plate 

» 
f I - I j Ji 2 c I a u;ea ™ mcenWWW '44 a.inma 

,, 

pecirrc postUVe ~ntrot compour.us were UMIG at appt . 
response data {TR"'268186J066 ~r TR7268187/009) as follows~ 2-AA (With edvation at~-TA-102 and 4t ~ 

1 ug/pl in the other 4 strains), 2-NF( 10 u9tpl-T A98 and TA-100 without activation), (2 withoirt 
activation in TA·' 535), CHP (1M ugipl wrthout activation In TA-102}. OeJCOn (10 uglpf activation in 

· TA-97). 

.... 
"' "' .... 
'· cc 
"' ..... 
0 w 

"' 

'1:1 . 
~ 
..... ..... ...,, ... 

··-~· 
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Results: Table~ l\12 (b) ar.d M2(c) show the n • .1tant frequencies in piates containing different 
concentrations ot ibutl in the absence of S-9 in the presence of S-9 respect;vely. Table M2 (a) 
shows the mutant :-requencies with negative and positive controls. Ibutilide up to the 
concentratiu•1q tested was not mutagenic to this cell system. 

Unscheduled DNA Synthesis (UDS) Assay in Rat Hepatocytes: (Report# '7227 /89/'179) 
Ra• hepatocytes were placed in monolayer cultures, and incubaled in the: presence of 3H 
thymidine, and different concentrations of ibutilide, a positive control, _nd a negative 
control for 18-20 hours; then slides were prepared and two slides/dose and 30 cells/slide 
were sco.red for grain rounts in nuclei, & cytoplasms; net no. of grruns/nucleus (NG) were 
c11lculated. The 'Titerion for positivity in this test is stated to be: An NG count of C: 
5/nucleus and % cells inn.pair C:10% {a cell being considered in repair if it has C: 5 NG). 
Note: the rationale for clloosing C: 5 NG as the criterion for considerng UDS to have 
occurred in a cell is not given; nor is the reason for both the mean NG to re C: 5, and the % 
of cells in repair to be ~ 10"/o, as the criterion for a positive tes~ result is given. Bu it is 
stated that the criteria were set pre test) 

Results: The results are shown in tab M3. The .issay was negative up to 100 µg/ml drug 
('Oncentration; at concentrations of 1000 µ..;/ml and above, the c!rug was toxic lo the c:ells 
and the slides were not scorable. At concentntion of 300 µg/ml aud 500 µg/mi(used only 
in J./2 tests), more than 10% cells were in repair acC'ording to the criterion o[ 5 NG/ nucleus. 
But at these concentrations, the cytoplasmic grain count was reduced below nega~ive 
control; and it is stated that at 500 µg/ml, the cytoplasm showed severe morphologic:al 
changes i Jicative of toxicity. The sponsor's explanation that reduction in the cytoplasmic 
grain count artificially led to positive values of NG/nucleus {NG=(nuclear grain count)­
(cytoplas:nic grain t:ount in <'f: equal area)) seems reasonable. 

Comments: The conclusion that up to the dose :if ;\0'1111;/ml, (500 µg/n:I Nas tested only in 
one of the tests) the drug <lid not increase UU<.; ''f'erns valid. 

Micronucleus test in mouse boae marrow: (Report # 7227 /89/074; Shtdy site .. 

Based on a preliminary range finding study in which deaths occurred at doses C: 250 mg/kg 
of the drug givt•n i/p, the highest dose used in the test was 175 mg/kg. 

(15m+15f)/group in groups 1-4, Sm+5f in group-5; groups 2-4 were given 50, 100, and 175 
mg/kg ibutilide i/p respec~ively; group-1 (control) n>eeive<l vehicle (distilled water), and 
group-5 received 0.5 mg/kg triethylenemelamine (TEM) i/p; 5m+5f in groups 1-4 wnc 
sacrificed at 30, 48, and 72 hours post dose; t;1c bone marrow slides prepared for examina­
tion; group-5 animals were sacrificed at JO hours. lhe slides were scored blinded. 1000 
polychrnnrntic erythrocytes (PCEs)/anirnal were scon•d, and the n.1mber of micr,rnt:dcat('d 
l'CEs\MNl'CEs) I HJOO PC Es deter mined. 
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Table M2a 

PH 314-UP-005-88 
Amended Final Bepor\ 

U-70,226E 

.. 

AS52{Xt'RT M2'1111Dalian Cell Forward Gen~Jutation Aesa;· 
Mutagenicity Data - control CUltures tS9 

S9 Ralative 
Compound µg/ml ( :J:) survivala (\} 

Untreated 0 95.41 
Uncreated 0 104.59 . 
Untreated 0 + 68.09 
Untreated 0 + 72.38 

- -
DHSOb 10.0 84.CO 
DMSO l fl. 0 88.()7 -- .. ----
01-fSO 10.0 + 67.()5 
DY.SO 10.0 + 85.83 

EMS 200 67. 69 
EMS 200 65.65 

mrn 100 + 42.Sl 
DHH 100 + 40.37 

aAbsclute cloning 2fficiency • 81.75%. 
bµl/rnl. 

Total No. 
<: Mutants 
(5 plates/ 

14 
18 

29 
17 

11 
1 

7 
24 

76 
107 

142 
64 

**Siqoificant increase (p<0.01; Sn~e and rrr, 1981}. 

~lonin<J 
Efficiency (t) 

·-
66.6.7 
63.50 

61.33 
69.33 

74.17 
43.83 

74.33 
48.00 

35.00 
40.17 

30.50 
33.50 

Pooled negative control cultures: x = 26.42 ± 14.93 (1$0) 
ix = s2.s4 
x+30 = 56.42 
95% confidence interval = 56.28 

MUtant Prequgncy 
(mutants/lo 

clonable cells) 

21.00 
28.:l'S 

47.28 
24.52 

14.83 
15.97 

9.42 
50.00 

21).14 
26 .39 

465.57 
191.04 

Av.erage 
Mutant 

Frequency 

24.67 

35.90 

15.40 

29.71 ·-
241. 77•* 

328.31** 

~ . 
"" -· 
""' .... ...,,, 



Compound #'g/ml 

l'-70,226:£ :o.o 
U-10, 226E 10.0 -
IJ-70,226"£ 25.0 
U-70,226E 25.0 

i.l-70,226E so.a 
U-7Co,22i;E 50.0 

U-70,226E 100 
U-·70, 226E 100 

U-70,226E 150 
U-70,226E 150 

:;-70, 226E 200 
U-70,2261' 200 

U-70,226£ 250 
U-70,22GE 250 

-

.ble M2b 

PH 314-UP-005-88 
Amended Final Report 

U-70,226£ 

AS52/XPRT Mamm~lian Cell Forward Gene HUtation Assay 
Mutaqenicity Data - Treate~ culture~ -S9 

T:>tal No. Mutant Frequ:ncy 
Rele;tive of Hl.!tar.ts Cloning (autants/10 

survivala (%) (5 plates) E!!.\piency (t) clonable cells) 

83.59 14 63.67 21.99 
81.75 14 67.00 20.90 -· 
82.57 29 59.17 49.01 
86. 4.4 5 60.00 S.33 

80.94 10 54.50 18.35 
81.(;9 20 62.33 32.09 -
8~.18 5 69.33 7.21 
85.63 13 SB.Su 22.22 

58.10 34 62.33 54.55 
74. :n 12 69.83 17.18 

82.16 14 67.00 20.90 
60.16 19 66~17 28.72 

- -· ------ -· - -- ----~ 

57.08 18 64.67 \ 27.84 -· 62.79 11 63. 75 17.25 

a.?\bsolute cloning efficiency-= 81. 75%. 

~~·~_-

j:· 
"':.s-· 
~· 

·~ ' 

Average 
Mutant 

Freque;icy 

21.44 

28.67 

25.22 

14. 72 

35.86 

24.81 

22.54 

.., 
w 
-.J 
....,. 

"' .._, 



Compound µg/ml 
-· 

U-i0,226E 25.0 
U-70,226E 25.0 

U-iD,226E 50.0 
U-70,226E 50o0 

U-70, 226E 100 
U-70,226E 100 

U-70,226E 250 
U-70,226E 250 

U-70,226E 500 
u-?0,226E 500 

U-70,226f: 750 
U-70,2261::. 750 

U-70,226E 1000 
U-7Cl,226E 1000 
----

Ta -
PH Jl4-UP-005-88 

Amended Final Report 
U-70,226E 

AS52/XPRT Mammalian Cell FQrward Gene Mutation Assa~.· 
Mutagenicity Data - Truated CUltures +S9 

Total No. Mutant Fre1u2ncy 
Relative of Mutants C:toning · (mu":anta; 10 

Survival6 (t) (5 plates) Eff icieni::y (%) clonuble cell.s) 
-

80.94 :t4 49.17 48.81 
84.00 9 59.50 15.13 

78.90 9 61.83 14.56 
76.25 11 58.00 18.97 

89.SG 12 SO.BJ 23.61 
76.86 32 56.83 56.30 

69.93 'l B'L83 10.49 
6£!.09 4 74.33 5.38 

57.49 13 78.67 16.53 
63.00 9 63.33 14.21 

67.48 7 72.17 9.70 
65.44 5 "'0.00 6.25 

55.05 -· 15 73.50 20.\1 
56.07 9 64.50 13.95 

aAbsolute cloning efficiency= Bi.75\. 

" ·~·;_ 

i:~ 

~; 
-'');~ 

~ 
·~· 

Average 
Mutant 

Freqnency 

:n .97 

16.76 

39.36 

7.93 

15.37 

7.97 

17.18 

.,, 
w 

'"" 
--­'-" ...,, 



Table cu~ 

TABLE l.._ , .TS OF THE IN VITRO UDS ASSAY Wl'l'll U-70,226S 

PlRST &XPBllINll:t(T 

DOSE NUii HSDIP 
TUATHSJl'l' (uq/ml) K KUC 

MDII 
ClfT 

MUJf 
ll .G. s.1:. 11.a. ' ra 

Nedi um 0 2 17.19 28.30 

U-70,226! l 2 12.6& 24.66 
3 2 17.67 Ja.11 

10 2 U.37 25.SO 
30 2 22.02 ll.•l 

HIO 2 u.u 28,Jll 
300 2 17.al 11.23 
500 - H.T. 

!.000 - TOllJC 
3000 - TOl!IC 

!-AAF 0.1 ug/ml 2 97,08 38.25 

• Number of 1lidea scored per dose. 
UC • Nuclear grain count. 
YT • Maximum cytoplasmic grain count • 
. G. • H•t graina/nucleua. 

IR • Percentage of call• in repair • 

-11.11 0.02 -12.84 

-J l. 98 l.03 -10.10 
-ll.20 1 .• 16 -11.77 
-11.13 2.53 -10.1a 
-s ... a l,66 -lJ. lil 

. -9,86 0.84 -8.56 
-1 •. 19• 2.87 -2.lC 

58.8l 4.37 62.06 

• E. •Standard error of the mean H.G. (1lide-to-slide varlatJon). 
. T. • Kot tasted at this concentration. ,_ .. 

o.o 

a.a 
o.o 
1.7 
6.7 
3.3 

23.31 

lea.a 

DAii 
II HUC 

2 20.44 

-- If. I!. 
2 22.117 
2 18.33 
2 18.71 
2 21.36 
2 15.27 
2 15,23 

- H.lf. 
- lf .. '1. 

2 77.18 

SllCOllD llUl:RIMSll'l' 

.... 
C1'f 

34,06 

38.113 
32.78 
31.03 
31.87 
17.!Ui 
11,95 

33.67 

IQWt 
W.G. 

-13.62 

-15.tfl 
-1.f.44 
-12~:11 
-10.5a 
-2.69 

3.28*1 

·~.51 

\\ 

MBDIAll 
S.B. K.G. I IR 

0.50 -12.84 o.o 

0.05 -18 .,19 l. 7 
1.00 -12.84 1.7 
4.16 -10. 70 l. 7 
2.8~ -8.56 6.7 
3 .6'.? -S.l5 21. 7 
3.67 2.14 35.01 

9.88 41. 73 100.0 

• Mean o! K,G, data (or ranted H.G. data) •igniticantly > .. diu• c~ntrol mean (p<0,05), 
• Statia,ically significant do•• reaponae (p<0.05). 

·AAF • 2-Acetylamlnofluorene, positive control compound. 
>XIC • Cytotoxic doae, slide• not 1cotable. • 
••arch Hotebeok 21701, experiment• CI and CK, study 88-430, •cored by SK Wiser. 

I
,,,. 
,, 

:. ~'.:. 

"' • 

"' " ...... .,.. 
'oJ 
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Results: 
Animals in groups 2-4 exhibited various clinical signs oi toxicity (decreased body tone, 
abnormal gait, piloere<:tion etc; the high dose group also exhibited writhi.1g). Mear. ± SD of 
MNPCEs/1000 PCEs are shown below; n=lO in each case. 

Group 30 houro 48 houn 72 hours 
Vehicle Control 0.60±0.70 0.00±0.00 0.40±0.70 

~-

50mg/kg 0.50±0.97 O.SO:i0.71 O.IJO:l:l.20 
100mg/kg 0.20i!l.42 0.60±0.70 1.00±1.3300 

17Smglkg 0.40±0.84 0.60±0.521 0.80±1.03 
TEM 40,70±9,llM 

~ .... , p<1lOl; '1', ac.cording to the sponsor, since the SD in the vehicle group at 48 hours 
was 0, t-test cannot be done, and it is stated that mean no. of MNPCEs in the dosed groups 
is with;., the historic'\l range; at 72 hours, in the 100 mg/kg group in whic.11 the mean no. 
ot MNPCEs is the highest, the difference from control is s-ns (p=0.113, one tailed t-test, 
s-rev). 

Comments: lbutl up to 175 mg/kg i/p (which was the high~st testab'e dose) did not cause 
a s-s increase in the proportion of MNPCEs. 

Micronucl<!US (est in mouse bone marrow with Ibutilide containing 
(Study no. 7228-94-044, in amendment I# 099 to : 

Doses for this study were based on the results of a dose range finding study in which 
animals that re<.-eived ~O mg/kg of ibutl-u /p died, and 3/6 animals that received 125 
mg/kg had convulsions and irregular breathing that lasted for approximately 40 minutes 
pm;t dose. 

15/sex/group in groups 1-4, and 5/sex in group-5; groups 2-4 received JC, 90, and 180 
mg/kg ibutl-t 'i/p respectively; group-l(C) received vehicle; and group-5(P) received 1 
mg/kg triethylenemelamtne (TEM) i/p. 5/sex/group from groups 1-4 were sacrificed at 24, 
48, and 72 hours, all group-5 (P) animals were sacrificed at 24 hours. Bone marrow slides 
from each animal were prepared and scored Llind for the number of MNPCEs/1000 PCEs; 
1000 PCEs/animal were countf'd. 

Results: 
Some animals in the high dose group had convulsions, but recovered 30 minutes post dose. 
Mean±SD of MNPCEs/1000 PCEs are shown below; n'-'10 in each case. The sponsor has 
analyzed male0 and females separately, but that reduces the power of the test to detect a 
differe!lce as significant (In the study with ibutilide reviewed above, the sponsor analyzed 
the results after combining the data from males and females in each group). 
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Group 
Vehiclf! Control 
S6/mg/kg 
90 mg/kg 
180mglkg 
TEM 

24 hows 
0.5±0.527 
0.2±0.422 
0.7i:0.675' 
0.5±0.527 

G6.2±7.349-

48 ho1us 
0.4i0.516 
0.6i:OJ:l43Z 
0.5i1>.521' 
0.3±0.48.3 

72 hours 
0.2±0.422 
0.6±0.516'' 
0.4:W.Sl65 

0.5±0.521' 

39 

-~ ·-, p<0.001; ot zuu• all p values given below are from one tailed t-tests (a-rev); ot• ns 
(p=0.2."\5); oi• ns (~-=0.265); 0 ' ns (p=0.337); ... s-s (p=O.re'.7235); '" ns (p=0.1. ti); "' ns (p=0.088). 

Comments: Except for t.lie low dose group at 72 hours, wl.ich had a s-s increase in 
MNPCEs/1000 PCEs conlpared to control (one tailed test is used, as it is only the s-s of the 
increase that one is interested in), the results in all oth~r cases were s-ns compared to 
control, and the high dose group value was :S control value at 24 and 48 hours. Since at 72 
hour~, the increase in the high and mid dose groups was s-ns, the increase in the low dose 
grotJ.p is biologically not relevant. Therefore it can be inferred that micronucleus test with 
ibutilide containing te degradation product which is formed during heat 
sterilization of ibutilide solution) up to the highest testable dose is negative. 

~; Hemo\)'sis and Plasma Compaij}>Uitf teGt :.J:rith Humao Blood; 
o Hemolysis: (Report# 71:36/89/002) 

25 mg/nil, 2.5 mg/ml, 1.25 mg/ml and 0.125 mg/ml ibutl formulations were tested .for 
hemolysir at drug solution/blood rcttios of: 24:1, 4:1, apd 1:1 each. The sponsor's estimate i:.' 
<hat in the WOl"St case scenario foolus administration in a small vein which could give a 
maximw.:: .-!rug infusion rate of .. 24 ml/min and a minimum blood flow rate of 6 ml/min) 
drug/blood ratios of 4:1 could be attained. 
Results: At the drug solution/blood ratios tes!ed: 25 mg/ml ibutl produced 52%, 5.85%, and 
1.03% hemolysis; 2.5 mg/ml produced 1.55, 0.23, and 0.14% hemolysis; 1.25 mg/ml 
produced 0.9, 0.19, and 0.28% hemolysis; hemolyses results for 0.125 mg/ml were similar to 
those for 1.25 mg/ml. Comment§: The formulation to be marketed will contain 1 ir.g/ml 
ibutilide; in the worst case scellario estimated by the sponsor, 0.3% of < 6 ml blood in a 
patient may be hemolyzed. 

o Plasma compatibility; (Report# 7256/89/042) 
Solubility, precipitation of plasma proteins, and platelet aggregation were studied in 
mixtures of various concentrations of ibutl fonnulation and pla~ma/platelet rich plasma (for 
studying platelet aggregation) in drug-solution/plasma ratios of =1:10 . 

Results: 
SQ\ubility: The dmg was soluble in platelet rich plasma (PRI') up to a final concentration of 
9 mg/i;u. 
ProteiQS>recipitati.2n;. There was no protein precipitation up to a final drug concentration of 
5 mg/ml in the formulation-plasma mixture, but there was some turbidity (probably due to 
plasma lipid separa<ion as suggested by the sponsor, since drug solubility in plasma is 9 
mg/ml, ancl the turbidity therefore could not be due to drug precipitation). At I mg/ml, 
there was no turbidity. · 
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Platelet aig:rep(ion; At final a.ncentrations ~ 0.5 mg/ml, there was no indication of 
platelet ag~gation in PF.P; at a final coocentration of 2.5 mg/ml, transmittance increase 
began at 2 uoin and was nearly complete &t 21l min (in the case of ADP, the positive control, 
transmittance increase was complete within two minutes). Microscopic examination of 
plasma showed no platelet e.ggiegation but platelets appeared swollen, and the spona .r's 
conclusion that tronsmittance inaease was due to platelet lysis seems reasonable . 

.... 
§5: Venous irritation study in the rabbit: 

In six rabbits one ear was injected perivenously with .05 ml of 2.5 mg/ml of the drug and 
the other with .05 ml of either vehicle, 0.9% Nap, or 65 mg/ml of sodium. pentobarbital 
solution (positive control). Six other rabbits had one ear injected in a similar manner with 25 
mg/ml of fue drug and the other ear with the same controls as mentioned earlier. 
The ears were clinically examined and their thicknesses measured daily for eight days; at 
the end of that time histopatholcgy of the injection site was done. 
Resu.Jts; Neither 2.5 mg/ml of the drug nor the vehicle produced any ~ or ~topatho­
logical signs of tissue irritation. (25 mg/ml ibutilide was moderately irritating, but 1t ::­

stated to be less irritabng than the positive control. 

p~ µ-tv.~ 
Pritam Gill-Kumar, M.D. 

'f I U/q')-
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The propoaed paclalge fnllert has been annotated to the submission volume and pqe of' the 6pplfc8tton 
8UJllDlary and teeludcal aedioDB (eg, volume 1.18, page 611110). References to illdhSdul ~ reporte 
appe1<r within braclreta in boll! prim ID the text (eg, [11.lll in the CllJW:al PhumacoJaa leCtloD. rat'ers to 
ief'erence no. 3 la I• 6). 

DB8CIUPJ10N 

convmn:·~ 1a an~ d!U4f wtt.11 prectomtnantlJ m.. m 
(~ lldioD. potcmtW pmlonpt'M) pnpertiN accol'lllDB to the Vnafum 
WDlfame Clenlf!cation FAll:h glJHltter of CORVERT IJllectlon ClllltalDs 0.1 m.r or 
lblltilicle f\J...ie C.&un.i.at to 0,087 IDB ibatlllde free hue), 0.189 1111 eocliam 
-iate trlll1drala, Uo m( IOdhun chlorlde, tJ.ydrochlorl.\' add to .. pH to 
~ 4.6, and Wat.er tor~ 

CORVE!n' ble':tion b an lllOtollk:, dear, colorlem !".queous oolution. 

1.18, lill/l09; 
1.1, 2IJ/fll 

. 
t.2, 3/V1 

1.2, 3/lJ9 

lbutillde ft1Jurate baa Oll8 c:hlral center, and mats as a racemate of the (+ l end 1.2, Sl1fJ 
C-l enantlamers. 

The m..11111ca1 ume far lbu.tllide t\J..me la N-l.&·14-<etb.Ylheptybunlno)-1· 
bJ'drmrybat.ylJ~metJwt-lfooem!cle, (E)-2-butenedioate (1:0.6) 
<hemlf\imarate alt). Its mo1ecular formlllll fa Cnffo..NtOsS and Its molecular 
weight ia 442.62. 

Ibutilide fuaiarate ia a wbit.e to otr-wblte powder with an aqueous solubility of 
over 100 mghnL at pH 7 or lower. 

The structural formula I& represented be.low: 

• 0.6 flH ·COOH 
HOOC-CH 

Ibutllide Fu:na1·nte 

1.2, 31'.1'2 

1.2, 31113 

1.2, Sl1fl 

Page I 
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CLINICAL PRARMAcOLooY 

Mechanism of Aetlon: CORVERI' lll!ection proloug& action potential duration in 
ieolated adult cardiac myoeytes and i.l1cretllles both atrial and ventriculsr 
refracto::ol~ ID nvo [U-6.11, 5.UJ-15.16, 6.17-GJIO, 6.S8-4.SBJ. Vo.ltqe clamp 
studlell bldlcate t1W GORVERT ~ at 118110Dlolar CODC8lltntlana. del818 
repolarisalloll b,y lldiYllillm otm alow, bniard e11rrent (pretlomlmmt\' ..,.,,_), 
rat.bar thaJl b,y bJocldnl oatwmd pot• 'am CllJ'l'llDtB, which la the g:edienflm "1 
which.,. otlw' dall m ~act csu.10, 1.111. -

The~ elrecta oCOORVERT ~are thauPt to bepdmuiJ.y due 
to tJiMe cl8l'a m dee&> op1Qo&Mloclc properties, te, prolnDpHon or atrial a 
Yell&rieal4r action pot.eatlal duratfon and refradoriDeaa. [G.l'J..UO. I.II, ..... 
U8]. 

I 
In human,; the predominant electlvllb.711loloslc property or COR\"ERT IzdecUoo Is 
dcmoostrated by proJongaU.m or ee'ec!ive n>fractory periods Jn atrial and 
"9.11tricular m'lacle. 

l!lemoc!.,saamfesi: \fhell CORVERT liUedlon was given illtn.~ to uJmals · 

1.18, lill/100; 
J.1, 21Mi7 

1.18, lill/109; 
1.1, 2'L1i9 

at dosell creater thin ten times the hUJDao doee, mlld, neptive lnotropfc etrects 1.18, 6/V184; 
were obaened (Jes tbau 8% decrease iD left veotricolar contmetillty) (6.48]. 1.1, 2/1/60 

A study of' bem.odynamlc function In patients stratified for l!Jection ftaetlons 
(greater than OT equal to SS~ llJld 1eP.a than 3590) demoutrated no lllsnlflt'.ant 
etrects ou cardiac 011tput, mean pulmo111117 arterial preasure, or capfllaiy wedge 1.52, 8111469; 
p~ at d098s up to 0.03 JlllP'kg. 1.1, 2111112 

Phlll'lll&COloO: OORVERI' IJ1lection producea nilld slowl.ug of the llin~ rate end 1.62, 8111474 
atrlOftntrk:ulllr conductiou. CORVEI\T l:Uection produces no cllntrally alp!Aeaot 
effect on QB8 duraJou at Intravenous doaea up to 0.03 lllgllqr admlnlstered over a 1.52, 8111461; 
10-m!Dute period. Althoush ;;hem ls no established relationship of plasma 1.1, 2111141 
concentration to ent.lant,ythu1lc ell'ect, CORVERT Injection produces dose-related 
prolongation of the QT Interval, which ls thought to be associated with its 1.42, 6/1140; 
antlanbyt.bmic activity (6.3, 8.U, 8.12]. (See WARNINGS for relatloDship 1.1, 21\/91 
ootwoon Ql'c prolo~ation and ;.orsadea de pointes·type arrhythmias.) In a study 
in healthy volunteers, [6.ll, 6.4, 8.12 l iutrsvenous infusioru; ofCORVERT 1.42, 6/1140 
litjection resulted In prolongation of .the QT Intervals that wett directly carrelated 
with lbutillde plasma concentrations during and a.Iler 10.minute and 8-bour 
Infusions. A steep lbutllide coucentration/reaponse (QT prolongation} relationship 
was demonstrated. The muinlum ell'ect Willi a function nf both the dosu of 
CORVERT ll'.\l«tion and the infusion rate [6.31. l.42, 6/1140 -·--·---· 
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-
PharmacoldnetlC'.1: Afte'r intravenous infusion, ibutilide plasma concentrations 
rapidly decrease in a multl-expooontial iaalMn. The phannacokineUcs of ibutllide 
are hlghly variable among subjects. lbutilide bas a high systemic plasma 
clearance that eppimialetes liver blood flow (ahout 29 m!/lliln/!rg) 8Dd a lat'ge 
steady-et.ate volume or distribution (about 11 !Ag) In bealtb,y volllllWers re.a. 6.11, 
8JI, 6. 7], Ibutilide 16 rJao cleand rapidly and hl8bl.Y dlstrlbated Ip. pattenta beinl 
treated for atrial nut&er or abW. ftbrtllattou [6.1, t.i, 8.lG, 8.18]. 'lbe elimlna"-
JWC-llfe etYerqlll ahlt 6 b>an (~ l'IJl&l!8 fitJm 2 to 12 boars). 'lbe 
pbannero!c!Petke d lbut.lllde are liJleal• wit!>, respect to the clo8t at CORVERT 
In,lecUon over tbe dlllle J'IUl4l8 al 0.01 mR to 0.10 lllflkg CU, UJ. The -
en1ut1...,. l!l lhaUllda :bmarate have pbaniaacokllll!tk pruperilea lllmlW' to mth 
other llJld to lbatrude fllmarate [U, 111~ 8.'11. 

The ~tlca or CORVERT hdecdon In petinta with atdJll fluUer or 
atrial tlbri!latlon are abnilar repnDees or the tflle or udJ.ythmla. pat.lent' ap, 
ae:z, or the com:omltam uae flf dlgoxhl, caicl.um chamlfll bloclr.ers, or betA blockers 
[6.1, Ul.; 

J!:llmln•don: In bealtby male volunteers, about 8291> or. 0.01 mWlqr doee of 
( 1"c1ibutllide =te was exeret.ed in the urine (ehout 7% 11f tM dor u 
unclwiged !butlllde and the remainder (19%) wm. recovered in the re.a [8.81. 

Mdehollam: Elaht m-:'.abolltes of lbutlllde were detected in metabolic prolt.Dg 
of urllle. These metabolites 11111 tboullht to be fonned primarily b7 llHIXldation 
followed by sequential jklzidr.Uon of tbs hepcyl aide dWn of lbutUldo. Tbeae 
metabolites have no activity 11r weak class Ill 9Ctlvlty relaUVP to tbutillde [6.6J. 

Dutrlbutlo11.: lbutillde edllblts moderate plasraa protein binding (41% bound) 
over the concentraUoDB acbleved In clinical studies, and, therefore la not expected 
to diaplaoe other drup bound to plamna protein£ [5.UIOJ. Ibutilide is rapidly and 
~tensively dliltrlbut.ed extravascularly as evltleneed by the large volume of 
distribution [6.l-6:7, 8.16, 8.16]. 

0V01/ 3 
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1.42, 6/1119; 
1.1, 2llAlO 

1.42,anns 

l ,42, 611.131 

1.42, 611/ltl 

1..U,611/a8 
1."2, 611!.116 
1.42, 6lv.rt 
1.42. 6'1139 

1.'42, 611.IM; 
1.1, VJJ9() 

1.42, 611131; 
1.1, W1AIO 

1.42, 6/lfd5 
1.1, 211/90 
1 42, 611119 
l.42, 6/JJ25 



I 
\ 

lbuUllde Pwnarate lqJectlon NDA 
Item 2. Application Summ&r7 
&!ction A. Pmpcaed Pnckago Insert 

02101/ 

,.-~~~~~~~~--~~--~~~~~~~----~~~~~-~.--~~.~~~-

Cllulcal Studle•: A multlci~nter, rlace';;.r.;:ovtrolled study of 242 r.on· ;.,'l'!l<lurgicsl I 
patients waa conducied to assess the rospot'.se ta a single 1-mg dose of CORVERT 1 

lajection vermss placebo and to allow a se<:ond infu~on (eithet 0.6 or l iDg) to be 
administered to those who did not con~«rt follawlng tbe Initial dose. 'rbr,se results 
are dlscu~ below (8.141. 

Atrial FfulUr: FollowiJlg a~ rir placebo, 1 of 41 (2A'l(,) patlaDta 1rith 
atrial flutter csrdlo'lertad to l!Dlls Jbythnl. In ~. 19 or 80 (2"'9 paUents 
with atrial flutter wnwirted wf&bJn 20 l>ililutel of~ a llnlle. lo-mlcute, 1-
mg lnfllaloA oC CORVEm' ~ Mmi'l!!Btratton '4 a -m dDlll! oC 0:3"mg to 
UJoee patkrta who clicl Dot raapolld to the !I.mt dolle NU'tcd In an :nerall 
c:amulldl9v eouvmidml rah oC 6' .. (21(;{89 ~),while ,.i1 ... 1n1atntloJI. or a I 
8e!:OJUl tlo.9e or I 1111 ..altad tn e overall rmm:J•tift Qllnenlon nte or 71'll> (211 
oC 41 Jl"ttenW. c-iaeutJ.y, the teq11e11.tlal admtui1hatlon fA-11111' follo.w8d h; 
0.6 f'JIB, ~ 20 minute& •"art. resaltll ill. an oW?IJ1t emmnloll rate In 'pa.Cent& 
with atrial llutter that l8 'llOt atatlstlcaJl,y cl.lfrerent l.llan the eequenUal 
adminiat:qatlon of two 1-mg doaea oC OOkV.ERT !:Iijee\iOD (64'JE> and '11%, 
respec:tlvely) (8.14]. 

Atrial Fibrillation: i'ollowing admlnlst.ration cf plllcebo, l of 40 (2.6%) patientl 
with atrial tihrlllatlhn canlloverted to sinus rbytbm. In cont.!'Pt, 16 of 81 (20%) 
patlenta with atrial fibrillation converted wl.thln 20 inln11tes of st.mtlnf a lllngle, 
10-mlnute, 1-mg in111aton of CORVERI' h\ledion. Adminlstntion m a seoond 10-
mlnute lnf\lslon of 0.5 mg to thoee patients who did not te8pODd ~ the first dose 
resulted In an overall cumulative eo11versktn rate or 3591> (14 of 40 patle!lts), while 
ru!mlnlstratiou of a second 1-mg dose ret.u!ted l1l an overall c:umulaUve conversion 
rate of 27CJ& (11 of 41 pau.,nte). Acconllr ,1y, tile eeque.,tial adJlllnlstration of 1 
mg followed by 0.6 mg, started 20 m.lnuti ti a;:.art. results ID an o'l'el'Bll conversion 
rate In patients with at<ial ftbrilh.tlon tb.at la not itatJstlcally dfll't1zent from the 
sequential adminlBtratlOl \ of two 1-ID'!: dcE!ed (85% and 27(j!,, respectlvezy) (8.14). 

JN.OICA110NS AND USAGE 

CORVERT liUection is indicated for the rapid converalon of atrial fibrillation or 
atrial flutter to sinus rhythm. 

CONTRAINDICATIONS 

CORVERT Iajeetion is contraindicat<!d in patier•s who have pre-..iously 
demonstrated hypersensltlvi:y to lbuUlide fumarate or any of the other produd 
compor.ents. 

CORVERT lnJer.tion is contraindicated in patients who have previously 
demonstrated toraadea de pointes. 

l.52, 8/11227; 
l.1, ?/l/116 

1.52, 8/Jm'/; 
1.1, 2111116 

1.62, 611fl21; 
1.1, 2/l/116 

1.52, 6111240; 
1.1, 2111126; 
1.1. 2/11152 

1.52, Oll."220 

Page 4 
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WARNINGS 

Proarrhythml1: 

Ulm other ant.ianhythmic agenta, CORVERT Jn,jecllon ean Induce or woreen 
ftlltricular anb,ythmlaa 111 some pjltient& Tbla lllll1 baTII pot.aid•!\/ fatal 
c:oaaequeiu:es. Tonadee de pnblt-. a pol.Jmorpl:lc ~ tacb,ycanlla th&t 
dmilope in tbe NUhlg of a proloDpi QT lnWnlJ. mq occur~ ottbe effect 
CORVERl' h\lectilln baa Oil card1ac repolarJzaUou. In ,._..i. db drup that 
ptOlq the QT iJltenal. the ri8k oC t.onadee de poillt9a la thoqbt to iDoea8e 
prccre helf u the QT fDtAlmal ta pmloDpd and 11111 be WOJl&llld wUb 
~and a 'l'U1i"I beutrate. Allo, the~ at~ Ill 
blP In - tbrm men [8Jl0]. In the more-' ..um..1 tzlala CO!Hlucted in 
petl...ta with atrial flbrillatlon lllld a&dal flutter, U- 'lllt.h Ql'c lntenals 
> «O maec 1were 1111t a1IOftd tG pariidpate [8.HJ. · 

During cllJilcal trlaJa, 2.4'.\ of patiunta with atrial flutter or lltrla& fibrillation 
treated with CORVERT IDJectlon developed llU!Rlned ~ ¥Ptricular 
~ requ!Ng ~l'llion; 4~ aperlem:ed llOlllRUtalDed polymorphic 
ventricular~ In theae cllDlcal trials, ell fDftial episodes of polymorphic 
ventricuJar tac:b,)il:at'dla occurrea duriaf or wtthln 80 lllil1utee of au lllfuaion. 
Maupment Dftbe polymorp~ ventrlcutar tadJ.yamlla tncluded mtgneslum 
lllUICate lnfuslona and cardiac pacing. NM8Ustslned lllOJIOlllOl'Phk ventricular 
~ occurred In 4.0% of the patlellta treated with CORVERI' h\lection 
2. 7~ were possibly related t.o drug. (S!e Adverse React!oDa.) 

