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(1) “Digoxtn i o |
(2) Lanoxlcaps “ : ) IR
(3) 3B-[(0~2,6-d1deoxy=-B-Dr Ibo-hexopyranosyl=(1 -4) .
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'b.  Pharmacologlc Category; cardlac glycoside e
C. Proposed Indlcations:

(1) Congestive heart fallure

(2) Afrial fibrlilation T

(3) Atfrial fiutter

(4) Paroxysmal atrial tachycardla
d. Dosage forms and route of administration: ° -

50 mcg capsules (red), 100 mcg capsules (yeliow) and 200 meg
capsules (green) for oral administration .

. Manufacturing Controls

See 'Chemls‘r's review.

Iit. Pharmacologx

Digoxin Is a member of a closely related group of cardiac (diglitalls)
glycosides. These drugs are found In several plants and animals and
thelr use dates back as far as 2000 B.C. Members of the group have a
sterold nucleus with a lactone ring at C-17 and one or more sugars
- linked at C-3. Modern usage fraces directly back to Willlam
. Withering's classical "Account of the Foxglove and Some of Its Medical
=Fe .. ... Uses" published In 1785 (Majors, R. H., Classic Descriptions-of.

" Dlsease, 440-443, Chartles C. Thomas, Springfleld, lilinols, 1959).
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The _:_fb‘er‘aAp‘e-uf.l cleffacfs ‘of the cardlac glycos!ides

simliar although:thelr: exact mechanism(s) of actl
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‘of digoxin, -“"= TR

e and atrloventricular “(AV) ‘nodes; and“also a baroréceptor

Ihelr -Int{uence Snthe electrophysiologl c.propert]sio}, the -

e dose related; and ZInvolve both*a direct actlion onicard]
-;and the speclallzed conduction system, and an Indirect.acti s
2Py the autonomlcinervous system.. The dlrect. actlon. oh-cardlac 3
15 probably mediated through the effects of the CaFdlad glycos ——
oo ATP dependent myocardlal sodlum-potassiun pump™ which reguiate. )

i Antracel lular catlgnzconcentrations; conversely,, “cationsS play a major:

TEER role In contributing to both the beneficlal and fox!gr'h‘an':fesnf'mS =3

5 The _jndh'acfacﬂonsmed!afed by"l‘he *aU‘h:n om!cnervous-sys-f‘am_jln;olve
- @ vagomimetic ectioh, which-Is responstbie for-affgc‘!#’_s}qx_:_‘gthe;sl_nus,‘f-‘—-
"sensitizati

. which results In Increased carotid slnus nerve activity end enhanced

- 7 " sympathetic withdrawal for any glven Increment In mean arterlal ™ ~

pressure. -

on

- . . The pharmacologlcal consequences of these direct and'_"_lqdlré}:vt effects

are: - I S

(1) an Increase In the force and véioélfy of myocardlal systolic.

contraction (positive Inotropic action);

(2) a slowing of heart rate (negative chronotroplc effect), and

(3) decreased conduction veloclty through the AV node.

In higher doses, cardlac glycosldes Increases sympathetic ou'rfloi from-
the central nervous system (CNS), to both cardlac and perlIpheral
sympathetic nerves. Thls Increase In sympathetic activity Is

responsible for most of the exira cardlac manifestations

and may be an important factor as well In cardlac toxiclty

Other actlons:

of toxiclity

Cardlac glycostdes may cause other dose related effects on fhe-cenfral
hervous system, eye, skeletal muscles, peripheral vascular tree and

kldneys.

