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nlcally stable patlients who were - -+ .o .-

lure were enrolled. 13/46 were In
t history of ventriculer rate more than

120. The causes of CHF were Ischemlc heart disease In 18, rhqumatlc .

- heart disease in 11, chronle br
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2 hypertension In 5, cardlomyopa?hy'lniﬂ;ahd-SLE7704Jf;f739ﬂfy46195}}"
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© 7 T patlents recelved dluretics thr

onchltis .and emphysema In 10,7 - -

oughout the 4rial. DIgox]n dosage was

adjusted to provide minimum levels of | ug/ml (blood sample taken Just

prior Yo the next dose). After
stable dosage for 3 months. Th
digoxin or placebo for 6 weeks,

titration, patlents were kept on a
ey were then randomly assigned +o
after which they were crossed over to

the other therapy. All-other treatment remalned unchanged, 1f .
possible. At each clinlc visit, the patients completed a questionalre
and were examlned for signs/symptoms of CHF and graded according to
NYHA functlonal class. Body welght, 12-lead ECG, FEV{, FVC and .

chest x-ray were obtalned. Lef

t ventricular systollc time Intervals

were studled In a subgroup of 9 patients In sinus rhythm who did not

deterlorate on placebo.

16/46 patlents clinlcally deter
(Tables | and 2, page 30). Thr
slgns and 9 developed sligns and

lorated on placebo and none on 6lgox]n
ee developed symptoms, 4 developed
symptoms of CHF." Deterloration of:

these 16 patlents occurred 4 days to 3 weeks after digoxin
withdrawal. Three of these patients showed radiologlc evidence of

pulmonary edema. Elght recover

ed rapldly with relnstitution of

digoxIn and 8 required short-term dluretlcs In addition to digoxIn.

Patients In both groups, 1.e.,

dld not (n=30) had a signiflican
In FEVy, and FEVy,/FVC ratio wh
are not stated) returned to bas
digoxin and, If necessary, dlur
deterlorate clinlcally and had

values were within +he normal r

those who developed CHF (n=16) those who
t Increases In heart rate and decreases
en on placebo. Values (which ones
ellne levels with relnstitution of
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systolic time Intervals measured, all
ange on placebo but a significant

. decrease occurred In QS, and LVET when digoxin was resumed and 1+

persisted suggesting gﬂlong-?ef

e “mer ®die v awen
» -

m pos]t!ge,jnofrqplc effect. .-

el

Tt

3 - el

i

e e -2



o TN St a a R s Sl s T nab N B R S N e s e e i bz mae * e R gy ma

e, L f‘
. T . KR .
. - : o -
T . ey Ly Aem " .
- T I - T s .

o w T . -
: Tt otmm e
o

7. DA 18-118" 7
—' -—'dA A

"‘:-'f : .

- S om i w N

R A 20T e
1 . P R W T . LY

. o s .

- = =

TARLE $==Climcal sipns and gysproms shat weve asscssed in eack potiont

A
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The data, collected In blinded fashlon, conclustvely demonsirates a
beneficial long-term effect of digoxin In the treatment of CHF In some
patlents. Unfortunately, data are not provided as to which patients
deteriorated In reiatlon to the cause of CHF. |+ Is possible thet the
patlents who deterlorated the (16/46) Included a disproportion of
fibrillators (13/46). As no patients with atrial fibritlation had a
history of veniricular rate exceeding 120/min. and the mean resting IR,
while on placebo (In the group who deterlorated was 88.1 + 11,3) the
development of CHF Is llkely to have been due more to poor LY function
than rate and thus the beneficlal effects noted was due to dlgoxin's
positive Inotroplc rather than negative chronotropic effects. R
el _Addlitional support for this Interpretation comes from the Investigatorts - .
e statement that *there was no slgnificant difference between +the groups -y ;i
(1.e. those deteriorating and those not) In...cerdlac rhythim,.." and o
from-a reference to thls study by MCHaffle, H.; Purcell, P.;
Mitchell-Heggs, P. and Guz, A: The Clinlcal Value of DIgoxin In
Patlents with Heart Fallure and Sinus Rhythm, Quart. J. Med. 47:401,
e 1978, which says 4 of t+he 16 patlents.who deterlorated were fibrillators -
(on page 416: 1ines 7-10). .
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" 7 digoxIn was effective 1n the long-term therapy of CHF but rather 4o T

= see whether most patlents on.dligoxin: (for. whatever reason) really EEswEe
“needed digoxin—follow.  These studleés “Included all ‘pattents on digoxin _. =i
. Irregardiess of Inltial Indication for digoxin. :In some cases, it is -

.-clear, the dgrug was started .and +han-cbnflnued.Inapproprlafely.;'The LT

-data support, In general, the effectiveness of digoxin In a subset of - T

—— el

the population for whom the Indicated use was appropriate. - The

-.studles do establish also; however, ttiat some patients on digoxin for = .

. ‘Dall, J.L.C.: 'Malntenance dlgoxTn In elderly pattents.  British =

proposed and current jabellng.

--valld Indications can not be shown +o need or beneflt from chronle -~ -

administration. This to some extent departs from the oid "once on
digatalls, always on digltalis® phllosophy_whlch Is rqflq;fgd In the

N e C eemr e - aweaee L R LT
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Medical Journal 2:705, 1970.

This was a baselIne-controlied study In which 80 patients, 18 men aged
58-99 years (mean 74.3 yrs) and 62 women aged 63-94 years (mean 78.9
yrs), who were on chronlc digoxin therapy had digoxin discontinued.
At basellne, 53/80 patients were symtomiess and 27/80 had symptoms of
digltalls Intoxlcation. Patlents were observed over 3 months and
withdrawal was regarded as successful 1f signs of cardiac
decompensation did not recur. The Inltlal Indications for digltalis
In the 53 asymptomatlc patlents were: tachycardla (N=23); cardlac
fallure (N=12); edema (N=8); hypertenslion (N=6) and bronchitls (N=4).
No Information of this type was provided for the 27 patlents :
exhiblting evidence of toxiclty. Followlng dlgoxln'vlfhdrawal. no
patlents In the tachycardla, hypertension or bronchl+tls groups had
slgns or symptoms of cardlac decompensation. Of the 12 patients with
the Inltlal Indication of cardlac fallure, 8 had a history or evidence
of coronary disease. Of these latter 8, 4 had reoccurrence of
fallure, evidence for such not stated, and were restated on digoxIn,
Also Included in the "cardiac fallure" group were 3 patlents with
respiratory Infection, and 1 patient with perniclous anemla. None of
these 4 patients had reoccurrence of CHF. Of the 8 patlents with the
Inltlal Indicatlion of edema, only one patlent had to be restarted on
dlgoxIn (reason not stated). This patient had coronary artery
disease. The other 7 patients had multiple causes for edema - 2 had
varicose velns, 2 had hypoprotelnemla and 3 were Immoblitzed due to
rheumatold arthritis or Parkinsonism,

Five of elght patients with coronery disease (4 In the ca;dlac‘fallure
group, 1 in the edema group) had recurrence of CHF following digoxin

... Wlthdrawal. Although not specifically stated, It appears +he CHF
- resolved with relntroduction of digoxIn.* Although +the ma jor 1ty ‘of * -
" patlents could have digox!n discontlinued successfully, the Inltlal

Indications for the use of dlgox!in Is questlionable In many cases. Of
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- necesslty of digoxin In the long-term management of CHF -for only a
subset of patients for whom I+ was clearly Indicated. - Many patients .
.- recelving digoxin chconlcally.,houavqr;'perhaps shoq{d;ppj;be,‘not -
“only patlents In .whom 1+ may havefbeéﬁ*inappropr!afely.begun-(*he R
“majJorlty of the patlents In this study) but also In perhaps half In- s

oo T

whom the lnlflal.lﬁdlcatloq was ggqﬁ[dgred_appropr(gfeg:;ig?:fg;_ S

T (2" Johnston, G..D.; McDevitt, D. G.: [ malntenance dlgoxin
st necessary In patients with sinus rhythn? The Lanicet 1:567, 1979, .-
o A basellne-confrolled.+Benapy»wl¢hdrawal s+udy was under;ikén In 56 )
patients, 26 mates -and..30 females with & mean-age of 65.2 + 1.1 years,

to determine 1f termination .of thelr dlgoxin therapy resulfed In_~ . . e

-7 cardlac decompensation. All patients were In sinus rhythm, *had no ~ .5~ -
' previous history of atrlal tachyarrythmia and did not show any
clinical evidence of CHF at the time the study began,