Proarrhytbmic eventa snuat be anticipated and proper equi;imellt, such as a 
deftbrl.!!ator, and medlcalion for treatment ofsustetMlf ventricular tacbycarl!!as 
muet be a\·ailable during admlnlstration ol' CORVERT hUcction. Before 
treatment with OORVERT 1$ction. plaam• byp>Jmlemla ud b,.tpomagDfJSemla 
llhould be corre.:tetl to reduce the potentltol for proanhythmla 

PRECAtn'IONS 

General Precauttono: 

Antlarrbvthmlw: Cla!!8 la antiarrhythlnic drup (Vaughan Williams 

02/ 01/ 

•.· 

1.62, 8.111184-91; 
1.1, V:tlllil 

U\2, 8lll'J20; 
1.1, 2/JJJ.43 
1.62, &ll!.!00 
1.62, 8lll202 

1.52, 8/1/«9; 
1.1, 2111135 

1.52, 8111490 

1.52, 81:J220; 
1.1, 2111162 

ClassUlcaUon), such 88 disopynunlde,"quinidine, and proc:alnamide, and other 1.69, 818/116 
~ lll dnigs, such 88 amiodarone and actal<'I, sboold not be given concoinltantly l.tiB, 81171133; 
with CORVERT IDJection beca·..:!:_;f their potential to.~p_ro_lo_ng.._re_~_ra_ct<_ri_ness_._--11--1._1._v_11_1_5_1 ___ -t 

()th°' Drug tbot 1u'lllopg the Q'f lpt.ervel: The potential for proan:hythmia may 
lru:reaae with the admlnletraUon of CORVERT htjectlon to patient.• who are being 
treated with drug11 that prolong the QT interval, such 88 phenothiulnei1, tticyclic 
antidepressants, tctracydic antidepressMts, and antihistamine drugs (HI 
receptor lllltft&onists). 

Laboratory Teot Interac•'.ons: None known. 

l.52, 8/11487; 
1.1, 2111143 
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Dlp!p, Supntventricular arrbythmlas may mask the cerdlotorlclty 8880Clated 
with llICe88ive dlgoxin leve!B. 'l'herefore, csf'dloverslon with CORVERT fl\JeCUon 
may be basardous in patients whose plluana dlfOXID lmda •re above the usual 
U'.e:rapeutlc range. Acute doaing with CORVEln' lqjection does oat street serum 
dlgoxln levela ce.11, a.111, 8.161. The pbarmacekhwtb ot CORVERT ~ are 
Id dl&rent bl patients tr.Ced co~mltantly with dlcodn wMD COIDpered wi11 
&btJlle who were not zoncomltantl,y tzeftted (8.1, U]. 

r.1•m c:henno' btqc;klpf • .,.g: The plw~ ~CORYBRT InJedlon 
are uat ~t ln pel.Wd.I beated -fh!gtl~ ·.;mi t:11k:lvm ehtnnel bloekln8 

021011 

1.52, 8111254; 
1.1, 21Vl31 
t.•2. 611139; 
1.1, 211191 I 

118811tll 'wblm compared with thoae who wwa Mt c:oaaeit.wnttf tneted 18.1, UJ. 1.42, 6IJillll 

Pete Mm1m'' B]Qcls!nf Aa@nte: The phann-.ldnldt:e ot OORVERT ~ 
- Dot dlffM'llllt ln peUent1 treated C011COD1lturtl1 with beta 1dJllllel'llc bloddng 
q1111ta when compared with t.bote who 'W8l'e not ~ trealcd (8.1, 8.1). 1.42, 611139 

Carciau.paeell, Mutapneel9, Impairment ol Fertllltyt 

' No llDlmal studies !!li.ve been conducted to determine the c:ar.inogellic potentiai of 
CORVEXI' b\lec:Uon; however, It was not mutqenlc Ill a ·battei:7 of mutqenlclty 
11111aY11.lncl11cling the Ames assay, mammalian cell forward aene mutation usay, 
unschecl:•Lled DNA syn.t.heai• llllllllY· and mOU8e mlaonutleus NOey [G.'17-«1.811. 
Simllarl.y, no drug-related effects on ferUllty or matiug were notl.>d i.!I a 
reproductive etudv In rats (G.69J. 

Preinancy, Labor, and DeUvery: Pregnancy Category 

CORVERT hijectioo. was teraWgenlc and eJ11bryocldal ID reproduction studies In 
rats. 'lbeee flndlnp indicate that the potentl:al risk to th0 fetus must be 
conaidered ween o.ntlclpat!Dg treatment or pregnant women or women of child­
bearing potential. 

Nurclnlll Motherc: 

The excretion of ib•1tilide into brea.st milk has not been studied; accordingly, 
breastfeeding should be d.\scouroged during CORVERT ll\jecf.lon therapy. 

PedlatPlc Ueo: 

Clinical lrlalB with CORVERT lajecUon in patients with atrial fibrlllatlo11 and 

1.18, 5111380; 
1.1. 2/1169 
1.18, lilll16; 
1.1, 2111fr1 
1.18, 6/1116 
1.18, 6111321; 
1.1, 211168 ------1 

1.18, 6/lfl5; 
1.1, 'JJl 167 
l.18, 6111324 

_!!_!rial flutter did not Include anyone under t~ age of 18. ··-- _!.__ ________ __, 

Poge 6 
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r Uae tn Elderly Patleuta:' ------

No age-relaled pb.anllacoldnetlc diff'eren!* were observed In a Phase II dose-
1"88JlOD!lll trial conducted In pt!.!ienta 25 to 82 yean old (mean~ S.) in whldi 
phannacokinellc parallleters were compared for patlen!4 leea than tl6 with tlwee 
of paUents 65 years and older {8.1). 

U• In Fatleat. with Hepatic or Reul~ 

The llllfetJ, eft"ec:Uvt1neea, and~ orCOBVERT ll\lectlon b8ft not 
Ilea eatabl!abecl In pafu!nta wil.b beplll;k or renal~ HaweYer, !t la 
gnllhl,y that daalng ~enta Wllllld lie - 0 la petJenhi with 
~renal or hopatlc fnnctton luld 1111 the llJllowtllf ~ 
1) 001\VEltl' IDJed.lon Is !ncffoited for npld ~ dalnpt (~ s BO 
rn1:1:t.'l~~ closed to "lmawn, ..U-deftned ~ tdltlll {tenidna«on or Jr io a muirlWD or no 1Cl-mlsla&e bltuloll8; 2) le8ll than 1~ or 
the d- o1 CORVERT lnJectlon la axct tad und>upd In the url.ill!l 8) (be hepatic 
-~ cJeanuu:e or 11; l!tiltde ii pelfuloD.rate !lmlt.eci cu, 8.81; and -1) drug 
dlltributJon appears to be 01111 or the pdmary lllri•nftma responsible for 
termination of the ~acologi<: efl'ect. 

In 285 patienta with atrlal llbrillaUoll or atrial lluttier who were tr.oated with 

1.42, 61l/36; 
1.1, 2_/lJll l 

1.42, Mll'l 
1.42, 611/l9 

CORVERT hljeetloln, the deuanc.e oflbutlllde wu lridepelldent of renal !Unction 1.-42, 611138; 
u meuared by ereaUnl.De deamllCI! (,.. 21 to 14011>.J.JmlD), n.d also 1.1, 211J91 
lndepend&Dt of llapattc fU11ction, a meuared by llll'llJll i.J..T ~ AST __ lflJl_J_. ---i1-1_ • .c_2_. 61_113_7 ___ --i 

ADVF!'.aB RBACI10NS 

CORVERT hlJectlOD wu generally well tolerated ID clinical trial& Of the 376 
paUent.s who received CORVERT h\leCUOll, 86 (~&) reported medical events 
related to the cardiovucular ll,Yllt.em, lncludhijr !RlfltailulCl polymorphic ventricular 1.1;2, BIV«8; 
tacbycardia ;?..4%) and noDSUstained pol.,,-otpbie venlrlcular tachycardia (.C.0%). l. l, ?/11136 

Otha~ clinir.ally Important adverse events witb 1.n1certaln relaUoll8bip to 
CORVERT lrJection include the fol!Qwllig (0.3'11> rep~ntB 1 patie11t): sustailled 
Plonomorphlc ventricular tachycardl11 (0.3%), nol18Ustalned monomofl!hic 
ventricular U.chycardi11 (4.0%\ A-V lllock-lst dearee (1.6%), A-V bloclt-2nd 
degree (0.6%). A.V block-3rd degree (0.S'll)), A-V block-aiiable (0.3%), 
ve11trlculUYbigeminal extrasyst.oles (3.5'!1>), bypotell81on/postural bypo!A!nillnn 
(2.9%), bradycardla/sillue bradycardia (1.l'IL), nodal arril,);th'Jtla (0.8%), eongestlve 
heart failure (0.5%), eup..aventrieuiRr l.acll,rcardia i0.6%), !dlov811trlcular rhythm 
(0.396), sy.DCope (0.3'%), and nnal failure (0.3%). Alt.hongh no cause-effect 
relationship baa bee11 established, the incidence of these event.a, except for 1.52, 8111485 
eynoope, wa& greater l.n the CORVERT ll\lt>ctloi:. group than ID !be placebo group. l .52, 811/527 

Other advoT'IM> reactions that mll)I be assocla~ with the adm!Dlstration of 
CORVEIU llllect.lon were Musea IUld headache, botb of which oecu1TCd with a 
fr.;~ency greater than 1% more in ibutilide-treated patients th!rn those treated 1.52, 811/449; 
with p\a,,cbo. l. l, 211/134 

-----·--··--------···-----------·--·---·--·~--------L --·---------·· 
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I .... ff ... ,"_ ...... - ... ··--· • .,.~ .... ""'Ill-- --
11.11tlarri':-Omtlc a{;et1!.s, the incid~n~ of proarrb,ytlupia in pat.!ent.e tw1ted with . 

'· CORVERT IllledJon la greater In women than men [SJl<n Tb!s wu borne out in 1.62, 811/487; 
cllnical triala cond•Jcted in patients with atrial tlbrillo.tfon and atnal fiutt.er, In which 1.1, Wl/14.'3 
more women than men developed~ ventricular~ [8.1.4). Also, the 
pharmacaldnet.lcs of CORVERT I~ are 8imDU' in men and women with atrial 1.42, 611137; 
ftbriUatlon Md atrlal flutter [8.1, IJJ. IA atu.U. ill healthy volu.11.t.eera, t.bare -11 DO 1.1, 2/JJ91 
pnder d.lft'erences In tbil ~ Clf i\mtilldo [8.'11, or with lwpect to 1.42, 6IJl8'1 
(r.Olonption. cl the QTr. mtar?al (8.7). 1.42. 611/40 --4• 
Details of \l'.e pnder ~tkm oCtbe cU&nmt _.trfcu!ar ~In the Ul2, 8111487 
811 ~ b'elited ..Wt.II COOVER'1' ~ - pn:;rJdtd ht tha Co!lotd»a' tabL>. Ul2, ilfW08 

Peroe:atap. of Pl\tl..W Wltla N-or W-aed VenQ-loular~ 

I Pol1morpblc VT Ml>nolllGl'phiC Vf Totll1 No. ot 
SR N Patlentl 

' Sustained NOD.lllatalned SIJIWned NoD81111tained D % 

l-~e 312'1 2.2 2.9 0.8 2.9 25 8.0 

Female 63• 8.2 9.6 0 9.5 18 20.6 -
1 One mate pat.lent had a aulltalned pol.ymorphk: VT ancl a suataiJled monomorphl~ vr. 
c Ono (emale patient bad a sustained and • llODlll!ltained polymorphic VT. 

8 

i 
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The medical events reported for more than l 'I& of t.De patlenl.ll are shown la the fo&wlng table. , 
Treabueat-Emerpnt Medical Eventa with 

Fr<Bquency of MQre Than 1,. 
Protocol9 0003, 0006, 0014 00!6 ' 

I Placebo All 
Jbut!lide 

EY"'-llt 
N•l27 N-376 

Fa&Lllda Patients 

D ~ D 
.,_ -

Ct.iulloY.ABCULAll 
N-ltPINd~VT 1 Cl.8 16 4.0 
N-•lned VT - - 16 UI 
Vepp!cnl'R l 0.8 13 8Ji 

fVlt:tdcm ~ 1.8 11 2.9 
1 0.8 9 2.4 

&etained pobrmorpbic vr - - 9 2.4 
Chestl'abl 2 1.6 6 1.6 
~ - - 6 1.3 

l 0.8 ~ 1.1 

olsnwlNl'EBl'INAL 
Nau- 1 0.8 10 2.7 
VomttJn1 2 1.6 6 1.6 
Diarrhea 3 2.4 6 i.e 

L~ORATORY VALUBS 
Increased Serum Crealllline l 0.8 4 1.1 

Rl!sPIRATOl!Y 
3 2.4 7 1.9 

CBNTIW. NB!!VOUS S11rl'l!·M 
Headache 4 8.1 tr. 4.8 
Dlzzl"""" 2 u; 7 1.9 

UROOENl'J'Af. 
_Urinary Retention 2 1.6 - -- -
MlscEU.ANEOUS 

BackPain 6 

I 
4.7 7 1.9 

Fever 4 3.l 6 1.3 
Localized Pain 1 0.8 4 l.l ·-·-·-

11..!Sll, 8111449; 1,1, SllllMJ 

02101/ 9 
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Ibutillde Fumarate Il\lectJon NDA 
Item 2. Application Summary 
Section A Propo!led Package Inaert 

OVERDOSAGE 

Acute Experience In Anlmm: Acute overdose in animals results In CNS toxldty; 
note' ,ty, CNS depression, rapid gasping iJreathing, and convulsions. The intravellOUS 
median lethal single doae ls more tLan 60 mg/kg but leas than 100 mg/leg in two 
species; thla dose ls at least 1600 times more than the maximum recommended 
therapeutic doae. 

Buman. Esperieaee: Jn &be clinical trials with CORVERT l'IUection. four patients 
were UlllntAnt!QnallY ovmloaed. The Jargeet doae was 3.4 mg evfminjsblred Offlt 16 
minuWS. One pa..tlent developed lnereaee~ ven&rlcu1a.r ectopy and 1110110D1orpl!ic 
veDbiea1ar tad\ycardJa, another patient developed. A-V bkld:-8rd dlllftll df 
-w•hwJ po!,ymoi:phie VT, and two petlenbJ had no meclical eYent reports. 
Buecl on bown phanlw:olca, the cffnbl etrei:t. « tlll overd111111&e with lbu!Dide 
could ~ the apect.ed prolonption of repo1arbat1on seen at 11SU&l dinfcal 
d-. M.edlcal event& (eg, ~ A-V block) that occur airer the O"."nlOll!lge 
shouid Ile ted with measures for that condition. · 

DOSAGE AND ADMINISTRATION •• 

02/ 01/ 10 

1.18, Mns; 
1.1, 2flAl6 
1.18, 6111227; 
1.1, 211t11 

1.62, 811A543; 
1.1, 21l/145 

The recommended dose of CORVERT lrdectlon for patient& 60 kg (132 lb) or more Is 
1 mg admlnletered by llltnvenous lDfwdon over a 10-mlnute period. For pat.lentll 
less than 60 kg, adm¥11ater 0.01 lllg/kg over a 10-minute period. If th-i anh,ytbmia 
does Mt tenninl'te within 10 minutes after the end of the initial infusion. a second 
10-millute infusion of equal strength ma,y be adminfatered. More rapid bifuslon ls 
not reeommended. · CORVERT btjection may be admlotmered undiluted or diluted In 
60 mL of diluent (see Dilution). If new or worsened ' entrit111ar arrb,ytbmla develops 
during acbnlnlstration of CORVERT llijection, the lnfualon should be stopped 
!mmedlat.ely. Additional doaea are not recommended because of the risk ~r adverse Ui2, BIV258; 
events associated with qr Interval prolongat.lon. 1.1, 2111129 

Dilution: CORVERT 11\jection ma,y be added tc 0.9% Sodlur.a Chloride Jajeccion or 1,3, 312/l. 
6% Dextrose l'IUec:tlDn before iJll'nsl.on. The contents of one 10-mL vial (0.1 ms'mL) 
may be added to a 6!l-mL lnfusl.on bfl8 to f.?rm an admixture of nppromnat.ely 
0.017 mgimL lbutlllde fumarate. 

Compatlblllty and Stability: The toll .. ring dlluents are comp11tible with 
CORVERT h\jection (0.1 mglmL): 

5% Denrose Injt.ction 
0.9% Sodium Chloride Iajcction 

The followl.og Intravenous solution c.~ntainers are compatible with admixtures of 
COl'lVERT lqjection (O. l mg/mL): 

polyvin,yl chloride plastic bags 
polyolefin bag:. . 

Storage: Store the product at controlled room temperature (16' to 30'C or 69' to 
86"F). Keep the producl In its original carton until used. When kept at controlled 
room temperature, CORVERT h>Jedion can be stored for 24 months. 

Admixtures of tlw p!Oduct, with approved diluents, are che171ically and physically 
stable for 24 houre at room temperature (16' to 30'C or 59° to 86°F) an<! for 48 
houre at refrige'l'llted temperatures (l!' to 8'C or 36° to 4.6'F). Strict adherence to 

I
' ,.fie use of aseptic technique during thr preparation of the admixture is 

recommended in order to maintain sterilitv. 

HOW SUPPLIED 

CORVEl.IT IJtjecUon is supplied as an acetate-buffered isotMi<: solution at a 
concentration of 0.1 mg/mL that bas been adjusted to approximately pH 4.6 in 

1.3, :w/422 

1.e. aru415 
1.3, 3f2/422 

1.3, at'dl 
l.3, 312/47 

10-mL clear glass fiip-t.op vials. -----------------"--------< 
Cauti.,n: Federal law prohibits: dlspenolng without prescription. 

1'he U John C"m.pnny • Kalamazoo, Michigan 49001, USA Revised: October 1994 
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REVIEW FOR HFD-110 
OFFICE OF NEW DRUG CHEMISTRY 

MICROBIOLOGY STAFF 

MICROBIOLOGIST'S REVIEW #2 OF NDA 20-491 
21 November 1995 

A. 1. NDA 20-491 
APPLICANT: The Upjohn Compan} 

7000 Portage Road 
Kalamazoo, MI 49001 

J) wi\\"fd 

NOY 2 I l'l95 

2. PRODUCT NAMES: Corvert® (ib~tilide fumarate) Injection 

3. DOSAGE FORM AND ROUTE OF ADMINISTRATION: 
Sterile solution for intravenous administratiou at a 
concent!""ation of 0.1 mg active drug product/mL. 

4. METHODS OF STERI~~Z..~TION: 

The drug product is sterile filtered followed by aseptic 
filling. · 

5. PHARMACOLOGICAL CATEGORY and/or PRINCIPLE INDICATION: 
The product is used for treatment of atrial fibrillation 
and atrial flutter. 

B. 1. DATE OF INITIAL SUBMISSION: 27 October 1994 

2. DATE OF AMENDMEN'I': 14 November 1995 

3. RELATED DOCUMENTS: Three Investigational New Drug 
Applications are referenced: 
IND -
IND -
IND -

4. ASSIGillED FOR REVIEW: 20 November 1995 

C. REMARKS: The amendment is a re~ponse to deficiencies found 
in the 13 April 1995 review of the New Drug 
Application. 

D. CONCLTJSIONS: The application is recommended for approval on 
the basis of the information supplied. 



consultative Review to HFD-110 
DIVISION OF MEDICAL IMAGING, SURGICAL, 

and DENTAL DRUG PRODUCTS; HPD-160 

Microbiologist's Review 12 
13 April 1995 

A. 1. NUA 20-491 
APPLICANT: The ,Upjohn Company 

7000 Portage Road 
Kalamazoo, MI 49001 

2. PRODUCT NAMES: r.orvert• (ibutilide fumarate) Injectio~ 

3. DOSAGE FORM AND ROtJTE OF ADMINISTRATION: 
Sterile solution for intravenous administrP.~ion at a 
concentration of 0.1 mg active drug product/mL. 

4. METHODS OF STERILIZATION: 
The drug product is sterile filtered followed by aseptic 
filling. · 

5. PHARMACOLOGICAL CATEGORY and/or PRINCIPLE INDICATION: 
The product is used for treatment of atrial fit illation 
and at~ial flutter. 

·~·-.. ~) B. 1. DATE OF INITIAL SUBMISSION: 27 October 1994 

2. DATE OF AMENDMENT: 16 March 1995 

3. RELATED DOCU"MENTS: Three Investigational New Drug 
Applications are referenced: 
IND -
IND -
IND -

4. ASSIGNED FOR REVIEW: 24 March 1995 

c. REMARKS: The amendment is a response to deficiencies found 
in the Jl January 1995 review of the New Drug 
Application. 

D. CONCLUSIONS' Since filtration is the only stdrilizing step for 
this preparation and the adequacy of the 
filtration process has r,ot been demonstrated 1 the 
application is not recommended for approval. 
Importantly, the Agency is aware of specific 
ca.sea of inadequate l:acterial retention 
validation of filtration processes resulting in 
non-sterile product. Specific comments·are 



provir\ed in "E. Review Notes• and 
•Microbiologist's Draft of Lf:tter to Applicant•. 

cc: Original NDA 20-491 
HFD-160/Stinavage/Consult File 
HFD-110/Div File/D. Roeder 
Drafted by: P. Stinavage 
R/D initialed by P. Cooney 
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Consultative keview to HFD-110 
DIVISION OF MEDICAL IMAGING, SURGICAL, 

and DENTAL DRUG PRODUCTS; HFD-160 

Microbiologist's Review #1 
31 January 1995 

A. 1. NDA 20-'691 
APPLICANT: The Upjohn Company 

7000 Portage ~oad 
Kalamazoo, MI 49001 

2. PRODUCT NAMES: Cor~ert• (ibutilide fumarate) Inje~tion 

3. DOSAGE FORM AND ROUTE OF ADMINISTRJl.TION: 
Sterile solution for intravenous administration at a 
concentration of 0.1 mg active drug product/mL. 

4. METHODS OF STERILIZATION: 
The drug product is sterile filtered followed by aseptic 
filling. · 

5. PHARMACOLOGICAL CATEGORY and/or f INCifI,E INDICATION: 
The product is used for treatment of atrial fibrillation· 
and atrial flutter. 

B. 1. DATE OF INITIAL SUBMISSION: 27 October 1994 

2. DATE OF AMENDMENT: (none) 

3 • RE~TED DOCUMENTS: Three Investigational New Drug 
Applications are referenced: 
IND 
IND 
IND -

4. ASSIGNED FOR REVIEW: 3 January 1995 

C. REMARKS: The application is for a new asept:l.cally f illec 
product. The applicant has provided comments, 
information, and data to support the use of 
ase,ptic processing in the manufacture of ::his 
product. At th.is time· there is no requirement to 
terminally sterilize drug products nor to provide 
the rationale for use of aseptic processing 
rather than term~nal sterilization. 



Upjolrn Co .. NDA 20-491; CORYER'IYJ lnj~ctlon, Microbiologist's Revllw Ill PAGE 2 

D. CONCLUSIONS: The application is not recormnended for approval. 
Specific com,ents are prcvided in "B. Review 
Notes• and •Microbiologist's Draft of Letter to 
Applicant•. 

cc: 

~A 
Paul Stinavage, Ph.D. 

Original NDA 20·49i 
HFD-160/Stinavage/Consult File 
HFD·llO/Div File/D. Roeder 
Drafted by: P. Stinavage 
R/D initialed by P. Cooney 
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NDA #: 20-491 

I· I fl 

STATISTICAL JUIVZJIW A1fD BVALUATION 
(Addendum.) 

Applicant: Upjohn Co.npany 
Drug Name: Corvert {ibutilide fumarate) inje1,tion 
Ind.ication: At:=ial Fibrillation/Flutter 
Document Reviewed: Amendment No. 039, Vols. l-9 

SAS efficacy databace 

-1. INTRODUCTION 

SEP 29 l9llS 

Thie review pertains to the non-IND European Study, Study #19 ( 
M/7550/0019), submitted as an amendment i:l cupport of the New Drug 
Application for ibutilid~ in treating patients with atrial flutter or 
atrial fibrillation. Based on the SAS database provided by the sponsor, 
the results of this reviewer's analyses are consistt:nt with the results 
presented in the NDA report. Thus, only major discrepancy will be 
noted. 

2. OVBRVIBW OF STUDY 119 (M/7550/0019) AHD RBVIBmUl'S COMMBNTS 

This 40-center, double-blind, randomized, parallel group 
trial was conducted to compare intravenous ibutilide (1 and 2 mg 
doses) with intravenous dl-sotalol(l.5 mg/kg) in hemodynamically 
stable patients with recent onset atrial flutte::: (AFL) or atr:.al 
fibrillation {AF) . Patients were stratified based on diagnor;is: 
AF or AFL. Those with a mixture AF/AFL ware randomized to the 
AF stratum. Previous studies, Stud:; #14 (P/7550/0014) and Study 
#15 (P/7550/0015), utilized a dose based on weight. According 
to the sponsor's report, the doses of o. 01 and O. 025 tTlg/kg 
correlate to doses of 1 and 2 mg, respectively. This study 
utilized fixed 1 and 2 mg doses of ibutilide. The dose of 1.5 
mg/kg of dl-sotalol was selected because it was feJ.t t.o 
represent the maximally effective dose basad on input from 
investig<.tors and the medical literature. This corresponds 
approximately to a dose of 100 mg for the average person. 
Patients were randomized to receive ihutilide· 1 mg, ibutilide 2 
mg, or 1.5 mg/kg aotalol in a single 10-min intravenous 
infusion. 

Accorc.Hng to the protocol, to maintain the blinding of the 
investigator giving the drugs to the patients, the investigator 



would be presented with a syringe containing 25 ml of solution. 
20 mls only will be infused equivalent to 1 or 2 ms: of ibutilide 
or 1.5 mg/kg of dl-sotalol. The syringe cont.aiving 25 ml would 
be prepared by an individual (probably a pharmacist) unseen by 
the investigator who would perform the infusions and be 
responsi.ble for all measurements. 

Efficacy yari@blee Treatment was considered as successful if 
the atrial arrhythmia terminated, for any length of time, during 
tha infusion or within one hour of the start of infus.ion of the 
study drug. The success rate is of primary interest. Other 
varlables of interest are time to conversion, duration of 
conversion (cime in sinus rhythm from analysis of the Holter 
tapes and from telephone contact made approximately 72 hours 
after start of infusion), ECG ~ntervals (QRS, QT, QTc), and 
atrial cycle length. 

Concgmitant medications Current treatment with Class I or III 
antiarrhythmic redications, with beta adrenergic blocking agents 
(including sotalol), or with the calcium antagonists varapamil 
and diltiazem was not permitted. 

Sample size calculation The sample size of 300 patients 
(divided equally among the three treatrr._,nt groups) was believed 
to be sufficient to detect a minimum difference in conversion 
rates of the atrial arrhythmia of about 20t for the pairwise 
comparison of any tw::> single treatment groups, or about 17% for 
the comparison of the sotalol and ibutilide combined groups, 
with 80% power ani at two-sided 5% l~vel of significance, 
assuming expected conversion rates of 35% to 60% for the 
ibutilide groups. 

EFFlCACY RESQLTS 

A total of 319 patients (59 AFL, 26C AF) were randomized. 
Th~ sample aize was quite different among centers, ranging from 
one (in five centers) to 34 (in one center). Eleven patients 
were considei·ed nonevaluable for effic.,i.cy: nine because the 
duration of arrhytl.mia prior to treatment ··•as qreater than 45 
days and two because they received an incorrect. ci'-.".le of study 
medications. Nonevaluable patients are approximately evenly 
distributed among the three treatment groups. 

- 2 -



Baseline balance 

There was no statistical evidence of treatment group 
imbala·.1ce with respect to demographic and baseline 
charact~~istics (Table A.l). Eighty-five percent of all 
evaluable patients rece:l.ved an infusion that lasted 10 minutes. 
The mean duration of infusion was 10 minutes (range 2-15.min). 
There were no statistically significant differences among 
treatr.nnt groups in duration of infusion. The mean total doses 
for succeas and failure patients were similar, see tbe·table 
below. 

Table 19-1. Total dose received (mg) - evaluable patients 

Success Patients Failure Pati~nts 
Dose 

n Mean Range n Mean Range 

Ibutilide 1 mg 26 0.94 0.2-1,0 73 0.99 0.5-1.0 -
Ibutilide 2 mg 52 1.90 0.8-2.5 s.; l.~8 1.0-2.3 

Sotalol 13 125 73-150 89 121 25-180 

Success rate 

The distribution of succeeses (patients whose arrhythmia 
terminated within one hour of the start of infusion) differed 
significantly across the tre1r.tment groups, as shown in the 
following tables (Table 19··2, Table l,9-2a) . 

Table 19-2. Evaluable patients (N•308l with successes 

Ibutilide 
Sotalol 

StnllUm I mg 2mg p-value 

N ' % N % N n o/o n n 

AFLJAF 103 13 I) 
I 99 26 26 I Ou 5:l 49 <0.0001 

AFL 21 4 ;-i !6 9 56 20 14 7G OOO~J4 

Af 82 9 11 SJ 17 20 86 38 44 <O 0001 
' '"nl\lll 11 COlnpll lflllll ..... ' ....... c:n '""f ..... io:.a> 

- ) -.. 



·rable 19-2a. All randomized patients (N-319) with sur:cesses 

Ibutilide 
Sotalol 

StnUum l mg 2mg p-value 
N n % N n % N n % 

AFIJAF 108 13 12 102 211 27 109 52 48 <0.0001 

AFL 22 4 18 17 9 SJ 20 14 70 0.0027 

AF 86 9 10 SS 19 22 89 :l8 43 <0.0001 .• - . 

- I -
Differences between treatment groups a.nd 95\' confidence 
intervals are provided in the table below (Table 19-3). 
Pairwise comparison indicated that the conversion rates were 
statistically significantly different between any two treatment 
groups, except the difference between the two ibutilide doses 
for AFL patients and the difference between the ibutilide 1 rng 
and sotalol for AF patients. 

Table 19-3. Differenc~s (6) in success rates (t) for evaluable 
patients (N•308) 

Al''L/AF AFL AF 

A 95t CI p !I 9St CI p 4 9St CI p 

ibutilide l 111\J 
minus •otalol 14 ( 3,24) .014 37 ( a, 67) .019 10 (-2, 21) .094 

ibutilicle 2 ing 

minu• 11otalol 36 (25, 48) c.0001 51 (25, 77) .001 33 (21,46) <.0001 

ibutilide 2 ing 

minus ibut>lide 
.001 

1 "'9 23 (10,36\ .001 14 1·18,45) .39 24 (10,37\ 
·-

Time to termination of arrhythml~ 

The mean time lo te!:'minati.on of arrhythmia was shortest for 
the success patient:0 in the ibut:.i.lide 2 mg group, as shown in 
the following table (Table 19-~). 

- 4 



Table 19-4. Mean time (min) to tc:mination of atrial arrhythmia 
for evaluable success patients 

Ibutilide 
Sotalcl I p-value• 

1 2 mg my . 
. ~L/AF (N•91) 258 198 13*& 0.002 

AFL (N•27) 19 23 15 0.083 

AF (N .. 64) 27*• 17& 12& 0.005 
--~· 1 overau group compan•on \aDtect :1.t tnere u a p:u.rw:i...e cunerence1 

• compared to ibutilide l mg (p < o.os) 
•compared to ibutilide 2 ing (p < 0.05) 
' C01'1Pared to aotalol (p ~ o.OS) 

Time out cf AF or AFL 

Holter monitoring recordings were made for aboltt 24 hours 
after the patients' dii:!charge f~0m the hospital. The sponsor 
reported that due to technical errors Holter tapes were only 
available from 281 of 319 patients. Once converted, most 
patients remained out of AFL or AF until the end of this 
assessment with no apparent differe?".C'e between the tb.ree 
trentment groups; see Table 19-5. 

Table 19-5. Mean and median time (hours) out of AF or AFL f.or 
evaluable success patients 

Ibuti.lJ.de 
Sotalol p-value 

l mg 2 mg 

AFL/i\F (N=66) Mean ::14 28 32 0.082 
Median 3/. 31 31 

-
AFL !N~::>l) Mean 31 25 jo 0.18 

Median 31 30 31 
-

AF (Na45) Mean 35 30 32 0.30 
Medi;.n 41 31 31 



Time to reyersion to AFL o.r_AE 

Ten success patients p~ovided data for estimating the time 
elapsed for the success patients who reverted back to AFL or AF 
from the Holter Lape analyses. There was no sufficient evidence 
t.o show dif!erer.ce between treatment groups; see Table 19-6. 

Table 19-6. Mean and median time (hours) to reversion to AFL 
and AF for evaluable success patients 

Ibut:ilide -.rl-~ 

Sotalol p-value 
1 mg 2 mg 

AFL/AF (N=lO) Mean 1.2 2.9 5.0 0.36 
Median 1.2 2.9 4.6 

A'FJ" (N=::;) Mean 0.03 2.9 --- -·~ -
Median 0.03 2.9 - --

AF (N=8) Mean 2.4 2.8 5.0 0.69 
Median 2.4 2.8 4.6 

-

Table A.2 (this reviewer's analysis) presents summary 
statistics on various subgroups. Ibutilide 2 mg seemed to be 
more effective t.han 1::1otalol in all subgroups. Numerically, the 
superiority of ibutilide 1 mg over sotalol did not seem as 
apparent in males, patients with APL/AF or patients using 
digitalis (digoxin or digitoxin) at baseline as in other 
subgroups. 

Effect of duration of arrhytllmia on succ.ess rate There appeared to be a 
statistically signi.fiC'ant (p<O. 05) ass- ·ciation between duration 
of arrhythmia prior t.o treatment and conversion after adjuEiting 
for dose in all evaluable patients. There also appeared to be a 
marginally significant (p~0.10) interaction of dose with the 
duration of arrhythmia prior to treatment, 1gge:;tinc;; the 
possibility of differential degrees of association betwet-in 
du~ation of 3rrhythmia and conversion for the three treatment 
groups. The intcnt-to-~.reat patient analysis did not support 
this interaction (p=0.26). Success rate WdS negatively 
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associated with duration of arrhythmia prior to treatment. Sc, 
generally speaking, the patients with shorter duration of 
~rrhyt.1111ia seemed to have a higher probability of being 
converted. This agrees with the observation made in Study 14 
and Study 15. In this study, the 1aean duration of arrhythmia 
over all dose groups for success patienta was 11 days as 
compared to 17 days for failure patients; the median dur~tion 
was 2 days vercas 11 days, respectively. 

Effeetofnooinvestigational111edicationonsuC!Jell8rate There was no statj.§.tical 
evidence of association between conversion and the u~e 0f 
digitalis during the 24 hours prior to infusion (p=0.10), of 
association between conversion and the use of calcium channel 
blockers (p=0.30). 

Effect of ibµtilide on PR. QRS. OT. and QTc Zntervals 

The PR, QRS, QT, and Qtc interval data were collected at 
baseline (screen), Minute 30, Minute 60. and Hour 7. Data at 
Minutes 30 and 60 come from all evaluable patients; however, 
data at Hour 7 come from success patients and some failure 
patients who had ECGs recorded at Hour 7. 

The sponsor reported that a large number of patients with AF 
whose PR interval cannot be accurately measured. The PR 
interval data cannot be meaningfully assessed. 