Neusea, vomiting and probably diarrhea and sallvation are CNS
medlated. Also headache, tatigue, malalse and drowsiness are probably

_ CNS medlated; whereas, muscle weakness which may accompan

y these

S . symptoms may be due to effects on skeletal muscle celi cations.

dlsa‘lenfatlon,_.-_cg_nf__qqon, aphasla, delirium and haljucin
\--‘;-r;,,‘lsual"‘syrrpjl‘o_n_:éf’_'lnc“lhd'e whlte borders or halos around: dar

;.. Mental symptoms assoclated with cardlac glycosldes™Include ..0v. - :

“common for yellow and green but may be |
,._*".'"'

atlons. . ..

for red, .

ans|tory amblyopla, .diplopla and scotomata,~: - - -
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":—.}' In akiji,a"!_é'inbdels é;gl;c_::g"ly'ébs-ldas“c'a.h,bé -shown to Increase - -— i S
.. peripheral ‘vascular resistance particuler| S

resls er Iy of the splanchnlc bed. = 7.
Skl Whether: this has any ¢linical signlficance s not clear,-although. AL T

...... . S

Ty n T ebdonlnalipeln and. 1schanlc hocrases of tot bomoric oo A8 BHributed 7

¥ fo ‘acute -digltallzation of jpatients with marglinal ‘mesenterycs s <.
- sr - :Porfuslons: Changes. 1n-thé tubular reabsorption of sodl

1 o The dlum LnhibitTon)=s-.
% probablyT1s due to an -eftfect on Na, K-ATPase. TSI L e
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{ess’ common |y occuir:ing“éffects of the cardiac glycosides may be-due - - -

e to ldiosyncratic or gl-la‘glc_reacﬂonswhlch'only occut In predisposed " -

© .. %Indlviduals. These reactions Involving the CNS Include neurologlc -

Zz = paln.end paratheslas, retrobulbar neuritis and convulsions.:-The - .-

"+ etlology of such reactlions Is not clear.._Skin rashes and 8osinophlilas. y.
- Which .can-occur with the cardlac -glycosldes aré Infrequent=and may be TEL

"7 " speclf1c for only one of the drugs In the cless. The most. 1Tkely

.7~ . explanation for these reactlions Is an allerglc basls. ‘Gynecomastia - -

may occur In men and 1s thought to be due to some esirogenlc effect of

the sterold nucleus or one of Its metabolltes. ' Suppression of

follicle-stimuiating hormone secretion and cornlflcation of vaglinal

eplthellum occurring 1n postmenopausal women Is thought to be caused

by the same mechanlism, -- . ' T

Although 1n animals cardiac glycosldes can Increase blood - .
coagulabliity 1+ has not been shown to have any clinically significant
consequences In therapeutic doses. Thrombocytopen!a has been reported
with cardlac glycosldes presumably on an Immunologlc basls. )

R Clinlcal :é»’ackg'éi:rjn& e

There Is extenslve |lterature on the pharmacodyriamics of dlgoxin In
man. The studles relating to onset of effect and time of peak effect
to dosling,serum digoxin levels and myocardlal digoxin levels have been
studled by succeeding generations of physiclans as new techniques for
quantiteting pharmacologlc effects and measuring digoxin and 1+g
metabolltes have been developed. -

Patlents with aurlcular fIbrillation were used by Gold, H.; Cattell,

M.; Greener, T.; Hanion, L. W.; Kevit, N. T; Modell, W.; Cottore, E.;

Benton, J. and Otto, H. L., Clinlcal Pharmacoiogy of Digox!n, Jour. of

Phar. Exptl. Ther. 109:45, 1953, to assess the bloavallabl i1ty of the

oral preparation versus the same dose Intravenously., They antlclpated

correctly the results obtalned 2 decades |ater with serum digoxin
SO . " levels (2/3 of the oral dose bloavallable). The pharmacologlc time
e e I effect curves they developed showed slgnificant rate siowing by I5 -
LER . Bmlnutes after {.2 mg of.digoxIn 1.V. Jhe same effect was achleved .--. =
;. @bout 5 hour's after-1:2'mg of dlgoxin orally.” The maximum effect=-" . -
o _..,.after the oral dose occurred at about 6 hours and persisted untll the °
o= F e w2l 50 following-day.  The maximum response to the I.V. dose was 10 beats/min
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% Taplcal rate between 65 and 85 beats per mlinute to dose #s wel| as ff\e SIS
. occurrance of nausea and vomiting to dose. At dally doses of .25, S,

P

1 _wmajorlty of patients can be malntalned without digoxin, The

v but was r ed 2t about the same time.” By the next day +he = ~
. Tete was only 5 beats/min fess than +he oral dose.- A dlfferential of -
. 3=4 bests/min between.the oral and Iniravenous _group's.ventriculer.
“they fol lowed thel

——

o am .