The Indlcatlions for sterting digoxin Inltlally were CHF secondary to
Ischemic heart dlsease In 29/56, hypertensive heart dlsease In 4/56,
valvular heart disease In 5/56 and resplratory disease in 1/56. Ten
of the 56 had digoxin Inltlated following myocardlal Inferctlion and
7/56 for unknown reasons. The patients were divided Into two groups
based on thelr digoxin level; 34/56 had levels less than 0.8 ng/ml and
22/56 had levels between 0.8-2.0 ng/ml. Forty-four of the 56
patients, 27 with digoxin levels less than 0.8 ng/ml and 17 with

CHF, Increases In PEP/LVET ratlo, or development of atrial
fibrliiation or tachycardla. Evidence of dlgoxIn effectliveness was |+
these abnormallties returned to the prewlthdrawal state. A

Thirty three of 34 patlents with dlgoxin levels less than 0.8 ng/mi
were successfully withdrawn from digoxin for at least 3 months, One
of the 34 developed 2 eplsodes of atrial fibrillation requiring
relnstitution of digoxin and the rhythm converted to atrial flutter
with 3:1 AV block. Seven of 22 patlents with digox!in levels 0.8-2.0
ng/ml had a return of slgns and symptoms of CHF. Of the 22, only 14
had been glven digoxin for CHF and all of the fallures were In these
14. Flve of the 7 developed atrial tibrlllation 2 of those S
developed concurrent CHF. The other 2 patients (2/7) developed CHF
but stayed In sinus rhythm. All 5 patlents who developed atrlal
fibriliation converted to slnus rhythm with relntroduction of :
digoxin. The two wlth CHF and slnus Bhythmg had control of the CHF
- WIth relnstitution of digoxIn. In these 2 patients, the PEP/LVET
- ratlo returned to the prewlthdrawal values. Of the 7 patients who
 could not be withdrawn, all had » dlagnosls of CHF; secondary to
Ischemlc heart disease In 5/7, valvular heart dlsease In 1/7 and
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o f patlents. S

. with a-history of CHF-and dlgoxIn levels between 0.8-2
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The data suggest that patlents with
can be withdrawn from digoxIn without [1] effects. However, patients

Secondary to Ischemlc heart dlsease as 5/9 could not be successfully

] .0 .hg/lll wnere 4'»'.‘.;_:.-..'.:-"‘5.':;:.1.7
" not withdrawn so readliy. . This was especlally true ‘1f¥ the CHF was ‘

had dlagnosis of vaivular hesrt disease. or respiratory Yisease.: These

latter facts are unique findings. MNo other Investigators have
reported this . The fact that two patlients who remalned In slnus
rhythm required digoxin ‘o control the CHF lends support to the
long=-term etfectiveness of digoxin In the treatment of CHF 1n some _

—_—
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(3). Fonrose, H.A.; Ahlbaum, N.; Bugatch, E.; Cohen, M.; = .
Genovese, C.; Kelly, J.: The efficacy of digitalls withdrawal
In an Institutional 8ged population. Journal of the Amer fcan
Gerlatrics Soclety 22:208,.1974. )

R

A prospective, baséllne-coﬁfrolled, single=blind trial of 31 patlents,

28 males and 3 females, aged 64-92 years (mean: 83yrs.,) who had been

recelving digoxin for at least 12 months were entered to determine the

long-term effectliveness of dlgoxIn. Eligiblitty for the study
required digltallzation at least 12 months prlor to the 4rlal, no
evidence of CHF.-or atrlal fibriilation, at the time of the study, no
history of PAT or paroxysimal atrial fibrlilation, no dlagnosis of
rheumatic heart dlsease, normal heart size on chest x-ray and absence
of speclific ECS changes of left bundie=branch block or recent )
myocardlal Infarctlon. The Inltial Indications for digoxin therapy.
was CHF In 15 patlents, atrlal flbrlllation In 2 ang unknown 1n 14,

At basellne, prior Yo digoxIn withdrawal, each patlent had the
tfollowlng: ECG, chest x-ray, CBC, urlnalysls, BUN, serum
electrolytes, creatinine anc digox!n and 16 patients had a ¢reatinine
clearance determined from 24 hour urine collection. Except for
creatinline clearance and serum dlgoxin determinations, all of the
above tests were repeated a: the end of the 3 week trial. The
patients were gliven placebo In place of digox!n and were clinlcally *
gonlfored ever'y other day for 3 weeks to detect any slgns/symptoms of
HF ,

The princlpal sligns uséd to assess cardlac decompensfalon-vere rales,

effusion, hepatomsgaly, ascites, neck veln dlstention and edema,

. - e PR =

- —a.

digoxIn levels less than 0.8 ng/mi

_ withdrawn. An oddity of the study, “however, 1s that 5/7 fallures ‘were. -
~ due to development qf sirial fibriilation desplte no prior history of = - -

, o
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o 15/31 patlents tolerated withdrawal of digoxin for at least 4 months
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without evidence of cardiac decompensation, - However, 16/31_patients
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¢ Loy hed evidence of decreased cardliac function 1-21 days: foliowing digoxin.: .
w050 Dwlthdrawal . These patlents and thelr symptoms (delected by physical .
+ 7 exasmlnation) are shown below. TR e e eiae R
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TABLE 2 }
L |

Patient
Age & Sex

Recsons for .Retuﬁii‘ng to Digitalis Therapy — 16 Patients
A _ : . '

Signs and Symptoms *
No. of

Chest Gallop Pulm. Venous Recurr, Days without
Pain Rhythm D.yspnea Congest. -~ Dil., ° . Edema Digitalis

82F
86F
76F
83F
12F
83M
89F
87F
T6F
84F
82M
81F
84F
7CF
87F
. 8sF

1 1 . ' - S S
1 . .

[
€ 00 «3.00 OV 8 €3 1) 19 1) 1o 9b 0
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Following relnstltution of dlgoxin 0/16 patients had to fe
hospltalized. It Is presumed that this Indlicates a resolution of the
CHF. Using such a "soft" endpoint detracts from the study findings.

The recurrence of signs/symptoms of CHF within 48hrs. of digoxin

discontinuation In 6 patients Is difficult to explain. The long serum
halt-l1fe of digoxIn (36 hrs with normal renal function and longer

No Information Is provided describing which paflenfs, 1€ ény were

recelving diuretics during the trial. We also cannot tell which of S

the patlents who deterlorated were those put on digoxin Inltlalily

: . because of CHF, Each of these verlables could fheone?ltally have -

directly lnfluenced»(b]ased) the outcome.

-

o



"v. i- uding Increased heart size on y
.. =i -Chest x-ray. The effectlveness of ‘digoxin In the treatment of W
77777 subpopulation may be dlfferent than
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" It should be noted that this study excluded patlents wh

symptomatology of heart fallure Incl

cardlomegaly. »

probably explaind why 6/16 patients

- .. withdrawal. Even discarding the 6 patients with early symtoms, we .07
.7 wre stlll left with 2 signiticant number of patients (10/31) who mme
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developed CHF within 2 days of

developed CHF, Flve of the 6 with early CHF developed only 1 - -+

. . slgn/symptom; whereas, 9/10 patients developing CHF later (3-21 days)

- w.-had 2-4 signs/symptoms. {1 Is possl

77 slgns/symptoms of CHF and placed these six patients ondlgoxin .~ ffi{-fffi
" prematurely or even placed some on digoxin who did not need 1+,

Nothing Is reported concerning the f

ble the MD's "overread" the - :

Indings at basellne or after

resumption of digoxin. No objJective measurements (e.g. welght, chest

x=ray, etc) -were reported. The use

of basellne control: would have

been more convincing 1f the baseline physical examinatlion and other
laboratory parameters (e.g. chest x-ray, ECG,etc) had beem reported at

both time polnts and the observer(s)

blinded. This would have avolded

"~ the potential for blas In overdlagnosing recurrent CHF .and provided

better evlidence of worsenling of CHF.
10-16/31 patlents (depending whether

. WIth these reservatlions,
the 6 patlients relapsing within

48 hrs. are counted) required relnstitution of digoxin for recurrent

CHF, 1f the findings and the "soft"
data Is supportive of the long=-term

endpolnts used are &ccepted. This
effectiveness of digoxin In CHF at

least for a significant proportlion of patlents (l.e. 1/3-1/2 of them).

Two additlonal studles which do not
digoxin In the subsets of patlents s

demonsirate the effectiveness of
tudled follow: T

(1 Hull, S. M.; Mackintosh, A.: Discontinuation of malintenance
digoxin therapy In general practice. The Lancet 2:1054, 1977,

A basel Ine-control led therapy withdr
patlients, 7 males aged 56-83 years a

awal study was performed l; 17
nd 10 femaies aged 60-97 years to

determlne 1f patlents on chronlc digoxin for CHF could be malntalned

without digoxin. The study was not

designed to determine whether

digoxin was effective, but rather to see |f alternative management,

such as adding or Increasing diureti
patients.