The QRS interval increased slightly from baseline at Minute 30, 
Minute 6 O, and Hour 7 in all three tr.eatment groups, genera~_ly 
ln the range of 1-4 msec. The~e was no statistically 
significant differences among treatment groups at any time 
point. 

All treatment grours showed a cign.i.ficant increase from baseline 
in QT and QTc intervals at Minute 30, Minute 60, and Hour 7 
(Table 19-7 and Table 19-8). The ibutilide 1 mg and ibutilide ;; 

mg groups appeared to have a signiticantly greater increase in 
QTc than sotalol \p<O. OS). The ibutiU.de 2 mg group appeared to 
have a significantly greater increase t.han the ibutilide 1. mg 
group (p < 0.05). 

- 7 



Table 19-7. Mean value and mean change from baseline in QTc 
interval (msec) from evaluable patients -

Ibutilide 
.S:otalol 

Time 1 mg 2 mg 

Mean Change Mean Change Mean C~!!ge 

Baseline 399 ---- 401 ---- 399 ----
Minute 30 458 59*@& 483 81*@$ 439. _.,_, ..• 41* 

Minutf! 60 446 49*& 480 80*@$ 439 40* 

Hour 7 430 18* 434 30* 422 25* 
• change from b•seline (p • 0.0001) 
• different from sotalol (p < 0.05) 
$ different from ibutilide l 1119 (p < 0.05) 

Table 19-8. Mean value and mean change from baseline in QT 
interval (msec) from evaluable patients 

Ibutilide 

Time 1 mg 
-

Mean Change 

Baseline 325 ----
·-
Minute 30 389 64*& 

Minute 60 38u 54*@& 

Hour 7 378 64* 
• chan ~ from baseline g ( p ~ 0.0001) 
II difforent 
$ ditferent 

fr= sotal . .,l (p < O .OS) 
from ibutilide l mg (p < lj .05) 

Mean 

321 

432 

427 

405 

2 mg 

Change 

- - - ·-

109*@$ 

105*@$ 

84* 

3. CONCLUSION (MAY BE CONVEYED TO THE SPONSOR) 

-
Sotalol 

Mean Change 

319 - ... --
397 77* 

399 80* 

394 90* 

The ibutilide 1 mg and 2 mg groups had a significantly 
greater rate of conversion of atrial arrhythmia than the sotalcl 
group (Table 1.9-2, Table 19-2a). Ibutilide 2 mg seemed to he 
more effective than sotalol in all subgroups (Table A.2, this 
reviewer's table). Numerically, the superiority of ibutilide 1 

- 8 -
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mg over sotalol did not seem as apparent in males, patients with 
AFL/AF or patients using digitalis within 24 hours prior to 
infusion as in other subgroups. 

All treatment groups showed a significant increase from baseline 
in QT and QTc intervals at Minute 30, Minut~ 60, ard Hour 7 
(Table 19-7 and Table 19-Si . The ibutilide l mg and ibutilide 2 

mg groups appeared to have a significantly 9reater increase in 
QTc than sotalol. The ibutilide 2 mg group appeared to have a 
significantly greater increase than the ibutilide l .ll!g-group. 
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9~s!7~ 
H.M. James Hung, Ph.D. 
Mathematical Statistician 

This review consists of 10 pages of text, followed bx .. :il 
additional tables. 

Concur: 

cc : Orig. NDA 
HFD-110 
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HFD-110/0r. Gordon 
HFD-110/Dr. Raczkowski 
HFD-110/Mrs. Willard/Mrs. Morgenstern 
HFD-344/Dr. Lisook 
HF'D-713/Dr. Dubey [File: DRU 1..3.2 NDA] 
HFD-713/Dr. Chi 
HFD-713/Dr. Hung 

Jhung/594-5436/SERB/CORVERT2.*/09-18-93 
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Table A.I. Dcaopaplllc ud Bwlhae Charaetei llCla of Evaluble Padeatl {Stlldy 19) 

Sotalol lbutillde I mg lbutilide 2 ms 
N-103 N=99 N•I06 

Age MClll sa.9 61.7 59.S 
(years) . 

Range ' ' 

Weight Mean 82 Bl 82 
(kg) 

Range . 
Duntionof Median S.4 14.9 S.l 

Anb.ythmia 
(days) Range 

n % n % n % 

White 100 97 95 96 llU 96 
Race (n, %) 

Black I I 2 2 I I 

Other 2 2 ~ 2 3 3 • 

Sex (n, %) Female 26 25 30 30 37 35 

Male 77 75 69 70 69 65 

History of heart Present 52 so SI 52 4S 42 
iisease (n, %) 

Absent 51 so 4& 4.; 61 SB 

Use of digitalis Yes 32 31 38 38 40 38 
(n, %) 

No 71 69 61 62 66 62 



f 

.' •• 

Table A.2. Saece11 ntel (SR in%) by ........... f-.1••mplelir.e•381, Stady 19) 

Sotalol Ibmilide 1 mg lbulilide 2 mg 

n SR(%) n SR(9/0) D Cl. n SR(%) D C.I. 

Male 77 14 69 25 10 (-2, 28) 69 49 3S (21, 49) 

I Female 26 8 30 30 22 ( 3,42) 37 49 41 (22, 60) 

>=70yrs 30 10 27 30 20 (-1, 40) 22 SS 4S (21, 68) 

< 70yrs 73 14 72 25 11 (-1, 24) 84 48 34 (21, 47) 

White 100 11 9S 25 14 ( 4, 25) 102 
' 

49 38 (27, 49) 

! Black l 100 2 100 0 1 100 0 

Others 2 50 2 0 -50 3 33 -17 

AFUAF 
Yes 53 i7 55 25 8 ( 7, 24) 63 Sl 34 (18, 50) 
No so 8 44 27 19 ( 4, 34) 43 47 39 (22, 55) 

Digitalis 
Yes 32 9 38 16 6 (-9. 22) 40 48 38 (20, 57) 
No 71 14 61 33 19 ( 4, 33) 66 so 36 (21, 50) 

D = ibutilide dose group minus sotalol CJ. = 95~ confidence intm'Yal fur D t • 

' 
J 
J 

"~ 



STATISTICAL RBVIBlr AND llVALUATION 
(Wdendum) 

NDA #: 20-491 
Applicant: Upjoin Company 
Drug Name: Corvert (ibutilide fumarate) injection 
Indication: Atrial Fibrillation/Flutter 
Document .teviewed: Amendmont No. 041 

After reviewing this amendment provided by the sponsor, I agree to the 
sponsor's corrections. Corrections are made below. 

l) On page ll of my original review (dated April 18, 1995), the last 
two sentences from the bottom of the page should read: 

"Failure rate appeared to be positively associated with the duration 
of arrhythmia (p= 0.0096). This observation agreed with the 
negative association between success rate and duration of 
arrhythmia seen in Study 14." 

2) On page 12, there are two typographical errors. In the 'CONCLUSION' 
section, •fot' of the 5th line should be •for' and '0.15' of the 6th 
line should be '0.015' . 

... ~ ~ 

This review consists of 1 page of text. 

ames Hung, P . 
atical Statistician 

F•t' . ~ ,,/~/· 
Concur: . D1·. Chi~ ~·l oY'Y/~J 

~Dubey fa. r~'- ,--
cc: Orig. NDA 

HFD-110 
HFD-110/Dr. Lipicky 
HFD-110/Dr. ChE'n 
HFD-110/Dr. Gordon 
HFD-110/Dr. Raczkowski 

fl. u -r;µ, f 'J.-> 

HFD-110/Mrs. Willard/Mrs. Natalia Morgenstern 
HFD-344/Dr. Lisook 
HFD-713/Dr. Dubey [File: DRU 1.3.2 NDhJ 
HFD-713/Dr. Chi 
HFD-713/Dr. Hung 

Jhung/594-5436/SERB/CORVERT.*/08-24-95 
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STATISTICAL RllVIft .um BVUilJ'ATIOll 

ND.A t: 20-491 
Applicant: Upjoin Company 
Drug Name: Corvert (ibutilide fumarate} injection 
Indicat:!.on: Atz:ial Fib1:'.illation/Plutter 
Document Reviewed: Vola. 1.78, 1.es-1.100. 

BAB efficacy database 

This review is completed after discussions with the medical reviewers, 
Dr. Maryann Gordon and Dr. Victor Raczkowski. 

1. D1"l'llODUCTZOJJ 

This review pertBins to the two major studies (StJdy 14 and Study 
15) contained in the New Drug Application for ibutilide in treating 
patients with atrial flutter or atrial fibrillation. Based on the SAS 
database provided by the sponsor, the results of this reviewer's 
analyses are consistent with the results presented in the NDA report. 
Thus, only major discrepancy will be noted. 

2 , OVBRVIBW OP PIVOTAL ST1JI>IBS AND RBVl:BWBR' S COMMJDrrS 

2.1. St\\dy f14 (P/7550/0014) 

This nine-center, double-blind. placebo-controlled trial 
was conducted to determine the dose·response relationship of 
ibutilide and conversion of atrial flutter (AFI,) or atrial 
fibrillation {AP). A secondary object)ve is to assess the 
effects of ibuti :ide on heart rate and ~.llood pressure. P11.tients 
were stratified baaed on diagnosis: atrial flutter or atr.ial 
fibrillation. 

In order to assess the safety of ascending doses, the study was 
conducted in two tiers. Tier I consisted of 25 patients in each 
stratum randomized in 1:2:2 ratio to receive a 10-minute 
infusion of either placebo, 0.005 mg/kg ibutilide, or 0.01 mg/kg 
ibutilide" Tier II is identical to Tier I except patients were 
randomize.d to either placebo, 0.015 mg/kg ibutilide, or 0.025 
mg/kg ibutilid~. Tier I be.uan first and Tier II followed after 
Tier I was completed and safety was ascertained. The study 
began in April, 1991. Following the completion of Tier II, the 
protocol was amended {03/21/92) . to i:-ermit randomization of 100 
additional patients across all dose groups to further 
differentiate between dose groups. Patients treated under the 
extension amenament were stratified by AFL or AF, and were 
randomized to a lO-min infusion of placebo, 0.005, 0.010, 0.015, 
or 0.025 mg/kg ibutilide (10 patients per group in each 
strat'.lm) . The qualified patients must have rhythm of sustained 
atrial flutter (duration of 3 hours or greater) or atrial 
fibrillation (duration greater than 3 hours and less than 90 
days) . 



During the 10-min infusion period, blood pressure and heart rate 
were recorded every 5 minutes. Twelve-lead ECGs were obtained 
if the a1::rhythmia terminat'3d or if a significant rhythm change 
was observed. Three ECG leads were continuously monitored and 
recorded. During the postinfusion period (from the end of 
infusion till hour 24), a 12-lead E<..'G was done if the arrhythmia 
terminated or if a sigrlificant rhythm change occurred during the 
1-hour peric.d following the infusion. Three BCG leads !"ere 
monitored and recorded until JO minutes after the end of the 
infusion. From Minute 40 till Hour 24 patf.ents were monitored 
with a standard single-lead BOG. 

Effiqagy variableo Treatment was considered as successful if 
the atrial arrhythmia terminated, for any length of time, during 
the infusion or within one hour following infusion. The success 
rat.e is of primary interest. Otber variables of interest ai·e 
blood pressure, heart rate and QTc length. 

~oncomitant medications Class I or III antiarrhythmic 
medications were not permitted. Use of beta adrenergic blockin~ 
agents and calcium antagonists was permitted. 

Efficacy res\l.ll;Jl 

A total of 200 patients (100 AFL, 100 AF) were randomized. 
Because of two-tiered design and the different recruitment rate 
at each center, randomization was done across centers within 
each tier, and for AFL and AF, separatel~·. The sample size was 
quite different among centers. Thre"!! patients were considered 
nonevaluable for efficacy (patient #1201 received a dose much 
higher than any of the doses in the protocol, patient #2118 
received an unknown amount of study medication, patient #2307 
was not in atrial flutter or fibrillation at baseline). 

Baseline balance 

There was no statistical evidence 1..: treatment group 
imbalance with respect to demographic and baseline 
character!.sti.cs (Table A.ll, except that there appeared to be a 
larger percentage of patients with prior history of AFL/AF in 
the 0.010 mg/kg group (placebo: 70%, o.05 mg/kg: 54\-, 0.010 
mg/kg: 85\-, 0.015 mg/kg: 66%, 0.025 mg/kg: 62\-, p ~ 0.05 for 
group differences) . 

Success rate 

The distribution of successes (patients whose arrhythmia 
term~nated within one hour of the end of infusion) differed 
significantly across dose groups, as shown in the following 
table (Table 14-1). 
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T bl a e 14-l. Eva l bl ua e natiente i h w t euccesf' ·• :i ( d Stu lV 14) 

Ibutilide 
Placebo 

Stratum .OOSm!llkg .OlOmg/kg .OIS mg/kg .02Smglkg p·velue 

N ll % N D % N Q % N D % N n % 

AFU.ti.F 40 1 3 41 s 11 39 lJ 33 38 17 4S 39 HI 46 <0.0001 

APL 20 0 0 21 3 14 20 6 so 19 II 58 19 10 53 0.0004 

I ·\F 20 I s 20 2 10 19 7 37 19 6 32 20 8 40 o.oso ,_ .. .....-..._ .... 
Pairwise comparison indicated that the conversion rates were 
statistical!y significantly greater in the 0.010, 0.015 and 
0.025 mg/kg groups than that in the placebo group (p < 0.0001). 
The conversion rate of the o.oos mg/kg group did not differ 
significantly from that of the placebo group (p .. 0.09). Thus, 
0.010 mg/kg appeared to be a reasonable first dose foz the 
patient population. There was a dose-related increase in 
conversion rates for the combined AFL/AF grou~~. The success 
rates appeared to reach a plateau between 0.015 ~nd o .025 r11g/kg. 
Similar trend was seen in both AFL and AF strata. rhe results 
of all 200 patients receiving medication were consistent with 
those of evaluable patients, as presented in Table 14-la. 

T bl 14 1 a e - a. All d i d ran om ze i t E_llt en a w ith successes (St d 14) .u IY 

Ibutilide 
Placebo 

Stratum .OOSmglkg .OlOmglkg .OlSmglkg .025 mg/kg p-value 

N n % N n % N n % N n % N n % 

.'\FUAF 41 I 2 41 5 12 40 13 33 38 17 45 40 19 48 <0.0001 

AFL 20 0 0 21 3 !4 ::> 6 30 19 ll 58 20 11 55 <0.000! 

AF 21 I 5 20 2 10 20 7 35 19 32 20 8 40 0.025 

A revised definition of success, J;2Atienta who converted from AF'L 
or AF to winus rhythm by Hour 1.5 witho.ut emergenr.~ intervention 
and remained in sinus rhythm for at least Z4 houra., W<\S used by 
che medical reviewers, Dr. Gordon and Dr. Raczkowski, to 
reevaluate the efficacy of ibutilide. 'l'able 14 ··lb presents the 
results of analysis for this new variable. The results are 
similar to those from the analysis of the or.i.ginal success rate, 
except in the AF stratum that statistical significance is only 
marginal. 
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Table.14-lb. 
d i d 

Newly defined success rat~ prior Hour 24 (all 
ran om ze i } [St a J cat ents u ~ 14 

Ibutilide 
Placebo 

Stntum .005111&"4 .olOD.lf/kl .OlSmw'ka .02Smglks p-value 

N n % N D % N D % N n % N D " MIJAF 41 1 2 41 s 12 40 II !I ... 16 42 40 17 43 <0.0001 Jv 

APL 20 0 0 21 J 14 lO 6 30 19 Ii SI 20 10 so 0.001 

. 

,M 

AP 21 1 s 20 2 10 20 s 2S 19 s 26 20 7 J!i 0.09!1 _..,......,. ___ 
Tim« tg termin1tiqn of ar~bythm11 

The mean time to termination of arrhythmia was 19 minutes 
(range of 3 to 70 minutes) for the AFL/AF patientR, 20 minutes 
(range 5 to 70 min) for the AFL group, and 18 minutes (range 3 
to 60 min) for the AF group. 

Clinical oytcome at Hpur 24 

The arrhythmia was terminated prior to the end of study 
(Hour 24) in 67% (46 of 69) of the AFL patients and 5!t (38 of 
74) of the AF patients who failed to covert as a result of study 
treatment. Acco:rding to the sponsor' a report, methods of 
arrhythmia termination are described in the following table. 

Table 14-2. Number of patients converted by methods of 
termination 

lbutilidc Placebo Eloctro-
infuaillll illfUlion Cll"diownioo Paeing Medication 

A.FL 30 0 21 19 2 

Al!' 23 l 31 0 4 

Su~d*OUP analysis 

Spo11taneous 

4 

3 

Effects of duration of arrhythmia, cardiac structure or 
function (left atrial diameter, ejection fraction, valvular 
heart disease) , QTc length, noninvestigational medication 
(digoxin, beta blockers, calcium charonel blockers) or1 
termination of AFL/AF were studied using descriptive statistics 
and logistic regression analysis. ·rable A. 2 presents summary 
statistics on various subgroups. 
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B6atafdurmollol•1bydaaiaon-n1111 There was no statistical evidence 
indicating a significant dose by th~ duration of arrhythmia 
(truncated at 90 days prior to infusion) interaction (p•0.24). 
Success rate appeared. to be negatively associated with the 
duration of arrhythmia (pR0.017). In the APL/Al' patients, ~he 
mean (or median) duration of arrbrhmia truncatetl at 90 days 
over all dose groups waa 18 (or 8 days for successes and 27 (or 
21) days for failures. 

811Gtaflllldi8oillliMWa/llm liooon-nde There was n" statistical evidencie 
lnt1icating any difference in the rates of success between t~e 
patients with normal left atrial diameters and the patients with 
enlarged left atrial diameters (p•0.46). 

B5'Jatafcjeodooholianoa-n1c There was no statistical evidence 
indicating that the success rates of the dose groupa were 
related to decreased ejection fraction (p•0.43). 

Ell'edcfvalwl«heart~m11uc:ccasr.., There was no statisticiil evidence 
in<b.cating that the success rates of the dose g.roups were 
related to valvular heart diseas~ (p•0.42). 

ElftictofQTclaigthonsuccaarat.es There waa no statistical evidence 
indicating a difference in the prolongation of QTc interval 
between successes and failures Cp > 0.15). 

B.ll\ctofoooinwillipliOlll!mcdicatioo.011-rllle There was no statistical 
evidence of dose by use of digoxin interaction (pc0.23), dose by 
use of beta adrenergic blocking agents (pa0.58), or doze by 
c.:alcium channel blockers (p•0.69). Patients not receiving 
digoxin eeemed to have a higher success rate than patients 
receiving digoxin in the APL/AF group (p•O. 03) and in the AFI. 
group (p • 0.04). Patients taking beta adrenergic blockers 
seemed to have a higher success rate than patients not taking 
beta blockers in thP. AF~/AF group (p•0.073) and in the AF group 
(ps0.004). There wa~ no statistical evidence of a difference in 
the success rates between the patients taking calci.um channel 
blockers and the patients not taking calcium channel blockers (p 
.. 0.67). 

2 ,2. Study #15 (P/'75Sll/0015) 

'!'his 21-center, double.,hlind, placebo-controlled trial W<•G 
conducted i-.o demonstrate the effectiveness of 1 mg (0.01 mg/kg 
:l.n patients weighing less than 60 kg) of ibutilide fumarate in 
the termination of Af'L and AF, and to :i.nvestigace whether a 
second. dose of l mg (or 0.01 mg/kg in patients weighing less 
than 6G kg) would increase the termination rate. Patients were 
atrati:i:led baseri on diagnosis (AFL or AF) . 

Patients in each stratum (AFL and AF) were randomized to receive 
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two 10-minute infusions; placebo/placebo, 1 mg/0.5 mg 
ibutilide, or 1 mg/l mg ibutilide. If the arrhythmia did not 
terminate during or within Jo minutes after the end. of the !::.rst 
infusion, the second infusion was administered. The infusion 
was discontinued at the time of arrhythmia termination. 

Drug or placebo was infused according to sche~ule (first 10-
minute infu£1on, a 10-minute wait, second 10-minute infusJ.on} 
unless APL or AF ~as te:nninated or a medical event occurred 
neceasit•ting termination of treatment. During the infusion 
period, blood pressure and heart rate were record.ad every s 
minutes, 12-lead seas were obtained at Minute 10 and if tbe 
arrhythmia terminated or if a significant rhythm change was 
observed, blood was drawn for an ibutilide pla11111a concentration 
(Minute 20), an~ the patients• BCGs were continuously monitored. 
During the postinfusion period ffrom the end of Minute 30 till 
Hour 24), a 12-lead BCG w~1 don~ if the arrhythmia terminated or 
if a significant rhythm change occurred during the 1-hour period 
following the infusions (u.1til Hour 1.5). A 12-lead ECG was 
also required at Hour 1.5 for patient!!' whose arrhythmia d:!.;l not 
terminate prior to that time, or if a significant adverse rhythm 
changes occurred through Hour 24. Patients' ECGs were 
continuously monitored throu~Jh Hour 24. 

E!ficacy y4riables Treatment was considered as succesPiu1 if 
the atrial arrhythmia terminated, for any length of time, by 
Hour 1. s (Time O • start of infusion) . The s•.lcr.ess rate wa.s of 
primary interest. Other varlables of interest are blood 
pressure, heart rate and ECG parameters. 

~OQCQDlitant medications Class I or III antiarrhythmic 
medications were not pe~nitted. Use of ueta adrenergic blocking 
agents and calcium antagonists were permitted for heart rate 
control. 

J:fff,igacy resylts 

A total of 266 (133 AFL and 133 AF} patients were 
randomized. Twenty-four patients were considered nonevaluable 
for efficacy. Of them, 13 patients were dosed with a dose of 
drug inconsistent with the protocol, 3 patients received other 
antiarrhythmic drugs within thr~e half-live~ of the infusion, 8 
pa~ienta had duration of the current ?pisode ot AFL/AF greater 
than 4f days, one patient's rhythm at Minute -10 was not AFL/AF, 
and one patient was electrically converted prio= to Hour 1.5 
(excluding those who were emergently electrocardioverted due to 

V'!') . The total of evalu<'.'ble pati1>.nts is 242. 

ll'1~li.D.to: balange 

There was no statistical evidence of treat~ent group 
imbalance with respti<;t to demographic ;ind baseline variables 
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(Table A.3), except that there appeared to be a much Rmaller 
percentage of patients in the AF group having.other significant 
•nedical histories (placebo: 95%, l mg/0.5 mg: 98t, 
l mg/l mg: 78t; p = 0.0061 for group differen~~) and there 
appeared to be a difference in the proportion of the AF patients 
reporting abnoI:'ll'alities of the eYtrem1ties acE'9BB dose groups 
{placebo: 3Ct, 1 mg/0.5 mg: 65t, l mg/l mg: 41t; pa0.0059 for 
group differeacea) . 

The distribution of successes (patients W'bose arr.hytblllias 
were terminated at any time within cne and half hour period from 
the beginning of the first inf'1sion) differed Bi!;i--lficant!y 
across the dose groups {p < 0.0001, Table 15-1). Pairwise 
qomparisons indicated highly significant differences in the 
success rate between the placebo group (2t) and the l mg/0.5 mg 
group (44%} and t.he l mg/l mg group (49%}, both p < 0.0001. 
Similar :cesults were seen b1 the AFL patientR and in the AF 
patients. The results of the all patients (N=266} analysis were 
consistent with those of the evaluable patient analysis, as 
shown in Table 15-la. 

Table 15-l. Success rates for the evaluable 
t' t (N 242) [Std 15] pa l.en a = U IV 

l Ibutilide 
Placebo 

Stratum I Dl~lO.Smg llDWlmg p-valuc ·-
N n % N n % N n % 

AHJAF 81 2 3 79 35 44 82 40 49 <0.0001 

AFL 41 I 2 39 21 54 41 29 71 <0.0001 

AF 40 l 3 40 J4 35 41 II 27 0.00\l -p.-........... -_......_ ..... 

Table 15-la. Success rates for all randomizc1 
patients ( ) [ l N=266 Study 15 

Ibutilide 
!:>lacebo 

Stratum 1 mgf0.5 mg. lmlf lmg p-valuc 

N n % N n % N n o/o 

AFUAI' 86 2 2 86 39 45 94 42 45 <0.0001 

AFL 43 I 2 44 23 52 46 30 65 <0.0001 

AF 43 I 2 42 16 38 48 12 25 <0.0001 
P ...... is_...._ ............. _ ..... 
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As presented i.n Table 15-lb, the results of analysis of the 
newly defined success rate at Hour 24 are also consistent with 
those from analysis of the originally dP.fined success rate. 

Table 15-lb. 
d . d 

Newly defined success rates for all 
ran omi~e t' t (N 266) (St d 15] Da ien s = u l 

Ibutilide 
Placebo 

Stratum lmgfO.Smg 1 m.sf ims p-v.sluc 

N n % N n % N n % 

AFl./AF 86 2 2 86 29 34 94 3S 37 <0.0001 

AFL 43 l 2 44 20 4S 46 27 s~ <0.0001 

AF 43 l 2 42 9 2i 48 8 17 0.02/ 

Table 15-2. Success rates for the evaluable patients (N=242) 
[ d l Stu 1V 15 

lst infusion 2nd infusion 

Stratum Placebo l mg Placebo 0.5 mg 1 mg 

N n % N n °tO N n % N n % N n % 

AFI/AF 81 0 0 161 35 22 Bl 2 3 60 16 27 66 24 36 

AFL 41 0 0 80 19 24 41 l 2 30 \2 40 31 19 61 

AF 40 0 0 81 16 20 40 l 3 30 4 13 35 5 14 

Table 15-:>. presents the distribution of the proportioi, of 
patients who c ~verted during the first infusion and the 
distribution of the proportim• of patients who did not convert 
during or within 10 minutes following the first infusion but 
converted from beginning of the second infusion through Hour 
1.5. The results were similar to those of the two infusions. 

Time to Termina tiQD... for successes 

The mean time to termination for successes for AFL/AF 
patients was 27 minutes (range ~ to 88). In the AFL group, the 
mean was 30 minutes (range 7 to 88) and in the AF group the mean 
was 23 minutes (range 5 to 75). 

For AFL/AF patients, the mean time to termination was 64 minutes 
for the placebo group, 25 minutes for the l mg/0.5 mg group and 
27 minutes for the l mg/l mg group. For AFL patients, the mean 
was 53 minutes for the placebo group, 29 mjnutes for the 
1 mg/0.5 mg group and 30 minutes for the 1 mg/1 mg group. For 
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AF patients, ~he mean was 75 minutes for the placebo group, 20 
minutes for the l mg/0.5 mg group and 21 minutes for the l mg/l 
mg group. 

Arrhytbmia status thrqugh Hour 24 

The following table presents the fine-.1 efficacy assessment 
data pertaining to the timing of termination of APL/AP. 

Table 15-3. Final efficacy assessment for evaluable patients 
( } [ l N•242 Studv 15 

APL/AF l:mergent AFL/AF APL/AF 
Tel111. W/O term. term. not term. 
intervn prior to between duri.ng 24 

. prior to Hour 1.5 Hour 1.5 hours 
Hour 1.5 and 24 

APL/AF placebo 2 ( 3%) 0 ( 0\) 51 (63\-) 28 {35t} 

1/0.5 mg 35 ( 44" l 2 ( 3%) 32 (4:i.%) 10 (13t) 

1/1 mg 40 (49%) 0 ( 0\) 25 ( 3 0\-) 17 (2lt) 

AFL placebo 1 { 2\') 0 ( 0\-) 30 (73\-) 10 (24%) 

1/0.5 mg 21 ( 54") 2 ( 5\-) 12 (31%) 4 (10%) 

l/l mg 29 ' '1%) 0 ( 0%) 8 (20%) 4 (10%) 

A_ placebo 1 ( 3\) 0 ( Ot) 21 (53'-) 18 (45%) -
1/0.5 mg 14 (35%) 0 ( 0%) 20 (50%) 6 (15\) --1/1 mg 11 {27%) 0 ( 0%) 17 (41%) 13 (32\-) 

The arrhythmia was terminated prior to !-lour 24 in 67% (110 of 
165) of the patients who failed to convert as a result of study 
treatment. The following table presents the nur'lber of patients 
converted by each method of arrhythmia termination. 

Table 15-4. Methods of termination ot AFL/AF (Study 15] 

-
lbutilide Placebo Electro-
infusi\lll infusion caclloversion Pacing Medic;atio;i Spontaneous 

Al"L so 1 40 7 0 5 

AF 25 1 48 0 6 4 

The following table presents the proportion of successes who 
remained in conversion rhythm through Hour 24. 
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Table 15-5. succ~ases who ~emained in conversion 
h { ] r1vthm throuClh Hour 24 Study l~ -

Ibutilide 
Placebo 

Slratum 1 mg/O.S mg l mf/ Ims 

n # % D ## % N D % 

AFUAF 2 2 100 3.S 28 BO 40 u BS 

AFL I l 100 21 - 20 95 29 16 90 

AF 1 l 100 l4 B S1 11 8 73 
n • mmibcc Of euocc Dlll (patieols who hid th<· AFUAF tarmjnltwt prior to Hour 1.5) 

At Hour 24 patients were categorized according to their rhythms 
during the study: 

l) remained in NSR (normal sinus rhythm) 
2) remained in rhythm to which thE•Y converted 
3) reverted to AF and remained in AF 
4) reverted to AFL and remained in AFL 
5) alternated between AF, AFL, and NSR 
6) other 

The distribution of theee categories is presentud in the 
following table (Table 15-6) . 

Table 15-ii. Distribution of resulting rhythm from time of 
AFL/AF termination for patients which converted from study 

d. . [ d 5] me 1cation Stu lY 1 

Cat.l Cat.2 cat.3 Cat.4 Cat.5 

n (%) n (%) n ( % ) n (%) n (%) 

AFL/AF Placebo I (SO%) I (SO%) 

Cat.6 

n (%) 

-- I""'"--"'~-

l/0.5 mg 2S (71%) 3 ( 9%) 1 ( 3%) 5 (14%) I ( 1%) 

1/1 mg 33 (83%) I '· 3%) 2 ( '.;%) 2( 5%) 2 ( 5%) 

AFL, Placebo I (100".4) 

1/0.5 mg 17(81%) 3(1'1%) I ( 5%) 
-

1/1 mg 25 (86%) J ( 3%) 2( 7%) I ( 3%) 

AF Placebo I (100%) --
1/0.5 mg 8 (57%) s (36%) I ( 7%) 

1/1 mg s (73%) 2 (18%) I ( 9%) --
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c .. 1: ran•!!ed in NSP. (normal ainua rn,tbm) 
Cal: ran•...S in rllythm to which tbr:y oanw.• l!ld 
Call: IWWiltOd to AF IDd mnllilled in l.P 
c.t.-4: reverted to AJIL end mnaincx! in Af'L 
Cal.5: lllumatecl ~AF, AFL, and NSR 
Cll.6: olha-

Table 15-7. Distribution of resulting rhythm from time.of 
APL/AF tennination tor patients which converted by means other 
t ban d d i [ cl 1 stulv me icat on StuJv15 

Cal:.l i:::at.2 

n (t) n (t) 

AJ!L/AF Placebo 43 (84%) I ( :m) . 
l~.Smg 27 (79") 2( 6%) 

1/1 mg 22(118%) I ( 4%} 

AFL Placebo 27 (90%) I ( 3%) 

1/0.5 mg 10(71%} 2(14%} 

1/1 mg 8(100%) 

AF Placebo 16(76%) 

l/0.5 mg 17 (8S%} 

1/1 mg 14 (82%) I ( 6%) 

Cat. I: remained m NSR (normal smus rhytlan) 
Cat.2: remained in rllythm to which they ll'lllvcrted 
Cet.3: reverted to AF and remained in AF 
Cat.4: reverted to AFL llld nlll18ined in AFL 
Cats: alternated between AF, AFL, and NSR 
Cat.6: other 

~roup analysis 

. 

Cat.3 Cat.4 Cat.5 Cat.6 

n (t) :.'l {%) n (%) n {t) 

3( 6%) J( 6%) l ( 2%) 

I ( 3%) 3( 9%) I ( 3~') 

1 ( 4%) I ( 4%) 

I ( 3'11} 1 ( 3%) 

2 (14%) 

3 (14%) 2(10%) 

l ( 5%) I ( S%) I ( S%) 

l ( 6%) I( 6%) 

Effects of duration of arrhythmia, cardiac structure or 
function (left atrial diameter, ejection fraction, valvular 
haa1:t disease), QTc length, noninvestigational medication 
(digoxin, beta blockers, calcium channel blocker.a) on 
termination of AFL/AF were studied using nescriptive statistics 
and logistic regression analysis. Table A.4 presents summary 
statistics on various subgroups. 

Fffi:ctofdurationofarrhythmiaoosucccssratc There was no statistical evidence 
indicating a significant dose by the duration of arrhythmia 
interaction (p=>0.79). Success rate appeared to be positively 
asaociated with the duration of arrhythmia (p=0.0096). This 
observation contracted the negative association between success 

- 11 -



rate and duration of arrhythmia seen in Study 14. In the APL/AP 
patients, the mean (or. median) duration of arrhythmia over all 
dose groups was 12 (or 6) days for successes and 15 {or 8) days 
for failures. 

~afc:ardiac111ucturelfunctiononsuccessl"'t.e There was no statistical evidence 
indicating any difference in the rates of success between the 
patients with normal left atrial diameters and the pati.ents with 
enlarged left atrial diameters (pR0.46). 

BliidClfcioolionli'aalionon-l'llc There was no statistical evidellQiit 
indicating that the success rates of the dose groups were 
related t<l decreased ejection fract.ion (p•0.85). 

B8bctotvalwlarbeartdiseaseoosucoessrate There was no sufficient statistical 
evidence .ndicating that th~ success ratea cf the dose gr~ups 
were related to valvular heart disease (p=0.08). 

FJroctofQTclcngthonsuccessrates There was no statistical evidence 
indicating a dif f erer.ce in the prolongation of QTc interval 
between successes and failures (p > 0.59}. 

EtfectofnollinvestigationalmedicationonSUllOCSSnte There was no statistical evic-lence 
that the success rates of the dose groups were related to the 
use of digoxin (p=0.45), the use of beta adrenergic blocking 
agents (p=0.41), or the use of calcium channel blockers 
(p=0.70). There was no statistical evidence of a difference in 
the success rate between the patients taking digoxin and the 
patients not taking it (pa 0.96). There was no statistical 
evidence of a difference in the success rate between the 
patients taking beta adrenergic blocking agents and the patients 
not taking it (p = 0.56). Thez~ was no statistical evidence of 
a difference in the success ra~es between the patients taking 
calcium channel blockers and the patients not taking calcium 
channel blockers (p = 0.91). 

3. CONCLUSION (MAY BE CONVBYA...i TO TSE SPONSOR) 

From the results of Study 14, there was a dose-related 
increase in conversion rates for the combined ,\.FL/AF group, the 
AFL group, and possibly the AF group (Tables 14-·l, 14-la, 14-
lb). The O.ClO mg/kg appeared to be the a reasonable first dose 
fot the average patient with AFL/AF. The success rates appeared 
to reach a plateu between 0.15 and 0.025 mg/k:,. The data of 
Study 15 confirmed the efficacy of 0.010 mg/kg (Tables 15-1. 15-
la, 15-lbl. 