‘rates then persisted.for_the:week
‘g‘ﬁ":-;‘-'-" :‘-:-:::'. ; : SN SR . s

r:patients . " =
_In‘the peper.by Gold, et al; they lso related the contrgl of ‘the
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_*.75, 1.0.and 1.5 mg‘for an average of 5.9 weeks they.found the aplcal oz

-rate was “controlled" In 28, 47, 71, 80 and 92% of thelr patlents : -
respectively. They found 0, 0, 4, 26, and 72% Incldences of nausea
and vomiting In each group (N/group 24-49 paﬂgnfs).;_.. S T

- -~ - -
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" @nd changes In the timlng of the sequence of events occirring during

“veniricular contractlion .the pharmacokinetics of digoxIn ‘and :
pharmacodynamics of the Inotroplc effects have been studied and
correlated. . ' R :

Among the Inltlal pharmacoklinetic discoverles was that there was a -
bloequivalency problem between different manufacturerts tablets and
probably between dlfferent lots from the same manufacturer. The FDA

In cooperation with the New York Heart Assoclation and the Unlted

States Pharmacopeclia established dissolution standards for all

marketed digoxIn tablets (1972) and new recommended dosage levels

(1974) for the standardized tablets. (A result of this change In the
marketed products is that dosage forms used oral ly before 1972 as In .

the Gold, et al, study referenced above had a lower bloavalleblllfl‘y -

l.e. less than 65% absorbed - than tablets marketed after 1972). -

The application of systolic time Interval measurements to studies In
patjents and normals to evaluate the positive Inotroplic effects of
digoxIn have essentlal ly confirmed the pharmacologlical +ime course
observed by Gold In auricular fibrlilation; namely, that significant
digoxin effects appear within 10 minutes after 1.V. dosing (1.6 mg)
reach a peak at around 6 hours and return to normal at a rate
approximating the serum half-life. Oral dosing (3.25 mg) shows slower
onset with peak effect of about the same time as 1.V,

Studles of the beneficlal effects of digoxin on heart fallure In
patients with normal sinus rhythm are less clear cut than those of the
effect on fallure assoclated with aurlcular tachyarrthymlas.
Beneficlal hemodynamic effects, -effects on systolic +iming and on
. heart slze can be shown In both acute and chronlic studles In both .
- sltuatlons. - The heart does not appear to become refractory or fast to:

- i;;‘:'ltﬁeSef"dlganln effects. . However, the symptomatology of congestive - - - Bt

heart faliure related .to fluld retention edema angd exertional dyspnea, :
- -can be-effectively Ireated In many patients with normal slnus ryhthm

by dluretics alone. In studles where dluretics are used concurrently

and elther held constant or pushed to maximum effective doses, the

»‘_dlffere_hces Tn other patlient cha‘acferl#lcs, In patients with normal o

cem e an e e A . R -
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% $Tnus rhythm, whi -
. addtlon to dluretics such as Inltial NYH functlonal cless and control ..::.
. of “hypertenslon havé not yet been well es'rabllshed.i;i~il'bweVen; ‘based on.

© e o
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ny ch determine whether or not dlgoxin 1s mecessary tn -

the paﬂeh‘t_popu_lﬁ1'ﬁo"gisf_’:s,+|j‘diedl:-§!fh"-dlfferences_Jn-'-w-opa':ﬂons of - . .
patlents needing digoxin the mf:‘s‘fﬂ-"lnpor?antchracfaﬂsﬂc seems to0 be - - -
-the clrcumstances_in which congestive heart fal lure was flrst . " SR
~ dlagnosed. - If the“dlagnosls was ‘unequivocal and fallire wasmot T
assoclated with some other preclpltating factor 1lke pneumonia, -which - - -

BT Pt LR

- requlre dlgoxin ts ‘probabiy better than f1ftyeflfty, =~ -

-ican_be_successful ly:treated, “then +he- .| ket thood of-coptinulng to.... - ..

