
 
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.   
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P&T9il-GOS 

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): 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 ()(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. 



f 
l 
..11! 

; 
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). 



NUA #20,491 

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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Ibutllide Fumarate J'l\fectlon NDA 
Item 2. Appllralfon 8ul01JDUY 
Beetlon A. Propaaed Paclcap IDSert 

-
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 

'' 

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 
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,.-~~~~~~~~--~~--~~~~~~~----~~~~~-~.--~~.~~~-

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 
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r

. 
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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lbatllide Fumatauo l~ectlon ND.I\. 
Itein 2. Applll:atlon au_..., 
Stcllon A. Prupoeed Patb!Je I-rt 

02/ 01/ 

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. 
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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). 
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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 
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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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H.M. James Hung, Ph.D. 
Mathematical Statistician 

This review consists of 10 pages of text, followed bx .. :il 
additional tables. 
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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. 

- <) -



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%) --
- 10 -



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 
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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 
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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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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 
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34 
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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-
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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 
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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 
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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. 

14 
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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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.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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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 

Page 3 



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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1.52, 8111227; 
1.1, 2/Vl16 

1.52, 8111227; 
1.1, 2/V116 

l.52, 8111'227; 
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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; 
1.1, 211/161 

1.62, 8111220; 
1.1, 2111143 
1.62, 81lt.l00 
l.62, 11.'m02 

1.62, 811/449; 
1.1, 2/1/135 

1.52, 8111490 

1.52, 8111220; 
1.1, 2111152 

1.59, 8181116 
1.68, 8117/133; 
1.1, 2/1/151 

1.52, 8111487; 
1.1, 2111143 

Laboratory Teet Interactlon1: None k '10wn. 
~~~~~~--~~~-~~~~'--~~~~~~~-' 
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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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Item 2. Applic:atJon 8umm81)' 
Section A. Propoaed Package lmert 

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 

i.1s, Mna; 
1.1, 211.165 
1.18, 5/lf227; 
1.1. 211n1 

1.52, 8/1J54:l; 
1.1, 2/11145 

1.52, 811/258; 
1.1, 211/129 

1.3, 3/211 

1.3, 3121422 

1.3, 3121415 
1.3, 3/21422 

1.3, 3/211 
1.3, 312147 

The Upjohn Company • Kalamaw:>, Michigan 49(1:JI, USA Revised: October 1994 

page 10 



Diui:lllc!e Pumarate ~ NDA 
ItemC.Hwnan~ 
Section H. Drug Fo;nmlatlon 

06/ 01/ 89 

j 

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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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. 

3 

6 



October 23, 1995 
IBU'l'ILIDE l'UMARATE l~o.i, ND.A #20,491 
Item I. Ch-ietey, Manu&cturiq aacl Coa.wi. 
Part IV. En• ironmental A8ermunt Report 

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, 
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C,H.Cl02 
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4 

' COH 
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liquid 
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liquid 
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grey powder 
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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;)' 
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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< 
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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. 
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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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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 

26 



October 28, 1996 
mtmUDS fUIM&ATS I J I' a, HDA llO.Ol 
...... Cllml ',,.._+tr -. ... c, 11 • 
,_. IV, .. , .. an= 1atel A •I Jllplri 

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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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. 
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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. 
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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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