Only 16% of the patients were female (10% in Study 14 and 
~0% in Study 15) and 20% were black (28,. in Study 14 and 15\- in 
Study 15). There was no evidence that the 0.010 mg/kg dose is 
not effective in female or black patients. There was nc 

- 12 -



sufficient evidance that the 0.010 1119/kg dose is not effective 
in a specific sul}group (Tables A.2 and A.4, following the last 
page of the text o.f this review) • 

~;~~ 
Mathematical Stati•t~aian 

This review consists of 13 pages of text, followed. by 4 
additional tables. 

Concur: Dr. 

Dr. 

cc: Orig. NDA 
HFD-110 
HFD-110/Dr. Lipicky 
HFD-110/Dr. Chen 
HFD-110/Dr. Gordon 
HFD-110/Dr. Raczkowski 
HFD-110/Mrs. Willard/Mrs. Natalia Morgenstern 
HFD-344/Dr. Lisook 
HFD-713/Dr. Dubey {File: DRU 1.3.2 NDA] 
HFD-713/Dr. Chi 
HFD-713/Dr. Hung 

Jhung/594-5436/SERB/CORVBRT.*/04-17-95 
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Table A.2. Succeu rates (SR In%) by nbpllllpl [total 1ample da • 200, Stady 14J 

Plaeebo 0.005mglkg O.OIOmg/lcg O.O!Smglkg 0.025 .. 

n SR ("lo) n SR ("lo) <1 C.l n SR(%) <1 C.L n SR(%) l\ C.L D SR(%) A Cl. 

Male 38 3 37 14 II ( -!, 23) 38 34 32 (16, :47) 33 4S 4'.l (2S, 61) 34 S3 so (33, 68) 

Female 3 0 4 0 0 2 50 so (-19,119) 5 60 60 ( !1,103} 6 33 33 ( .... 71) 

~()yrs 9 0 12 0 0 16 2S 2S ( 4,46) 13 46 46 ( 19. 73) 9 33 33 ( 3,64) 

< 70yrs 32 3 29 17 14 ( -1, 29) 24 42 39 ( 18, 59) .25 48 4$ (24,65) 31 55 S2 (33. 70) 

White 32 0 28 II 11 ( -1, 22) 2S 32 32 ( 14, 50) 27 37 37 ( 19, SS) JO so so (32.68) 

Black 9 II 13 IS 4 (-24,33) 14 36 2S ( -8,57) 10 80 ~ (37,101) 9 S6 44 ( 6,83) 

Afl.IAF 
Yes 29 3 22 14 IO ( -6, 26) 33 33 30 ( 12, 47) 2S 44 41 ( 20, 61) 24 50 47 (25,68) 
No 12 0 J9 1 J II ( -3, 24) 7 43 43 ( 6, 80) 13 S4 S4 ( 27, 81) 16 so so (26, 7S) 

Dig<r<ln 
Yes 20 5 20 s 0 (-14, 14) 23 30 25 ( 4, 47) 24 29 24 ( 4, 4S) 24 so 45 (23,67) 
No 21 0 2J 19 19 ( 2,36) 17 41 41 ( J8, 65) 14 19 79 t 57,100) 16 Sl) so (26, 75) 

EF . 
dccrc. 23 4 19 16 11 ( -7, 30) 13 46 42 ( 13, 7C) 20 so 46 (22,69) 14 S1 S3 (26,80) 
oonnal 16 0 J8 II II ( -3, 26) 26 31 31 ( 13, 49) 13 38 38 ( 12,65) 18 44 44 (21,67) 

LAD 
enlarge 29 3 29 10 7 ( -6, 20) 31 39 3S ( 17, S4) 26 so 47 (26,67) 25 S2 49 (21,6') 
nonnal JO 0 JO JO 10 ( -9, 29) 7 29 29 ( -S,62) 11 36 36 ( 8,6S) 11 4S . 4S ( l'6, 7S) 

VAD 
Yes 24 0 19 11 11 ( -3, 2'1) 22 4$ 45 ( 25,66) 2S 40 40 (21,$9) 24 6t S3 (43,IZJ 
No J7 6 21 14 8 (-10, '1:/) 17 24 18 { -s. 41) 13 Q 56 (27,84) 12 25 19 ( 4,·4') 

<1 = active do!C group minus placebo C."l ~ 95% ccnfidence intervll for 11 
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~ 11 56.9 '.ll S'l.0 36 59.0 

VolwllrlloatDiteae• - • 611 S5 '15.J JI '15.3 
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Table A.4. s-...... (la a%) 117 .... ,.,.pt (total 1&1pk 1fu • 2", Stady 15) 

r 
!>llOlibo t.OA'.l.S mg 1.0/1.0mg 

D SR(") n SR(%) D C.I. n SR(") D C.I. 

Male 72 3 70 46 43 (31, SS} n 42 39 (27, S1) 

Fllllllc 14 0 16 JI 31 ( 9, 54) 23 48 4& (21,18) 

>-7(lj:S 36 3 40 40 37 (21, S3) 41 41 39 (ll. s~ 

< 70yra 50 2 46 46 44 (29, 59) S3 45 43 ('l9, S7) -
White ·,, 3 69 J9 37 (24, 49) 76 .39 37 (2S, 4lt) 

Blick 9 0 17 59 S9 (35, 82) 14 64 64 (39, 89) 

AFUAF 
Yes 46 4 46 4l J7 (22, 52) 44 36 32 (17, 47) 
No 40 0 40 45 45 (30, 60) so 50 so (36, 64) 

Digoxin 
Yes 41 2 52 46 44 (30, S!S) 52 38 36 (22, SO) 
No 4'- 2 34 38 36 (19, 53) 42 50 48 (32, 63) 

EF 
cleae. 39 0 35 43 43 (26, S9) 42 52 S2 (37, 67) 
normal 28 0 35 46 46 (29, 62) 30 40 40 (22. SB) -

LAD -
enlarge 65 3 65 42 38 (26, 51) 75 43 40 (28, 52) 
normal 17 0 13 .<6 46 (19, 73) 14 so so (24, 76) 

VAD 
Yes 52 2 59 39 37 (24, 50) 64 42 46 (l&, S3) 
No 31 3 20 SS ~l {29, 74) 25 48 45 (24, 65) -D = active dose group minus p1-bo C .I. = 95% confidence mterval fur D 
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lbuciHM fumarate lnj\lCtion. 
<'.Gnat" 
The UpjobnC-..ny. 
0.1 m&lml IOlution. 

Catggry:lS. 

TyJo of aublDiulgn: ·new molecular entity. 

SJmspjp; 

s+n•m n.2: Oc:lobcl' 21, 1994. 
October 31, 1994 . 
.. ., 27, 199:5. 
Madi l, 19". 
Mardi 2, 1995. 

March 27, ·~· Mln:h 31, 1995. 
April 12, 199$ .. 

Rcvjewer: Patrick J Marrown. 

CorvertR is a novel cllU m andln'hydunic ..-. it ClOll«atw lbu:.llide fumarate which ia a 
Aeemle of two elllDdomen. 
The !lpOl1IOI' hu tmdied die i1'nYenoall ~ c:,f ibotilide (bolh bolUI and constant 
IV Infusion owr 8 Jloun) alnce die drug will on!/ l:e aiYen imraveDOUlly. Human 
pharmacokiDDtic studJm have abaft that ibutilide hu a hJab systemic clearanr:e (about 29 
ml/min/kg) Chat eueoda liver blood flow ad a large steady IClde volume of dilUlbudon (about 
11 llk&). The ellmlnatioo half-life AWll(Jlll 6 houri. The phi.!m&OOH""*- of ibutillde are linear 
with reepect ID tho dclle owr tbe ranp of 0.01 to 0.1 maJlcl. The enudomen of lbutilldc have 
pbarmacotinedc pu1pertiea almilar to elM:.h other IDd to ibudlide. However die ( +) enantiomer 
hu :3 to 4 timel ruper ability to prolong the qr inlm'al compered to the (·) enantlomer in 
healthy volunteers. 
In healthy male volunteers, about 82 I of the doac·is excreted in the urlno oot of which 7 I 
is unr.hanged lbutilide. The remainder 18 S wu reoovaed In ftcea. 
8 mecabolilm we d•* In me&llbollc profiliJla of urine. 'I'hme llllltlbolilel are tbouaht to be 
funned primllrily by"' oxidation followed by sequol!tiaJ fJ oxidation of the beptyl aide chain oi 
ibutilide. Only 1he "' bydrm.y melabolite of ibutilldc t . to pollllllS elm Ill elec:tlophysiologlc 
p~ similar to thal of ibutilide In an in villU il<>lated rabbit myocardium model. 
The sponsor invcatts•t.ed the effect of &"ndcr and age on the phannacolcinetica and 
pharmacodynamics of ibutilldo and f'>Uud that these two facton had no effect . 
The spomor studied the e..ffect of atrial flutter, atrial fibrillation, the concomitut administration 
of digoxin, calcium clWUICI hlooken and IJ bloclteni, the effect of renal and liver impairment 
on the phlll macolcinetica of ibutilide using a population style anal ya la on pluma concentrations 
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obcained from ~ 14 and JS (die two ~ llifety 11111 em,1cy uilla). 
The spo111« eetlbUshed a pbarl!WW!netk: pi.r tid,tsamic lllOdel eo correlate QTc 
Prolonaatioo with ibutilide plasina oo+.,.•atioaa. 
lbutilide la modendcly bound eo plato• pre . ;. <•t ~). 11owwr, die.,.. did not provide 
any information about !ti red blood cell partition coefftclent. 
The !pOD101' bu adeqtately validafed the cbinl HPLC Miii)' uwd in llOIDe of WW studies. 

RECQMMf.NDATlQN: 

The sponsor's NDA 20-491 ~"" to be accepllble for meeting the biopbanmceutica 
rcquiremenca ptOVilkd tillt the comments on .Pl&'e 9-10 are adequately addressed by die spomor. 

TAB' .B OF CONTuN'I'S; 

Background 
Summary of Bio/Pk characteristics 
Comments 

AJmemlix I (Study Summq} 

Study The pbarmacokinetics and ph11rmacodynamlca 
7215-93-019 of lt'Jtilide after Intravenous infusions in 

healthy r'le volunteers. 

Sturly A&uy method for ll-702268 in saliva and 
7.!56-93-129 com.pariJon of ealiva and pl;.,na U-70226E and 

enantiomtt coru.:entrations after intrl\vonous 
infusion of ibutillde in MJtby mate Vt.lunteen. 

Study Compnatlve pharmacoldnetics and pharrnacod~ .;amh:s 
7215-94-026 of ibutilide fumarate and its enantiomers following 

sinttle 10 mlnutt. intravelk. JS infusions in healthy 
male volunteers. 

Study Metabolism and excretio~ of ibudlide following an 
7215-94-017 intravenoWJ infusion of 1\'.:: ibutilide fumarate in 

in healthy male volunteers. 

Study Plwmacokinetics and pharrnacodytwnics of ibutilide 
7215-94-032 nunarate in heallhy male and female volunteers. 

Study The pharmacoldnetics of ibutilide after one or two 
7215-94-025 IV infusiom of ibutilide fumarate in patients wi"h 

Page I 
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23 

34 

42 

54 

62 
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Study 
7215-95-()()4 

Study 
7215-95-005 

Study 
1425-95-007 

alrial flutter or atrial fibrillation. 

The pharmacokinelic$ of ibutilide after intravenous 
infusion of ibutilide fumarate in patients with normal 
or decreased left ventricular function. 

The piiannacokinetic of ibutili® after intravenous 
infusion of ibutilide fumarate in patienlS with inducible 
ventricular tacltycardia undergoing e!l'.ctropbyaiGlogic 
study. 

Attempts to identify the major isoeniymes of ~l!rome 
P4SO involved in the metabolism of rHJ-ibutilide in human 
liver microsomes. 

-Annotated package insert. 

-Compositional formula of the l!linical and market formulatiOM. 

-Plots of ibutilide plasma concentrations vs time for all the covariate& 
tba~ were investigated in Protocols 14 and lS. 

Background: 

72 

78 

87 

97 

98 

lbutilide fumarate is N-[4-[4-(ethylheptylamino)-l-hydroxybutyl]­
phenyl)methanesulfonamide,{E)-2-butenedionate (1:0.5 ) salt. The molecular formula of 
ibutilide fumai:ate is C22H3SN205S and it has a molecular weight of 442.62 g/mole. The 
stn1ctural formula is shown below: 

- . - . -···-~~-~·---. 

\ 

• ns CH,COQH 
"" II 

HO<.IC-CH 
IbutWde Fn.mr..ral:e 

'Che comjJOund is a white to off white crystalline po<'l&r with ;.n ll1~ueous solubility of 
greater than 100 w~/m! at any pH ICE~ than 7. Betwr~n the ;1H 7 i-. • .d 9.4 the aqueous 
;iolubility decreases a1w. reaches a mim num of 6 mg/ml a1 pH C,.<t. Above pH 9.5, the 
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aqueous solubility increases rapidly and is greater !ban 100 mg/ml above pH 10.5. 
lbutilide fumarate behaves as an amph<ayle with pka of approximat.ely 8.4 and 9.6. 
Ibutilide fumarate has one chiral center and exists as a racemate of the ( +) and (-) 
enantiomers. 
CorvertR (ibutilide fumar 1te) is a novel class Ill antiarrhythmic agent that increases the 
refractory perioe lllld action potenti.!'.• -'J.l."!!;<:>n of myocardial cells. 
lbutilide fumarate is proposed for the rapid termination of hemodynamically stable &trial 
flutter or atrial fibrillation. The drug will be administered as IV infusion of 1 mg over 10 
minutes. If the arrhythmia does not terminate during the infusion or within 10 minutes after 
the end of the infusion, another 1 mg dose administered over 10 minutes IMY be given. For 
patients weighing less than 60 kg, a dose of 0.01 mg/kg should be administered over 10 
minutes instead of l mg. 

SUMMARY OF 9IQAVAILABILIT.Y/PHARMACQKINETICS/PHARMACODYNAMICS: 

I.PHAR..MACQKlf'lli'lES.;. 

Human pharmacokinetic studies have shown 1.1 •. ibutilide has a high systemic clearance 
(mean value of 29 m!/min/kg) that approximates Hver blood flow and a large volume of 
distribution at stead} slate (mean = 11 I/kg). The apparent elimination half-life averaged 
approximately 6 hours. Post infusion ibutilide concentrations decreased rapidly in a 
multiexpu1ential fashio 1 with at leiist 2 distribution phases followed by an elimination phase. 
The following table ~·~i:•marizes the main pharmacokinetic parameters obtaim:d from the 
triexponential mo1.'t:I ot i).01 mg/kg (mean total dose of 0. 78 mg) of ibutilide infu.o;ed over 10 
minu&es (Study 7215-9:-\-019) . 

. 

A B c Alpha .Beta Gamma 
(ng/ml) (ng/ml) (ng/ml) (hn·I) (hrs•I) (hrs"!) ·- . 

Mean 24.8 2.49 1.48 31.l 2.79 
I 

0.125 .. 

Sd 6.8 0.7 I 0.36 6.3 0.47 0.018 - - - -
IbJtilide pnarmacokinetics exhibited somewhat high interindivldual variability. The 
interindividual coefficients of variation for Cl, Vss and Ve were estimated w be 69 % , 43 % 
and f,5 % resvcctiv.;;ly. The residual variability expressed as % CV was e'ltimated to be 95 
%. 
The ( +) and (-) enantiomers of ibutilide (U-822(18 and U 1!2209) have pharmacokinetic 
pro!Jerties similar to !'.ach other and to ibutilide. ·n1e mean + /- SD CL (27. 6 + /- 7 
ml/111in/kg) and mean Vss (13.2 +I- 6.91/kg) of the(+) enar.tiomer were similar to 
respective values estimated for the (-) enantiorner (CL= 30. 7 + /- 9 ml/min/kg and 
Vss== 12.9 +/.· 4.3 I/kg) after dosing with each single enantiomer. Moreover, no 
concentrations of the other enantiomer were found after dosing with either ll·82208E IDd U-



, .. · .• :.,~ .... . ,. -~""-~~-

82209B indjanjng no in vivo interconversioo between eoantiomers. After adminimation of 
the racemate, 52.8 % is present as the(+) enantiomer while 48 'Jr, as the(-) enantiomers. 
This ratio did not vary with time 

lJ-PROTEIN BINP!NG: 

T'~ in vitro protein binding measured by ultraffi •ti ranged from 37 to 46.1 " wi1h a 
mean value of 41.4 and wa:. independent of concentration in the rallge of 1.1 to 987 ng/ml. 

llf-RRQ BLOOD CELL PARTITIONlN.O;. 

The sponsor did not report any value for the plasma/red blood cell partition coefficient for 
ibutilide. 

IV-METABOLISM~ 

82 % oi the "C ibutilide fumarate dose was re.ctlvered in the urine while the remaining 18 3 
was rr,covered in the fecP..s. 6. 7 % of the radioactivity in the urine is due to unchanged 
ibutilide while the remainder 93 % are due to eight metabolites out of which 6 were also 
fourn:I in the feces. 
In vitro studies indicated that the initial metabolite of the primary pathway was the alcohol 
formed by c.i- oxidation of the heptyl side chain of ibutilide (see metabolic scheme in 
Appendix I page 86). The cytochrome P-4SO responsible for this m&JOr pathway was not 
identlfied. TI1e aldehyde and the acid formed by oxidation of the alcohol were identified in 
human urine. Further metabolism of the acid metabolite occurs by P-oxidation of the heptyl 
side chain. Some of the formed acid metabolites are major metabclites identified in urine 
(Sti..dy 7215-94-017). 
Initial (~-1)-oxidation of the heptyl side chain and the associated one 1;arbon loss pathway is 
a lllSS significant metaboli.,m pathway in humans and is thought to tie mediated by CYP2D6. 
The formation of the N-desheptylated metabolite (which was below the limit of detection in 
both urine and feces), another minor metabolic pathway of ibutilide, is thought t#J be 
mediated by cytochrome 3A4. 
Of all the isolated metabolites i11 humans, the orily one tha• seems to have any activity is the 
ti-alcohol of ibutilide which r~ults from hydroxylation of the terminal methyl carbon of the 
aminoheptyl side chair.. Preliminary analysis of plasma samples from 4 normal volunteers 
seem to indicate that systemic exposure to this metabolite is less than 10 % of the 
corresponding ibutilide exposure based on AUC and less than 1 % based on CMAX (Study 
7215·94-032) 

Y.-DOSE ANJ.LQQ~G.fifQR.M PROPO&TIONAl.H'.:~ 

Study 7215-93-019 showed tl:at the pharmacokinetics of ibutilidr. is linear with respect to the 
dose between the dose range of 0.01 mg/kg to 1 mg/kg infused over 8 hours as evidenced 
by no statistical differenc-.es in clearance and volume of distribution. Moreo'.<-r, both CMAX 



and AUC were illCl'llUCd proportionally to the adminlat.ered dose. 

Yl:SPBCIAL PQPUI.ATIONS: 

A-Age: 

Age did not have any effect on the pbarmacokinctica of ibutilide and its 2 enantiomen as 
evidenced by the fact that elderly and young subjects have similar clearance and volume of 
distribution. 

B-Qcm®r: 

Gender does not seem to have any effects on either •he pharmacokinetic of ibutilide or its 
two enantiomers. (Study 7215-94-032) 

C-Atrial fl.l.ltter and atrial fibrillation: 

Bayesian estimates of clr.ara.nce and volume of distribution at steady state obtained from the 
population analysis of Protocol 14 and 15 (the two pivotal clinical trials) seem to indicate that 
the pharmacokinetic characteristfos of ibutilide in patients with atrial flutter or attial 
fibrillation did not differ from those of healthy normal volunteers. 

D-LiVer impaj~ 

Tue effect of liver impairment on the pbarmacolcinetics of ibutilide could not be determined 
since patients with liver impairment were excluded from the clinical trials and the sponsor 
did not perform any phannacokinetic studies in live!' impairment subjects. 

E-Renal impairmem: 

Bayesian estimate.'! of clearance obtained for patients with impaired renal function were not 
different from the bayesian estimates of patients with normal renal function (Protocol 14 and 
15). No significant relationship hetween creatinine clearance and ibutilide clearanr.e could be 
observed from these two clinical studies. Moreover, becaus-; less than 10 % of the dose is 
excrf:ted uachanged in the urine and due to the fact this drug will not be administered 
chronically, tbe sponsor did not perform any pharmaookinetic Mudies in patients with severe 
renal impairment. 

E-.fitients with decreased left-™is:u\ar function: 

Study 7215-95-004 showed that in genera! there was no difference in the phannacokinetics of 
ibutilide between patients with LVEF< 35 3 and patients with LVEF> 35 %. However, 
the pharmacokinetics of ibutilide in this study were characterized by atypically high 
intersubject variability and atypical concentration time profile. Moreover, a correlation 



between QTc prolongation and plasma concentrations of ibutilide could not be eatablilbed. 
This iii contrary to what was found in healthy normal volunteers where the change in QI'c 
was correlated with plasma concentrations via a sigmoidal EMAX model. 
This variability in the pharmacokinetic results might be due to the invasive nature of this 
study. 

G-Patjents with inducible yenttjcular...fACbycanlia: 

Results of study 7215-95-005 indicated that patients with inducible ventricular tachycardia 
undergoing electrophysiologic study had atypical plasma concentr-Jt.ion time profiles. The 
intersubject variability was atypically very high. Similarly to tl1e abova study, no correlation 
between QTc prolongation and the ibutilide plasma concentrations could be e11tablished. Once 
again, the variability in the observed results might also be due to the invasive nature of this 
study. 

VIII-DRUG INTHRACJJQNS: 

A-Calcium Channel Bloclcers: 

No formal plumnacokinetic drug interaction studies of ibutilide with calcium channel 
blockers were undertaken by the sponsor. However, the sponsor calculated the bayesian 
estimates of the clearance and volume of distribution at steady state of the patients that were 
on concomitant calcium channel blockere. The estimated clearance and volume of distribution 

- of ibutilide in these patients were found not to be different than in the patients not taking 
calcium channel blocker. (Protocol 14 and 15}. 

B:Beta Adrenergic Blockers~ 

The some approach as with calcium channel blockers was used to study the interaction of 
ibutilide with beta adrenergic blockers. It was found that the clearance and volume of 
distribution at steady state of ibutilide was not different in patients taking beta blockers from 
those that are not. 

C-Digol(iit: 

lbutilide did not seem to affect the digoxin plasma levels since the digoxin plasma levels 
were the same prior and 1 hour after ibutilide administrdtion. Moreover the baye.<1ian 
estimates of the clearance and volume of distribution at steady state of ibutilide were the 
same for the subject.s on digoxin as the patients that were not on digoxin. 

IX-Pi:!ARMACOKINET C RELATIONSHIPS: 

A direct correJation seems to exist between dQT and concentration. The sponsor fitted the 
dQT vs r.oncentration to the sigmoidal EMAX model for the subjects that pcµticipateti in the 



. :_ ~-~· •'. 

three highest doaea in Study 7215-93-019. The estimates of the pharmacodynamic 
paramer.ers were u follows: 

-Dose mg/kg 0.03 0.06 0.1 

----
Infusion Duration 10 min 8 hours & hours 

#Subjects 8 s 7 --
Bmax msec 205 (51) 106 (38) 134 (32) 

&SO ng/ml 1.4 (0.2) 1.S (0.5) 2.3 (0.7'), -
Sigmoidicity 4 (1.5) S.4 (2.4) 6.1 (3.S) 

( )= SD. 

The sponsor concluded that the Emax appearll to be iratluenced by the rate of infusion as well 
as the total dose of ibutilide. The sponsor attributed this finding to the rapid and extensive 
distribution characteristics of ibutilide. However, a simultaneous fitting of these three doses 

· .. "" using a population approach seems to indicate that ooo of the explanations for the differences 
.... ) in EMAX might be that there is tolerance to the dQT effects of ibutilide. The results of this 

modelling undertaken by this reviewer will be presented in a separate report. Additionally, 
the results of Study 7215-94-026 seem to indicate that even though the pharmacok:inetics of 
each ena11tiomer were similar, the maximum effect differed for each compomld dosed. 
According to the sponsor, this difference was most likely due to a shift in the dose response 
curve due to a potency difference in enantiomer activity. 
The pliarmacodynamic parameters of ibutilide and its two enantiomers can be summarized as 
follows: 

Parameter Estimates lbutilide fumarate U-82208E(+) U-8~209F(-) ---
Emax msec 120 (37) ;.72 (34) 44 (10) -
EC50 ng/ml 0.58 (0.18) 0.55 (0.14) 0.98 (0.69) -
Sigmoidicity 5 (3) 4.7 (2.7) 3.9 (2.8) 

() == SD. 

Study 7215-94-032 showed that neither age nor gender seem to affect the QT prolongation of 



ibutilide since similar pbar111acodynamic values were obtained in d1eae two populationl. 
It is to be noted that even though there was a correlation between qr prolongation and 
ibutilide p:Uma concentrations, no relationship between success of tteatment (conversion) or 
proarrhythmia and plasma concentrations could be established in either Protocol 14 or 15. 

X-FOKMl!LAUON: 

Two formulations of ibutilide fumarate injt.etion have been developed:2.5 mg/1111 and 0.1 
mg/ml solutions. 'fhe 2.5 mg/ml solution diluted 2.'i to 500 fold with either S % Dextrose or 
0.9 I Sodium Chloride Injection prior to administration has been used for ciin.lcal 
development. The 0.1 mg/ml formulation has been developed for use as a marketed product 
and was used in later clinical trials. It is equivalent to a 1 :25 dilutiou of the 2.S mg/ml 
formulation with 0.9 % Sodium Chkride Injection. The compositional formula of ibutilide 
fumarate is given in Appendix II as well as the comp0sition of all the formulas that were 
used in the clinical trials. 

XI-ASSAY: 

Concentrations of ibutilide fumarate along with both of its enantiomers in plasma and urine 
were measured with a chiral HPLC method with fluorescence as a detection mode after 
derivatiz.ation. 
The r,~'lcentrations of the t>-1 hydroxy metabolite (U-860-92) and t> hydroxy metabolite (U-
107246) from plasma samples were determined using liquid chromatography coupled with 
mass spectrometry. 
Overall, these assays were deemed satisfactory. 

Comments to~ Sent to the Firm: 

l-TI1e sponsor should provide information on the red blood cell partition coefficient of 
ibutilide. 

2-In the 14C ADME study (Study 7215-94-017), data on the recovery of ibutilide and its 
metabolites in the feces were given only for two subjec~. Conclusions on the r{'.(',overies in 
feces were based on the data from these two subjl'.cts. Due to the very small sample siz.e 
(n=2), the conclusions drawn might not be valid. In future studies, the sponsor is asked to 
provide data from more than 2 subjects. (In such ADME studies, a typical n value would be 
at least (j subjects). 

3-In protocol 14 and 15, the sponsor collected blood saniples 11p to 3 hours only, yet the 
terminal half-life of foutilide is estimated to be 6 hours. This means that the sponsor only 
covered less than one t112 of the drug. For this reason, it would be very difficult to develop a 
populatio1t model that will describe adequately the ph3rmacokinetics of ibutilide from such a 



- --.-.•-. . .. . . · ._ ... _. 

data set. Therefore, the ~Delusions that can be drawn are very limited and should be viewe<l 
within the context of the limitations of these two studies. 

4-The mode: ~ho.en by the spomor to descnbe the data obtained from Protocols 14 and 15 is 
not adequate as evidenced e.g. by a high residual variability (%CV of 95 %). Thus, the data 
obtained from this analysis might not have the ability or power to detect the effect of the 
various investigated covaria~ on the p!wmacokinetics of ibutilide. The spollSl'.'r ~!iould have 
tried different models to attempt to decrease the % residual variability that was observed with 
the two compartment model thr. spomior chose . 

.'.i-The spor.sor concludes from the results obtained from Protocol 14 and 15 that liver 
impairment did uot have any effect on thP- pharmacokinetics of ibutilide. Yet in the inclusion 
criteria in the protocols, patients with liver impairment were excluded from participation in 
the studies. In both these clinical trials there was only one patient that could be considered as 
having liver impairment. Therefore no conclusion can be made on the effect of liver 
impairment on the phannacokinetics of ibutilide. 

6-Labelling Comments: 

a-In the metabolism section of the package i11Sert on page 3: the following statement ~hould 
be added: •only the l'a> hydroxy metabolite of ibutilide possesses clas., III electrophysiologic 
properties similar to that of ibutilide in an in vitro isolated rabbit myocardium model. 
However, the concentrations of this active metabolite are less than 10 3 of that of ibutilide 

In the drug interactions section: 

b-Under Digoxin: the statement that "the pbarmacokinetics of Corvert Injection are not 
different in patients treated concomitantly with digoxin when compared with those who 
were not concomitantly treated.• This stawment is based on the population analyi:is of 
Protocols 14 and 15. However, due to the reasons outlined in Comments 3 and 4, no 
conclusions with regard to drug interactions could be drawn from their analysis. 

c-The sections on calcium channel blockers and beta adrenergic blocking agents should be 
replaced by the following statement: 
"Coadmin~stration of either calcium channel !Jlockers, adrenergic blocking agents or digoxin 
did not have any effects on <';cher lhe safety and efficacy of ibutilidr in the ~linical trials.• 

Patrick J Marroum Ph.D. 

9#~:> 
Biopharm Day on Augnst 4. 1995 (Ludden, Fleischer, Chen, Hepp, Gillespie, Hussain, 
Parekh, Gordon and Marroum). 
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DH: phmn0C9kjootiq a!K! phwpemdynamjcs of jbutiljde iumam: aftr..r intl'IY.~ 
infn•jnm in hglthy male yolunfm!. 

~y:;, 7215-~3-019 

fnvcstiptots: 

Clinical: 

\folume: 1.45 Pages: 06/04/1-202. 

Dr. James T. Vandcrlugt 
The Upjohn Research Clinics-BCIU. 
Kalamazoo, MI 49007. 

To describe and evaluate the phannacokinetics of ibutilide in healthy male voluntr..ers in 
relation to dose and length of infusion and to investigate the phannacodynamic relationship 
between QT interval prolongation and ibutilide plasma concentrations. 

Formulation 

-Ibutilide fumarate sterile solution (2.5 mg/ml). Lot# 25561. 
-Placebo lot# 25562. 

Stud,y Desi&n: 

This single dose, double blind, parallel, placebo-controlled dose escalating study in healthy 
male volunteers between the ~ges of 18 and 50 years. The volunte.ers received either an 
infusion of ibutilide (n=6 or 8 per dose group) or placebo (n=9 for the 10 minute infusion 
groups and n=lO for the 8 hour infusion groups). The doses that were investigated were 
0.001 mg/kg, 0.003 mg/kg and 0.03 mg/kg ibutilide infusW over 8 hours. Originally, the 
protocol was designed with only 10 minute duration ibutilide infusions with doses up to 0.25 
mg/kg. However, the protocol was amended and the 8 hour infusion <luration treatments 
were examined in light of exces~ive QT interval prolongation observed after the 0.03 mg/kg 
dose administered over 10 minutes. 
lbatilide sterile solutions (2.5 mg/ml) was diluted in an appropriate amount of D5W (5% 
dextrose in water) to acheive the following infusate concentratians for r.ach dose level: 

D:>se 
(mg/kg) 
0.001 
0.003 
0.010 
0.03 

Infusate concentrations 
(mg/ml) 
0.0025 
0.0075 
0.025 
0.075 



0.06 
0.1 

0.15 
0.25 

Signal averaged electrocardiograms were done twice prior to dosing and at various tim~ 
after the infusions (usually corresponding to a blocxt sampling time). Heart rat.e, PR, QRS 
and QI' intep,·aJs were averaged from 25 beats. 
Blood samples were collected from subjects receiving the 10 minute infusion at the following 
times: 0, 10 minutes (at the end of the infusion), 0.25, O.S, 0.75, 1, 2, 3, 4, 6,. 8, 10, 12 
and 24 hours after the start of the infusion. 
Blood samples were collected from subjects receiving the 8 hour infusion at the following 
ti1nes: 0, l, 2, 4, 6, 7, 8, 8.083, 8.25, 8.S, 9, 9.S, 10, 11, 12, 14, 16 and 24 houn after the 
start of the infusion. 
Saliva sam;>les were collected from the subjects that received 0.1 mg/kg ibutilide infused 
over 8 hours. 

Assay: 

Concentrations of ibutilide in plasma were determined using HPLC with fluorexence 
detection at 345 nm. 

-S1-ecificity: satisfactory. Chromatograms presented. 
-Linearity: satisfactory. Calibration curves ranging from 0.0S to 20 ng/ml. 
-Sensitivity: the limit of quantification which was set to be the upper 95 % confidence limit 
of the intercept was 0.1295 ng/ml. 
-Precision: the between day precision expressed as % CV was 6.3 "· 
CV for quality control samples ranged from 8 % at 0.2567 ng/ml to 3 % at 5.13 ng/ml. 
-Accuracy: The mean recovery for the quality control samples were ':T! +I- 7 %. 

Data Analy•,ja; 

Pharmacokjnetic data analysis: 

Pharmacokinetic parameters were calculated using moment analysis methods and also using 
a th~ compartment body model. 
Pharmacokiuetii: parameters were not estimatt'.d from data from the lower ibu, 'i<!e doses 
(0.ul and 0.003 mg/kg infused over 10 minutes and 0.01 mg/kg infused over b hours) due to 
the lack of sufficient concentration time !'Oints. 

l~b!lfmacodyol!.mic data anhlyili;, 

Prolongation of the QT interval (dQT) was calculated as the differene;: \>'.!tween the measured 
QT interval and the average of the two pre-dose values for a giv.:n subject. The dQT from 
the lower ibutilide doses (0.001, 0.003 and 0.01 mg/kg ihutilide infused over 10 minutes and 
0.0 I and 0.03 mg/1'g infused over 8 h<>urs) was insufficient in magnitude and/or number of 



data Voint!l for pharmacodynamic evaluatloiJ. 
The dQT vs ibutilide concentratiom (individual subject) from the larger doses (0.03 mg/kg 
infused over 10 minutes and 0.06 and 0.1 mg/kg infused over 8 hours) were fituxi to the 
:i5mold EMAX model using the NLIN procedure in SAS. Data from 0 to 8 hours, 0-14 
hours and 0-16 hours were used for the 0.03 mg/lcg/10 min dose, the l.1.06 mg/lcg/8 hour 
dose and the 0.1 mg/ltg/S- hour doee respectively. 

Results: 

-Table 1 shows the mean ibutilide pharmaoolcinetic parameters for some of the dosing 
regimens used in this study while Table 2 shows the calculated phannacodynamica 
panune+.ers fo1 : .:loses. 
-Figures 1 and 2 show the composite plots following the JO minute and 8 hour infusion 
respectively. Figure 3 shows the dose proportionality data for AUC and clearance. 
-Figures 4 and S show the mean ibatilide concentration time profiles for both infusion rates. 
·Table 3 gives a summary of the compartmental pharmacokinetic parameters for some of the 
subjects that were given 0.01 mg/kg infused over 10 minutes. 
-Figures 6 and 7 show the mean QT interval vs time for both infusion r.ltes. 
-Figures 8 and 9 show mean QT interval vs mean ibutilide concentration for both infusion 
rates. 