. The clinlcal phermacokinetics of digoxin show 1t 1s'widely distributed

. =through body tIssues and has a htgh apparent volume of distribution - - =
-+ =~ = (mean value_In_healthy-subjects ‘about 6L/kg). - in patlents with renal =S
- -~ =-~ -impairment the apparent volume of distribution (vd) may:. be lowered and

-values below 3L/kg have been observed (Szefler, J. J. and Jusko, W. :
" J.. Decreased volume of distribution of digoxin In a patient with

renal fallure. Res. Comm. In Chem. Path & Pharm. 6:1095, 1973;

A-onson, J. K. and G-aham=Smith, D. G. "Altered Distrlbution of

. Dlgoxin In Renal Fallure =- A Cause of ‘Digoxin Toxicity?" Br. J.

Clin. Pharm. 3:No. 6, 1045, 1976). The reasons for thls reduction
are unknown, but may be related to altered tlssue binding In +he

. presence of dimInished actlvity of membrane Na+, K+ -ATPase. Volume

; . 3 Hartel"G.3 Kyl lonen, K.5 Merlkalllo, E.; OJala, K.; Mannlnen,v.; -~ ©

of distribution returns towards normal when renal function Improves
(Aronson and Grahame-Smlth). The volume of distrlbution of dlgoxin Is
also related to age, decreasing In adults with Increasing age
(Aronson, J. K. and Grahame-Smith, D. G. Monltoring Digoxin Therapy.
|1 Determinants of the Apparent volume of distribution. Brit. J.
Clin. Pharm. 4:223, 1977; Cusack, B.; Kelly, J., et. al., "Digoxin In
the Elderly: Pharmacokinetlc Consequences of Ofd Age", Cilin. Pharm.
Ther., 25:772, 1979). S

The distribution of digoxIn to varlous tissues (calculated from data
of Doherty, J. E.; Perkins, W. H.; Flanegan, W. J. The distrtbution
and concentration of +ritiated digoxIn In human tissuves. Ann.. Intern.
Med. 66:116, 1967) Is skeletal muscle, 65%; llver, 13%; heart, 47;
brain, 3%; kldneys, 1.5%. There have been numerous studles of the
relationship between myocardlal tissue concentrations of digox!n and
corresponding plasma concentrations. There Is great varlation from
study to study In the correlation betwesn myocardlal and plasma '
digoxin concentrations. The varlation undoubtedly & lIses from both
dlfferences In technliques as wel].as differences In patient
population. For example, the 2 studles (Gullner, H. G.; Stinson, E.
-Be3 Harrison, A. Correlation of Serum Concentration with Heart - - .
Concentrations of DlgoxIn In Human SubjJects. Clrc. 50:653, 1974; L

"Relssell, P. Human serum and myogardlum digoxin.. Cilin. Pharm. & )

- Therap. 19:153, 1976) .1n which the least varlation Tn ratio from

patient to patlient withln +he studles was found, showed widely

~different mean ratlos (24:1} and 67:1 respectively) probably because of

'-_;Qljfar_ent ;mpllng s_t'r.es_“(lef'r afrlal appendqge and paplitery muscle

e T X . - L
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“respectively).. The relatively poor correlation found by Jusko, W. J. . -
>and Welntreub, M.{. Myocardial distribution of digoxin and renal - -7
= function, Clin Pharmacol. Ther. 16:449, 1974) was atiributed to, and - "=~ " -

“would be corrected by,-d fferences:1n thelr patlents! renal:-function; 7" i

— . ~ -

—and thelr deta suggest that values:1n-the presence of normal._renal

s =S~ Y& functlon ere at or sbove™ 60:l. ‘Such values agree with those of. -~ . " ...
Eems L EcHartel, et.al, sl of whose patients had normal_renal-functlon,z. o . o7
N e X :The distributlon of digoxin to cen*l‘ral ‘nervous tissue Is of Interest .

=& 10 view of the suggestlon that some of the effects of cardlacin. o i iE
 glycosldes may occur as 2 result of effects on central nervous tissue- LRl

" " (Levitt, B; Cagen, N.; Kleld, J.; Somberg, J. and Gilllis, R. Role of

..2_ +he nervous system In_the genesls of cardlac rhythym disorders. Am. .. -
4. Cardlolni.37:511115%1976). Digoxin has been detected o=t co

.....