Seven ofhér patients were enrolled b
.-flbriiiation and 1 had a veniricular

¢cs, could be successful In these

ut dropped, as six had atrial -
aneurysm and refractory CHF and

- _.dlgoxin could not be discontinued. The orliginal indications for- -

digoxin In the remaining 17 patients
*{LYF) In 7/17; congestlve cardlac fa
In 1/17, paroxysmal supraveniricular

were: left venirlcular fallure
Tlure (CCF) In 7/17; palpltaions
tachycardia (SVT) tn 1/17 and

.. unknown In 1/17. Patlents had been on dligoxin for 3 months to 11
-~ Years. 712/17 were on dluretlics at the start of the trlal. Al

W

a symptomatlc subgroup-with el

-“T*%L5Thls é*ﬁdy-iiﬁﬂnof Qéi}féan;;ofléﬁifo avold observer blas:7fThfs :”f";‘f‘
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patlents tolerated digoxin withdrawal and 1/17 with elther LVF or CCF
required no 4emdver- medications for control of the disease process.

. 9/17 required Initiatlion of .or Increased-doses of .diuretics. for... = . _

" conirol-of LVF or CCF. “The 2 with palpltations or SVT required a = + -
beta-blocking agent with/without a dluretic. S e

. ’-;1-'.:-:- A "3,.,.._:. o =

UL EE - This study does support the effectiveness clalm for digoxIn In +the

' long-term management ‘'of CHF In that 9/17 patients required additional
dluretics to control +thelr CHF. -However, -the -study agaln shows that
many patients (7/17) on chronic digoxin can have dlgoxin discontinued
without any 11l effects and that an additlonal subset of patients can
be managed with Increased doses of dluretics and thelr digoxin
discontinued. The study did not Include any patlents with CHF who

- could not be managed -without dligoxin, : (1 patlent with a ventricuiar .- .
aneurysm and refractory CHF was excluded) under the condltlons of the
study, during which, presumably, there were no acute intercurrent
I1lnesses superimposed on the patlent's steady state.

(2)  McHaftle, D.; Purcell, H.; Mitchell-Haggs, P.; Gug, A.: The
clinlcal value of digoxin In patlents with heart faliure and slinus
rhythm. Quarterly Journal of Medicine (New Serles) 47:401, 1978.

This was an unusual comblnation paraliel-crossover study deslgn In
which six patients were entered; 4 men aged 48-71 yeers and 2 women
aged 40 and 59 years, all with clinlcal evidence .of CHF and in sinus
rhythm. Three of the 6 had CHF secondary to myocardlal Infarction
(Ml) and 3/6 had CHF due to congestive cardiomyopathy. Prior to the
study, all patlents were dluresed to "dry" welght with furosem!de.
After dluresls, a varlable degree of exerclse Intolerance persisted
and 4/6 stil| had a cardlothoraclic ratio greater  than 0.5. At the
time of study 3/6 were malntalned on dlgoxin and dluretics (2 M|
patlents and 1 cardlomyopathy patient) and 3/6 on diuretics only (2
cardiomyopathy patients and 1 Mi patlent). Dluretics were emp loyed
throughout the study.
The study employed both subjective and ob jective observations,
Sub Jectlve assessment was based on changes In symptoms related to
vascular congestion and exerclise capaclty uslng a visual analog
scale. Measurements Included varlous laboratory tests and a bicycle
ergometer In which workloads were Increased every 4 minutes unti| g5%
maximal heart rate for age or the workload was 5 watts below what had
previously stopped the test (chest paln, excess fatigue, .
breathlessness). The maximum level of exercise was establlshed by
testing prior to the study. In three patlents, digoxin and diuretics

- were adminlstered for. weeks 1 and 2 and weeks 7-12 with dluretics only -
during weeks.3~6. The other 3 patients recelved dluretics only on

- weeks 1 & 2 and 7-12 and dlgoxIn and dluretics durling weeks 3-6.
(Whether weeks { .and 2 and 7-12 represented the usual treatment for
each patlent group or whether patlents were randomly assligned to these

_ treatment schedules Is not clear.) Exerclse testing and other

- laboratory tests were performed on weeks 1, 2, 5, 6, 11 and 12.
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 _,_ Fi;e patients completed the trial. One completed the flfé;‘balr of -
- ' Yests but was withdrawn after digoxIn was discontinued as he developed

et .z .frequent VPC's and anglna. This patlent was presumably.redigltalized ol

2T alth amelloration of sligns and symptoms but Information Is lacking on “-"F70
- . 1hls polnt. Subjectively 5/6 patients did not note a beneficlal e
<. "7 effect of digoxin. “Objectively, no difference was noted In heart - Ceee
".rate, Jugular venous pressure, cardiothoraclc ratlo, FEV{, FvC, 7 ~& =)
. FEV{/FVC ratlo or other laboratory tests. Average systolic BP ,
~- . - {lying and standing) was.10 .mm/Hg higher with digoxin. The only T
B - - possibly favorable effect-of -digoxin was a {ower body welght and ECF RS
volume In 4/5 patlents on dlgoxin. .This appeared fto be a real
finding, es welghf—Fosedfhen~fe+}—when—dlgqxfn_VBS“sfopped and
frestarted. When digoxin was started, welght and ECF. volume decreased

—— e - . -
W et et ot ear i el

- 'fff;:gnd'fhen rose when digoxin therapy was stopped. =~ -

TV Sl Ve e

There was no difference In the amount of work performed whether or not
the patlent was on digoxin. The serum digoxin levels were In the
therapeutic range at all testing intervals, when the patients were
receiving digoxin. Statistical analysls comparing heart rate,
resplratory rate, ventlliation and resplratory quotient at each level
of exerclse for each patlent did not demonsirate a difference between
ireatments, although the smail sample slze would requlire a large
dlfference In order ta be detected.

Although no signlficant difference was noted with digoxln therapy,
there are several aspects of the study which preclude Its acceptance
as establishing general lack of effectiveness. First, only 3 patients

. clinlcally required digoxin prior to the study (+his Is too smal| a
group for generalizatlon to all patients). Second, the patlents workloads
were |imited since they were not permitted to exercise o the usual
endpoint of exerclise tolerance (1.e. fatigue, breathlessness, etc).
Third, 3/6 patients had congestlive cardiomyopathy and +this process has
been noted to be particulariy difflcult to manage with digox!n. The study
dld demonstrate consistent with the previous studles that subsets of
patients exist who have heart fallure and are unresponsive to dligoxin.
This study underllnes the point made by each of the other studles, namely
that not all patients with slgns and symptoms of CHF can be expected ‘o
beneflt from long term digoxin treatment.

Other Studles:

In 3 of the 4 additional studies which the sponsor submltted to
support the congestive heart fallure Indication for digoxIn the -
studles demonstrate hemodynamic and electromechanical effects as well
-~ as effects on heart slze In patlents with heart dlsease but without
- symptoms or signs of heart fallure. in the 4th study, 2 1949 early
right heart cathertzatlion study In 5 patients judged to have "pure"
left-slded fallure ("thls type of case Is difflcult to find. ) The
patients were symptomatlc (study antedates thlazlde or even carbonlc
anhyd-lde Inhibltor dliuretics), although none had rales. The data
L -.presented Is agaln malnly hemodynamlic with clinlcal findings reported
= only Incldentally as summary statements.

EA R e
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. The authors summarles of these 4 studies follows:

3.

5.

(B)

AA)

'iié SLF}V éffe

.In a patient with cb?fbulhonalgfts,pre§enfed.

Harvey, R. M.; Ferrer, M. Il; Bathcart, R, T.; Richerd, D. W, :..=

" and Cournard, A. Some Effects of Digoxin upon the Heart ang =i

Clculatlon In Man. - Am. J. Med. 73439, 1949. _

.
P

o eins I L LY L LS Trrouea.

ct-of “Intravenous digoxin 1s studled by the '
cardlac catherization procedure In flve patlents with left-sided
heart fallure, ¥io 7 i @ 857 55T o7vn == 7o T

P \

- - . © N dee
. oD e e - - . ~ .
- = o~ .

Digoxin produced a significantrise In cardiac output and siroke
volume accompanled by a decrease-in pulmonary arterlial pressure
In each of these-flve-patfentsi:™ These changes were effected L
wlthout alteration. In the right ventricle end dlastollic pressure .
and therefore cannot be ascribed to an actlion of the drug upon T
the systemic venous system but rather are Interpreted as an
action of digoxin upon the myocardium.
Simllar changes In-cardiac-output, stroke volume and pulmonary
arterial pressure-were observed In a patient with left
venirlcular fallure after-the peripheral resistance had been
lowered by quinldine. ' T '

The tentatlve conclusion can therefore be reached that
regardless of the cause of the stroke volume -
Increase--myocaerdial action or a reduction In per lpheral
vascular reslistance--the pulmonary congestion In six patients
with left ventiriculer fallure was relleved as a resul+ of more
satlsfactory emptying of the left ventricle. ~ - :

The conclusfon *ha*.venfrlcularAejecflon and veniricular f11ling
are mutual ly dependent upon the functional state of the
myocardium seems Inescapable.