The results show that ibuti!ide half-!ife was around 6 hours and could be fitted to a tri· 
exponential. lbutilide had a high systemic clearance approximating liver blood flow (30 
ml/min/kg). The VDss was large and was estimated to be 11 I/kg. The inter subject 
variability was estimated to be around 2S to 30 %. lbutilide AUC and Cl did not show any 
deviation from dose propo!'('.ionality. A direct correlation between dQT and ibutilide plasma 
concentration was observed evidenced by a lack of hysteresis in the data during and after the 
8 hour infusion. 
lbuti!ide was characterized by having a steep concentration effect relationship with a 
relatively consistent EC50 among doses and infu.~ion rates. However, EMAX was influenced 
by both the dose and rate of ibutilid: infusion with the highest EMAX value obtained with 
the infusio11 of 0.03 mg/kg over lO minutes. 
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TR No.: 7215-93-019 -

DCIH, mc/kl 
Infusion Duration 

No. of Subjecta 

Cm-.nf/m.L 

AUC-, ng•h/mL -
CL, mL min' 1/kg 

v ... Ukg 

Half-life, hours 

Tabla f 
Ibudllde Pharmacokinetic Parameter 

Estimates (Mean ('lli CV)] and Statistical Analysis 

0.01 0.03 0.03 0.06 0.10 

10 min lOmin 8 hours 8 hour .. 8 hours 

8 8 6 8 8 

8.8 (36%) 28 2 (38%) 2.0 (25%) 3.3 (26-,f,) 5.2 (14%) 

5.7 (15%) 18.5 (31%) 2U5 (29%) 36.3 (271') 55.3 (17%) 
- -

29.8 (17%) 29.7 (32%) . 24.5 (22'11>) 29.1 (22%) 30.9 (16%) 

11.5 l25%) 13. 7 (45%) 9.6 (28%) 
I 

11.8 (25%) 10.5 (24%) 

5.9 6.9 6.1 6.7 5.7 

'ANOVA p-value from comparison of the eliminetiun rate constant values. 

Table.i-

Ibutilide Phamiacodynamic Parameter Estimate& 
<Mean± SD) 

ANOVA 

p-value ·-. 
... 

0.0001 

0.0001 

0.4709 

0.3339 

0.3108' 

!I 
;I 
I 

. 

I 
= 

J Dose, mgfkg 0.03 : 0.06 0.10 -- -----F Inf.i:.ion Duration 10 min B hours 8 how-a ---
No. of Subjects 8 s 7 

I - --r·--- 106 ± 38 Emax, msec 205 ± 51 134 ± 32 I - --- 1-·-t.5 .:: o .. s 
-

1 LC~o. ng/mL 1.4 :!: O.:! 2.3 ± 0.7 
---~-

I ' Sloµe Factor 40:t.L) 5.4 .: '.!.4 13.l ± 3.5 
- ·- - .. = .,L_ - - .. -

IS 
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T/18LE 3 
Summary cf Nonlmear Curve Fitting of Ibutilide Protocol P·7550..0001 

0.01 m(/kg IbutUidu Dose Infused Over 10 Minutes 
(PCNONLIN Triexponential Model 19) 

Subject Parameter Estimate 

R l s I Q I 12 I j) --
17 

24 

25 

28 

30 ... 
3l 

32 

33 

~T24.8.T 2.49 J" I 'ill" I S.D. 6.8 0.70 0.36 I 6.3 o.47 
IL %~V I 2'~% I . 28% 24% 1 20%. 11% 

l 
y 

-

-
-

1 
I 

-
-

••l] 0.018 
14% .J 
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TR No.: 72ta-9S·Ol9 

I Ilitem81 uae o~ I DBST.ROY UPON niWOSl:L 

Fi~ Composite Plotr of Individual Subject l'butillde Plasma 
Conceatratio1111 Following 10-minute Intmvenous Infusion of 
Ibutilide 

0.01 mg/kg lbutilide 
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TR ?>fo.: 7215-93-019 

lJo8':I Proportionality of Ibutili~ AUC and Clearance Data 
From ludindw::l Subjects 1111d. the Mean ± ·3D in Relatio.n 
to lbutilide IJotle 
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.Awi.v method fur U-7022.tiE.J.; :ia! jva and COlllPMisan of saliva and pla.~ma JJ-7Q226E and 
em: ntiomer CQiqmratjOJ1S after intravenous infusion of !butllide in bealtl\y male volunteers . 

S!!.IQU;. 7256-93-129. 

lnyestigaror: 

Clink.al: 

Objectives: 

\TQ!ume: ~-45 .eu.~ 06/04/204-J.33. 

Dr. James T. Vanderlugt 
The Upjohn Research Clinics-BClU. 
Kalamazoo, MI 49007. 

The purpose of this ponion of this study was to determine whether monitoring of ibutilide in 
saliva could provide a convenient non invasive means for monitoring concentrations of L' · 
70226E the racematc and its enantiomers U82208E and U82209E. 

-Ibutilide fumarate sterile solution (2.5 mg/n:l). Lot # 25561. 
-Placebo lot # 25562. 

Study Design: 

The study design was exactly as described in the previous report since this was an extension 
of the same study. In this portion of the study, saliva was collected from S volunteers who 
rec.cived O. 1 rng/k~ :nfused over 8 hours. Ei.:tra blank saliva samples were collected fr'lm 2 
subjects in the placebo group and wt:re used for method development and for preparation of 
spike.d control samples.Saliva samples were collected at the same time when plasma samples 
were collected by spitting into a small pre-weighed glass scintillation vial. 

f\.M~ Hl1LC with fluore~cence de:ection at 340 nm emission and 224 nm for excitation. 

lbutilide was deri' tir.ecl with 0.1 3 1-naphtyl isocyanate and the enantiomers wern separated 
via a D-phenylglycine chiral analytical column The enantiomers were detected with 
fluorescence at 290 nr excitation ar.d 345 nm for emission. 

Saliva: 

-Specificity:satisfactory. Chromatograms presented in Figure I and L. 1espectively ~J owing 
~he racemate and the separation of the two enanliomers in saliva respectively. 
-Linearity: satisfactory. Calibration curves from 0.1384 to 13.84 ng/ml. 



-Accuracy: the overall % recovery ranged from 84.8 to 92 %. 
-Precision'. the overall % precision ranged from 2.7 3 to 5 %. 

No validation data was presented for the enantiomeric assay in either plasma or saliva. 

Oata Ana!ysjs: 

Tilere was no pharmacoldnetic analysis of the data. 

Result~ 

-Figure 3 shows the mean plasma and saliva profile for the subjects where both plasma ancl 
saiiva were assayed for ibutilide concentrations while Figure 4 shows the composite profiles 
in both matrices for some of the subjects where ibutilide concentrations were measured. 
-Table 1 gives some of the plasma and saliva data for ibutilide and its enantiomers. 
-Table 2 gives a summary of the some of the pk parameters in plasma and saliva. 

The results show that there was a lag 1;me of 4 hours before saliva acheived the same 
ccncentrations as plasma. The termin..I half-life estimated from saliva was the same llS 

plasma (4.8 hr vs 5.8 hr for plasma). However, the data that was obtained from saliva was 
much more variable (CVs as high as 59 %). 
The data show that the % of each enantiomer did not vary with time in either plasma or 
saliva. However, the ratio of the two enantiomers were different in the two matrices. In 
plasma, 52.8 % was U-82208E (+)while it was 61.9 % in saliva. This suggest£ that the two 
enantiomers do not distribute similarly in the two matrice·;. 

The sponsor should 3ubmit assay validation data for the racemic assay and for both the two 
enantiomers. 



Comparative pharmacokinetic~ arul pharmacodynamir.~ of ibutilide fumarate and it! 
enantiomers following single 10 minute intravenous infusiollll in healthy male volunteers. 

Study: 7215-94-026 Volume: 1.46 Paaes: 06/05-1-368. 

lnyestigatpa;. 

Clinical: 

Qbjectjves~ 

Dr. James T. Vanderlugt 
The Upjohn Resl' .. arch Clinics-BCIU. 
Kalamazoo, MI 49007. 

!-Evaluate and r-0mpare the pharmacokinetics and phari'lac'Xlynamics of ibutilide, U-82208 
and U-82209 following a single intravenous infusion of i?utilide, U-82208E and U-82209E in 
healthy volunteers. 

2-Determiue if the er>antiomers are interconvertcd in vivo followin~ dosing with a single 
enantiorner of ibutilide 

3-Determine if one enar.tiomer affects the disposition of the vther . 

. Investigate the relationship between QT interval prolongation and plasma concentration. 

f:ru:.mulation; 

-lbutilide fumarate lot# 25 i::l5. 
-U-82208E ( + ibutilide) lo1J 25736. 
-U-82209E (- i!>utilide) lv:fl 25737. 

s .. uuJy Design; 

6 healthy male volunteers between the ages of 22 and 50 years participated in this double 
blind 3 way crossover study. In all the three phases of the study, a single dose (0.01 mglkg) 
of ibutilide fumaratc, U-3220E or U-82209E was administered by a 10 minute IV infusion. 
There was a 7 day washout period between treatments. 
Blood samples were collected (pre-dos11), at the enc! of infusion (0.167 hours) and at 0.25, 
0.5, 0.75, I, 2, 3, 4, 6, 8, 10, 12 and 24 hours. 
Signal-averaged ECGs for the assessment of QT intervals were ohtalned at the time.s of blood 
s11mpling. 
Urine was collectr.d at the following time intervals: -12-0, 0-2. 2-4, 4-8, 8-12 and 12-24 
hours. 



A~ HPLC with f11Jorescence detection 224 nm excitation and 340 nm emission 
wavelength. 
Plasma: 

-Specificity: satisfactory. Chromatograms of ibutilide and its cnantiomers are prest-nted in 
Figure I and 2. 
-Linearity: satisfactory. Standard Curves from 0.0175 ,, 17.55 ng/ml for both enantiomers. 
-Precision: interassay precision was 6 % for both enantiomers. 
-Accuracy: interassay ac<;uracy as indicated by % recovery was 97 % for U-82208E and 96 
for U-822(1'.)E. 
-Sensitivity: The limit of quantification ••as 0.0351 ng/ml fnr both enantiomers. 
No Quality control samples for intraday assays were available. 

Urine: 

-Specificity:satisfactory. Chromatograms of ibutilide and its enantiomers are presented in 
Figure 1. 
-Linearity: satisfactory. Standard calibration curves from 0.1755 to 351 ng/ml for both 
e;umtiomers. 
-Sensitivity: the limit of quantification was 0. 702 ng/ml for each enantiomer. 
-Precision: the hetween day precision was 12 % for both enantiomers. 
-Aci;uracy: the betVJcen day accuracy expressed llS 3 recovery was 107 % tor U-82208E and 
98 % for U-82209E. 
No quality control san:;: .:s for intraday assay.~ were a·;ailable. 

pata Analysis: 

-Data analysis was exactly the same as described in the previous study. 

-Table l Shows the pharmacokinetic parameti:rs for ibutilde and its two enantiomer~ . 
-Table 2 shows the phannacodynamic parameters for ibutilide and its two enantiomers. 
_P!gurc 3 shows the mean plasma concentrations for ibutilide and its twc> enantiomers 
-Figures 4 and 5 show the mean QT interval vs time and ~he mean QT mterval vs the mean 
plasma concentrations of ibutilide and its two enandomers respectively. 
The results show that nearly equal cocentrations of the(+) and(-) isomers were achieved 
after dosing with the racemate and each enantiomer. No concentrations of the other 
enantiomer were observed after dosing with U-82208E or U-82209E indicating no significant 
in vivo interconversion. However, the CMAX that wa.> acheived after infusion of U82208E 
was higher than CMAX acheived after mfusion of U82209E (! 1.1 vs 7.91 ng/ml). It i~ to 
note that there wa~ no difference in any of the other pharmacokinetic pararneters between the 
two enantiomers. 
The ~ame could not be said about the pharmacodynamic parameters for the two enantiomers. 



lbutilide tumarate (the ra.cemat.e) as well as the ( +) isomer had a much steeper concentration 
effect reli.tio1.ship comp&red to the (-) isomer. The .EC'° for both the racemate &;,ct the ( +) 
isomer was around 0.55 ng/ml while it was almost doub'e the value 0.98 ng/ml for the (.) 
enantiomer.EMAX was estimated to be 120 msec for the racemate, 172 for the(+) 
enantiorner and only 44 msec for the (-) enantiomer. 

Conclusion: 

This study shows that there are no pharmacok"inetic differences between the two erumtiomcrs 
of ibutilide. When the racem&te is administered. they are present in almost equal amounts. 
No in vivo interconversion takes place. However, the ( +) enantiomer seems to have 
increa.•ed ability for QT prolongation comparr.d to the (-) r:nantiomer (3 time..~ more active}. 



Me1aboHam and !}XC[etion of jbutilide fo!!owina an intJ'ayenous jnfusjon 1'C ibui.i!jde fllmaratc 
in. healthy mate volunteers. 

Study: 7215-94-017. 

Inveatiptors: 

Clinical: 

.objr&tjyes: 

Volume: 1.47 .P-WL 06-1-06-194. 

Dr. Kirstcen M. Donaldson. 
Brighton Upjohn Clinical Research Unit. 
Brightc-n General Hospital, 
Elm Grove, Brighton England BN2 JEW . 

The cibjective of the study was t'> dete.rmine quantitatively the disposition (metabolism and 
excretion) of 1•c ibuti!ide in healthy male volunteers after IV adminislration in a manner 
similar to that recommended for antiarrhythmic therapy. The quantitative analysis of blood 
and plasn.a was JSed to e·;aluate the distribution and clearance of ibutilide and related 
met.'lbolites. Analysis of urine and fecal specimens was included to yield information on the 
rates and routes of excretion of the ibutilide related materials, as well as information on the 
chemical structure~ of the excreted metabolites. Metabolite profiles were oompared to the 
metabolic pathways which have been established in animal models for the purposes of 
identifying metabolites and establishing the relevance of the animal species used in 
toxicological studies. 

fQ[m.ulation: 

1•c ibutilide fumarate sterile ~olution lot # 26657. 

Study Desiiin: 

Six healthy nonsmoking male volunteers between the ages of 37 and 49 years participated ln 
tflis study. 0.8 ml of a 2.5 mg/ml solution were diluted up to 6Ci ml with 5 % dextrose in 
water. 30 mis of this solution was infused at a constant rate (3 ml/min) over 10 minutes. 
Solutions were mixed no earlier than 4 hours before de' ing. 
Blood samplr.s were taken at 0, 10, 15, 30 and 45 minutes and 1. 2, 3, 4, 6, 8. 10, 12. 24, 
36, 48, 72 and 96 hours after drug administration. An extra IS mis of blood was obtai11ed at 
15 and 30 minutes and 1 and 6 hours after dosing. 
All urine and faeces were collected during the time interval up to 96 hours. 
Breath sample.~ were collected prior to dosing and at 20 rninute interval~ after dosing for the 
next 8 hours (l ~M of C02 was trappt!d in the hyamme:ethanol). 



Analysis of total radioactivity in urine, faeces, expired air, plasma and blood was done by 
liquid scintillation counting. 

Identifk:ation of ibutilide possible metabolil · '. •lasma, urine and fecal sample3 was 
performed using 3 HPLC methods. 

The plasma ('O~ntrations of the two enantiomers of ibutilide were measured using an HPLC 
method with fluorescence as a detection method. The excitation wavelength was 290 nm 
while the emission wavelength was 345 nm. 

Specificity: satisfactory. Chromatograms of the two separated enantiomers were presented. 
Lir.earity: satisfactory. Calibration curves from 0.03 to 3 ng/ml. 
Precision: betweeen day predsion ranged from 2.4 3 at 2.52 nglml to 6 % at 0.0504 nglml 
for U-82208E. For U-82209E the between day precision ranged from 2. 7 3 at 2.52 ng/ml 
up to 5 3 at 0.0504 ng/ml. 
Accuracy: be!ween day accuracy expressed as % recovery for U-82208E ranged from 99. l 
% at 2.52 ng/ml up to 102 % at 0.054 ng/ml. For U-82209E, the betwe.en day accuracy 
ranged from 99.1 % at 2.52 ng/ml to 102 % at 0.252 ng/ml. 

Data Analysjs: 

The data analy~i~ was performed using standard pharmacokinetic techniques. 

The results of this study showP<l that 70.5 3 of E.il the given dose was recovered in 24 
hours. Urinary excretion of radioactivity was complete by 96 hours and acounted for 82 % 
of the dose. The termina1 ha(f..lffe of radioactivity estimate<t from urine was 11 hours. Fecal 
excrt'tion accounted for the remainder of the administered dose (19.3 3) with the half-life 
estimated from tht~ fecal rouce lO be 12.9 hQurs. 
l'lo radioactivity was measured in tt.e expired air samples. 
-Tabl~ 1 shows the 3 of die dose recovere.d in urine and faeres as a fum:tion of time whilt! 
Figure 1 shows the corresponding profile for the recovered radioactivity. 
-Table 2 gives a summary of the most important pharmacokinetic parameters for ibutilide and 
it\ two enantiomers. 
-Tables 3 a.id 4 show the % of each metabolite recovered in the urine ancl fecal pool 
respe.ctively. 
-Figure 2 shows the mran concentration of radioactivity iu plasma and "lood while Figure 3 
shows the blood/plasma ratio of radioactivity as a function of time. 
-Figure 4 shows the plasma concentration time profile for the two enantiomers for ibutilide. 
-Figure 5 shows the plasma concentration profile~ o! total radioactivity and unchanged 
ibutilide fumarate measured by HPLC vs time. 
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-Scheme 1 shows the proposi-,d metabolic pathw;iys for ibutilide in the human. 

Metabolite identificatio11: 

Metabolite E was the most abundant metabolite recovereJ in urine accounting for almost 30 
3 of tbe administered dose. It is 1·esulting from the w oxidation of the heptyl side chain of 
ibutilide. 6. 7 3 of intact ibutilide was recovere<i in the urine. The % of each metabolite 
recovered in the urinary pool is given by Table 3. 

~clusion: 

82 % of the totnl radioactive dose w11s recovered in the urine while the remaining 18 3 were 
recovered in faeces. lbutilide as well as 8 previously identified metabolites in animal~ 
accounted for the total radioactivity administer~d. 
The metabolism or ibutil~de in humans appear to proec<X! primarily through a pathway 
consisting of 6J oxidation of the heptyl side chain followed by a fJ oxidatior. of the heptyl 
side chain. 
(w-1)-oxidation of the heptyl side chain and the associated one c:irbon loss pathway is a less 
sii.;nificant metabolism pathway in humans. 



Pharmacolcinetics and pharmaco<lynamics of jbutilide fumaratr. jn healthy male and femak 
volunteers. 

Stu<U'.; 7215-94-032 

lnvestig;itors; 

Clinical: 

Volume: 1.47. 

Dr ·" lbert J. Dietz. 
Upjohn Research Clinics 
Kalamazoo, MI. 

Pages: 06-196-06-495. 

The objective of the study was to evaluate pote1tial sex-related differences in the 
pharmacokinetics of ibutilide fumarate. Potential differences between males and fomales in 
pharmacodynamic response to ibutilide fumarate infusion as measured by QT interval 
prolongation was also evaluated. 

Formulation; 

-0.01 mg/kg of ibuti!ide fumarate (Research lot 27127) given as a single intravenous infusion 
over 10 minutes. 

Slllilv Desien: 

Eight healthy male volunteers and 8 healthy female volunteers between the ages of 45 and 80 
years participated in this open-label, single dose parallrl group study. The subjects were age 
matched. 
Plasma samples and ECG measurement~ were obtained prior to dosing and at the end of 
infusion (10 minut.es) and at 15, 30, 45 minutes and at l, 2, 3, 4, 6, 8, 10, 12 and 24 
hours. 

Assay; 

Plasma concentrations of the enantiomers of ibutilide were measured using an HPLC method 
with fluorescence as a detection mode. 

-Specificity: satisfactory. Chromatograms for the 2 enantiomers are presented. 
-Linearity: calibration curves between 0.0302 to 30.2 ng/ml for both en:mtiomers. 
··Precision: inter-assay precision expressed as 'Ai CV ranged from 0.16 % to l2 % at 0.0504 
ng/ml for U-82208E. As for U82209E, the inter-assay precision range<i from 0.16 % lt 2.52 
ng/ml to 6 % at 0.0504 ng/ml. 
-Accuracy: inter-assay acoJracy expressed as % recovery ranged from 91. 9 3 to 10! % at 



0.054 ng/ml for U-82208E. As for U82209E, the inter-assay ar.curacy ranged from 95. l % 
at 0.252 ng/ml to 102 % at 0.0504 ng/ml. 

Data Analysis: 

Data analysis was e:i.actly the same as described in the previous s .. ,dies. 

Results: 

-Table 1 summarizes the main pharrnacokinetic parameters for ibutilide and its enantiomers 
in males and females while Figure 1 shows the corresponding plasma profiles. 
-Table 2 summarize.~ the pharmacodynamic panuneters for both populations. 
-Figure 2 shows the mean QTc vs time and Figure 3 show: the mean plasma concentration vs 
QTc for both males and feml!les. 
-Figure 3 shows the mean plasma concentrations for ibutilide fumaratl! and U-107246 (the 
active metabolite) vs time while Table 3 gives the corresponding plasma concentration 
values. 
The results show that there was neither a pharmacokinetic nor a pharmacodynamic differenr.e 
between males arA females. 

Conclusion: 

Gender doe.~ not seem to have any effects on either the pharmacokinetics or the 
pharmacodynamic effects of either ibutilide or its 2 enantiomers. 



The phai'.IDacokinetics Qfjbutilide .;fter one or two intrayenous infusions of ibutilide furn~ 
in patiemurith atrjal flutter or atrW fibrmation 

STUDY # P/7550/14 P/7550/15 

INYES11GAIQR: 

PHAR...\1ACOKINfITIC ANALYSIS: 

QfilECflVES: 

VOLUME: 1-44 

Dr James T. Vanderlugt. 
Multi Center Trials. 

PAGEs: 06/03/335. 

This portion of the study was designed to des.cribe and evaluate the pharmacokinetics of 
ibutilide in patients with e.trial flutter or atrial fibrillation. This was an initial exploratory 
analysis to develop the :;ioulation pharmacokinetic model and begin the assessment of the 
influence of patient characteristics on ibutilide diposition. 

STUDY DESIGN: 

In both multicenter, double-blind, randomized placebo controlled dos.! response studies, 
patients were stratified based on diagnosis of atrial flutter or atrW fibrillation. 
The single dose study was conducted according to Protocol 14. The repeated dose study was 
conducted according to Protocol 15 and its two amendments. 
Briefly, 466 patients (200 in Protocol 14 and '266 in Protocol 15) with a rhythm of sustained 
atrW flutter (duration 3 hours or gre1ter) or atrial fibrillation (duration greater than 3 hours 
and less than 90 days; less than 45 days in Protocol 15) aged 25 to 90 years, participated in 
t'1ese studies. In protocol 14, the patients were randomiz· ' to receive a 10 minute IV 
ir,fusion of either placebo (n=20 per arrhythmia) or ibutilide fumarate (n=20 per arrhythmia 
per dose group). The doses investigated in Protocc! 14 were 0.005, 0.01, 0.015 and 0.025 
mg/kg ibutilide fumarate. In Protocol 15, the patients were randomized to receive a 10 
minute infusion of either placebo (n=40 per arrhythmia)or 1 mg ibutilide fumarate (n=40 
per arrhythmia) or l mg ibutilide (n=40 per arrhythmia). If the patient's arrhythmia did not 
terminate during the infusion or within the 10 minutes following, the patients in the placebo 
group received a second infusion of placebo while the patients in the ibutilidt fumarate group 
received a second iPfusion of l mg il>utilide fumarate or an infusion of 0.5 mg ibutilide 
fumarate depending upon the grnup to which they had been randomized. Patients enrolled in 
Protocol 15 who weighed less than 60 kg were dosed based o::i body weight:O.Ol mg/kg 
rather than l mg, and 0.05 mg/kg rather than 0.5 mg ibutilide fumarate. 
When possible, venocs blood samples were collected at the following time points: 
For Protocol 14 prior to dosing (-lu minutes), imm~iately following infus:on (10 minutes) 
and at 15, 30, 60, 90, 120 and 180 minutes after infusion began. 
For ?rotoc.ol 15, prior to dosing (-10 minutes) at minutes 20 and 40 and at hour 1.5. Whf'n 
termination of atrial flutter or fibrillation occurred within 1 hour after the end of the infusion 
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(Protocol 14), prior to hour 1.5 (Protocol 15) or if a significant ch~nge in rhythm occurred 
prior to 1.5 hours ':lfter the start of the first infusion, a blood sample was also drawn at this 
~1me. The actual tim..: of sample collection was reo:irded and was used In the pharmacokinetic 
1nalysis. 

ASSAY.;_ 

Plasma samples collecte,d in both studies were quantitated for racemic ibutilide fumarate 
using a sensitive and specific HPLC with fluorescence a~ detection mode. 
-Specificity: satisfactory. Chromatograms prescntl"AI. 
-Linearity: satisfactory. Calibration curves between 0.1 and 20.2 ng/ml. 
-Sensitivity: the limit of quantification was 0.1 ng/ml. 
-Precision: betw~.en day precision averaged 11.l % at 0.204 ng/ml, 6.2 % at l.02 ng/ml and 
3.9 % at 10.2 ng/ml. 
-Ar-eur~cy: between day accuracy averaged 2 % at 0.204 ng/ml, 3.4 % 1t 1.02 ng/ml and 
1.5 % at 10.2 ng/ml. 

DATA ANALiSIS: 

The data were fit to a 2 compartmen! model using the NONMEM program (ADV AN3 
TRANS 3 subroutines). Interindividual variability in clearance and volume of the central 
compartment were modelled using a proportional error model. Re.~idual variability for the 
pharmacokinetic analysis was modelled using a proportional error model. The development 
of the basic method was performed using the first order conditional estimation method 
In order t0 perform initial explorator; ·,nalyses, empiric bayesian estimates of clearance and 
volume of distribution at steady-state were obtained for each subject using the POSTHOC 
option with NONMEM. Scatterplots and frequency distributions for the bayesian estimates of 
clearance and Vss for age, gender, estimated cre~tinine clearance, SOOT, SGPT, 
success/failure, an indicator variable for whether proarrhythmia occurred, and indicator 
vari&bles for concomitant digoxin, calcium channel blockers, and beta blockers were 
generated. 
Because several patie:'ts had missing information for one or more of the laboratory values 
measured, the mean value of these measurements in the remaining patients was assigned to 
replace the missing values. 
To estimate crea!inine clearance in this popula1ion, the Jellife method was used. 

RESU1.TS: 

In otal, th.: sponsor deemed 285 subjects out of the 33'> tnat were treated with ibutilide to be 
suitable for the NONMEM analysis. 1298 plasma ibutilide concentrations were measured in 
these subjects. 
In general the patients were elderly with a mean age of 66 years. Their mean weight was 
83.1 kg and the mean estimated creatinine clearance was 54. 7 ml/min. 82 3 were male and 
only 39. 3 % of tht: patient population :ncluded in the NONMEM analysis had a successful 



response to therapy. Approximately, 60 % of patients received concomitant digoxin, 40 % 
received concomitant calcium channel blockers and approximately 19 % received cor.;:omitant 
bet.a blockers. Table:! 1 summarizes the demographic characteristics of this patient populHion 
while Table 2 gives a summary of the results of the analysis that were undertaken. 
The result~ si.ow that there was a great deal of varibility in the plasma concent;ations 
specially in the time around the termination of the 10 minute infusion. The residual 
variability after deletion of 28 patients who were considered to have large weighted rr.siduals 
( > 4) was still 46.7 % which might indicate that there might be a model mispecification. 
-Figures l and 2 show the concentration time p1ofiles from Protocol 14 and Protocol 15 
respectively. 
-Figure 3 shows the measured vs pr0dicted ibutilide concentrations for the 285 patients 
(analysis A). 
-Figure 4 shuws the weighted residuals vs predicted ibutilide concentrations. 

Comments: 

I-In these two protocols, the sponsor coliected blood samples up to 3 h0u<s only, yet the 
cerminal half-life of ibutilide is estimated to 6 hours. This means that the sporrnor only covered 
less ihan one ! 112 of the drug. For this reason, it would be very difficult to develop a population 
model that will describe adequately the pharmacokinetics of ibutilidc from such a data set. 
Therefore, the conclusion that can be drawn are very limited and should be viewed within the 
context of the limitations of these two studies. 

2-The plasma levels that were obtained in these studies were characterised by a high degree of 
intersubject variability. Therefore the data obatined from this analysis might not have the ability 
or power to detect the effect of the various covariates that were investigated on the 
pharmacokinetics of ibutilide. 

3-The sponsor conclude~: from the results obcaine ~ from this study that liver impairment did net 
have any effect on the pharmacokinetics of ibutifa;e. Yet in the inclusion criteria in the protocol, 
patients with liver impairment were excluded from participation in the study. In both these 
clinic.al trials there was only one r;atient that could lie con~idered as having liver impairment. 
Therefore no conc.lusion C'.J• be mac!e on the effect of liver impairment on the pharmacoki11etics 
of ibutilide. 



The pharmacokinetics Of ibutilide afu;.1 intravenous infusiQil of ibutilide fumarate jn r.lti!mtS with 
normal or decreased left ventricular func.tkm ... 

Study: 7215-94-004 

Investi&ators; 

Clini!'..al: 

Volume; I Paiies: 06/05-1-368. 

Dr. James T. Vanderlugt 
Multicenter trial. 

The overall purpose of this sn1dy was to evaluate the effects of intravenous ibutilide fumarate 
on standard electrophysiologic and hemodynamic parameters iissessed during invasive study. The 
objecHves of this portion of the study were to determine the pharmacokinetics of ibutilide in 
patients undergoing invasive ele.ctrophysiologic study and to investigate a potential correlation 
between ibutilide serum or plasma concentrations and electrophysiologic effl'-ets after treatment 
with ibutilide fumarate. 

Fo:mulation;. 

-Ibutilide fumarate lot.# 26416, 26206, 25735. 
-Placebo lot# 26436, 26207,25674. 

Stfilly Design: 

This multicenter, randomized, placebo-controlled, dose-ranging study in patient~ undergoing 
invasive electrophysiologic study was conducted at five centers in the US an<l two centers in 
Europe. 
2 groups (strata) of patients were studie.d concurrently: ti1ose patients with left ventricular 
ejection fraction (LVEF) greater than or equal to 35 % and those with LVEF less than 35 %. 
In each stratum, pati~TJt~ were randomized to receive active drug (6 patients) or placebo (2 
patients). The low dose (0.01/0.002 mg/kg) was evaluated first in both strata and the di::a were 
reviewed by both the medical monitor and the investigators before proceeding to the higher doses 
(0.02/0.004 mg/kg and O.t)J/0.006 mg/kg). Dosing consisted of a 10 minute infusion (loading 
dose) followed by a 30 minute maintenan-:e infusion. 
Briefly, 47 patient~ between the age of 2i ~TJll 8(1 years participated in this study. Of tl>-:se 
patients, 12 received placebo and 35 received ll>utilide. 
The rationale for these infusion regimens were based on targeted increases in the QT interval 
(from very slight increases at the low dose to QTc values at approximately 530 msec at the 
highest dose) and the desire to maintain the prolonged QT interval for about 30 minutes during 
which the clinical assessment would occur as t:lescribed in the protocol. 
Venous blood samples were drawn prior to dosing (-10 minutes), immediately following :he 



loading dose (10 minutes), at the midpoint of the maintenance infusion (25 minutes}, and 
immediately following the maintenance infusion (40 minutes). Blood sasmples were also 
determined at 5, 15, 30 minutes and at I, 2, 4, and 6 hours at th:! end of the infusion. 

A&sy: HPLC with fluorescence detection 224 nm excitation and 340 nm emission wavelength. 

-Specificity: satisfactory. A small number of samples exhibited peaks that coeluted with ibutilide 
fumarate. These peaks were present in the pre-dose samples for the test subject and are 
attributed to co-administered drugs. No endogenous plasma peak interference was noted. 
-Linearity: satisfactory. Standard Curves from IJ. l to 20.6 ng/ml for ibutilide. 
-Precision: precision ranged from 7.8 % at 0.204 ng/ml to 2.3 % for the 10.2 ng/ml QC pool. 
-Accuracy: accuracy as indicated by 3 recovery was 99.1 %. 

Dfil.ll Analysis: 

-Data. :maiysis was done usir.g standard pharmaco;cinetic meth<Y.ls. 

-Table l Shows the pharmacokinetic parameters for the different dose levels of ibutilide 
-Figures I to 3 show the individual patient ibutilide concentration time profile for the different 
dose levels respectively. 
-Figure 4 shows the individual patien; QT.:- interval vs ibutil ide plas »a concentrations at the end 
of the first infusion (loading dose) 
-Figure S shows the individual patient change 111 QTc interval (from prcdose) vs ibutilide plasma 
concentration at the end of the first infusion (loading dose}. 

The results 3how that !here was no difference in the pharmacokinetics of ibutilide be~ween 
i1atients with LVEF > 35 3 and patients with LVEF < 35 %. 
fhe plasma concentrations rime profiles were characterized by very high interindividual 
variability with some profiles being erratic . This might be due to the fact that these p.atients 
are urK~ergoing invasive clinical measurements which might 'iave an impact on the hemvctynamic 
st!tiJs of these patients. 
A similar correl11tion to that obtained in healthy v0luntecrs between ihuti! ide concentration and 
QTc interval prol<'ngation was to be expected. However, figures 4 and S showed that there was 
no correlation be:we<:n QTc change and the levels of ibutilide concen\ratiom observed in th is 
patient population. 

T'1i< study sh·JWS that there wa'i no c!iscernahlc pr1armaco1<inetic differences bctwren patients of 
LVEF > 35 % and LVEF < 35 % . Moreover, coiw iry 10 expectations, QTc prolong;i.t1on d iu 
not correlate with ibutilide plasma concentrations. The reason for this lack of correlation is not 
known and was not explained by lhe sponsor. 

7J_ 



The i)Qarmaro!dneticlu:if ibutilide al'_W intraV..COO\I!! infusion of ibu!ilidt; _ _fymaratc jn patiel)tS With 
inducible V-'lJ.tri&JllN tachycardia undergoing e!ectr9l)hysjoloeic study. 

Sll.liC - • 1. 5-94-005 

Investj~. ..Jl;_ 

Clinical: 

~tives: 

Volume: 1 flees: 239-397. 

Dr. James T. Vanderlugt 
Multicenter trial. 

The overall purpose of thi~ study was to ev-aiuatc whether the administration of ibutilidc fumarate 
would prevent induction of ventricular lllchycardia by programme<l electrical stimulation as well 
as to investigate the effects of ibutilide on various electrophysilogi.:: parameters. 'Die ohjectives 
of this portion of the study were '° determine the pharmacokinetics of ibutilide in patients 
undergoing invasive electrnphysiologic study and m investigate a potential correlation between 
ibutilide plasma concentrations and electrophysiologic effects after treatment with ibutilide 
fumarate. 

-Ibutilide fumarate lot# 26416. 26206, 25735. 