~ Cerebrospinal ‘fluld 1n adults during steady-state adminlstration” ~ ~"=7:i"
. (Allonen, H.; Anderson, K. E.; lesolo, L. E.; Kanto, J.; Siromblad, L.
T . B. and Wetirell, G. Passage of digoxin Into cerebrospinal fluld In
man. Acta Phezrmacologla et Toxlcologeca 41:193, 1977; Gayes, J. M.;
Greenbiatt, D. J.; Lloyd, B. L., Hormatz, J. S. and Smith, T. W.
Cerebrospinal fluld digoxIn concentrations In humans. J. Clin.
Pharmacol. "18:16, 1978). The ratlo of serum +o CSF concentrations
ranged between |.2:1 and 20:1 during steady-state freatment, with mean
serum concentrations of 1.1 ng/ml. Digoxin was barely detectable In
+he CSF after a single dose In most patients (Allonen, et al). The
conceniration of digoxin (ng/g tissue) In the chorold plexus (Bertler,
A.; Andersson, K. E. and wetirell, G. Conceniratlons of digoxin In
chorold plexus. Lancet 2:1453, 1973; Anderson, K. E.; Bertler, A. end
Wetirell, G. Post-mortem dlstribution and t1ssue conceniratlions of
dlgoxins In infants and adults. Acta Paedlatrica Scandinavia 64:497,
1975; Krakauer, R. and Stelness, E. Digoxin concentration In chorold
plexus, braln and myocardium In old mge. Cilin. Pharmacol. & Therap.
24:454, 1978) has been found to be at least as high as that In
veniricular myocardlum. Concentratlions In the rest of the braln were
much lower and In about one third of patlents were undetectable
(Krakauer and Stelness). The sligniflicance of high concentirations of
digoxin In the CSF In relation +o effects on the myocardlum has not
been establlshed. Concentratlons in autonomlc nervous tlssue have not
been reporied. :

Although 1t 1s generally stated +hat digoxin Is mostly excreted
unchanged In the urine some evlidence suggests that In some cases
. metabollsm may be extenslve.

.. The first hint that thls might be so came from a study of a single .
... .patlent with_strial flbrl Ilation who had unusually large requirements -
i of digoxiniiluchiy R.id. and Gruber, J. W. Unusually large digltalls . .
*"" requlrements - study of sltered digoxin metabolism. Am. J. of Med.” -~

.- -45:322, 1968):: In chromatograms of urine digoxigenin and
dlhydrodigoxigenin were detected 1n relatively large asmounts (18% and -
o L ~|5$ of total glucoslide detected respectively). In a study of the

oo o T . T
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H‘ vurlneof 50 paﬂéﬁ"&;.4_dl}i‘ydrodIéoxl'ti.';:a;_‘_cl_.em"l’.ec'fable In 48 and was o
" ;... found to constitute befween | and 47% of total glycoside (mean |7%) -

_(Clark,:D. R. .and Kalman, S."M.. Dehydrodigoxin:_ A common metabolite

= - EEETof digoxIn’ In man—YiDrig-Metabol Ism 2 Dispositlion 2:148,71974)..; In3 = F -
: E patients, less than 51§ of Tofal glycoside In the urine was digoxin,
“the.rest belng accounted for by the presence-not only’ of="m===izi- - =E
- dlhydrodigoxin but also of other metabolltes. Of 2 nor volunteers -
.. glven oral digoxin, one.was found to have digoxigenin ‘In the serum In
31" concentrations of .1.0:1071.3 ng/ml ‘0.5 to.l.hour affer-a single dose .-
of digoxin (0.5 mg); the corresponding serum digoxin cenetrations were ~
2.5 1o 3.4 ng/ml (Loo, 4. C. K.; McGllveray, |. J. and Jordan, N.
. Quantitation of digoxigenin In serum following oral administration of
- - 4digoxIn In humans. -Res. Comm. In Chem. Path. and PharmacolZi 162497, =
o =% 7w4977)5- In 8 study ‘'of 100 patients (Peters, V. Falk, I. C.-and Kalman, - =~
et T 8.'MJ DligoxIn metabolism In Patlents. Arch. Int. Med. 138:1074, -
- 1978), between 2.2 and 52f (mean 12.4%) of total glycoslide In the
urine was found to consist of metabolltes, princlpal ly
dihydrodigoxin. The majority (77%) of patlents had le'ss than 15%
metabolites. In 115, between |5 and 20% of total glycoside was ..
excreted as metabolite and In the remalning 12% values ranged between
= 20 and 555. The degree of metabollsm was not related to renal