As 2 contrast to the patients with left veniricular fallure the
effect of digoxIn upon-pulmonary biood flow and blood pressure

Carliner, N. H.; Glibert, C. A.; Prultt, A. W. and Goldberg,

L. I. Effects of Malntenance Digoxin Theraphy on Systollc Time
Intervals and Serum Digoxin Concentrations. Circulation 50:94,
1974, '

Systollc time Intervals (STI) and serum dligoxIn concentrations
(SDC) were measured In elght patlents with compensated o
atherosclerotic and/or hypertensive heart 'disease who recelved -
oral digoxin 0.25 mg/day or 0.5 mg/day for alternate two-week
perlods without a lloading dose. Control data were obtained both
before and after the four week of treatment. "After 13 days -
treatment with digoxin, 0.5 mg/day there was a sligniflcant

. s e——
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" decrease In total electromechanical systole corrected for heart -
~ rate (QSa1), pre-ejection perlod (PEP), pre-ejectlion perlod. - e
,.-»corrected .for heart rate (PEP) ;) .and PEP/leftéiehjrlculafa"aﬁv35?1::u-
" ejectlon time (LVET), After-the thirteenth dose of 0.25 mg/day “T
+- there was signiflcant shortening of (PEPy) and PEP/LVET. .
~.-. . ... Shortenlng of QS21 correlated significantly with 'SDC. 24 hours ™ ~-- =
W57 atter the thirteenth-dose of 0.5 mg. These data suggest that -

. after 13 days of treatment with 0.25 and 0.5 mg/day of digoxin a _--

- s : . posltive Inotroplc effect occurs as reflected by ST1 .. - R
POl © -~ © - shortening. A greater effect was recorded with +he 0.5 mg dose."

L (C)  O'Rourke, R. A.; Henning, H.;-Theroux, P.; Crawford, M. H.; .
T R Ross, J. Favorable Effects of Orally Adminlstered Dligoxin-on - Lo

T Tt Left Heart Slze and Ventricular Wall Motion In Patlents with e eem
"= Previous Myocardlal Infarction. Am. J. Cardlol 37:708, 1976.

The effects of malntenance oral dlgoxin therapy on segmental
left ventricular wall motion (wall motion videotracking) and
left heart size (radiographlic left heart dimension) were
evaluated In 14 patients with a prior myocardlal Infarction but
without clinlcal signs or sypmtoms of congestive heart fallure.
The left heart decreased In ali siy patients with cardlomegaly
from_an average of 55.0 * 1.6 (standard deviation) to 52.2 + 2.7
mm/m‘ body surface area (P less than 0.01) during digoxin
therapy. However, there was no slignificant change In the elght
patients with normal heart slze. In the resting state, the
average extent of shortening In normal segments Increased
signiflicantly from 3.1 + 0.8 to 4.2 + 1.2 mm during digoxin
therapy. During submaximal handgrip exercise, the extent of
shortening In normal segments at rest and during handgrip
exercise were simllar. n all 14 patients, there was a decrease
In the number of segments wlth abnormal wall motlion at rest or
with handgrip exerclse durling digoxIn therapy. With therapy,
the number of abnormal sltes decreased from 52 to 35 In the
resting state and from 84 to 49 during handgrip exerclse:s Thus,
In patlents 6 or more months after transmural myocardial
Infarctlon, orally administered digoxIn decreases cardlomegaly,
Increases the extent ard maximal veloclty of shortening fn

~ normal left ventricular segments and often reduces the extent of
abnormal wall motlon at rest or during Isometrlc exerclise,

(D) Kielman, J. H.; ingles, N. B.; Daughters, G. {i; Stinson, E. B.;
Alderman, E. L. and Goldman, R, H. Left Ventricular Dynamics
_ - -~ Durlng Long-Term DigoxIn Treatment In Patlents With Stabie
in o, Coronary Actory Disease. Am. J. Cardlol. 41:937, 1978,

-~
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‘Ten patlents with stable coronary artery disease who did not
have cllnlcal congestive heart fallure and had recovered (3 or .
.. more months) from coronary bypass_graft surgery were given both

assessed weekly for 3 control weeks, during 4 weeks of long=term
oral digoxin ireatment, and during 2 to 3 weeks of recovery.
.= -Serlal noninvaslive measurements of veloclty of clrcumferential
fiber shortening, ejection fractlion, end-diastollc volume and
- cardlac output were obtalned with computer-assisted fluoroscopic
analysls of the motlion of surglcally Implanted mid wall - :
——-myocardlal markers that outline the left ventricuisr cavity.
During 4 weeks of oral digoxin therapy, mean serum digoxin
levels were malntained betweem 1.2 +°0.1 and 1.4 + 0.1 ng/mi
(mean + standard error of the mean). Mean velocity of -
clrcumterentlal flber shortenling Tncreased 15.6 percent from
0.65 + 0.05 to 0.75 + 0.05 clrcumferences/sec (P less
than 0.001) and ejJectlon fraction Increased 8.5 percent from
0.51 + 0.03 1o 0.55 + 0.03 (P less than 0.001)." End-dlastollc
volume and cardlac output were not changed signiflcantiy. The
Inotroplc response to oral digoxin was simliar during the 4th
week of treatment to that seen durling the flrst week, and the
mean Inotroplc effect of chronlc oral digoxin was not
signlficantly less than that achleved by administration of 1 mg
Intfravenouly over 15 minutes. These data suggest that chronlc
oral digoxin treatment exerts a sustalned lnotropic effect on
the nonfalilng heart that perslists for at least 4 _weeks and is
equlvalent to that achleved with rapld Iniravenous
digitallzation.

It Ts concluded that although these studles support the positive
Inotropic effect of digoxin on the heart they do not directly address
the question of the usefuiness of digoxin In treating patlents with
congestlive heart fallure. :

CONCLUS IONS:: -
The studies, taken as a whole, provide adequate evldence of +he
short~term and long-term effectlveness of digoxin In Improving cardiac
functlon In patlents wlth CHF and In selected patients of Improving
thelr slgns and symptoms of CHF.

As several of these studles demonstrated, digoxin tends to be glven In
sltuations where the signs and symptoms of CHF may be due to other
conditions. Digoxin tends to be continued, however, wlthout critical

. @ssessment of 1+s Inltlal efflicacy or of the beneflt of contlnulng

~. I+ “In additlon, these studles show that In a large proportion of
patlents with unequlvocal CHF which Is Improved hemodynamically by
dlgoxin, 1t Is not possibie to demonsirate Improvement In slgns or
symptoms of CHF.  The low therapeutic Index for dligoxin, especlally In

- e

° Intravenous and oral digoxin.  Left ventricular performance was'l::
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" the elderly, means that.we probably -need to change recommended usage -
patterns currentiy In the package Insert and that the optimum use of

~ . ... digoxIn Invoivas.perlodl:allyfreassegslng”fhe beﬁeflfs_from:fheﬁif.;:,:fi‘&,a

=" continulng use'of"dlgoxln.'*lf’1heré”15‘aiquesflon-regardlng the use = T

Caa ~ of digoxin for CHF In a particular patlent a careful Hlal of L R

SES U .- withdrawal should be attempted If 1+ can be accompllshed"safély;by e

s - Insuring that patlents are well Informed and =re fol lowed closely.

IR0z 1t Is clea that the Introduction of new agents with effects on-other - - -
2 parts of the cardlovascular system, kldneys and central nervous system
as well as drugs with positive Inotroplc effects will lead 40 - :
: continuing assessment of -the role of digoxin In treating CHF. 1t s
R .. not clear however, that the long=term risk-beneflt ratios of dlgoxin AT
e versus alternative treatment with dTuretics alone or a combinatlon of
- ' digoxin and dluretics has been adequately assessed. ot

VENTRICULAR RATE CONTROL

There are three primary studles demonsirating the effectliveness of
digoxin Yo control ventricular rate In patlents with atrlal
fibrlilation.

i. Goid, H.; Cattell, M.; Grelner, T.; Hanlon, L. W.; Kwit, N. Te;
Modeil, W.; Cotiove, E.; Benton, J.; Otto, H. L.: Clinlcal
pharmatology of digoxin. J. Phafmacol Exp. Ther. 109:45, 1953,

This Is an open=-label, basel Ine-control led study of 17 patlients, 11
females and 6 males, ranging In age from 37-73 years (mean 55 years)
with atrial flbrliiation and verying degrees of CHF. The cardiac
dlagnoses was rheumatic valvular In 8 patients, arterlosclerotic heart
disease In 4 and hypertensive heart disease In 5. The patients were
placed at bedrest and thelr veniricular rates counted and recorded
several times per day for several days untl| the rates remalned falr(y
constant. With few exceptions, only patlents with rapld ventricular
rates, 100/min, were Included. Patlents were then glven digoxtn 1.2
mg Intravenousiy or orally and ventrlicular rate monltored to determine
the time of maximal drug effect and duratlon of effect. One-half of
the patlents recelved digoxIn IV then orally with the sequence
reversed In the other half. When the veniricular rate returned Yo
control levels, the other dosage form was adminlstered.