This multicenter, dose-ranging study in patienti: with inciucible ventricular tachycardia 
undergoing invasive electrophysiologic study was conducted by 16 inve~tigators i;i the US. 
Dosing consisted of a 10 minute infusion (loading dose) uf ibutilide fumarate (0.005. O.Ol or 
0.02 mg/kg) followed by a 30 minute maintcrunce ir.fusion of ibutilide tumarate (0. 001, 0.002 
or 0.004 mg/kg r(;Spec:Uvely). The rationale for 'hese infusion regimens were based on targeted 
increases in the QT interval (from very slight im:reases at the low dose t.:i QTc vaiucs of 
approximat.~ly 530 msec a: the highest dose) and the desire to maintain the prolonged QT 
interval for about 30 minutes during which the clinical asse~sment would occur. Ventricular 
tachycardia was ind'.l<:e{l by prog,ammed ventricular stimulation prior to ;,eatment. I11duction of 
ventricular tachycardia was attempted during the maintenance infusion (between 20 and 40 
minutes). 
55 patients between the ages of 40 to 83 years with a hi~tory of coronary artery disease with 
induciblc. .~ntricular tachycardia oarticipated in :his study. 
Venous blooo samples were withdrawn prior to dosing (-IO minutes) and immediately following 
the loading dose (10 minutes), at the midpoint of the tnl\intenance infusion (25 minutes) and 
i111mediately following the maintenance infusion (40 minutes). Plasma concemratio'ls were llso 



determined at 5, 15 and 30 minutes and at I, 2, 4, and 6 hours after the end of the infusion. 

b~ HPLC with fluortseence detection 224 nm excitation and 340 run emission wavelength. 

-Specificity: satisfactory. A small uumber of samples exhibited peaks that coeluter.i with ibulilide 
furn:irate. These peaks were present in the pre-dose samples for the test subject and are 
attributed to co-administered drugs. No endogenous plasma peak interference was noted. 
-Linearity: satisfactory. Standard Cur.es from 0.1 tu 20.6 ng/ml for ihutilide. 
-Precision: pre,:ision ranged from 2.1 % at 0.30? ng/ml to 3.5 % for the 8.24 ng/ml QC pool. 
-Accuracy: accuracy as indicated by% recovecy ranged from 91.7 to 98.7 %. 

-Data analysis wr.s done using stand?.•d pharmacokinetic methods. 

-Table I Shows the pharmacokinetic parameters for the different dose levels of ibutilide. 
-Figures 1 to 3 show the individual patient ibutitide concentration time profile for the different 
dose levels respectively. 
-Fi1mre 4 ~hows the individual pi:.tient QTc interval vs ibulilide plasma concentrations at the end 
of first infusion (loading dose) 

. 5 shows the individual patient change in QTc interval (from predose) vs ibntilide plasma 
conc~n!ration at the end of the first infusion (loading dose). 

The plasnia concentrations time profiles were characterize{j by very high interindividual 
variahil ity with some profiles being erratic . This might )e due to the fact that these i:;atients 
are undergoing invasive clin~cal measurements which might have an impact on the hem'1dyr.amic 
status of these patiems. 
A similar :::orrelation tc that obtained in healthy volunteers between ibuti!ide concentration and 
QTc interval prolongation was to be expected. However, Figures 4 and 5 showed that there was 
no (.'.()rrelation between lhe Qtc prolongation and the leveis of ibutilide concentrations observed 
in this patient population. 



Allernpts to__j_dentjfy the maior jmnzymcs of cytochrnlfilC.ffi.QJnyolvt:d in the metabolimJ 
Q.fOJJ-ibutilid~__iJLJ]l!JlliID_jjyer microsOfile.L 

Study; 1425-95-007 

J.n~iga!Q[s: 

Yolu~; Amendment 2_ 

G. Scott and J. N. Duncan 
Upjohn Laboratories -Europe. 
Fleming Way Crawley, W Sussex 
UK RH102LZ. 

~ges: 1-41. 

The objectives of the 1..urrent work were to demonstrate that human liver 11'.icrcsomes were a 
useful model in vitro for the major routes of metabolism of ibutilide in vivo, and to est.alJlish the 
role of cytoc!lrome P450 in the microsomal metabolism of the drug. Studies were designed to 
attempt to id~ntify the specific isoenzymes of cytochrome P450 involved in the forwation of 
metabolites in micro~omal incubates. 

Study Design and Results: 

A tabulated summary of the study along with the results is prescnt(\d i•.J the attr.ched table. 

84 



TR !.Jo.: 1425-95~7 

~ntemal Use or71Y­
L~tllov UFON DISPOSAL 

TABULATED STUDY REPORT 

Name or company Tabulated 
The Upjohn Comps-:iy Study Report 

Na.ma of ftnlohed prodwt 
Ibutilide fumarate IH.G.410 

Name of active lniiredJ•nt. 
U-702261.!; I 

Phannacokinetics Biotransfonnation 

•••••••••••• t ••••••• 

Report 142li-95-007 Study 94-830 Study Period July 94-March 9lS 
Pagel of2 

Speciea/Strain Human Formulation: Aqueous solution 2.5 
Metabolism in vitro human liver mg ml·' or 1.1 µg mt·• 

mierasomes ~uclide: "H 
Specific radioactivity: 4.066 MBq µg· 1 

·-
Correlation of formi:.tion of metabolites with specific P450 enzyme activities 

Metabolite Isoenzyme R" 
~ . 

U-86092 CYP2D6 0.59 -
U-88465 CYP3A4 0.95 -

U-107246 No correlation observed --
Addltlor.al information: Three majo• metabolites were cc:>served on 1adio-HPLC of incubat"" of 
!'HHbutllkie with human microsom.,. (St>e supplementary sh.-et for structures). On the \>asls of 
chromatographic retention time. lheoe metabolites appear to b,, U-107246 (Q)-hydroxylatinn on the heptyl 
aide chain), U-86092 (Q)-1 ·hydroxylation on the heptyl side chain) and U-SS(&S (N-desheptyi lbutilide). 
Formation of thele metabolit<s was demonstrated to be NAOPH dependent •nd was inhibited by selected 
known P~ inhlbtton (aminobenzotriazole, n-«tyiamlne and SKF 52511.). Formation of U-88405 
correlated with 6-fl-hydroxylat!on Of testosterone and Inhibition $tudies with troleandomycln con/Inned 
CYP3A4 as the boenzyme responsible for thl• metabolism. Formation of the o>-l·OH (U-&o97) met.>''Olite 
correlated with dextromethorphan 0-deme;hyi•se (CYP2D6) and further evidence fo• . wolverr.ent of this 
isoenzyme was provided from inhibition studies with quin!dine and studi"' :rtilizing mlcrosomes prep&n!d 
from yust engineered t<' express f:Yn06. Tiie mnpr route "f metalx>iism of l\>utillde (to tho: c...OH 
met3boUte, U-107246) did not ap~ to i.oe m"<liotcd by •"Y of th~ isoenzyines of cytochrome P450 
charaderl:.ied in our liver bank and none of the prob<> si..b>tcates u""1 in the study affected the microsomal 
production of this metabolite. ____ .,_ 

----------- -----·----------. 
Study conducted by Upjolm Laboratories-Europe, l'leming Way, Crawley. W Sussex, 
UK RH10 2LZ 
Study in compliance with GLP Yes { ) No ( ) Not required (,./) 
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lbul:Wde Fumarate lqjectlcm NOA 
I- 2. AppibtlOD Summary 
8ecflon A. Propoeed Padaip lll80l't 

02/ 01/ 

TLe "1 oil088d packace ilUleri bu been annotated to the subtnialllon volume and pep ct the application 
Rmmary and t.echnlcal eectlona (eg, volume 1.18, page 6/UlO). Rererence11 to lr.dMdual study reporta 
appear within bl'3Cketa in bold print In the toxt (eg, 16.3) In the Clinical Pharmacology l!<ICUon refers to 
reference no. 3 la Item 6). r---·-·---------------------------.----·-----. 

Loeadonba !I 
DRAFT PACKAGE INSERT 

CORVERT"" lt>Jectim 
(llnmd of !butlllde :umarate inject.Ion) 
1''or lntravenou~ tnfullion only 

DXBCRIP'l10N 

CORVERT I~ection la an antianiiyt}>mlc drog with predomlnlu:t.ly c13la m 
(cardiac lll!tlon potential pn,i•:ngation) propertie1 accordi.Dg to the Vaughan 
Wllllan.a Clasalflcatlon. &icll milllllter ot CORVER'l' Iajection containa OJ mg of 
lbutillde fumarat.e (equivalent to 0.087 mg lbutllide froo base), 0.189 mg sodlun> 
r.cetate tribydrate, 8.90 mg sodium chloride, hydrochloric acid ~ acljuat pH to 
approDJ!lately 4.6, and Water for I~ectlon. 

CORVER'r l~on 11 an illotonlc, cleu, -~lorleu aqueou• solution. 

Ibutillde fumarate bas one chlntJ center, and e:rists as a raceruate of I.he ( + 1 and 
(-) enant.k;mers. 

The chemical Wl.Dle for ibuUlide fumarate 1, N-14-(4.(et.bylheptylamlno)·l· 
b,ydroxybutyl)phenyllmetbanesulfcwamlde, (E)-2-butenedloate 0:0.6) 
(hemitumarate 111tlt). Its molecular ronnula is C,1H..N10 0S and its molf:rular 
weigbt la 442.62. 

Ibutlllde fumantte is a white to olT-white powder with an aqueous solubility of 
ewer 100 mgtmL at pH 7 or lower. 

&umn..,. and 
TecJwfo:l.I 8ecdon1 

1.16, 611/109; 
1.1, 2/l.157 

i.2, a11n 

:.2, 31119 

1.2, ;;/1/2 

l.2, 3/1f2 

1.2, 31113 

The structural formula la rerrese"tfld bt:low: --------+------

• 0.5 flH-COOH 
HOOC-CH 

lbatWde Fu1Darate 

~-------··-------·---------

r+ 

J.2, 3/J,...I 

______ _J_ _______ ,,_ 
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Ibutlllde Fua.iarate UVectton NDA 
Item 2. Application Summary 
Section A. Propoaed Package 1,...,rt 

CLINICAL PHARMACOLOGY 

Mechaala1D of Action: CORVERT 11\iection prolo11115 action potential duration iD 
isolated adult cardiac myocytes and Increases both atrial and ventrlr,ular 
refractorlDeaa ID vivo (ll.3·11.ll, ll.13·11.111, 11.17-11.20, 11.23-11.!8). Voltcge clamp 
studies IDdicat~ that CORVERT laject.lon, at nanomolar ccncentratlona, delays 
repolarlzatlon by aLiivatlon of a slow, IDwA?d current (predominantly sodium), 
rather Ow. b;t blocldng outward potuai'.un currents, which ill the mechan!- by 
which most. other class Ill antlarrhythmlcs act r11.t-11.10, 6.12]. 

The antlanilythmic e.ll'ecta of CORVERT lajection are thought to be primarily due 
to these clru!l. III electrophyaiologic properties, It, prolongatilln of atrial and 
ventricular action potential duration and refractorinees. (11.17-11.20, 11.28, 11.211-
11.28). 

ID humans, the rredominant electropbysiclogic property of CORVERT lajection Is 
demonatrated by prolongP.tlon of e.ll'ectlve refractory periods In atrial and 
ventrh1lar muacle. 

RemodynamlC11: When CORVERT lajection was given Intravenously to animals 
at dose• greater than ten times the human dose, mil<!, negative lnotropic eJTecta 
were observed (less than 8% decrease In left ventricular contractillty) (6.~ll], 

A study of hemodynamlc function in patients stratified for ejection fractions 
(greater than or equal to 3&% 81ld Jess th81l 35%) tlemoru:trated no significant 
effects on cardiac output, me&ll pulmcna."} arterial pressure, or capillary wedge 
pressure at doees up to 0.03 mg/kg. 

Fharmacoloo: OORVERT laject.lon produces mild Blowh•g of the sln\18 rate and 
atrioventricular conduction. CORVERT l'\lectlon produces no clinically algnillcant 
effect on QRS duration at IDtravenous doees up to o.e3 mgi\g administered over a 
10-mlnute period. Alt.hough there Is no established relatlonahlp of ~a 
concentration to antlarrb_yi.hmlc effect, CORVERT Injection produces doae-related 
prolongation cf the QT lnwrval, which It thought to be assocla~ with Its 
antlarrhythmic activity (6.3, 8.11, 8.11]. (See WARNINGS for relationship 
ix.tween 'l!'c pro!ongatlon and torsades de poln!es-typtl arrhythmias.) In a '!Ludy 
l.n healthy volunteera, [8.3, 8.4, 8,li I intravenou:, infusions of CORVERT 
Injection resulted In prolongation "'the QT intervals that were directly correlated 
with ibutilide plasma oonceotratlo::>B during 81ld after !(}.minute and 8-1'our 
infu!lic:ins. A steep ihutilide concentrationlrespoDBe (QT prolongation) relationship 
was demonstrated. The maximum effect was a fundion of beth the ~ose of 
CORVERT 11\iection aad th·· 1.nfusion rate f6.3i. 

-----~--~ 

021 01/ 

1.18, 6/11109; 
1.1, dl/57 

1.18, 611/109; 
1.1, 211159 

1.18, 511/184; 
1.1, 211/60 

t.02, 8111469; 
1.1, 2111112 -·-----! 
1.62, 8111474 

1.62, 811/461; 
1.1, 2111141 

1.42, 611/40, 
1.1, 211191 

1.42, 611/40 
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1 t.4~. 611140 

Page 2 

2 



Ibutll!de Fumarate IJllection NDA 
Jtem 2. Application Summary 
Section A. Proposed Package Insert 

Pharmwcoldnettc.: After inLn.venous Infusion, ibuWid6 plascla concentrations 
rapidly decrease m a multi-aponentlal fashion. The pba.nnaooldnetlcs of ibutlllde 
are high\y '/Bll.Llt~ among aubjecta. Ibutilide bas a high systemic plaama 
clearance tb.a' approximates livP.r blood flow (about 29 mI.Jminllrg) and a large 
etead;•-state volume of distribution (about l l liq) in healthy volunteers (8.3, 8.6, 
8.f', 8.7). Ibu•l!!l!e Is also cleared rapidly and highly distributed In patients being 
treated for atrial flutter or atrial fibrillation [8.1, 8.2, 8.111, 8.18]. The ell:nlnetioE 
half-life averages about 6 hours (typically l'IUllle& from 2 to 12 houra). The 
phurmacoklnetlca of lhutllide are linear with respect h the doae of CORVERI' 
Iztjedion over the dose nn1p of O.:>l m&1<g to 0.10 mg/kg (8.1, 8.3). The 
e118.11tiomers of ibutlllde fumal'ate haVll pharmacoldnetic properties similar to each 
other and to lbuWide fumarate [8.11, 8.8, 8.7). 

The phsrmacoldnetlc& of COltVERT hQection ~ pai.ients with atrial nuti..r or 
atrial fibrillation are similar regarc!l- of ti.VJ type of arrb,yt.hmis, patient age, 
sex, or the concomitant Ujjg of digoxiu, calciw.n channel blockers, or beta blockers 
(6.1, 8.2). 

Ellmbuldon: ln healthy male volunteers, about 82% of a 0.01 mg/kg dose of 
[ 14CJibuWide fumarate wBB excreted In the urine (about 7% of the aose BB 

unchanged ibutilide) and the remainder ( 19%) was recovered in the feces (8.81. 

Metabollo;m: Eight ml!tabolites of ibutilide were detected in metabolic profiling 
of urine. These metabolites are thotight to be formed primarily by <a>-oxidation 
followed by sequential ~dation of the heptyl side chain of ibutlllde. These 
metabolites have no activity or weak class III activity relative to ibutilide (8.8). 

Dlatrlbution: !butllide exhibits moc!erat.? plasma protein binding ( 41 % bmlod) 
over the concentrations achieved in cliclcal studies, and, therefore is not expected 
to displace other drup bound to plBBme proteins [11.130]. Ibutllide is rapidly and 
extenrlvely distribut:MI extraVBBCUlarly as evidenced by the large volume of 
distrlbution (8.1-6.7, 8.lli, 8.18). 

02/ 01/ 3 

1.42, 611119; 
1.1, 2l1/90 

1.4'!, 61L'25 

1.42, 61lt.J 1 

1.42, 611119 

1.-l2, 611138 
1.42, 611136 
1.42, 6IIm 
1.4?, 6i1J:l9 

1.42, 611134; 
1.1, 2/l/90 

1.42, 611131; 
1.1, 2/l/90 

1.42, 611135 
1.1, 2/l/90 
1.42, 611119 
1.42, 61lf.25 
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lbutllide Fumarate htjection NDA 
Item 2. Application Summ1UY 
Section A Proposed Package Insert 

Clinical Studle•: A multlcenter, placebo-contr 3lled study of 242 non-post.urglcal 
patients was conducted to 888e88 the response 'Al a single 1-mg doee of CORVERT 
htjection versus platebo and to allow a SP,COnd lnfusio'll (either 0.5 or l mg) to be 
administered to those who did not convert following the Initial dose. These results 
are di8CU88ed below [8.14). 

A.trial Flutter: Following admlnlstration of placebo, 1 of 41 (2.4%) patients with 
atrial flutter cardioverted to sinus rhythm. In contrast, 19 of 80 (24%) patlenis 
with atrial flutter converted within 20 minutes of starting a sinBle. 10.inlnute, 1-
mg infuaion of CORVERT lltjectkm Admini.strotion of a second daee of 0.6 mg to 
thoee patien!o who did no~ respond to the first dose resulted In an overall 
cumulative conversion rate of 54% (21 of 39 patients), while admln!atratlon of a 
second dose of l mg resulted In an overall cumulative conversioi.t rate of 71 % (29 
of 41 patients). Consequently, the sequential admi"llatnltion of 1 mg followed by 
0.5 mg, started 20 minutes apart, results in an overall convetllion rate in patients 
with atrial flutter that is not statistically different than the sequential 
administration of two 1-mg doses of CORVERT htjection (64% and 71 %, 

ipectively) [8.14). 

Alrial Fibrillation: Following administration of placebo, 1 of 40 (2.5%) patients 
with atrial fibrillation cardioverted to sinus rhythm. In contrast, 16 of 81 (20%) 
patients with atrial fibrillation converted within 20 minutes of starting a single, 
IO.minute, 1-mg Infusion of CORVERT lDJectlon. Administration of a second te-
minute Infusion of 0.6 mg to those patients who did not respond to the first dose 
resulted In an overall cumulative conversion rate of 36% (14 of 4.0 patients), while 
administration of a second 1-mg dose resulted in an overall cumulative conversion 
rate of27% (ll of 41 patients). Accordingly, the sequential administration Gf 1 
mg followed by 0.5 mg, started 20 minutes apart, results in 8!l overall conversion 
rate in patients with atrial fibrillation that is not statistical!;; differert from the 
sequential admlnistrat:m of two 1-mg doses (35% and 27%, respectively) [8.14). 

INDICATIONS AND USAGE 

CORVERT Iltjection Is indicated for the rapid conversion of atrial fibrillation or 
atrial flutter to sinus rhythm. 

CONTRAINDICA'.l'!"GNS 

CORVERT ID,jection is contraindicuted in patients who have previously 
demonstrated hypersensitivity to lbutllide fumarate or any of the other product 
components 

CORVERT ID,jection is contraindicated in patients who have previously 
demonstrated torsades de pointes. 

02101/ 4 
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Ibutilide Fumarate Illlection NDA 
Item 2. Application Summaey 
Secti'ln A. Propwed Package Insert 

I WAllNINGS 

Proerrhvtb.m.la: 

Like other nntierrbythmic agents, CORVERT htjection can induce or worsen 
ventricular arrhythmias in some patients. This may have potentlally fatal 
consequences. Torsades de pointes, a polymorpb!c ventricular tach,ycardla that 
develops In the sett.Ing of a pro!onged QT interval, may occur because of the effect 
CORVERT litjection has on cardiac repolarizatlon. In general, with drugs that 
prolong the QT Interval, the Tiak of tors&des de pob\tes Is thought to inaease 
progressively as the QT interval Is prolonged and .Day be worsened with 
bradycard.ia and a varying heart rate. Also, the frequency of proanb,ythmia ls 
blgher in women than men [8.30]. In the more recent cllnlad trials conducted in 
patients with atrial fibrillation and atrial flutter, those with QTc intervals 
> 44() msec were not allowed to varticlpate [8.14]. 

During clinical trials, !l.4% of patients with atrial Qutter or atrial fibrillation 
treated with CORVER'f Illiection developed sustained polymorphic ventricular 
tach,ycardia requiring cardioversion; 4.0% ezperienced nonsust•lned..polymorphic 
ventricular tachycardia. In these clinkal trials, all initial episodes of polym< rphic 
ventricular tachycardia occurred during or within 30 minutes of an infusion. 
Management of the polymorphic ventricular tacbycardia included magnesium 
sulfate infusions and cardiac pacing. Nonsustainad monomorpblc ventricular 
tachycardias occurred in 4.0% or the patients treat:id with CORVERT litjectlon 
2.7% were possibly related to drug. (See Ad\'eree Reactions.) 

Proarrbythmic events must be anticipated and proper equipment, such as a 
defibrillator, and medication for treatment of sustained ventricular tachycardias 
must be available during administration of CORVERT litjectlon. Before 
treatment with CORVERT IDjection, plasma bypokalemia and by;>omagnesemia 
should be corrected to reduce the Potential for proarrhythmia. 

PRECAtrrIONS 

General Precautions: 

Antinrrbythmjcs: Class Ia antia.rrbythmlr drugs (Vaughan Williams 
Classilication), such as disopyramide, quinldine, and procalnamlde, and other 
class m drugs, such as amlodarene and sotalol, should not be given concomitantly 
with COFVERT I~ection becatLse of their potential to prolong refractoriness. 

Other Drug that nmlnpg the QT interval· Tbe potential for proar.bytbm!a may 
increase with the administration of CORVERT IDjection to patients who are being 
treated witi. drugs that prolong the QT interval, such as phenotblazinea, tricycllc 
antidepressants, tP.tracyclic antidepressants, and antlblstamine drugs <Hl 
receptor antagonists). 

02101/ 

1.62, 8111484-91; 
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1.62, 8111220; 
1.1, 2111143 
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lbutlllde Fumarate IJUection NDA 
Item 2. Application 8uuur.ary 
Section A Proposed Package Insert 

Drue 11>.teractlou: 

Dlpln: Supraventricular arrhythmias may ma&k ~ cardioto:dclty associated 
with excessive cUgoxin levels. Therefore, cardioveraion with CORVERT htjection 
may be hazardous In patients whose plasma dlgoidn levels are above the usual 
therapeutic range. Acute dosing with CORVERT IDJection docs not affect serum 
cUgoxin levels [8.13, 8.16, 8.18). The pbarmacokinet!cs of CORVERT htjection p·• 
JIOt dlll"erent in patients treated concomitantly with digoidn when compared wit... 
thoee who were not concomitanUy treated [8.1, 8.2). 

C.elc:!um rbnnneJ bJncldnr •now: The phamacokhletks of CORVERT htjectlon 
are not difl"erent in patients treated concomitantly with calcium channel blocking 
lll!llnta when compared with those who were not concomltanUy treated [8.1, 8.2). 

Bet.a Adnmomlc Blosklor Ac!mta: The pharmacoldnetlcs of CORVERT Y.Djection 
·were not difl"erent In patients treated concomitanUy with beta adrenerVc blocking 
agents when compared with those who were not concomitanUy treated [8.1, 8.2l 

Carclnopnest., Mutqeneela, Impairment of Ferdll&y: 

No animal studieR bave been conducted to llt 'ermine the carcinogenic potential of 
CORVERT htject.ion; however, It was not mutagJ~~ In a batteey of mutageO:city 
assays including the Ames assay, mammalian eel.I forward gene mutation assay, 
unacheduled DNA ayntbeala assay, a"ld mouse mlcronucleus aasa,y [ll.'1'1-6.81). 
Similarly, no drug-related effects on f'll"tlllty or mating were noted In a 
reprorlu,tive study In rats [li.69). 

Prernaney, Labor, and Delivery: Pregnancy Categoey 

COR\'ERT IDJectlon was teratogenic and embeyocidal In reproduction studies In 
rats. Th'.!118 findings indicau that the potential risk to the fetus must be 
coD81deretl when anticipating treatment of pregnant women or women Clf child· 
bearing potential. 

Nurdnr Mothera: 

The ezcretlon of ibuUlide into breast milk b8ll not been studied; accordingly, 
breastfeeding should be dl.ecouraged during CORVERT lajection therapy. 

Pediatric Use: 

Cllr.lcal trials with CORVERT IDJectlon In patients with atrial fibrillation and 
atrial flutter did not Include aivone under the age of 18. 

02101/ 6 
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Ibutillde Fwnarate lajection NDA 
Item 2. Application Summary 
Section A. Propoeed Package Insert 

[::: E!derly Patlenta: 

age-related pharmacoldnetic dlfl'erences were observed In e Phase II dose-
re&poDS3 trial conducted In patients 25 to 82 years old (mean= 64) In which 
pbarmacoldnetlc parameters were compared for patients less tban 66 with those 
of patients 65 years and older (ii.I]. 

U1e ln PatleD.111 with Hepatic or Renal l>ymfunct.on: 

The safety, elfectivenese, and pharmacoldnetlca of CORVERT ll\iection bave not 
been est•bllabecf In patients with hepatic or renal dy>tfunctlon. However, it is 
unlikely that dosing IUijuatments would be necE88&1)' In patients with 
comprom!llP.d renal or hepe.tic fir .ction baaed on the followinv considerations: 
1) CORVERI' lajectioD is hMlic:ated for rapid intravenous therapy (duration s 30 
minutes) and is dOBeci to a known, well-ci<lllned pharmacoloeic action (terminBtion 
of anilythmia) or to a muimum of two 10.mh.ute infuBIODB; 2) leBB than 10% of 
the dOlle of CORVER'J' htjection is ezcreted vncb•nged In the urine; 3) the hepatic 
metabolic clearance of ibutillde Is perfusion-rate limited (8.6, 6.6); and 4) drug 
distribution appean to be one of the priJna?y mechanisms respcnBible for 
termination or the pharmacologlc effect. 

In 286 patients with atrial fibrillation or atritll flutter who were treated with 
CORVERT lajectlon, the clearance of ibutlllde was Independent of renal function 
as mell8Ured by creati.nine clearance (raJlll! 21 to 140 mUminl, and also 
independent of hepatic function, aa measured by serum ALT and AST (6.2]. 

ADVERSE REACl'IONS 

CORVERT lajectlon was pne~ well tolerated in clinical trials. Of the 375 
patients who received CORVERT htjection, 88 (23%) reported medical events 
related to the cardiovl!llCWar syatem, Including sustained polymorphic ventricular 
~ (2.4%) and nonsustailled polymorphic ventricular tacb.vcardia (4.0%). 

Other cllnial 11y important adverae events with uncertain relationship to 
CORVERT lajectlon Include the following (03% represents 1 patient): suetalned 
monomorpbic ventricular tacb,ycudia (0.!1%), nonsuatalned monomorphic 
ventricular tachycardia (4.0%), A-V block-1st degree (1.6%), A-V block-2n'1 
degree (0.5%), A-V block-.11"1 degree (0.3%), A-V block-variable (0.ll%), 
venbicular7'bigeminal extraaystoles (3.5%), bypotenBionlpoetural bypotenBion 
(2.9%), bradycardla/t!inUB bradycardia (1.1 %), nodal arrhythmia (0.8%), congestive 
heart failure (0.6%), supraventricular tacbycardla (0.5%), idloventricular rhythm 
(0.3%), syncope (0.S%), and renal failure (0.3%). Although no cause-effect 
relationship has been established, the !nddence or these events, except for 
syncope, was greater iD the CORVERT 1DJectio11 group than in the placebo group. 

Other adverse reactions tbat may be associated with the administration or 
CORVERT lu,ject.icn were nausea and headache, both of wbicb cx:curred with a 
frequency greater than 1 % more In ibutilide-treated patients tiJBD those treated 
with placebo. 
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lbuW.lde Fumarate IJijec:t.ion NDA 
Item 2. Applic:atJon 8umm81)' 
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Gender Dltferencee in Frequency of Proarrh;rthmla: As with other clr~ ID 
antianbythric agents, the incidence of proarreythmia l!l patients treated with 
CORVERT Iniection is greater in women than men (8.80]. Thia was borne out in 
clinical trlala conducted in patients with atrial fibrillation and atrial natter, in which 
more women than men developed pol.ymorphlc ventricular tachycardia (8.14]. Also, the 
pharmacola'letica of CORVERT (DJection are slmilv in men and women with atrial 
fibrlllation and atrial flutter (8,1, fl.I]. In atudl~ m beotltb,y voluntnn, there were no 
gender differences in the pharm!!C'A>ldnetice ~1 lbutlllde (8.'7], or with respect to 
prolongation of the QTc intorval (8.7]. -
Deudls of the gender clll¢ribuUon or the clJfrerent ve.ntricular tacb.Ycardlaa in lbe 
38 patients treated with CORVERT bVectlon are provided in the followlDg ~. 

0'2101/ 

1.62, 8f1/487; 
1.1, 211/143 

1.42, 611137; 
1.1, 2fLl91 
1.42, 6/J/?,7 
1.42, 611140 

1.52, 8111487 
1.52, 8/ll508 

Percentap of Padenu WHh New or Wot'ffned Ventricular Tach)>cardia 

Polymorphic VI' Monomorpbic VI' 
Total No. of 

Sex N PaUente 

Sustained Nonsustained Sustained NoD8118talD.ed 1\ % 

Male 312'1 '2.2 2.9 0.3 2.9 26 8.0 

Female 63' 3.2 9.6 0 9.6 13 20.6 

1 One male patient hftd a sustalDad polymorphic VT and a sustained monomorpbic VT. 
• One female patient had a sustained and a nonsustained polymorphic VT . 

• 
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Ibutllide Fuaaarate bQedlcn NDA 
It.em 2. AppllotioD 8ummaJ7 
Section A Plupwed Padclfre Iuart 

The medical events reported for more than 1 ~ of the patient& are ahown in the following table. 

Treatment-Emerpnt Meclical Event. wlth 
Frequency of More Thma 11' 

Protocot. OOOS OOOG 0014 OOH .. • • 
I Placebo 

Event 
N=127 

Patlellte 

D % 

CARDIOVABCULo\11 
Noumetahiec! Monmn~lc VT 1 0.8 
N0111Natatnecl Polymorp c VT .. -
Ventricular Extrasystoles 1 0.8 
ff,ypotollon 2 

' 
1.6 

AVBlock 1 0.8 
Smtalned pol1morphlc VT .. -
Cheat Pain 2 1.6 

~'1 - .. 
1 0.8 

GAlmlolNl'E8l'INAL 
Nau.a 1 0.8 
v-1t1ng 2 1.6 
Diarrhea 3 2.4 

LABollAToRY VALUES 
lncreeeed Serum Crvatiulne 1 0.8 

llssPJRATORY 
• 3 2.4 

CBNTllAL NBRVOUS SY!n'EM 
Headache 4 3.1 
Dl:al111111 2 1.6 

UROOBNJTAL 
U.tnal'V Retention 2 1.6 

~J .. NEOUB 
Back Pain 6 4..7 
Fever ( 3.1 
Localized Pain l 0.8 

(1.61, 811.1C49; 1.1, 1111134) 

All 
Ibutilide 
N-3'76 

Patlellta 

n ~ 

16 4.0 
16 4.0 
13 3.6 
11 2.9 
9 2.4 
9 2.4 
6 1.6 
5 1.3 • 1.1 

10 2:1 
6 1.6 
6 1.6 

• 1.1 

7 1.9 

18 4.8 
7 1.9 

- -
7 1.9 
5 1.3 
( 1.1 
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Ibut!lide Fumarate lqjection N!lA 
Item 2. Application Summary 
Section A. Pripoeed Package Imert 

OVEnDOSAGE 

Acute E"]Mlrience ln Anlm••~: Acute overdose in animals results in CNS toxicity; 
notably, CNS depreBBlo!l, rapid psping breathing, and convulsions. The Intravenous 
median lethal single dose Is more than 50 mg/kg but less than 100 mglkg in two 
species; this dose Is at leest. 1500 t.iJDee more than the maximum rec.nmmended 
therapeutic dose. 

Hur., an Experler.ce: In the cl!n!ral trials with CORVERT Injection, four patients 
were unilltentlon~~!;; ovenloeed. Tbe largest dose wu 3.4 mlf adm!ntqred over 15 
minute&. One p;.tlent <Jeveloped lnc:reaaed ventricular ectopy and monomorphlc 
ventricular tachyi:ardia, another patient developed A-V blodi:-3rd degree and 
nonsustained polymorphic VT, and two patients had no medical event reports. 
Baaed on known pharmacology, the clin1cal elJ'ects of an overdo&ag<l with lbutlllde 
could eugerat~ the ~ prolongation of repolarlzatlon seen at usual cllnlcal 
doaee. Medical events (eg, p!'OIU'liJ,ythm, A-V block) that occur after the ovenloaage 
should be trea~ with measures Bl!l!rol!rlate for that condition. 

DOSAGE AND ADMINISTRA'l10N 

The recommended dose of CORVERT 11\iection for patients 60 kg (132 lb) or more Is 
1 mg admlnlstA>red l>y Intravenous in.'Usion over a 10-mlnute period. For patients 
less than 6Q kg, administer 0.01 mg/kg over a 10-minute period. If the arrhythmia 
does r.ot terminate within 10 minutes after the end of the Initial Infusion, a second 
10-minute Infusion of equal strength may be admlnist'!red. More rapid infuali;n Is 
not recommended. CORVERT 11\iecUon may be administered undiluted or diluted in 
50 mL of diluent (see Dilution). H new or worsened ventricular arrbythmla develops 
during administration of CORVERT !J\le< Uon, the infusion should be stopped 
immediately. Additional doses are not recommended because of the risk of adverse 
events 8880Clated with Q'I' Interval prolongation. 

Dlludon: CORVERT Il\lectlon may be added to 0.9% Sodium Chloride Injection or 
6% Dextrose IJVectlon before Infusion. The contents of one 10-mL vial (0.1 mg/mL) 
may be added to a 50-mL illfuaion bag to form an admixture of approximately 
0.017 mirlmL ibutllide fumarate. 

Compatlblllty and StabWty: The following dlluents are compatible with 
COitVERT 11\iection (0.1 mg/mL): 

5% Dezt.roee Iajectlon 
0.9% Sodium Chloride Injection 

The following Intravenous solution containers are compatible \\ith admiitures of 
CORVERT 11\iecJon (0.1 mg/mL): 

polyvi.'!Yl chloride plast!e bags 
nnlvolefm b•°" . 

Storage: Store the product at controlled room tell'perature (15" to 3Cl°C or 59' to 
86"1"). Keep tbe product In its origlnel carton until used. When kept at controlled 
room temperature, CORVER:l' loJectlon can be stored for 24 months. 

Admixtures of the product, with approv<'d dllueuts, are chemically and pbyi!lcally 
stable for 24 hours at room temperature (15° to ~;o•c ''r 5·3• to 86'1") and for 48 
hours at refrigerated temperatures (2° to s•c or 36" to 46°F). Strict adhere'lce to 
tbe use of aseptic technique iurlng the prepa..ation of the admixture Is 
recommended In order to mt.J.>tain eterlllty. 

HOW SUPPLIED 

CORVERT lajection is supplied as an acetate-buffered iootoni~ solution at a 
concentration of 0.1 mg/mL that bas been adjuoted to approximately pH 4.6 in 
10-mL clear glass flip-top vials. 

Caution: Federal law problbltll dispensing without prescription. 