function. -

.

in 7 patients with digltalls toxiclty, there was no Incresse In the
formation of metabolltes above the mean value for the whole group. |If
metabolltes of digoxin have a longer half-time of elimlnation than
digoxIn 1tself, then accumuiation would occur over a perlod of weeks
and that would explaln the fallure of earller workers to detect -
substantial quantitles of metabollites durlng short term study.

Peters, et al, found a higher proportion of metabolltes In patients
who had been taking digoxin for more than 20 days than In those who
had. taken It for less than 10 days. They also found that the _
half-time of clearance of hydrolytic metabolltes In a normal volunteer
was 65 hours (consliderably longer than that of digoxin).

It Is Important to relate these findings to the Interpretation of

plasma (or serum) digoxin concentrations In patlents. The different

metabolltes cross-react to a different extent with antli-digoxin

_ antibody used In radlolmmunoassay. Fu-thermore, the different

D - metabolites have differing pharmacodynamic potencles. Thus a plasma
'digoxin' estimation which Is contaminated by metabolltes may not

- yleld an accurate reflection of the quantity of cerdloactive glycoslde

actually present In the plasma. TR e ' LT

et e
LAY

.- Studles of the degree.1o which dlfferent antibodies may bind different.. .-
#7734z glycosldes, -of how the:plasma concentrations'of dlfferent glycosides - = -
, relate to the tlssue concentrations and of the pharmacokinetic

ST .~ propertlies-of the Indlvlidual glycoslides are necessary for s more

EA - .-complete understanding of the problem. .-
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T - .. Because of the good correlation between creatinine and digoxin = 7 "7
L i clearances, 1+ hes been generally accepted that digoxIn Is excreted by .-
. % glomerular. fl1ration; hovever, the demonstration of an actlve tubutar i %
“secretlon of digoxin:In man (Stelness, E. Renal tubuler secretion of . =.
-+ a-ndlgoxln. Clre. 50:103, .1974) and other specles (Rasmussen, Fi3 - . .- """
-~~~ Nowaz, M. and Stelness, E.-"Renal excretlon of digoxin.In swine and- —:=:5s ...
7 goats. Acta Vet. Scand. 163525, 1975; and Roman, R.-J. and Kauker, R
.- M. L. Renal tubule® transport of 3H-digoxin In saline dlureses in- .. .
. juzizTrats.  Evaluation by meropuncture Circ. Res. 38:185,. 1976) has not = .. Tu
" . Tonly ralsed questions about this +raditional concept, but also offered - -
a potentlal explanation for drug Interactions, llke with
oo spironolactone (Stelness, 1974, and Stelness, E.3 Andersen, J.-D.; -
. : "~ .Meebol I=Nleisen, N.3 .Nlelsen, 0. G.; Molkte, E. and Sorensen, U. A
e ;_af=5Spyonolal+one-lnducedf:hanges In digoxin pharmacokinetics In humans™ . .-
' ‘[to be published]) (see Abshagen, V.; Cardlac Glycosldes, ed. Bodem,
G. and Dengler, H. J.; Springer-Verlag Berlin, Heldelberg, New York,
1978, Chapter 33, 392-400 for some conflicting data), slince active
tubular excretion has a capaclty which can potentially be saturated
and/or competively Inhlblted. Data In 4 patlents with hypokalemia
(Stelness, E. Suppression of renal -excretlon of digoxin In hypokalemlic
patients. Clin. Pharm. Ther. 23:5!1, 1978) suggests hypokalemla also
reduces active tubular secretion of digoxin. (The postulated
mechanlsm Is through Increased aldosterone and competitive Inhibl+ion
of the tubular secretion mechanism.)