In another phase of the study, 30 patients with atrial fibriiiation
and veniricular rates exceeding 100/mIn on no digoxln were placed on
-randomly varled doses of digxoin for 4 week perlods to determine the :
L effects of malntenance doses on ventricular rates. ' The doses utitlzed .-
R were 250, 500, 750, 1000 and 1500 ug per~day. The patlents! S
ventricular rates were counted at weekly Intervals after sltting for
g 30 mins,. and the means .of the weekly rates calculated. At the end of
4 weeks, the patlents were placed on snother dose of dligoxIn and thig
sequence repeated. .-

PR C e IR oy - el —
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The acute study (see figure |, page 43) demonsirated that the effect
of 1.2 mg of digoxin |V appears more rapidly than 1.2 mg glven -
. a.orally. . The ventrlcular rate fell from 8 108 to 80 In 15 minutes and - . -
s~ .under 70 within the first hour following 1.V. adminlstration. By T
contrast It took 5 hours to reduce the ventricular rate to under 80
.. ond the rate never fell below 70. Interestingly enough the peak ~ .
: effect from both routes of :administration occurred at sbout 7 hours.
Based upon the venir|cular rate response to the different oral digoxin
. doses, the authors conclude that only 65% of an oral dose !s absorbed
Into the systemlc clrculatlon. "Studles done 20 years later with the
radloimmune assay for dlgoxIn confirm this concluslon_and the
sensitivity and accuracy of the ventricular rate response In patients
_with aurlcular fibriliation as a bloassay for dlgoxin. - .- . _ .

-

Digoxin was effective, on a chronlc basls, In controliing ventricular
rate In the 30 patlents studied. UtlllzIng doses ranging from
250-1500 ug/day, a dose-response curve was consiructed (see figure 4,
page 43). Using as an end-point, ventriculasr rate below 85/minute to
demonsirate effectiveness, a 250 ug/day dose conirolied ventricular
rate In 25% of the patlents, 500 ug/day controlied 50% of the
patlents, 750 ug/day was effective In 75% but an Increase to 1500
ug/day-only controlied another 10% (see figure 5). Doses of 250-750
ug/day resulted In toxiclity In 4% of the patlents whereas a further
Increase caused a dose related Increase in toxliclty (nausea and/or
vomiting) as can also be seen in flgure 5, page 43, with a 75%
Incldence of toxlc effects at the 1500 ug/day dose). -

This study adequately demonsirates the effectlveness of digoxin In
controiling ventrlcular rates In patients with atrial €Ibrliiation -
both on an acute and a chronic basis. Although patlents In the acute
phase had varylng degrees of heart fallure, not described, keeping

y them at bedrest for several days prior to the study helped to avold
the confounding effects of Increased ventricular rate secondary to CHF
as dluresls and lessening of fallure symptoms were apt o occur In
this perfod. Also, the fact that stablilzing the ventricular rates
was an objective of the control perlod probably adequately controlled
for the problem of an Independent effect of CHF on ventrlicular rates.
Further support of digoxin's effectlveness was demonstrated by the
malntenance study In which a dose related decrease of ventrlicular rate
occurred. As the veniricular rate was counted weekly for 4 weeks on
each dose for pach patlent, the results provide conclustve evidence of
amwm&m. Thus, thls study Is adequate and wel i
controlied and demonstrates effectiveness of dlgoxin to control
ventricular rates In patients with atrlal fibriilation.

————
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Redfors, A. The effect of dl;i  ent digoxin doses on subjective
symptoms and physical working capaclty In patients with atrial -
fibriilation. .Acte Med. Scand. .190:307, 1971, e lggihln o

)
. : .. - &
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Redfors.pA. Dlgbiln dosage anq-vehfr!cular raf;.a+ffésf and
exercise In patients with a*tlgqﬁflbr]lla?lont- Acta Med. Scand.

190:321, 1971, =3+ S

i = .These two reports are of different aspects of a single-blind, baseline
. -~ ‘. controlled study In which 14 patlients, 9 males and 5 females, with
atrial flbrillation (AF) were used to evaluate the effects of
Increasing digoxin dosage on veniricular rate. 7/14 had rheumatic
Lo heart disease (RHD) and 7/14 had other; not well descrlbed, causes for
i - ~#AFs The mean age was 54.9 years (range 32-68 years) and .welght was
TT75.9 + 11,1 Kg for all 14 patlents. " The patients with RHD were '
somewhat younger and welghed less than those without RHD (51.7 vs 58.1
‘years and 66.4 + 3.9 vs 85.3 + 6.8 Kg, respectively). Six additional
patients, 3 with RHD and 3 with Idlopathlc AF, with simllar ages and
welghts as the major group were used as "paralliel™ controls. However,
there Is no evidence that patlents were randomly assigned to the
ireatment or control group and a clty of evidence that they were
demographlically comparable or were ireated the same otherwise. The
control group had been recelving digoxin 375 ug by mouth dally for at
least 14 days (mean 11 months). 3/14 In the treatment group had not
recelved diglitalls prior to the trial but 11/14 had been recelving
digoxIn In unchenged doses for at least 14 days (mean 10 mos.) prior
the study.

Placebo tablets were not used In thls study and In patlents already’
digltallzed digoxin was not stopped complietely. - In an effort to
reduce blas, dlfferent colours of digoxin tablets were utiilzed and
patients were not Informed of thelr exact dosage although they were
aware of the general design of the study whlch was to "optimlze" their
dosage by first lowering It and then ralsing I+ while evaluating thelr
response by different tests ("new and older"), Control patients were
told the same thing, but unbeknownst to them they were left on thelr
previous dose although different colored tablets were substltuted
every 2 weeks. No dluretics were used concomltantly. Elght patlents
were freated with anticoagulants.

The conitrol group was malntalned on 375 ug/day throughout the trial

using bllnded tablets In order to determine |f any findings of the

study could be related to famil1ar Ity with the t+rlal or to iraining

. -effects. The treatment group had thelr digoxin dose reduced ‘o or

e o started at 125 ug dally.. The doses of dligoxin were systemically

L --:Increased at 14 day Tntervals to 250, 375, 500, 750 and 1000 ug dally
o= -or until manlfestations of digoxin toxiclty occurred. Toxlclty was

--dlagnosed when G, cardlac or other slgns/symptoms developed and then

~ disappeared when the dosage was reduced. At basellne, with the

Y
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“" patlents on a stable digoxin dose, or not on digoxin for the 3 .-

undigital lzed patients, & history, physlical and x-ray examination,

" ultrasoundcardlography :and 8-10
2~ performed...An, 8-10 hour Holter

*.»routlne -laboratory screen, ECG at rest and exerclse, PhOﬂOCHPdlography,':nEr

hour Holter monltor were obtalned. On

.. the 14th day of each dosage, repeat examinatlion and testing was

monltor was obtalned on the 13th day, .

== The exerclse test utlilzed a blcycie ergometer, patfent sitting, with

the workioad changed.every 6 minutes. The workloads for women were 100,

4. 200, 300, 400_kpm/min and 150, 300, 450, 600 kpm/min for men o=

FAffer 14 days qf- 125 ug dally, the resting ventricular rates, lﬁ-fhe 3

previously undiffalized patlents,
this dosage level the mean restl

were reduced by 12 beats/min. At
ng venirlcular rate for +he 14 ~.

-~ patients was 78/min. When _the dosage was Increased to 250,375 and = - - "

";‘500 ug dally, the mean ventricul

ar rate further decreased to 69, 65

and 60 beats/min. The 7 patlents who tolerated hlgher dosages

demonsirated further reductions
page 46). An "optimal" dose was

In ventricular rate. (see Fig. 2,
determined for each patient pased on

symptoms, physical work capaclty and the toxlic dose. The mean

"optimal® dose for the 14 patlien
ug/day). Thls dose resulted In

(range 47-75/min). As expected,
between patients for "optimal" d

There was a signlflicant decrease
each dosage level Increase. (se

ts was 440 ug/day (range 250-750
@ mean veniricular rate of 61/min
there was considerable varlablilty
ose and resultant veniricular rate.

In venirlcular rate on excerclise wlth
e Flg. 5, page 46).