Q"g 01/ 10 
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Table e.B·l. Comparl80n of cllDlcel-' reli.9tered tommladolY ot lbatil!de flunarate 
~n -

Clblloa1 For muiaUoa 
(UJlll/mL> 

lqreclient AJMaatlmL Amount / l'llL (l!li§ Mmlstwe 
t7-1at.lon) 

wit.b 0-"' NaCl) 

Ibntillde Fumame 2 61111 O.lmg 

Soclium Acetate USP 0.189mg 
Granular <Trib,ydrate) 

Sodlum Chloride USP 8.89mg 
to IAV1lll toDlclty 

10% Solution Sodium qa 
Hydrozlde• or 10% 
Hydrochloric Acld1 

to o4j1llt pH to u 

Water for Il\lectlo11 USP lmL 
qatolmL 

•Prepared from Sodium Hydrl)idde NF llJld Water for Il\leetiOn USP. 
t Prepared from Hydrochloric Add NF aJlll Water for Il\lec:tlon USP. 

ftell*nd 
F01'11l111aUon 
(0.1~ --

Amount/ml. 
(Formulation) 

-
0.1 Diii 

0.189 mg 

8.90mg 

. 
qe 

lmL 

The quantity of ibutilide fumarate is specified in terms of ihe bemifumarate salt form. 

The 0.1 mg/mL formulation ia stable for at least 24 months when etorod at controlled 
room temperature (15-SO'C). 

The purpose of each oomponent in Ibutilide Fumarate I?tjection 0.1 mg/mL is listed 
below: 

Coa•1-te Function 

Ibuttlide Fumarate Active lnindlent 

Sodium Acetate Granular TribJdrate USP pH buft'er 

10% Sodium Hydroxide USP• and 10% Hydrochloric To acijuat pH to 4.6 
Add USP1 

-
Sodi11111 Chloride USP - Toniclty modlf'ying qent 

Water for ll\leetlon USP Solvent 
~-- -
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FINDING OF NO SIGNIFICANT IMPAC'f 

NDA 20-491 

CORVBRT 

(Ibutilid• Pumarat•) 

Injection 

The National Environmental Policy Act of 1969 (UEPAI requirer; all 
Federal agencies to assess the environmental impact of thei4 
actions. FDA is required under NEPA to consid~r the 
environmental impact of approving certai~ drug product 
applications as an integral par.t of its :egulatory process. 

The Food and Drug Administration, Center for Drug Evaluation and 
Research has carefully considered the potential environmental 
impact .~f this action and has concluded that this action will m"t 
have a significant efft:ct on the quallty of the human environment 
and that an environmental impact statc.ment the:>:efoi:e will not be 
prepared. 

In support of tneir new drug application for CORVBRT, Th• UpJohn 
Company has c;;.nducted a n\lmber of environmental studies and 
prepared an environmental assessment in accordance with 21 CFR 
25.3la(a) (attached) which evaluates t.he potential environmental 
impacts of the manufacture, use and disposal of the product. 

Ibutilide Fumarate injection, a synthetic d:i:·ug, is an 
antiarrhythmic drug with predominantly class III (cardiac action 
potential prolongation) properties according to the Vaughan 
Williams Classification. The drug substar:ce and drug product 
will be produced, formulated, and packaged at The UpJohn 
Company's main pharmaceutical and chemical manufacturing complex 
in Kalamazoo, Michigan. The finished drug p:i:·oduct will be used 
in hospitals and clinics located throughout the United States, 
especially in major metropolitan centers. 

Ibutilide Fumarate may enter the environment from manufacturing 
waste, disposal of unused and :Jff specification product, and from 
patient excretion. 

Chemical and phyeical test results indicate that the drug 
substance will 111ost likely be restricted to tho aquatic 
environmental compartment. Test~ have shown th~t there is little 
likelihood that. the substance will bioaccumulate. 

Scientific tests have shown that the environmental degradation 

2 



mechanisms include aquatic photodegradi\tion and microbial 
degradation. 

Microbial Inhibition was not seen in five test orga.iisms at a 
concentratio""I that might 11obtain..Lin the ·~nvi:r:onment. 

bi.. 
Disposal of the drug may result from out of specification lots, 
disca~ding of unused or expirPd product, and user disposal of 
empty or partly used product and packaging. Returned or out-of· 
specification drug substance and rejected o:c returned drug 
product will be disposed of at licensed it.cineration and landfill 
facilities. At U.S. hospitals and clinics, empty or partially 
empty packages will be disposed according to hospital/clinic 
regulations. 

The Center for Drug Evaluation and Research has concluded that 
the product can be manufactured, used and disposed of without any 
expected adverse environmental effects. Precauti0ns taken at the 
site of manufc;cture of the bulk product and its final formulation 
are expected to minimize occupational exposures and env~ronmental 
release. Adverse effects are net anticipated upon end:.ngered or 
threatened species or upon property listed in or eligible for 
listing in the National Registei:- of Histuric Places. 

c:J:l~rd~· =--
PREPARED BY 
Carl J. Berninger, Ph.D. 
Chemist 
Center for Dnfg Evaluation and Research 

Jtfa~· 
Environmental Scientist 
Center for Drug Evaluatjon and Research 

Attachmelits: Environmental Assessment 
Material Safety Data Sheet (drug substance) 

Copies: 
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Oftl P8lt II.Ila tD H 1r p& iY ti. Hew Ik'1I Applicption (NDA) ftO..f81'1r 1ba.tilide 
Per= Jik ~rti • 

1. DA'n 

October 5, 1996 (revision} 

I. NAllB OP APPUCANT 

The Upjobn Company 

The mailing adclreaa of The Upjohn Company's headquart.ers is: 

7000 Portqc Road 
KaJamuno, Mir,Dipn 49001 

telephone ,'I.umber (616) 323-4000 

4.. UiiSCKlPhON OP TBB PROPOSED ACTION 

4..1 Beqr rrtecl .Appro9al • Neecl Ill' the Anion 

'11lil 9Zlvironmental BG 1 ment ia neceBBary for the approval of New Drug 
Appllcation (NDA) f20..4911br CORVBRT" b\jecUon. CORVERT Injection ia an 
an~ drq with predominantly c1UI m (carcliac action pot.ential 
proloaption) Jllopllti~ acc:ordml to tM VaUfhan Williams Clw.iftcatiou. Each 
milllltt<r of CORVERT hVectloa contaiDI 0.1 1111 of ibutilide fwnarate (equivalent to 
0.087 ms ibutilide he bue), 0.189 ms eodium acetate trihydrate, 6.90 1111 aodivm 
chloride, hydroehlorie lllCicl to '4uat pH to a.ppromnately 4.6, and Water for btjection. 
OORVEBT h\jection ia 1UpplWI In lOmL deer f}881 vial11 with butyl rubber serum 
dOllUl'9. 

The drug llUbltance and drug product will be produced, formulated, and 
pacbpd at The umoim Company's main pharmaceutical and chemical manufacturing 
complex In Kalamamo, Michigan. 

1 
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4.8 J«atlon Whan tile Produd will be Uaed 

The expected locations of uae are hor,.itals end clinics located throught ut the 
United Stat.ea, especially in llU\ior metropolitan centers. 

Disposal of drug subr..;:.."Ce or drug product may result from process'.ng or 
distribution activities in the form of off-specification lots, returned goods, or from end 
user disposal of individual units of empty or partly empty finished product containers. 
The present infrastructure at the propo1111d manufacturing site provides for the 
following recovery and/or ultims.te disposal mechanisms: 

4.4.l Wf-Specification Lots of Drug Substance 

Off-specification lots of drug substance, ibutilida fumarate, may be either 
recrystallized or recycled back to free base and then converted to ibutilide fumarate. 

4.4.2 Off-&iecification Lots of Drug Product and Returned Goods 

It is not appropriate to make final disposal decisions this far i:l advance of 
having off-specification formulated iota or returned goods for disposal. However, if the 
company were to cli8pose of such material at the present time, it would use: 

• Westside Landtlll in Three Rivers, MI {Wastcc Management of Michigan, Inc.) 
operating under State of Michigan Solid Waste Disposal License No. 8147 for 
bulk, uncruahed mat.e.rial; 

• Orchard Hilla Landtlll in Watervliet, MI, operating under State of Michigan 
Solid Waste Di..posal Lieense No. 8113 for any finished drug product; 

• or a comparable facility. 

U:Aiol .1 has contract& with each of these facilities that require the facility to be 
in compliance with all applicable lawa and regulationa. The underlying qreements 
with the sanitary landfills affirm compliance ltatu::i. All facilitiea must be audited and 
approved for use by URiohn environmental auditors prior to the first shipment of 
waste from Upjohn to the site. In addition, Upjohn personnel '!Onduct periodk 
environmental audits of off-site diapoaal facilities during use of the facilities. 

4.4.S Pigprded Product in Hoapital Setting 

Any discarded product or product containers generated in a hospital or clinic 
setting would typically be disposed in accordance with applicable Federal, Stau- and 
local regulations. Only minute traces of the active ingredient, ibutilide fumarate, 
would be expected to remain with empty product contaiilers. 
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lbutilide Fumarate h\iection will be proce88ed, formulated, and packaged at The 
Upjohn Company's Portage site facility, located in the northern portion of the City of 
Portage in Kalamuoo County, Michigan. KsJamar.oo County is in the southwest 
corner of the State Approximately 140 milu equidiatant from Chicago and Detroit. 
The facility is approximately 1.7 miles northeut or the center of the City of Portage, 
approximately 5.4 miles south or the cent.er or the City of Kalame.:;oo, and directly to 
the 1111uth of the Kalamuoo/Battle C!eek International Airport. 

The area in the immediate vicinity of the Upjohn facility is a mix of zoning 
including heavy and light industry, general bU8ines8, and single- and multiple-family 
residences. Upjohn is on land r.oned for heavy induab'y. The sit.e is directly bordered 
by airport property, residences, and und4!veloped land. The climate is t.emperate. In 
t.erma of the Universal Transverse Mercator Coordinate System (UTMi, the plant is 
located in 7.one 16 at 619.1 Km east and 4674.1 Km north, which cor ,sponds tc 
latitude 42°12'42" north and longitude 85°33'25" west. 

This complex consists of approximately 80 buildings including chemical and 
pharmaceutical manufacturing operations, offices, laboratories, utility operations, and 
. various other support buildings (ll!e Appendices 2 and 3). The plant site occupies a 
port.ion of approximately 810 hectares lying south of Bi'!hop Road, east of Portage 
Road, north of Centre Street, and west of Sprinkle Road in Portage, Michigan. 

5. IDENTIFICATION OF CHEMICAL SUBSTANCP.S THAT ARE THE 
SUBJECT OF THE PROPOSF.D ACTION 

6.1 Chemical Pl'CICil9 

The following summarizes the materials used in the manufacture of the drug 
substance, ibutilicle fum.arate, including CAS N.i., moleculv weight, molecular 
formula, and brief description. The material safety data sheet CMSDS) for the drug 
substance, ibutilide fumarate, is enclosed (see Append!x 4). 

The specifications for ibutilide fumarate stipulate not more than 1.0% of the 
labeled amount of ib11tilide fumarate as decomposition product U-87473, and not more 
than 178 Endotoxin Units per mg ibutilide fumarate. All inert ingredients used in the 
formulation are listed in the USP-NF and lll!'e teated to meet current requirements of 
that pha. macopeia. 
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TUia l: 

Acetonr 67~1 58.08 

MethJ 1-tezt.buty I 109-60-4 102.lS 
ethar 

EtbJI acetatr Ht-78-6 88.11 

N-Ethylheptylamine 196·89-8 1118.!U 

Fumaric acid UU-17-8 16.07 

l1111butyl MS.27-1 186.6 
chloroformatr 

Lactic acid 68-42·3 8'2.30 

Lithium aluminum 16868-86-S 37.95 
h,dride, 1M in 
tetrahydrofuran 

4-{(Methaoe- 122647-32-9 271.29 
aultonyllamiooh· 
ozobemane-butaooic 
Kid (U-681U9) 

Sodium chloride 16'7·H-5 58.4' 

SoJium hydroxide 1sw.·1s.2 41).0 
~mlutioo 

Tetrah:rdrofurao 109-99-9 72.11 

Trioeth71uiinr 121.u.a 101.19 

Fii; •.ire 1 : Chemical structure for ibutihde fumaratr 

C,H.O 

C,H,.O, 

C,H.02 

C,H,.O, 

C)l.O, 

C,H.Cl02 

C,,H,,011 H,O 

AlH, · Li 

C,.,H,,NSO, 

NaCl 

NaOH 

C,H.O 

C.Ji,,N -
0 
" M:>C 

• 1 I 2 

lbut II Ide rvtnorat• 

4 

' COH 
" 0 

7 

Colorleu liquid 

Water-white 
liquid 

Clear, colorleu 
liquid 

Colorleu liquid 

Whitr crystals 

Clear, colorless 
liquid 

Fine wbitr 
powder 

White to light· 
grey powder 

Off-white 
powder 

White CJ')'Jtals 

Clear liquid 

Clear, colorless 
liquid 

Colorleu liquid 
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The following aummarizell the ing.-edients uaed in the formulation of the drug 
product, Ibutilide Fumarate Injection: 

Table J: 

Ibutillde fumarate 

Sodium chloride 

Sodium Acetate 
Trihydrate 

Water 

442.62 

76'7-14-6 118.U 

6131-90-4 

7732-18-S 18.0 

c.,H,.N,O,S . White 
0.5 C.H,O, a1norphoua 

powder 

NaCl White cryltala 

C,H,O, White crystals 

H,O Clear liquid 
~~-1--~~~~~-+--~~~~+-~~-=-~--11 

HCI (10-..l to adjuat 
pH to 4.6 

7647-01-0 36.47 HCI Corrosive, 
toxic, coi.orless 
liquid 

6. INTRODUC'llON OF SUBSTANCES INTO THE ENVIRONMENT 

The drug s\i.batance and drug product are not expected to be introduced into the 
environment through transpoz1ation and storage. Product will be shipped in 
Department of Transportation (DOT) specificat;on packaging. Ibutilide fumarate is not 
regulated as a hazardous material under current DOT regulations. Product ready for 
ahipment will be stored .in either the manufacturing facility or distribution centers. 
Both maintain security through limited access. 

Portions of the materials listed in Part 5 will be released to thti environmeut as 
a result of the proposed action. The manufacturing of t.i..a product will result in waste 
in the form of air emissions, liquid waste streams, and solid wastes. 

6.1 Chemical Pioceee 

. 6.1.1 Air/Solvent EmipjQJil 

J The URiohn Company is operating under an air consent judgment with the 
Michigan Department of Natural Resources CMDNR) dated March 15, 1991, which has 
required that an inventory be taken of ell equipment with the potential to emit or 
control contaminants by July 1, 1991 and that completed permits be in place for this 
equipment in accordance with the schedule set forth in the consent judgment. That 
inventory wu submitted to MDNR on July 1, 1991. Where applicable, LAER CIGwest 
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achievable emialion rate) controls mufi be installed on the VOC (vJlatile organic 
compound) portion of the pHC:I• by September 1, 1996. The ibutilide fwnarate 
production facility ii part of Region IV of the Chemical nivision. The permit 
application for all aubject equipwmt in this reeion waa submitted to the MDNR on 
October 1, 1992, in complianee with the 8Ubroittal date within the air coment 
judgment. 

Solvent emissions from the equipment Wl8d in the production of ibutilide 
fumarate will be C?ntrollecl through the \188 of vent condensers with an efficiency 
rating of approximately 909D , dependent on the vapor preasure of the 1111lvent. Any 
1111lvent emiasions fro!ll. this proce111 not conderuied by the vent condeneers would go 
into the regional control syst.em, a thermal oxidir.er system, which is scheduled for 
lltart-up in 1996. The regional thermal oxidizer ayatem haa a removal efficiency of at 
least 98~. 

Particulate emissions may re8Ult during the introd~ction of raw materials into 
the proce88 and during packaging of the product at the end of the procees. PN"ticulata 
emiaaions from raw material t barging are removed via an exhaust fan. Particulate 
emissions from material packeging are controlled by a HEPA filter with an efficiency 
of99.K. 
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T.W.S: BI ' wwm-,11e· .,, ' 

Acetone I 67-Msl 

Meth7J..tert.batyl edae I lOIMICM 

Ethyl~te I 1<1,t.18-6 

N·Ethylhept)'lamine f 196#8 

I Clwnical~ w.._ ..... .......,._.t 
(Cl'W.M). 

Com•wlled la pr_ to 

---dllaride; rem•jn..W ill dim:harpd to 
the CPWM (deep well) with 
the~ pl'N-wute. 

I Puela b"""'lq 

I - CPWM permit/data info I 
liAlted .~ .. -

I - CPWM permit/date iafc 
li.lted above 

7 

Chemk:al p,_ Water U.S. BPA, 
Ma....-m<CPWM) JWpial,£• 
m;.tioD ... (Claa 1 wella) IlrimkJac w.-
UDCletpou41*:tlom Control Act 
<UIC)Pw U. 
Ml-077-llt~l 
Ml-077-lW-0002 
e«. 719J91.10/271K 

• TWI, S.upt, IL, No. EPA 

f DJI09l!8d4M OI' 
• S,""8dl :1imn ...... nta1 Corp, EPA 
Alpena. Ml, N~. ~· MID981200lllll (ha wut.e Mlchipm Jj facility permit) and 1587-91 (air 
permit); EPA ... 
. S,Aedl Bimronment.l ... ., Olalo is 
Corp~ Panldblc, OH, No. 

go 

OHDOOllOl8N7 0-. wute 
facility permit} IUld 
0363000002f016 ...... I EPA 03630000021'017 <air permit); State al 
~r Mia>ari 
0 Contine~ C-..t, 
HaDDibal, MO, No. 
MOD064018288 <ha. 'ftfte 
facility permit) and 1()86.()(MA 
(air permit) 
or 
· • compU'llble facilil;)' 

... 
0 
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8.1.2 Aqt1mue Walt@ Stre!UDI 

Aqueous wsste streams resulting from chemical proceaer will be disposed 
either to the municipal eewe.· system for biological treatment at the Ci1,y of Kalamazoo 
Wat.er Reclamation Plant or through the chemical proce1111 water management (CPWM) 
iJUeetion ayllteM in accordance with thia facility's Underi!'Ound lnJection Control 
permits rranted pursuant to the Safe Drinking Water Act. 

C~y those aqueous streams not permitted to be diaeharged dh-ectly to the 
aaniblry 8Pwer are eent to the CPWM. 

6.1.2.1 lndiutrial ~nt Prozram aPP). In response to Federal and State 
requirements 10verninl the City of KaJamasoo'• Industrial Pretreatment Program 
OPP), 'Ibe UR1ohn Company has been iaautd a di8charge permit in the fi.rm of an 
Industrial Control Document OCD) dated March 26, 1994 through March 31, 1999. In 
addition, incorporated by reference are The City of Kalamazoo Sewer Use Ordinance 
and Sewer Use Regulatiol\I Noa. 

• 1-89 (dated December 6, 1989), detailing penalties for noncompliance; 

91·1 (dated April 29, 1991), providing pollutant diecharge limits for 
metals; 

• and !M-1 (dated February 9, 1994) providing pollutant discharge limits 
for petroleum h;.rdrocarbona. 

I Theae documents detail additional apec:illc di8charge requirements and 
regulations. Projecting to the fifth year of production, all discharges from the 
production of ibutilide fumarate are permitted and will not impact the limits imposed 
under the ICD and accompanying &wer Uae Regulations. 

6.1.2.2 Chemical Procus Water AiarnJltment (CPWAIJ. Our CPWM injection 
operations are conducted in accordance with this facility's Underground Injection 
Control permit Noa. MI-077-lW-0001 and MI-077-lW.0002 granted by Region 5 of the 
U.S. Environmental Protection Agency pW'llUant to the Safe Drinking Water Act. 
Both permit Noa. are active through October 27, 1996. 

With respec.t to our permits •.o diapoae of liquid waste by the CPWM system, 
our Federal Underground lajection Control Permit.I restrict the types a.~11 
concenb"ations of contaminants in the injtlcted fluid. The · )ntllminanta are the aame 
contaminants which we are allowed to handle under our hazardous waste permit 
application. These permits require that the concentration and type of contaminants 
listed In the pennita to be monitored on l.l monthly basis and reported to tne USEPA, 
Region 5. In addition, groundwater is protected through the construction and design 
of the CPWM Utjection aystem, the operating procedures employed and the continuous 
monitorins program, all of which are described in the permit. Majo1· production of 
volatile contaminants are now remov'ld irom this waal;e stream by steam stripping and 
recovered by our solvent recycling and distribution proce1111. 
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All chemicala liated Ill Section 6 may be expected to be included in the injected 
w~ ~~ther throuih direct discharp of spent materials or u trace contaminanta in 
equipment washmg. 

With respect to th11 i-mit application terminology, The Upjohn Company wells 
are ldentiftecl aa •clUI l" by U.S. EPA. Cl818 1 wel18 are Wl8d to inject hazardous 
waatea below the deepest underground aource of drinking water or aquifer. A 
confining formation consillting of an im~eable geologic ltre.ta prevents any upward 
milration of injected f1uidl int-0 underground 110urc11s of drinking water. The Upjohn 
Company bu completed and received approval of a no-migration petition and 
demonstration for both UIC wells. The no-misration petition is a requirement of the 
USEPA Land Ban Restrictions which state that wastes may not be placed in a land 
diapoMl unit un1 .. an approved petition ii in place. The petition must show that 
there will be n" misration of any wut.e constituent from the injection zone for as Jong 
as the waste remains hazardous or for 10,000 years. A containment system called a 
preuurized annulus prevents the leakage o: .njected fluids from the injection wells 
into any formation outside of the injection r.one. 

A further deecription of EPA's requirements for the iasuance of UIC permits is 
contained in 40 CFR Part 144. 

Following is a listing of the types of liquid waste streams generated from the 
ibutilide fumarate proce811: 

"· • · • ,.,. __ '% • .. ·--~""'>"ifr··~-.1r--- ··.~ ·-··· ... , ... ' ·.,'il:W&:'·'""'~·~--· ',"-~:f f\ ',;, ,X:t<:,,~.:~'R'""';/~<";"~ ~'::{,;"';- '""-:-:,· "" _"',,o, .••• °"'' ,..,-;'<'>"\;:-e;,'''.:i<'?f 
~., .,.:i;-~ -( "'nr ~ ~ " . ~ •. <~'· ,.;; ~"'''' '°$ i{~ ~,,:: ~;; ~~ . .:,-.,,~.,"§',;?'' ;..-"'*~ c:.,_i(;"):/,":.Jt ~,- _ .... ~~~':'?~t w J - ~' ·.' {%i--%'1~~~ 

" .. '1'.,",""':*""·"""' {'.'c<l-"' •'¥;,,_,-{' >'Affil:"~ ), , ~' ~t 4,, !l'~ ~ ~·X~W"~ , ' .• ~.·.~~ ~ • ~,, ., }~, .. ' i '" ~-,,.. '/< ,~· ,_,,,, ,._ .'&, ".<;' ,,','"' • ~ ~ ' 

":;:,'1';':;:,,~<'i'~,;, '\ {';~~·~.%~'i.:-?')-""''''~·~-- :~,~ ;·1· :-~·_,. ..... \:'- '•':!' ... "''::""';,~--;::.~~ 
' ' '-· ,. :\:~>Jo:'"'""' '•'v.'-"'''•"''~'·":t;~r£x,_.,:I' 1" ,·,~·'-;•"• •' "•t~¥~~--.·~~i:~~ M< 

t' ,"' '· ' ·.· -~J. .• ,,J~~"-f:~ .... ~ .... .,.,.~~~~,,1.;'. 'l 'I. 'JI.•;;;..,,_,""""":"..,V ~"""' '"" ·"t.,~" """" 

AqueoUI llltnte Water CPWM 
Ethyl Acetate 
Tetrah)'droturan 
Dulved •iidt 

Aq-1:11 filtrat. W1t.r Chemical pro<e11& water 
Ac:ewne manasen1ent iCPWMl 
Salta 18ocliu"Jl/alumlau::n) 
Dt.>l•ed •lido 

AqueoUI filtrate W1ter CPWM 
Ethyl A ... tate 
Totrahydroturan 
D-l•ed 1'11lidl ....... --

Orpalc cli8tillate Acetone Sent IA> an approv...t olr-aile 
facility aa part of a t11aale-
deri-.ed fuela prorram 

r '>r1aalc filtrate Aceto11e Seat IA> an approved oft"aite 

L Water facility H pert of a waat.-
Di-l•ed .,Iida deri•ed fuehl proll'am 
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Orr•llic ftltrate 

Orranic dlatillate 

Acetone 

Ethyl Acetate 
T•erabydrofur&11 
Water 

Sent to 1111 appro•ecl oft' .. ite 
facility u put of a waate­
cleri•ed fuell prorram 

Sent to an appro•ed olf .. ite 
lac!UtJ ae part of a waate­
clerl'ffd fuell prorram 

Diael•ecl 110lid8 ........ ~~~~~~~~~~~~-!-'~;.;;;;..;.;.._~~~~~~~~~~--~~~~~~ 

Organic diltll!ate 

Or1anic diatillate 

6.1.3 Spent Solvent& 

Aceto11I' 
MAitby I t-butyl ether 
Water 
Di-IYed llO!ida 

Ethyl Acetate 
Diae!Ted llO!ida 

Se11t to an apprned off-•ite 
facility •• part of a waate· 
dar!Tecl fuela prorram 

Sent to an approved ofJ-aite 
facility ae part of a waste­
cleriTed Cuell prorra.ri 

Ull8d 10lvent mixtures are either directed to the solvent reeyding and 
distribution (BRO) unit for recycling and reU8l'l within the Portage manufacturing 
facility, Wied aa a fuel in an on-site incinerator (interim status treatment storage and 
disposal facility, aee 6.1.3.2, Incinerator) llt the Portage manufacturing site, or are sent 
ta an approved off-site facility as part of a waste-derived fuels program where the 
w.uite ii blended at permitted facilities with other solvents for incineration or directly 
il\jeci'.ed for incinere. tion. 

6.1.3.1 SRD. Ueed solvents at The URiohn Company are collected at the production 
areu and conveyed via pipeline to a SRO 1acility within the plant aite. 

The SRD system receivva the various solvents into dirty tanks and then feeds 
them into one of ftve diatillationlreclamation colulnDI that fractionate the constituents 
through the application of heat. At the dilfer.~nt temperatures, various solvent species 
are recovered and sent to a clean tank where diey are then distributed to the vario•1s 
production operatio1111 locatecl throughout the plant site. 

Thoee portions of the fractionation proceaa that do not result in a product that 
ia usable in our product.ion operatioDB are sent off' site for :iispollal. The vast majority 
of thia material ia ull8d as a waste-derived fuel that replaces or enhances other fossil 
fuels burned ·for energy. Other disposal options are the local waste water tl'8atment 
plant and h.igh temperature incineration, dependent upon the chlorine and water 
content of an individual stream. 

6.1.3.2 Incineator. The on-site incinerator is being operated RB a Resource 
Conae•-vation and Recovery Act (RCRA) interim status treatm.;nt storage and dispooal 
facility wuler IMID000820381 in compliance with 40 CFR 264 Subpart 0 
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requirements. A hazardous waste RCRA Part B/Michigan Act 64 permit applicat · ?n 
has been submitted to the Waste Management Division of the Michigan Department of 
Natural Reaou.~ CMDNR) and is pending iaauance. 

'Ihe Air Quality Division of the MDNR l'evitled and reissued Permit to Install 
No. 242-80 on May 26, 1993, to allow operation of :ha incinerator in accordance with 
Michigan Act 64 requirements. 

Thill incinerator is a two-stage 11)'8tem: the primary chamber ro~ary kiln 
operate& at a minimum of7()()oF; the BeCOndary chamber, where fir.&.! destruction of 
the product and oft'·lJ8818f occurs, operate& at a minimum of l,904oF. The incinerator 
is equipped with a pollution control equipment train designed to remove gaseous and 
particulate pollutants. The pollution control equipment consists of: a quench section, 
an acid-pa pre-scrubber, a Venturi scrubber, an entrainment separator, an induced 
draft fa11, and an exhaust &tack. 

Ash generated 88 a result of the incineration process is scat to a permitted 
hazardow:: waate landfi!l. At the present time, Upjohn uses the following facilities: 

• Chernical Waste Management of Indiana, Inc., 4636 Adams Center Road, Fort 
Wayne, IN, operating license listed un-ie.1- Indiana Dept. of Enviror111ental 
Management (IDEM) Pwmit No. IND 0789U146; 

• Environmental Quality Co., 1349 South Huron Street, Ypsilanti, MI: Michigan 
Disposal, Inc., 49350 North I-94 Service Dr!ve, Bellevilli:;, MI (treatment) 
op11rating license listed uncle~ EPA ID No. MID 000 724 831; Wayne DJ.Spoaal, 
Inc., 49350 North I-94 Service Drive, Belleville, MI (dispoaal) ~perating license 
listed under EPA ID No. MID 048 090 633; 

• Upjohn may use other facilities fc;r such di!!pOaal which are sui~able for that 
purpose and are properlf pctrmitted. 

We have iaentified halardoUI waste as -n 88 air permits ..; given to us by 
these facilities, but there ma.v be other permita and licenses applicable which are 
currently held by the> facilities. While Upjohn has contr11ets with each of these 
faciliti• that require complianr.3 with all applicable lawe and regulations, URJohn does 
not own, operate, or control those facilities. The waste stream profiles established 
with the hazardous waste landfill sites contain an affinnation by the facility of its 
co.w}liianca status. All facilities are audited and approvod for use by Upjohn 
environmental auditora prior to the f11'8t lhipment of waste from Upjohn to the site. 

6.1.3.3 Off-site Spent Solwnts. Waste spent llOiV' nta eent off-site are transported to 
permitted facilitie1 using the Uniform J.l'11u;-~ua Waste Manifest forw. At the 
prMent time, Upjohn Ulel t!:.:: ~viiowing facilities: 
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• Chemical Waste Management, Tracie Waste Incinerator Division, 7 Mobile 
Avenue, &upt, IL, operating under EPA ID Nt>. ILD 098 642 424 and Dlinois 
Environmental Protection AJency No. IEPA 1631210009; 

• Systech Environmentlil Co1pC>Jation in Alpena, MI, operating under EPA ID 
No. MID981200835 and Stat.e Air Permit No. 1587-93; or in Paulding, OH, 
operating under EPA ID No. OHD0050489'7 and State Air Permit Nos. 
0363000002P016 and 0363000002P017; 
Continental Cement in Hannibal, MO, operating under EPA ID No. 
MOD054018288 and Air Permit No. 1086-004A; 

• Upjohn m~ wie other facilities for such disposal which are suitable for that 
purpose and properly permitt.ed. 

FtJllowing is a table showing IK'lvents 111ed in the ibutilide fumarate process 
that are recycled th.-nugh SRD and the dis;JOSition of the remainder: 

T.a.le 15: 

Acetoae 48 27 25 

Ethyl Acetate 39.6 38.2 4.7 11.0 
chlorinated eol..ent 
talll<s (methylene 
chlorid~ is nmoved 
11;,d ren.ailliDi 
solvent hauled off· 
site for fuels 
t,,lendingL__ 

Tetrahydrof\lran 153 39 8 

6.1.4 Solid Waste 

• Any Magnesol 400/10 cart.ridge grade used in the process would be treated and 
then disposed in a permitted huardous waste landfill (see Section 6.1.3.2 for a listing 
of permitted facilities Upjoh.n uses). 

• Par.ic\llate is captured in the recirculating HEPA filtration system. HEPA 
filters which become loaded are uealed in plastic bags and sent off-site to a permitted 
incinerator (see Section 6.1.3.3 for a listing of permitted facilities Upjohn uses). 
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• Roulh·in ftlten (approximately SO., efftciency) are diapoaed in an approved on-
sit.e incinerat.or. (For cleecription of the incinerat.or and related permits, see Section 
6.1.3.3) 

6.2.1 Air Em!eejom 

j The UAJohn Company ii operating under an air conaent decree with the MDNR 
. dat.ed March 16, 1991, which requires that id! manufacturing and production facilities 

operate within a IJ'8clfied •t of parametert1 according to the environmental air permit· 
to-inltall for each plant. Thia includes the definition of all air emitting and control 
equipment. 

An air uae permit application for thia equipment was approved by the MDNR 
on March 29, 19!M for the Sterile Injectable Operations where this product will be 
manufactured.. All materials in the formulation for Ibutilide Fwnarate In,jection are 
included in this approved air permit. In thia permit it is asaumed that 0.4'M> of the dry 
materials handled would be lost to the exhaust systems serving the manufacturing 
modulu. Of this 0.4'11>, 75'11> is removed by a recirculating HEP A filtration syatem, and 

.26'1> is handled by a rotoc:lone wet dynamic precipitator with a 92.2% removal 
eft'lclency <Rotoc:lone v-4). Thia rotoclone was inventoried on the equipment !nven.tory 
also required under t."a air coment jutlgment. 

The proc:e88 to manufacture Ibutilicle Fumarate Injection does not Ule any 
VOC1, although the preparation ar.li testing of rlltration equipment does use iaopropyl 
alcohol. The emission of this compound is diacuaaed in the above-mentioned MDNR 
application. 

Ibutilicle Fumarate h\jec:tion will be packaged and labeled using on-line printer& 
with VOC.ba.d inlu. Becauae these printera emit small amounte of VOCa, they are 
UBmpt from permitting under MDNR rules. 

6.2.2 Liquid Waste Streams 

Liquid waste streams resulting from the phann&c8utical formulation and 
pac-k•ling facility wijJ. unaist of residue waste wate!'ll from sanitary uae and warhing 
operations which will be discvded to the municipal sewer system for biological 
treatment at the City ofKalamuoo Water Reclamation Plant (see Section 6.1.2.1, p. 
8). 

Projecting to the fifth year of production, the pharmaceutical formulation and 
packing of Ibutilid.e Fumarate In,jection wi!~ not impact the limits imposed under the 
ICD and accompanying Sewer Use Regulations. 
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6.2.8 Solid Wgte 

All unuaecl, clilcarcJed, oir returned product will be incinerated in an approved 
on-lite Incinerator <- Section 6.1.3). 

SoHd waatel will rfltllllt 88 particulate ii captured in the recirculating HEPA 
filtration IY&tem. HEPA filters which become loaded are sealed in plastic bap and 
aent oft'-eit.e to a permitted incinerator. 

The followin1 regulatio1111 or Btandarda are cited aa applicable to the propuaed 
action: 

1. Federal Food, Drug and Cosmetic Act, PL 7u-717, as amended. 
2. Clean Air Act PL 91-604, 88 amended. 
3. Clean Water Act PL 95-217, 88 amended. 
4. Safe Drinking Water Act PL 98-523. 
6. Reaource1 Comervation and Recovery Act of 1976 PL 94-580, as 

amended. 
6. Occupational Safety and Health Alt• of 1970, aa amenclecl. 
7. Hullrdoua Material9 Transportation Act of 1976, as amended. 
8. Standarda from the American National Standards Institute. 
9. Nation.: Fire Protection Agency Standarcla. 

a. Nat!!>nal Electrical Code Standards 
b. Life Safety Requirements 

10. Art 18'8 of 1966, Michigan Air Pollution Act, 88 amended. 
11. Act #245of1929, Michigan Water Re111>urce Commission Act, as 

amended. -
12. Act #399of1976, Michigan Safe Drinking Wat.er Act..,. amendeJ. 
13. Act 1136 of 1969, Michigan Liquid lndUltrial W 8BW Dispoaal Act, as 

amended. 
14. Act 1315of1969, Michigan Mineral Well Act, as amended. 
16. Act #641of1978, Michipn Solid 'W'Nlte Management Act. 
1.6. Act #&4 of 1979, Michigan Huardo118 Waste Management Act, as 

amended. 
17. Act 1368of1978, Public Health Code. 
18. Chapter 28 of the Kalamazoo City Code (Services and Waste water) as 

amended by ordinance No. 1190. 
19. Michipn Occupational Safety and Health Act of 1970, 88 amended. 