Conslderable Investigation of the pharmacokinetics of digoxIin In
premeture and full-term Infants as compared to the adult has resulted
In only partial clerlfication. The absorption, serum half-i1fe and
excretlon of digoxin In urlne and stool were found to be simliar In
Infants and adults In some of the earller studies by Hernandex, A.;
Burton, R. M.; Pagtakhan, R. D. and Goldring, D. ( Pharmacodynamics of
3H—dlgoxln In Infants. Pedlatrics 44:418, 196Q) and by Dugan, W
T.; Doherty, J. E.; Harvey, C.; Char, F. and Dairympie, G. V.
(Trittated digoxin, XVill: Studles In Infants and chlidren. Cire.
46:983, 1972). More recent studles have found an Increased mean
half=-i1fe of 57 hours In the premature newborns as compared to0 a mean
of 35 hours In the mature newborns, This Increased haif-l1fe In the
premature Infant has been atiributed, In part, to 8 decrease In the
renal clearance of digoxin The Increase In blologlc half-ilfe may
explaln the Increased serum concentration of digoxin per dose In
premature Infants. The pediatric dosing recommendations reflect that
both the loading and the malntenance dose must be decreased In the
premature Infant to avold toxlclty. '

-
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. There aiso appears to be an Increase In the volume of distribution 1n it
The newborn.” ‘Contributory to this Increase In the volume of T
distrlbution may be an-Increased tlssue and red celi dinding In the ™ iz
“newborn. "The observatlon:of an Increased volume of distribution In - = ob
.--The newborn hes been used +o0 explaln the relatively lower serum - . o
~ - Ziconcenirations-per unlt .dlgoxin adminlstered and the need for higher =™ =
“i7"doses of digoxIn per kllogram body welght In Infantsiz- = - S e

sxiF .- >+ _The serum concetration may:have to be Interpreted differently 1n the -
RN - “Infant than In the adult, since I+ has been found at post mortem that
the myocardlal-serum concentralon ratlo was twice as high In the -
former as In the latter. In these studles, both the Infants and the
AR adults recelved digoxIn for at least 5 .days end therefore could be . :
— -sald to be-at least approaching steady state. There was no evidence ~ - i=ss
© “of toxlclty In any of these Infants. .Experimental avlidence to support T °
. the hypothesls of myocardlal resistance to digltalls toxlclty In the
newborn has been provided by Rosen and co-workers. Ciinlcally, :
digoxin levels In excess of 2 ng/ml are frequently found In Infants
recelving standerd malntenance therapy without any ECG evidence of
toxlclty. Conversely, digoxIn Intoxlcation Is uniikely to be present -
In Infants when serum digoxin concentrations are less than 2 ng/mi . .
Digoxin toxliclty appears to be falrly common when the serum
concentralon Is In excess of 3.5 ng/ml. Serum digoxin levels up to
and even In excess of 5 ng/ml have been reported In chllidren who have
shown no evlidence of digitalls toxiclty. ) -

It 1s generally recognlzed that elderly patients develop diglitalis
Intoxication 1f they are malntalned on doses of digoxin that are well
tolerated In younger Indlviduals. There are confilclting data on
whether the myocardlum In the elderly Is more sensitive +o digitaills
glycosides. : '

Pharmacokinetic studles provide another explanation for digltails
Intolerance In the aged. Ewy, G. A.; Kapadla, G. G.; Yao, L.; Lullen,
M. and Ma~cus, F. |.( Digoxin metabollism In the elderly. Circuletion
39:449, 1969) found that a single dose of tritlated dlgox!n TnJected
Intravenously Into elderly patients resulted In a higher serum
concentration than In the younger control subjects. The higher serum
concentration of digoxIn In the elderiy may be due to changes In two
factors rather than just one. The first Is a decrease In renal
function, as measured by decrease In glomeruiar fll4ration rate, that
o regularly accompanles the aging process. This Is assoclated with a
e ) concomitant decrease In digoxin rena! clearance. in addition, elderly
S patlents are smaller and have a decreased skeletal muscle mass, and ...
_.have a decrease In the apparent volume of distrlbution. 1f volume of .. .
- . "distribution-and clearance change proportionally, the net effect I1s no = -
change In serum half-11fe, but the steady-state serum levels are |
Increased as compared +o serum levels In younger patlents glven the -
same dose of digoxin. Generally renal clearance decreases more than
apparent volume of distribution so that older patlents have a net
- _Increase In.half-life.sz.. . ... .. - -