Agaln, the veniricular rates were varlable between patients at -each

dosage level. Each patlent had thelr own characteristic rate

‘throughout (e.g. those with high
though 11 was significantly redu
correspondingly retalned the low

rate maintalned a high rate even
ced and those with a iow rate
rate). The dose response curves

during exerclse demonsirated a positive relationship between dose and
reduction of ventriculer rate with the effect most pronounced at

medlum work loads. (see Flg. 6,

page 46). -

An Interesting contrast to the CHF studles Is seen In this study In

that subjective Improvement In d

yspnea and fatigue In patients wilth

aurlcular flbrillation seemed proportionally greater and a more

consistent finding. Exerclse to
In these patlents as compared to
In the previous studies. The la

lerance also was consistently Improved
only about half the patients with CHF
ck of rigorous biinding casts some

doubts on these observations, but the author's descriptfon of his
~attempts to deal wlth that source of blas ore falrly resssurring. In

addition the study by Arnold, et

digoxlin.

al, of patlients with CHF was g

‘unblinded and only 5/9 patlients experlenced symptomatic Improvement on B
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" O=-=0 pmems without RHD; {E==[f] mean of “ali pa- - T
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This study provides evidence that digoxIn 1s effective In controlling
veniricular rate, subjectlive symptoms and exercise tolerance In —
.. patlents with atrlal fibriliation.: These effectsiwere noted.In alf: =i
="' dosages employed at rest and with exercise. The control petients did ~ 7 °. :
not demonstrate similar findings throughout the 4rlal end were tested o
- -- ldenticalily to the test group. This'lends support to the concluslon i°--z--
7 that the results were not due to tralning, famlilarity with the study - -
o some other artefact Introduced by the study. This_study did not .
attempt to .directly assess the control of veniriculer rete with SR
chronic maintenance treatment. The study, however, by design did '
evaluate In each patient In the 4rial for at least 2 months the
eftects of Increasing doses of digoxin. Ventricular rategsymptoms and N
exercise tolerance were contlnually reduced with each dosing. = -~ - "L
Increase. This Is taken as adequate evidence of the continued” TSl
effectiveness of chronically adminlstered digoxin iIn comrtrolling
auricular flbriilation. - - ) R ’ :

3. Wang, R.; Camln, J.; Ward, D.; Washington, H. and Martin, A.
Treatment of chronic aurlcular fibriilation In the elderiy,
assessed by ambulatory elecfrocardlographlc'monlfcrlng. J. Am.
Gerlat. Soc. 28:529, 1980 -

This Is an unblinded, placebc (100 mg vitamin C/day), pindolol 5 mg
t.1.d., verapemii 40 mg t+.1.d., dlgoxin 1.0 mg loading dose followed
by 125 mcg/day, and digox!In 125 mcg/day plus pindolol 50mg t.1.d.
treatment comparison. Ten elderly patients entered the study (63-85
years of age, mean 73 years); 8 completed It (5 men and 3 women) (1
wlthdrawal for Intolerance to pindolol and 1| to verapamlil). All of
the patients had chronlic atrial fibriliation. None had signlficant
valvular heart disease. All had normal thyrold functlion tests. They
had normal serum urea nltrogens. Seven were recelving digoxin and |
oxprenoiol at the time they were selected for the study.

Drug adminlstration was for | week each In the fixed sequence outllned
above. Preceeding the placebo perlod was | week of no ireatment,
There was no other washout pertod bullt Into the study. Blood levels
of pindolol and digoxin were measured on the last day of the 3
treatment periods during which they were administered. They were
pindolol 5.6 + 4.2 (5.D.) ng/m! when glven alone and 9.0 + 8. | ng/ml
when glven with digoxin. Digoxin levels were 1.7 + 0.52 Amol/l &t +he
end of the Ist week (glven alone) and 1.0l + 0.54 nmol/1 one week
later when given with pindolol. Patlent comp!lance was assessed by
plil counts. - S oS :
Flve 24 hour contlnuous ECG tape recordings were made (1 each on the .. .
“last day of each treatment perlod). The Tecordings were started at 10 o
a.m. and analysls of the recordings was made on 3 « 5 hour perlods

from each 24 hours record: +the period 10 a.m. to 3 p.m. durlng which

the subJects followed a standardized (supervised) ectlivity schedule;

et ~ -ty =
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JAt Y the'perlod 3 p.m. to 8 p.m. durling which activity was not controlied

o " and the perlod from 12 midnight to 5 a.m. while the patients were
asleep;~ Maximum and minimum heert rates were obtalned for each period. ..
‘from ‘a callbrated avionlcs trend Trecording. The average heart rate -
STl - and ectoplc counts were obtalned from the Psthfinder counter system.
U0 £ 7 ANOVA was used to evaluate recording perlod, trestment perlod and

CnlpE U S patlent effects.

.-~ + -7z . In this comparlson digoxin did very well. Maximum, minimum and

B average heart rates were signlficantiy lower on dlgoxln\';‘l'hah’on T
placebo or verapamil. There was a irend for lower rates with digoxin
alone than with pindol (except for maximum rate)(no differences were
S statistically significant) end for the combination of digoxin and
20 .. .= pindolol than with elther drug alone (all rates were lower.on the Ce e
‘ comblnation) (3 out of the 9 possible comparisons reached -statistical = .-°
signiflcance). Pindolo! was also effective In reducing sl!l three rate
assessments when compared to placebo and verapamili. The ventricular
ectoplc rate on all treatments was not significantly different. The
ANOVA showed that the standardlzed actlvity perlod (10 a.m. o 3 p.m.)
produced the most pronounced effects on maximum, minimum and average
heart rates. No statistically slignificant drug effects could be
demonstrated durlng the sleep perlod (12 M to 5 a.m.) although the
trends were stilil apparent. .

This study demonstrates that oral ox!n ngfplndolol are effective
for coniroliling the veniricu aﬁf’ ut that oral verapami! at 40 mg
t.1.d. Is no better than placebo. -Al#heugh'fﬁe study has several
limitations; 1.e. only 8 patlents completed the 5 treatments; the
treatments were each only | week In duration; there were no washout
per lods between treatmentsjand the drugs were glven In a flxed
sequence. It also had several off setting strengths; l.e., the
efflcacy varlable (HR) was reasonably objective; one of the evaluation
perlods (10 a.m. = 3 p.m.) was standardized; There were both placebo

and positive control drugs for comparison. Although under
the condltions of the study, one can not assume steady state
conditions were reached on any treatment or that any conclusions about
relative efficacy can be made. The study does offer substantial
evidence of the effectiveness of digoxin In reducing the ventriculer
rate of patients In auriculer fibrliiation.

The preceeding 3 studies do not assess the effectliveness of digoxin In
other supravenirlcular tachyarrythmlas having rapld ventrlculaer
response rates (e.g. sirlal flutter, paroxysmai airlal tachycardia).
There Is 11ttle reason to suspect e difference In responglveness to

: . digoxlin In these settings which can be consldered In a sense variants
s wx o of aurleular fibrillation In which the aurlculer rate-is slower with =~ -~
) dlfferent degrees of A-V block. As such the data on auticular N
Saoel - -fibrlilation Is consldered to also provide evidence of effectiveness
ST for these Indicatlons. -

ﬁ__.fs.;; s . The;e_;:;':lé' an additional study which deals with the use of digoxin In
IR paroxysmal supraventiricular re-entrant tachycardla. '
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"7 Mellens, H. J. J.; Diiren, D. R.; Llem, K. L. and Lle, K. 15~ Effect |

RS S RPREIEL o o mli

of digitails In patlents with paroxysmal atrioventriculer nodal - .

o h . Llres . 23779 1975, ~' .':::.'} .-

L {Thls s-ﬂl&y'» was an Investigation of the effect of ln'lraé'h".fa!féinjé
‘ .= 7~ of ousbaln and oral digoxin on AV conduction, VA conductlon and the ..
oo 7 7 eblilty of programmed -elecirical stimulation to Inltlate o= .-::

4

supraventrlcular tachycardla In 15 patlents suffering from recurren

- —— - -+ g
- ot - LEITTNT e
.u_ --'--. . - awe o

;- attacks of paroxysmal airlal tachycardia.: Two of the 15 patlents had -

an accessory pathway of conduction from the ventricle to'the atrium -
during tachycardla. In the remalning 13 the re-eniry clircult from
ventricle to a'h'lum'qas through the A-_V- node. _ — s mm e

_--v. During sinus rhythm and tachycardla 12 patlents showed & normai ORS,
“two showed complete right bundie branch block and one complete Teft
bundle branch block.. None of the patlents showed elecirocardlographic
evidence of the Wolff-Parklinson-White syndrome. Eleven patlents were
temale and four male. Thelr ages ranged from I| to 73 years.

'..‘.