(Local regulation applicable to the State of Michigan.) 

Permits and other actions c:oveiing spefific environmental regulations in force 
at the The UJ.1iohn Company'• main pharmaceutical and chemical manufacturing 
eomplu: i.il KaJama"'O, MiclU,an, i.ilcludmg permit numbers and u;piration dates 
where applicable, are 1UJDmarir.ed in the table attached (eee Appendix 5). 
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.. , BtaMment of Complil!llM 

6.4.1 Emjpjon Regujrement.11 

The Upjohn Company states that it is in complibnce with, or on M enforceable 
ICb.edule to be in compliance with, all emiaaion requirements set forth in permits, 
c:onaent dec:rees or administrative orders applicable to the manufacture of Ibutilide 
Fumarate h\jection at its f£Cilitiu in Kalamuo9, Michigan, as well as emission 
requirements eet forth in applicable Federal, State, and local statutes and regulations 
applicable to the manufacture of Ibutilide Fumarat41 h\jection at its facilities in 
Kalamazoo, Michigan. 

6.4.2 OSHA Regujrements 

V The UR}ohn Company certifies that it has comprehensive programs and 
practices in place addressing all applicable OSHA requirements. 

6.5 Efrect of the App."OYMl of the Propoaed Ad.ion 

lbutilide Fumarate 11\i.iction will be produced on the current filling line in the 
.rianufacturing facility. No new capital equipment will be required. 

Baaed on information ouUined in Sectiona 6.1 and 6.2, approval of the proposed 
action will not modify or have an effect upon the U.Vohn Kalamazoo site exiatinl!' 
facilities. 

6.6 UM and Dispwel of :?rQdw:ta 

The amount of drug left.in containers o ... er a year's use of the product at 
hospital or clinic eettings is estimated to be very minute and would not result in 
aignificant introductions &om use of the product into the environment. 

lbutilide Fumarate h\'8ction will be acb<Unistered by intravenous infusion to 
patients in hospitala or clinics. The amall amounts or parent compound excreted in 
urine or fec:ea would be discharged into 88Jlitary 11wer and/or eepti.: syltem& Only 
minute tracee of the active ingredient, ibutilide fumerate, would be expected to remain 
with empty prcduct containers. 

Marketing forecasts in terms of amounts of ib.,tilide fu"llarate required per yp,ar 
for the first through fifth years of production are Bhown below in grams. 

16 

19 



Oct.ober 23, 1995 
~ l'UMi\RAft 1.,1 ctl111, NDA ll0"91 
I*- I. Ou'' 1 J, Maa..,...,lac a• Colltnle 
Part IV, lolromneatal Ar11 neoat Jt.pott 

Ther:1 amountl repeaent the theoretical maximum amounts that could be 
releuecl to the environment throu1h accidental releue, end-Ul8 and di8poal.. 

6:7 MP'rinnam E 1 1•:tecl Bn~ Coaantndioa (MBEC) 

E=*imationa o( theoretical muimum environmental concentrationa <MEECs) 
can be made wring the following equation: 

MEEC(ppm) .. lbs/yr x 8,9 E .. 

"' (A)(B)(C)(D)(E)(F) 

where: 

A .. pounds per year production 
B .. year/366 daya 
c = day peraon/160 pllons 
D = 11264 million person (U.S. population) 
E = gallonlllS,84 
F "' 1 million 

Utllizinc the ftnt year production forecast of 140 fl'SDU, the maximum 
environmental concentration that could be achieved is 2.7 x lOE"' ppm, Utilizing the 
fifth-year production forecut of 1120 grllDUI, the maximum environmental 
concentration that could be achieved is 2.1 x lOE .. ppm. 'Iheee concentrations assume 
complete :llld instantaneous releue of the entire year's production with no 
desradation. 

7. FATE OF EMl'ITBD ~ANCES IN 'IBB ENVIRONMENT 

7.1 Fate ofEmitW SnlwtucM m the En'tinmment 

lbutllide fumarate OCCUl'!' as a white c:ryatalline powder with a meltinf point 
ranp of 116-119°0. ltl aqueous IOlubility at room tempeHture is tp'ellter than 100 
msfmL at any pH lflll than 7. Between pH 7 and 9.4 aqueous aolubility decreues 
rapidly, A mh:.imum eolubility of 6 msfmL occun et. pH 9.4. Above pH 9.6, aolubility 
rapidly inc:reuell 1111•1, ill greater than 100 mglmL above pH 10.6 (Amidon and 
DeMulder, 1989). 

lbutllide is the active form of ibutllide fumarate. In healthy male volwit.eers, 
about SK of a O.Ollllfl'kl dole of l"CJibutilide fumarate was ucreted in the urine 
(about 71' of the d0\18 as unchanpd ibutllide} and the remainder (lK) was recovered 
in the fecee. Eifht metabolites of ibutilide were detected in metabolic infilinf of 
urine. The1e metabolites are thoug:!!.t to be formed primarily by ""°xidatm:n followed 
by -iuential /:l,,,xidaticm oft.he heptyl aide chain of ibutili~. 'n!.eee metabolite& have 
no activity or weak cl888 Ill activity relative to ibutilide. 
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It is anticipated that ibutilicle fumarate will be adJninif,tered primarily in 
hospital •ttinp. Diecharpe to air or waste water are not exp;icted as a consequence 
of the ue or dispoeal of this )ll'Oduct, other than for possible diapoeal of nnall amounts 
of unmed drq formulation. to 1oc:ll1 publicly owned treatment works. UnU8ed product 
returned to 'nte UJiohn Company would be subject to final disposal via government· 
permitted mechaniama and not released to the environment. 

7.2 8tudjee 

A aeries of studiu were conducted in accordance with Good Laboratory 
Practicea at ABC Laboratories, Columbia, Milaouri, to better understand the fate of 
ibutilide fumarate if releaaed to one or more environmental compartments. 

7.2.l Y.w Prwun 

The vapor preaure of ibutilide fumarate was presumed to be negligible ( < 10 E-
7 torr), becaUle the compound occurs as a solid with a melting point in excess of 
100°0. A negli-1ble vapor prellUJ"Cl meanB that the compound does not have a 
tendency to vaporbe, and therefore would not enter the air compartment, or be 
transported in air. Experimental measurement of vapor prell8Ul'e confirms this 

· 8811\lmption. 

7 .2.2 Mjs;n>bi@l Jnhlhitipn 

Microbial inhibition was etudied by the agar plate dilution technique with 
ibutilide fumarate incorporated into the agar medium, at nominal concentrations of 
1000, 250, 62.6, 16.6, and 3.91 mg/L. Test orpnisms included Aspergillus flavus, 
Chaetomium globo1um, Nostoc sp., Pseudomonas acidovorans, and Azotobacter 
chroococcum. ~ 

Theee organi.ama are preaent in varioua environmental media and contribute to 
ecoayatem balance. For example, Pseudomonai plays a role in degradative and 
trarud'ormation pa«eaaes Awtobacter fixes nib'ogen from the atmosphere. 
Chaetomium ia known to degrde celluloee, thUI conv11'ting a complex organic 
molecule int.o more readily a•milable material in soil and other media. 

Growth inhibition was not -n in Pauedomonas, Aspertillus, Nostoc, or 
Chaetomium at the highest concentration (1000 ppm) tested. Growth inhibition was 
aeen in Azotobacter, and a minimum inhibitory concentration of 1000 mg/L was 
calculated for this microorganism. 

7 .2.3 Aerobic Biodegradation 

Carbon-14 labeled ibutilide fl· .r1arate was tested for biodegradability in an 
aqueoua aerobic medium at a teat concentration of approximately 10 mg carbon/liter. 
Significant biodearadation was not -n during the 29-day incubation period in 
darkneu at 22 ± 3° c. 
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7 .2.4 Hydrplytil 

A hydrolylia study wu COI.cluo:ted with C·l4 labeled ibutilide fumsrate, in 
ac;.ieous buffered 11>lutions, in clarkneaa, at a nominal test concentration of one ug/mL. 
Significant degradation of the compound was not -n 6fter a five-day incubation 
period at 60° C. Therefore, ibutilide fumarate wu considered to be hydrolytically 
lltable with a half-life equal to or greater than O'lle year. 

7.2.5 Aquatic Pbotoclemdation 

Photoclegradation ii a plOC811 whereby chemicala me altered u a result of 
irradiation. The proce111 involves absorption of lirht In the ultraviolet-visible region by 
a molecule with a result.mt b1c:reue in the molecular energy level; the inCieaaed 
en8J"ID' level then transforms the molecule into one or more pr?ducts. lbutilide 
fumarate showed a 10 ,_. potency lou when exJION(l to high intensity fluorescent light 
for 7 days, and a 25 ., 1011 In potency when exposed to high intensity ultraviolet light 
for 7 days. These results indicate that ibutilide fumarate is subject to rapid aqueous 
photolysis. 

An aqueous photodegradation study wu conducted at 20 ± 1 • C by exposing 
· 14C-ibutilide fumarate in pH 6, 7, and 9 butfers to a xenon an:: light 110un:e. The 
stud3; waa conducted at a nominal teat chemical concentration of 1.0 uglmL. The 
study demonstrat.ed that ibutilide fumarate undergoea photodegradl't.ion in aqueous 
media with experimentall1 meuured halflivea of 16.8, 5.8, and 0.• days for pH 5, 7, 
and 9, re8)18Ctively. 

7.2.6 Partition Coemcjent 

The logarithm of the n«tanol/water partition c:oemcient wu found to be 
between 0.65 and 0.86 at pH 7 <DeMulder, PJ. 1992). This range do98 not suggest a 
potential for ibutilide fumarate to bioccumulate in living ayltems. 

8. ENVIRONMENTAL EFFECTS OF RELEASED SUBSTANCES 

The manufacture of ibutilide fumarate ia not expected to preaent aignificant 
riska to public health or the environment since releBBeS which may be UllOCiated with 
drug synthelia .w product manufactv "e are governed by fedaral, state and local 
regulation&. The uae of il>utilide fumarate ia not expect.ad t.o pre11ent a risk to public 
health or the environment because the theoretical maximum amounts that could be 
releued would be less than those found toxic in aquatic systems. The theoretical 
maximum environmental concentration that could result &om tho! complete and 
instantaneous releue of tbe entire Mb year production is 2.1 x lCE .. ppm. Inhibition 
ofrep1 e•entative environmental microorganimia wu not -n at concentrations 10 
orders of magnitude greater that the MEEC of ibutilide fumarate as calculated &om 
the projected fifth-year production volume. As previously not.ed, ibutilide fumarate is 
unstable in the presence of light with a half-life from 0.4 days to 16.8 days in aquatic 
aystems. Because of its low partition coemcient, ibutilide fumarate would not 
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bicMlccwDW.t.e in livina llYlteDll. Therefore, hued on a WOl'ilt-ca8e L-.Yyaia, amounts 
of ibutillde fllmante which might reach an envb'onmental com)l8J'tJrulJlt may 
reaaonebly be anticipated to be non-toxic according to the definition found at 21 CFR 
26.16(bX8). 

9. USB OF RRSOURCES AND ENERGY 

Following ill a table detailing production YOlume and utility usage: 

Tlllla 7: 

1050 

1.8 5.8 10.3 13.2 14.1 

.16 1.14 1.46 1.67 

No eft'ects on endupred or threatened species are anticipated u a result of 
drug approval. 

-A preliminary ecoloeical ara111Dent waa conducted to fulfill the requirements 
of the pending U.S. EPA·adminiateml Hazardou Solid Was+..e Amendment (HSWA) 
permit, which ia iiauecl under RCRA authority. Re.eults of this preliminary ecological 
a11nv-.ut for The Uwohn Company'• manufacturing headquarten did not reveal th., 
....-nee ol tmdanpred or threatened speciea and did not demoutrate advene impacta 
of manufacturing operations on aquatic or terrutrlal bk.bl including planta and 
wat.erfowl (Downey, 1998). 

The Wiii of natural resourcea and enera for the manufacture of thiG product 
11'ill he 1 .. than 2% (at the fifth year) of preeent total plant usage and can be handled 
by the existing infralt.ructure. The ruourcea committed will be the materials listed in 
Section 6, the utilitie• used in manufacturing, and minor mi&cellaneou support 
materials. 

Under the authority of the National Hilltoric Preae"ation Act of i986, u 
amended, The URiohn Company haa received an opinion letter &om the State Hilltoric 
Pr111"ation Ofticer that, eince this activity dou nnt involve the alteration, demolition 
nr conatruction or building or any earth-disturbing projects, historic property 
determination ia not required (aee Appendix 6). 
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'!he amount of emilaionl from thil formulation at the manufacturing lite in 
Kanamuoo will be c:ontrollecl in accordance with Federal, State and local ltandards in 
order to prevent advene eft"ectl on the environment or to any wildlife. 

10. lll'nGATION llEASURF.S 

Measures taken at the manufacturini lite to avoid potential adverse 
environmental impacta UIOCiated with the propoaed action include: 

Adherence to all applicable Federal, State and local refU}ationa as outlined in 
Section 6.3 above lha.ll be followed to avoid potential adverse impact BllllOCiated with 
the propoaed action. 

Meuunt• taken at the formulation site to avoid potential adverse 
environmental impacts UIOCiated with the propoaed action include: 

\186 .:sf equipment systems to prevent emillion levels from exceeding limits 
established by Federal, State and local refU}atione; 

· • dilpoea1 of aqueoUI wute ltre~ into the municipal sewer eyatem for 
bioloaical trea\ment at the City ofKalarnuoo Water Reclamation Plant or through an 
on-lite CPWM l)'ltem conduct.eel in accordance with this facility's permit granted by 
the U.S. EPA pul'll\Wlt to the Safe Drinkin1 Water Act; 

• solvent recovery through ~e SRD unit; wlllltle solvents not recovend in SRD 
are maniluted to our outlide broken, where these solvents are blended for :luel use; 
and 

• an utenlive spill control plan to protect umployeea and environmental 
compartments iB in place at The U)Vohn Company Portage Road facility to mitigate 
any U981'18 eft"ectl of inadvertent releuea to the environment . 

.Material Safety Data tllieeta (MSJ)Sa) are available on site. Employees 
e"POclated with the manufacture of Ibutilide Fumarate lr\jection have appropriate 
trainlq. Employee protective clothing (1'.g., slovea. uniforms, and safety shoea) and 
protective equipment (e.g., safety gl881189 and app."'l>ved respirators) are Wied during 
llWluf.-:ture to 8l8UJ"8 compliance with applicable OC&;;;::otional lllll'ety requirements. 

'lbe Upjohn Company hu a comprehenlive occupational health and lllll'ety 
program. Thia includee conduct of preplacement phylical examinations of employees 
and periodic health surveUlance examinationa of all employeea in manufacturing 
are1111. Additionally, the company operates a health clinic to address any.employee 
!Un .. and/or irtjury occurring during the course of employment. 'lbe above 
pocedurea will 881"Ve to monitc.r empioy''eB for the devek;ment of conditions 
attributable to exposure. 
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Employees oblerve written standard operatin1 procedures detaiUng handling, 
precauiiona, and IUll of penonal protective equipment. 

In addition, all employee1 in Pharmaceutical Manufacturing are required to 
take basic llafety training on an annual basis, which includes: 

• Huard communication liJ\d hazardous materials, 
• .Personal protective equipment and production equipment, and 
• Standard Operating Procedures and personal 118.t'ety practices. 

Reference is made to item 6 above for additional information. 

11. ALTERNA'IYYES TO THE PROPOSBD ACTION 

Re&0urces and facilities are being used effectively to produce a quality product 
with minimal environmental impact. The alternative i.>f no action resulting with the 
deprivation to mankind of potentially beneficial therapy is not anticipated . 

. 12. Ll8I' OF PREPARERS 

Following is a listing of those persons, and corresponding qualifications, who 
participated in the preparation of this aseeument. No government agency was 
consulted for thill specific evaluation other than for routine implementation 'lf ongoing 
environmental programs conducted at existinr facilities. 

J. S. Mehring 

S. I. Shedore 

A.S.Pandrangi 

V.G.Kalthod 

Environmental Quality and Safety Division 
Manager, Environmental Health Sciences 
Ph.D., Agricuhure 
Profassional experience: 23 years 

Environmental Quality ltlld Safety Di...-ision 
Environmental Technician 
A.A., Liberal Arts 
Corporate '!xperience: 23years 

Chemical Engineering Support 
Production Engineer 
M.S., Chemical Engineering 
Professional experienee: 2'1 yeara 

Chemical Pioceu R&:l> 
Research Scientist 
D.S., Chemical Engineering 
Professional experience: 3 years 
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Item 3. ChemlatrJ, Manllfactlirinl aad Coatnla 
Part IV. ln.,ironmental A- eat Reper\ 

N.J.Tult 

M.A. Parb 

W.F.Oberheu 

R.F.Tolbert 

T.E.Nicholaon 

K. B. Eckert 

Worldwide Phann. Mfg. Operations 
Environmental A: Safety Administrator 
B.S., Induatrial Encinemnr 
Proftlllional Experience: 16 ye&r1 

Environmental Cornpliance Engineering 
Environmental Compliance Engineer 
B.S., Engineering 
Profe11ional experience: 6 years 

Chemical Diviaion Environmental C'1I'Oup 
Environmental Engineer 
B.S., Natural Resources 
Profe11ional experience: 8 years 

Environmental Compliance Engineering 
Environmental (".,ompliance Engineer 
B.S., Mechanical Engineering 
Profe11ional experience: 6 ye8.Tll 

Pharmaceutical Mfg. Project Ii Regulatory 
Management 
Senior lndll8trial Engineer 
M.B.A., lnduatrial Management 
Profe1Bional experience: 24 years 

Acting State Historic Preservation Omcer 
Bureau of History 
Michigan Department of State 
Lansing, Michilll>Jl 
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18. CJDl'l'DICATJON 

The uncler.!ipied ofliciala certify that the information pnaented la tiue, 
accurate, and complete to the belt of their lmowledp. 

-~~o 
Environmental Health Scienc811 
(telephone 6161323-47'6) 

f)"" o c T Cf 5°­

Date 

Amidon GE, DeMuldeY l'J. Aqueous 11>lubility profile of U· 70226E. Upjohn Technical 
Report 7230-89-008, July 18, 1989. [au.ched u Appendix 71 

DeMulcler PJ. The URiohn Company. Penonal Communication, Septembw 22, 1992, 

Downey RG. Preliminary ecolqical u·' 0 rment for '!be URiohn Company, Portqe 
Road facility. June 25, 1993. 

16. APPENDICES 

• Appendix 1 Summary Al·A2 
• Appendix 2 Map of Uatohn'• Kalamlll!IOO Chemical Piocnlin1 

Site Complex A3 
• Appendix 8 Map of Ulllohn'• Kalam1aoo Pharmaceutical Manufacturing 

Site Complex A4 
• Appendix' MSD8 tor the Active lqred.ient, lbutilide Fumante A5-A8 
• Appencliz 6 Pwmii Intex A9 
• Appencliz 8 N-91 l.U. hm MidUpn Dept. of State AlO 
• Appencliz 7 U$hn Technical Report 7280-89-008 <u li1ted in 

Amidon, et al. of Saction 14, Referencea) [13 papa--
no #1 superimpoaed) 

• Appendiz 8 Ekucly Reporta All-Al2 
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APPBNDJX 1: 8UIOIARY 

Chemical name 

CAB llelfl*>' number 

Udohn U-nmnber 

USAN approved PMl'ic name 

Empirical formula 

Molecular weight 

Meltina point 

Appearance 

Solubility (mg/mL) 

Partition ~t a.oc P) 

Ml'Obic biocleirradatlon half·lilll> (daya) 

~ half·Ule (1Mra) 

Al 

N·{+{etli.ylheptylamino}·l 
hydroll)'butyl}p)ieQl}metbae 
INltonamhW, (E}2-butenedioate (2:1) 
alt 

122647-32-9 

7~E 

ibutillde fumarate 

0 
" IOC 

. , /2 

442.61 

116-119°C 

'=.. 
COM 
" 0 

white Cl')'ltalline powder 

> lOJ at pH< 7 
6 at pH 9.• 

> 100 at pH > 10.5 

8.• (llllfonamide) and 
9.6 (tertiary entiqe) 

< & X. lOE-10 

0.65 to 0.86 

> 366 
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IBVl'ILID• PIWTll I Jnll•, NDA 118,411 
1 ... 1. a. s'rt ;,Y. ' I llc ... Can• 
Pert IV. ••1t-atal A 1at ~ 

APnNlo: 1: SUWARY ~ 

phot.odqradation half-life (clays) 

MIC (ppm), .Amtobadr cAroococcum 

MIC (ppmJ, Nolloc ap. 

MIC (ppm), Chaetomium 1lobolum 

16.8atpH15 
6.8 at pH '7 
0.4 atpH9 

> 1000 

> 1000 

1000 

> 1000 

> 1000 
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PORTAGE ROAD BUil.J)JNGS 
EAST SIDE 
North of Industrial Drive 

BLDG. • NAME LOLATION 
48 GROl.Hl SERV. ' WATER UTILITIES F5 
41 PHARMACEUTICAL OWU"ACIURINO C4 
4) POWER HOUSE cs 
51 SWITCHGEAR HOUS~ F5 
52 PUMPHC>JSE • l 0'5 
53 PUMPHOUSE • 2 fl6 
56 QAIW;( r6 
5• YIOA() CREW' WA!ER DEPT. OFFICE F5 
611 PUMPHOUSE •4 · 05 
67 ME TEii HOUSE F5 
71 PUMPHOUSE • I 7 HI 
7• WATtRSPIERE 05 
ae WATERSPHERE D6 
'Ill CattSTRUCTIOH CON11RACTOAS SHOP J'5 
1e• ll£LLHOU2 GZ 
118 PUMP HOUSE WELL • Z5 HI 
111 CMl.ORl ... TEO WELL • 7 Fl 
11• C>\.ORl ... TED WELL 'I .. 
Ill CHJ.ORINAT<D lfl.LL •1q Cl 
124 F llW: TllAININO IUllDINO H2 
144 l'IWWIUSE "'1LL •27 HI 
!!I ""i •MIX PllOOUCTS G4 
172 IHCllCRATOll IUILDllC\ H5 
112 CEM~EA RElDCATAlll.E CLASSROOM E5 
Ill 11£51 AELDCA'lllll.E CLASSROOM [5 

A4 

BLDG. 
lllS 
188 
1q& 
282 
21• 
228 
2l2 
22• 
255 
;15q 

268 
275 
276 
28' 
2•1 
2•5 
l07 
388 
:it• 
Jll 
313 
316 
,,32 
388 

31 

• NAME LOCATION 
F IAE STAT ION HI 
CENl~AL UTILITIES FACILITY 05 
COOLING TOWER nRE PRC)T, BLOG. 05 
OUAROHDUS£ • J 96 
~·7 85 
~£·2 £2 
E•SI RELOCAllllll.E CLASSAOOM £5 
ENGINEERINO SlOAAGI: llUILDINC J!l 
Oil P\ll4f'HOUSE F(IA BOILERS cs 
LAB' TEC ... ICAL S£RY. ~AC IL I TY '3 
llUAAOHCJUSi: • I HI 
OFF ICE TRAILER i.5 
OFF I CE TRAILER (5 
POLE IMI< H5 
VASI[ C~TROI.. llUILDINll .., 
HEIAL llUILDINll 05 
S.Cl<FlOW PRE'lf.NTtR Ill.DC •I 8' 
il'ICKFLOW PRE'lf.NTER ILOO • 2 E6 
tA(KFLOW Pll("'-NTF.R Ill.OU • J 05 
INSIAl.04ENTIUI~ llUILDINO J4 
WATER BOOSTER PUMP STATI~ E5 
SIOAAOE ~ G5 
UTIL ll't STOllAG[ J!l 
HAZARDOUS SOLVENT ••sn: Sl()llAO[ ><4 
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[ 1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION 

COMMON NAME: IBUTILIDE FUMARATE 
SYNONYUS: 122647-32-9 - CAS NUMBE'l 

Methanesulfonamlde.N-{4-(4-(ethylheptv!dmlnu)-1-hydro•ybutyl I 
(E)-2-butenedloate (2: 1) salt 

200219 - EDP NUMBER 
U-70,226E - UPJOHN UN 

MOLECULAR FORlleULA: C20-H36-N2-03-S . 0.5 C4-H4-04 
CHEMICAL FAMILY: No Information found 
MANUFACTURER/SUPPLIER: THE UPJOHN COMPA~V 

TELEPHONE NUMBERS: 

7171 PORTAGE RD. 
KALA~AZOO, Ml 49001-0199 

(616) 123-5122 - (24 HOURS) 
(616) ~23-7555 - (8:00 a.m. - 4:30 p.m.) 

phenyl)-. 

] 

[==2=.=C=OM=P=O=~I=T=IO=N=/I=N=FO=RMA=T=IO=N=O=N=I=NG=R=EO=I=EN=T=S ==='' 
INGREDIENT 1 

II 

COMl:ION NAME: Ibutlllde Fumarate 
CHE!l!ll CAL NAME: Met tlanesu 1 fonamlele. N- {4-( .1- (et ny 1nepty1am1 no J- 1-nyaroxybuty1 I 

phenyl]-, (E)-2-butenedloate (2:1) salt 
~BY WEIGHT: < 100 % 
CAS NUMBER: 122647-32-9 
EXPOSURE LIMITISI: !'jot estai:>l lshed. 

3. ~AZARDS IDENTIFICATION 

PRIMARY ROUTECSI OF EXPOSURE: Skin cont~ct, eye contact. 1nges!lon ana Inhalation. 
EFFECTS OF OVEREXPOSURE: Overexposure may cause ·vomiting, ataxia, body tremors and 

rapid eye blinking or twitching and bobbing of head ana convulsions. Repeated 
ov~rexposure may cause testicular degeneration/atrophy or mammary gland pro­
liferation and muclf1Ca\lon of tne vaginal epithelium. 

MEDICAL CONDITIONS AGGRAVATED B' EXPOSURE: Not established. 

[===========4=.=FI=RS=T=A=I=D=ME=A=SU=~E=S==========:::=!J'' 
EYES: Flush with water for 15 minutes. Hold eyelids open to assure complete 

contact with water. 
SKIN: Wa~n with soap and water. Remove contaminated clothing. 
INHALATION: Remove from exposure. 
INGESTION: C'lntact i physician ur poison control center. 

t ~ U=ll ===~==5=. =F=IR=E=F=IG=H=T=IN=G=M=EA=S=UR=E=S=====J 
FLASH POINT: Not app11caDle. 
LOWER EXPLOSION LIMIT (LELI: Not appl icaDle. 

A!; 
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UPPER EXPLOSION LIMIT (UELI: Not applicable. 
EXTINGUISHING MEDIA: water, carbon dioxide, or dry c11emtca1. 
FIRE-FIGHTING PROCEDURES: As wlth all ftnely divided organic powders. lt ts 

advtsaole to eltmlnate explosion hazards by methods such as grounding mecnantcal 
eoutpment tn contact wtth the matertal to prevent t~e buildup of static 
electrtclty, lnertin~ the atmosphere or controlling dust levels. 

UNUSUAL FIRE DR EXPLOSION HAZARDS: None. 

II 6. ACCIDENTAL RELEASE MEASURES 

STEPS TO BE TAKEN IN CASE MATERIAL IS RELEASED OR SPILLED: Remove tgnltlon 
sources: control the generation or dust/~apors~ provide venttlatlon and 
respiratory, s~tn and eye protection to prevent overexposure. Keep out of drains; 
prevent entry to surfa~e water. groundwater ana soil. Vacuum (with HEPA-filtered 
and explosion-proof eoutpment) or scoop sptllea matertal and place 1n container. 

II 

~''==========7.==HA=ND=L=IN=G=A=ND=S=T=O~==GE=========J] 
PRECAUTIONS FOR HANDLING AND STORING: Avotd generating dust/vapors and contact 

•Ith skin, e~es and clothing. Use wttn adeQuate venttlatton. Wash thoroughly 
after hana11ng. Launder contaminated clotntng ~efore reuse. Store a! room 
temperature. Do not get In eyes, on skin or clothing. Avoid breathing dust or 
mtst. use adeQuate dust/vapor control. 

II 8. EXPOSURE CONTROLS/PERSONAL. PROTECTION 

RESPIRATORY' PROTECTION: Approved respirator. 
VENTILATION: Local exhaust. 
PROTECT IVE GLOVES: Rubber. 
EVE PROTEC1'1mil: Safety glasses with stde shields. 

II 

~===-=9=.=PH=Y=SI=C=AL==AN=D=C=H=EM=I=CA=L=P=RO=P=ER=T=I=ES======~'' 
APPEARANCE/PHYSICAL STATE: White amorphous powder. 
MELTING POINT: > 100 ctegrees C. 
MOLECULAR WEIA1T: 442.62 
ODOR: No 1 nformat ton found. 
SOl.UBILITV IN WATER: Ho 1nformat1on found. 
VAPOR PRESSURE: Not appltcable. 

II 10. STABILITY AND REACTIVITY 

STAB IL ITV: Stable. 
PHYSICAL CONDITIONS TO AVOID: None. 
INCOMPATIBILITY WITH OTHER MATERIALS: None. 
HAZARDOUS DECOMPOSITION PRODUCTS: None. 
HAZARDOUS POLYMERIZATION: Does not occur. 

A6 
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fl 11. TOXICOLOGICAL !"FORMATION 

ACUTE STUDIES: 
EYE IRRITATIOl'I (RABBIT): Moderately to severely Irritating. 
SKIN IRRITATION (RABBIT): Non-lrrlta•lng to Intact skin; mooerately Irritating 

to abr1ded skin. 
INTRAVENOUS TOXICITY: The no-observed-adverse-effact level (NOAEL) In a 14-day 

study In rats was 12.5 mg/kg. Tfte NOAEL In a 14-0ay study conducted In dogs was 
less than 2.5 mg/kg/day. 

ORAL TOXICITY (RAT): The single oral no-observed-adverse-effect level (NOAEL) of 
lbutlllde fumarate In rats Is betwe3n 160 and soo mg/kg. 

ORAL LDIO (RAT): > SOO MG/KG 
SUBCHRONIC/CHRONIC STUDIES: In a 90-day oral study In rats. a reversible Increase 

In body weight was seen In females receiving 10 to 63 mg/kg/day. A reversible 
decrease In estrous cycling was also noted In feMales fed 63 mg/kg/ day during the 
last 30 days of the 90-day trial. 

OTHER STUDIES: 

II 

GENOTOXICITY: Ibut111de fumarate was negative when tested In the mlcronucleus 
assay, the Ames assay, the mammalian cell mutation assay and the unscheduled DNA 
synthesis assay. · 

R~PRODUCTION/FERTILITY: The oral no-observable-adverse-effect level (NOAEL) In 
the rat for maternal, paternal, reproductive and development~l toxicity was 5 
mg/kg.' day. 

TERATOGENIC I TY: The ora 1 no-observed-adverse-et feet 1 evel ( NOAEL) for 
teratogenlc1ty in the rat was 5 mg/kg/day and 2 mg/kg/day In the rabbit (nighest 
level tested). Some evident of teratogenlclty was observed 1n rabbits tested at 
h 1 gher 1eve1 s. 

CARCINOGENICITY: 'ngredlent(s) are not 11;ted as carc•nogen1c by !ARC, NTP or 
OSHA. 

12. ECOLOGICAL INFORMATION 

ENVIRONMENTAL FATE: 
MOBILITY: The vapor pressure of 1but111de fumarate ls presumed to be negligible 

(<10E-7 torr) because the compound occurs as a solid with a melting point In 
excess of 100 degrees C. A negligible vapor pressure me~ns that the compound 
does not ~ave a tendency to vaporize. ana therefore. would not be anticipated to 
enter the air compartment or to be transported 1n air. 

BIOACCUMULATIVE POTENTIAL: The lo,arlthm of the n-octanoltwater part1t1on 
coefficient was found to be between 0.65 and 0.86 at pH 7. This range does not 
suggest a potential for lbutillde fumarate to blcaccumulate In living systems. 

ABIOTIC POTENTIAL: lbutl11de fu~arate may have mild to no Inhibition of gro~th 1,1 
several types of microbes present In various environmental media. 

ECOTOXICITY: No 1ntormat1on found. 

,, 13. DISPOSAL CONSIDERATIONS 

WASTE DISPOS~L NETHCO: Dls~ose of by Incineration In accordance w1th applicable 
lnternat1onal, national, state, and/or local waste disposal regulattons. 

11 

JI 

( t [=====14=.=S=H=IP=PI=NG=RE=G=ULA=T=I=ON=S=====--===!111 
Not regulated for transportation by tne United States Department of Transportat1on 
(DOT). International MarltlMe Organlzatton (IMO), or lntern1ttonal Air Transport 

·~ 
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Assoc1atlon (IATA). May be subject to state and/or local transportation 
requ1rements. 

II 15. OTHER INFORMATION 

REVIEWED BY: Env1ronmenta1 Health Sciences. 
DISCLAIMER: The MSDS Information ls Del leved to be correct but should. only be usea 

as a guide. The Upjohn Co~pany dlsc1a1ms any express or 1mp11eo warranty as to 
the accuracy of the MSDS 1nformat1on and shall not be held liable for any direct, 
Incidental or conseQuent1al damages resulting from reliance on the Information. 

] 

=11===========-=-=l6=.=~=BE=L=IN=G==========::==;i11 

UPJOHN PRECAUTIONARY LABEL COOE(S): K-1 
HAZARD: TOXIC. IRRITANT. 
SIGNAL WORD: WARNING! 
STATEMENT OF HAZARD/RISK PHRASE: May be harmful If swa11owea. Inhaled or absorbed 

through skin. May cause skin, eye, or respiratory tract Irritation. 
PRECAUTIONARY ME~SURES: Do not get In eves, on skin, on clothing. Avoid breathing 

dust, vapor, mist or gas. Keep container closed. Use with adequate ventilation. 
Wash thoroughly after handling. 

A8 
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MtC:HIGAJ4 DEPAllTMINT OF STATE 

llCHA*I H. AUSTIN SltlETAIV OF STATI 

-

September 3, 1991 

~s. Susan I. Shedore 
Environmental Technician 
The Upjohn Company 
Kalamazoo, Ml 49007 

RE: ER-910587 Environmental Assessment for the Formulation ar.d 

Dear Ms. Shedore: 

Packaging of Drugs, Various Location•, Kalamazoo 
County !FDA) . 

We have reviewed the above-cited project at the locati<.n noted 
above, under the authority of the National Historic Preservation Act 
of 1966, as amended. It is the opinion of the State Hi1toric 
Preservation Officer ISHPOI that the project doea not require a 
historic propP.rt:v determination 2ince the activit~· ,foes not involve 
the alteration, demolition or construction of buildings, or any earth 
disturbing projects. 

Please maintain a cop~· of this letter with your en,·ironmental review 
record for this project. If ~·ou have any questions, please contact 
William Rutter, the En\•ironment.al Review Cuordinator for the Bureau 
ol History, al l:ili) 335-2721. 

Thank you for this opportunity to review and comment. 

Historic PrP.ser,•ation t)fficer 
of History 

KBE:ER:br 
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