After obtalning Informed consent, four catheters were passed through
the femoral velns using the Seldinger technique. Two bipolar
catheters were postioned high on the lateral wall of the right
atrium. One was used for stimuiation, the other for recording an
Intra-atrial electrogram. A tripolar catheter was placed In the
reglon of the bundie of His to record a Hls bundle electrogram. The
fourth (blpolar) catheter was positioned In the apex of the right
ventricle and used for venitricular stimulation. In flve patlents
patent foramen ovale permitted recording of a left atrlal - L
electrogram. With help of the single test stimulus method durlIng
right atrial stimulation the functional and effective refractory ._..
perlod of the A-Y node, the effective refractory perlod of the atrium
and the zone of premature beat Intervals resulting In atrlal echoes or
sustained tachycardla were carefully determined. . Thereafter, using a
single test stimulus method the right veniricle was paced up to Its
eftective refractory perlod. The refractory perlod and pattern of vV-A
conductlon were reglstered. Both atrlal and ventricular paclng were
done at rates Jjust above the spontaneous sinus rate. Fol lowlng these
measurements diglitalls was admlinistered as ouabaln In a dosage that
ranged from 0.75 to 1.25 mg according to body welght. The drug was
glven directly Into the right atrium through the catheter used for

- recording the airlal electrogram. Durling the hour fol lowing
termination of the Intraatrial Injectlon of ouabaln the same
stimulation program was repeated at least four +imes using ldentical
basic cycle lengths and test stimulus Intervals. In seven patlents

=—

_— .= The stimulation procedure was repeated three to six weeks iater, after . - '
;;_;__f{ - teking oral digoxin ‘1n the.-Interim. - In these patlents -the dlgoxin: . :=

" levels at the time of the second catheterization varled from 1.1 to
2.4 ng/ml. .In 8l}l seven patlents the same basic pacing “Intervals were
used as durlng thelr first study. Cere was taken to place the
o stimulating and recording electrodes as nealy as possible In t+he same _
i .. .positions during the first and second catheterlzation +o minimize the
Ll . effect of varled approaches to the A-V node .on A-Y nodal - function.

) e . L™ - .. . ceae e . o~ -
. ¥ el s e Ter —— e A - - . -2 —_— Cen T e =
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- All data obtalned during the stimulation studles were recorded on +tape

(Ampex FR 1300) and directiy reglstered on an eight channel Elema -

el . - i Mangograf recordes Leads 4, 11, |11, Vi, Vg the Intracavitary:-—-.
© TTTFright atrial leed, a 1eft atrlal lead,. 1f avallable, and the His

~...bundle lead were all recorded simultaneously. -Far'__recor'dl_ng,.jhe His

Lo

— -y — commn e

&t = Ybundle electrogram an Elema EMT 12 was used. VT IiEmaR e
. The experiment was unblinded. The findings before ouabaln served as a -
.. = control for the flndings In the hour after Its ‘Injections.~These
- : tindings served as the control for the oral digoxin findings 3-6 weeks
later. Because of the nature of the measurements, blinding durlng the
irial Is not necessary +o avold blas. However, ln‘l’erprefaﬂ_on, ‘and _
perticularly measurements of the elght channel "traf-flngs should
- ldeally be blinded to avold blas.- This Is not ‘dlscussed InF+his™ .

———

paper. The fact that the digox!n measurements required
recatheterization and repositioning of the electrodes Is'a potential
problem which the authors dlscuss reassurringly, but without data
compar Ing complexes recorded on both occassions. Clinlcal Information
about the |5 patlients 1s not presented Including what happened durling
the 3-6 weeks of digoxIn +reatment, RN

The results of the study show that diglitalls (both preparation) siowed
A~»V conduction and Increased the node's refractory period tn alli
patients. -

The effect on V—»A conduction was more complex because -patlientts y-A
conductlon patterns prior to ouabaln were different. There vere 5
patterns observed before ouabaln which dld not respond ldentically to
ouabaln. Overall though 9 patlents showed no change (less than 10 -
msec) In V-A conductlion +ime and/or refractory period. Six patlents
showed Increases greater than 10 msec (20-110) In the refractory
perlod accompanied by Increased conduction times where they could be
measured. Simllar changes were found after dlgoxin In 6 of the 7
patients. In the seventh patient who had shown no change In the
effective refractory perlod after ouabaln there was 8 50 msec -
lenthening observed on dlgoxin. Prlor to ouabaln tachycardla ‘could be
Inltiated by a single properly timed atrlal premature beat In all
patients. Following ouabaln, 4 patterns of response were observed,
all but | are theoretically desirable. In 7 patlents 1+ was not
possible to Initlate tachycardla by single atrlal stimuil: In the
other elght patients there was a conslistent shift In the time Interval
where tachycardla could be Inltlated to later In the cycle between
auwiculer beats. In 5 patlents the tIme Interval of sensitivity was
“shortened; In | 1t was unchanged, and In | It was lengthened (the
-_-'undesirable response). - After digoxin, essentlaliy simllar results
~“were -seen 1n the 7 patlents-1n thelr patterns of .response, with-{
patient having less shortenling of the tachycardla Induction Interval
.-on digoxin than on ouabaln (100 msec control, 20 msec on ouabaln, 50
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msec on digoxin). This study confirms the effects of digltalls on the
. AV node (studles follow) and extends the elecirophyslolog{cal_ - -
.::"observations to patlents with paroxysmal supraventriculer, == % -
tachycardla. The study demonsirates the effects on the node could be
. beneflclal to such patlents, not only for terminating attacks, but ~ .
.=, .alse for preventlon of tachycardia. In 12 out of 15 patlents = - - e
" tachycardla could elther no longer be Induced (7) or the Inteval
. dwing which premature beats could:Inltlate the arrhythmia shortened .
-. .. conslderably (5). The study does not dlrectly address the efflcacy of i .-
: digoxin In terminating or preventing these arrhythmlas for which ° A
diglitalls has been used for years; however, it Is taken as substantial
evidence of effectiveness because It so nicely brlidges the gap L
.~ between clinical experlence and the exper Imental -electrophyslology in cowEh
.=~ - animals and man. The ‘electrophyslologic studles which fol low .and +hls & 507
" study clearly support and to a large extent explaln why digoxin has
been useful and particularly why It has only been useful! In some
patients.

The following 5 studles with the authors' abstracts offer confirmatory
evldence to support the speclflic findings of the previous paper. None
were designed to prove the effectiveness of digoxin In treating
aurlcular tachyarrhythmlias, but rather to understand the effects of
digoxIn In conduction or to understand the pathophysiology of
supraveniricular tachyarrhythmias and the pharmacology of thelr
treatment which would explaln, lts effectiveness. - The 3rd and 4th papers
do not contaln data on di - The last reference Is an abstract of a
paper presented at the 1962 Am. Heart Ass. annual meeting. : :

i, Kosowsky, B. D.; Haft, J. I.; Lau, S. H.; Steln, E.; and Damato,
A. N. The effects of digltalls on atrloveniricular conduction In
man. Am. Heart J. 75:736, 1968. '

The effects of acute digltalization on atrioventricular conduction were
~studled In 1| normal subjects. P-R Intervals were compared during
normal sinus rhythm and at several Identical heart rates produced by
right atrlal pacing before and after the Intravenous adminlstration of a
therapeutic dose of ouabaln (0.5 to 0.75 mg). Digltalls produced a
consistent decrease In the sinus heart rate with a2 mean decrease of 8
beats per minute. Because of thls change In heart rate, the effect of
digltalls on the P=R Interval durling sinus rhythm was varlable,
However, comparisons of P-R Intervals at ldentical heart rates revealed
2 consistent prolongation In A-V conduction time following digltalls,

. with a mean Increase of 27 msec. or || per cent. This effect was not
abolIshed by prior atropinization. There were no premature ventricular

. confractions, . T-wave .Inversions, changes In the QRS or ST segments, nor = - .
~any subjective signs of ‘digitalls foxIclty. Thus e therapeutic dose of = -
digitalls can be shown to prolong the A-V conduction time In the absence ..
of any signs of digltalls Intoxicatlion. L T s



.- - .. - L. - . .
. L e — —

'NDA 18-118 R S . Page 52

2. Przybyla, A. C.; Paulay, K. L.; Steln, E.; and Damato, A. K.
Effects of Digoxin on Atrloveniricula Condugllgrg_‘ﬁq_

I, Men. A J. Cordlol, 33:344,.1974.. . :.semie:

o S By o
-

frding 2 Rt AN

Digoxin was acutely administered to {7 patients, end:1ts effectson =~ -
-=. 8irloventricular (A-V) conduction were @ssessed. In the control state, -
 ~.before admInlstration of digoxin, progresssively premature atrial i

depolarlzation showed conductlion delay and block conflned solely to the -~ -
= A=V node In elght patients and to both the A=V node and the more distal -
His-Purkinje tissue In nine patlents. HlIs-Purkinje conductlion delay was 7
manl|fested on the surface electrocardiogram by ventricular sberration. N
After adminlsiration of digoxin, an early atrlal premature Impulse R
.7 elther was blocked In the A=V node or reached +he distal Intraventri- E
:" cular conduction system so late that -block or conductlon delay-below the =55 -
~ Hls bundle was reduced or no fonger occurred. Venfricular sberration on
the surface electrocardiogram was thus reduced or eliminated. These
effects of digoxIn on A-V conduction were due to Its effect on the A-v
node of slowlng conduction of a premature Impulse. Such actlion on the
A-V node may abollsh aberrant ventrlcular conduction In atrlal
fibrlllation. - - .

3. Spurrell, R. A. J.; Krlkler, D. M.; and Sowton, E. Concealed
Bypasses of the Atrloventricular Node In Patlents with Paroxysmal
Supraventricular Techycardla Revealed by intracardiac Electrical
Stimulation and Verapamil. Am. J. Cardlol. 33:590, 1974,

Thirteen patients wlth paroxysmal supraventricular tachycardla were
studled with use of His bundle electrograms and programmed Intracardiac
stimuiation. No patient had evlidence of elther the )
Wolff-Parkinson-White or Lown~Ganong-Levine syndrome. DurIng
veniriculer pacing at a rate of 90 to 180 beats/min retrograde
conduction time Increased by an average of 80 msec In elght patlents; In
the remalning flve patlents the average Increase was only 9 msec. The
tachycardla was terminated In all I3 patients after Intravenous
administration of verapam!!l, 10 mg. This drug acts predominantly on the
atrloventricular (A-V) node, and durling termination of an A-y nodal
reciprocal tachycardla both the antegrade and retrograde conduction
+imes would be expected to be prolonged. During termination of the
tachycardla antegrade conduction was prolonged by an average of 43 msec

average of 10l msec and retrograde conduction by an average of only 3
msec. The minimal effect of this drug on retrograde conduction and the
minimal Increase In reirograde conductlon du-ing venfrlcular-paclng In "~ 7
- ~these flve patients Is strong evidence for the presence of an A=Y nodal -~
-7 bypass that was not apparent from the surface electrocardlogram. The =~
potential hazards should atrial f1briilation occur and allow rapld
antegrade conduction In an A-V nodal bypass are dlscussed.



4. "“i:{j L and Cranefleld, P. F. Effect of Verapem!! on S
Sinoatrlal .and Afrloveniricular Nodes of the Rabblt and Mechan!sm

e ..t -~ e e
b ) [
hi . . o

e PR .- - o Tl
- PR R
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T slow inward currents, were studled on the Isolated, superfused

~no evldence of organlc heart disease. :: . .. =% . | R S

sinoatrlal (SA) and atrloventricular (AV) nodes of the rabblt. heart with

Iniracel lular mlcroelectrodes. Verapamil| decreased the ratexof-

spontaneous Impulse Inltlation by the SA node. This effect could be

overcome with epinephrine. Concomitantly, verapamili decreased the
emplltude of SA node action potentlials without reducing maximum. - .
diastollc potential. The peak of the actlon potentlial fell_weli. short -

.. of reversal after exposure fo the drug. Verapemll had simllar effects
~ on the actlon potentials of the upper and middle AV nodal reglons,

reducing action potentlal ampllitude so that the overshoot vanished
without signlflicantly reducing maximum diastollc potentlal. Actlon
potentlais of flbers In the lower reglon of the AV node were not
effected as greatly. Verapam!l slowed conductlion of atrlal lmpulses
through the AV node; such slowing Increased when the atrial rate -
Increased. Verapamil also prolonged the effective refractory perlod of
the AV node, thus slowing or blocking conduction of premature Impulses.
Verapaml | prevented AV nodal reeniry and Inltlation of atrial :-
tachycardls by causing premature Impulses to block rather than to
conduct with the delay needéd to Initlate reentry: Verapem!! had no
effect on the rate of depolarization actlon, potentlal ampiitude, or
maximum dlastollc potentlal of atrial of His bundle flbers. The results
are conslstent with the hypotheses that flbers In-the SA and AV nodes

AT

show slow response activlity, that the slow response plays a cruclal role -

in ceusing certaln cardlac arrhythmlas, and that drugs that block the
slow response are therefore antlarrhythmlc.

S. Fowler, N. 0. and Gueron, M. Conversion of Atrlal Flutter with
Digoxin Alone. Clrc. 26:716, 1962. :

It Is not widely recognized that digltalls alone Is effectlive In

converting atrlal flutter to sinus rhythm. The following report

demonstrates that diglitalls In large doses ugually produces slinus rhythm

In patients with atrlal flutter.

Thirty-one consecutlive patlents with atrlal flutter were ireated. Thelr
ages were from 28 to 80 years. Hypertension, coronary artery disease,
corpuimonale, acute pericardltls, rheumatic heart dlisease, lupus -
erythematosus and congenltal heart dlisease were represented. ..Four had
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achycardlia: 7= =

.7 The effects of verapamll; an antlarrhythmic drug that Bpparentiy blocks

L
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Ten péf!en*s were recelving diglitalls when the dlégnosls of a?rlﬁl

s ozeme s sri - hours for 5 days; then 0.25 mg digoxin-every 6.hours.. When atrial _ 2

flutter was made. These patlents recelved 0.5 mg digoxin orally every 8 .

.......

e T2 1brll iatlon or slnus rhythm occcurred, digoxin ws reduced to 0.25 mg

twice dally. Patlents not already recelving digltalls were given i mg

it _---of digoxin Inltlatly, - - SR Bt S

Sinus rhythm was achleved In 28 of the 3| patlents. Two of the 3

. fallures expired within 2 hours after recelving very 1Tttie digoxin.

~ With digoxin alone, I3 patlents developed slnus rhythm In 2 4o |8 days.,
After treatment for | to 14 days atrlal fibriilation developed In the
other |5 patients. Of these, only | required quinlidine to achleve sinus

rhythm. In no patient was dlgoxin d!scon+lnued,‘.Q}glfylls_lnjp;lca?loq.i

- of mlid degree developed 1n only 2 Instances.: Ee Lo

1

fhe duratlon of atrlal flutter before treatment wasmhnknown In these
patients. The efflcacy of digltalis In long-establIshed atrlal flutter
Is not proved by this study.

CONCLUS IONS : S

The data presented In the four primary studies and the supporting
electrophyslologlc studles provide substantial evidence that digoxin Is
effective In controllling the ventricular rate In patients with atriatl-

fibritiationlby Its baslc effects on conductlon and refractriness of
cardlac tlssueX@nd paroxysmal atrial tachycardra).

Although the substantial evlidence for effectlveness of digoxin In
auricular fibrilitation meets FDA's requlrements for (2 or more) adequate
and well-controlled human studles, the ciinlcal data in man for
aurlcular flutter and paroxysmal aurlculer tachycardla do not meet that
standard per se. In this revliewer's opinlon, the evidence for
effectiveness Is substantlal for the reasons polnted out In the review,
If the Bureau Director concurs, he may wish to conslder walving the
requirement for 2 adequate and well-controlled studles In this-Instance
In approving these latter two Indicatlons rather than to run the risk of
other sponsors attempting to use digoxin as a precedant for seekling

approval on the basls of less than 2 adequate and well~-controlled
studles In other "simllar" cases. : :

RECOMMENDAT I ONS

Ie . Lanoxlicaps be approved for use In the treatment of patlents with
' congestive heart faliure when 1ts positive Inotroplc actlon Is Judged
-clinically to amellorate signs and/or symptoms of fallure end for uyse In.-.
- controlling the ventricular rate In patients with supraveniricular o
tachycardlas (atrial fibriliation, atrlal flutter and paroxysmal atrlal
tachycardlas). : R '
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2., That 1"‘\9 sponsor be requested (but not required) to do aé a phase |V.
. - study a long term follow-up of patlents with congestive heart fal Iure
-==-  Initlaliy-equally well-maintalned symptomatically on dhreﬂcs or:

-2 7.7 - digoxin or the combination.” This probably represents -a subpopulaﬂon of
... .about 1/2 the patlents on digoxin for congestive heart fallure.’ Such

_ patlents selected by open tiiratlon and then randomly assigned to - : :
blinded treatment wlth elther drug aione or the combinatlon would aliow -
2 long term risk/beneflt assessment of these alternatlve treatments.
Because of the lerge number of people who eventually dle on long term = -
diuretic and digoxin {reatment thls Is an Important experiment from a
public health standpolint. The proposed study would not be easy to do
and may even be something more reasonably done by the NIH. The number
of patients manageable .on digoxin alone may be small enough 'rha'r 1-he -

' sfudy need only fol Iov 2 groups rather than three. " "= CATULIAITE L T
~ RS A ;zﬁé;t /{Z
/ John G. Harter, M.D.
cc: ' &‘ - B-14-F2
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