JT. e . K L. R
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L7 .. Clinleal Studles S e oA

fallure and control. of veniricular rate In patients with-

- supraveniricular tachyarrhythmlas, princlpally atrial flbi'Hi&ion.
~-i7:. For thls reason, thls review will be 1n two divisions - congestive -
=" heart fallure and ventricular rate control. R

T - ...». Twelve studles are.reviewed In the section deallng wlth congestive -
e - heart fallure and 9 In the sectlon dealing with ventricular rate
control. Seven of the 12 studles regarding congestive heart faliure
and 6 of the 9 regarding ventricular rate conirol were suppllied by +he
sponsor who also supplled 8 text book cltations which contalned no
-data and are not Included In this review.: - - TR TS

- 4is

A

CONGESTIVE HEART FAILURE

The clinlcal signs and symptoms of congestive heart faflure (e.g.
tatigue and reduced exercise tolerance; dyspnea and other respiratory
symptoms and thelr resplratory and radlographic slgns; nocturla .
[eariy] and ollgurie [late]; edema; venous congestion wlth
hepatomegaly, asclites and hydrothorax; slgns of Increased adrenergic
actlivlty and reduced cardlac output; cardlomegaly with gallops, puisus
alternans, accentuatlion of P2; fever; cachexla; Cheyne-Stokes
respiration, etc.) are the end product of the complex Interactions of
the varlous components that regulate the circulation and Its pump, the
heart and secondary effects on other vital organ systems (e.g. see '
Braunwald, E., Regulation of the Circulation. NEJM 290:1124, 1420.
1974; Benge, W. et al Exerclse Capacity In Patlents with Severe Left
Veniricular Dysfunction. . Clrc 61:955, "1980). . Expert recommendations
for treatment of congestive heart fallure have been changlng over ‘the
last 5-10 years (e.g. see Chapter 33, AMA Drug Evaluations, 4th Ed.,
1980). Previously, digltalis preparations and a low sodlum dlet were
the primary treatment for uncomplicated cases of congestive heart
tfallure. Patlents started on cardlac glycosldes during an acute
liiness Involving any of the slgns or symptoms of heart fallure were
often left on thelr glycoslide Indefinitely although signs and symptoms
were absent., In recent years, the concepts that digltalls should be
glven to all patlents with congestlve heart fallure (e.g. ses Cohn, J.
N., Indicatlons for digltalls therapy: A new look JAMA 229:1911,
1974) or should be gliven as the Inltial treatment. In patients in
normal sinus rhythm (e.g. see edltorlal, Digoxin In sinus rhythm. Br.
Med. J. 1:1103, 1979) or should be continued Indefinltely once 1+ 1s
. - started for whatever reason have all been questloned (e.g. Spector,
et .=-. Re, Diglitalls Therapy in Heart Fallure: A Ratlonal Approach J. Citn.
i “- 7 Pharmacol. 192692, 1979) based essentlially on the observations that
orugs with better toxlic/therapeutic ratios can confrol the clinlcal
1o -slgns and symptoms of congestive heart faliure without an sbsolute
necessity for diglitaltls therapy In 2 large proportion of patlents
_— _ Inltlally dlgitallzed because of "heart fallure™ — (representative
waEss --studles of thls type wlll be reviewed later In this section).

':.::"_;-f.’J"‘he,['rl-n.l&'y'lndk':a?—lé;s?jfd' <dlg'oxlq"f&é' management of congesfle heart i
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"1t becomes obvious from reviewing clinlcal studles on digltalls In
" congestive heart fallure secondary to orterlosclierotic heart disease L
-.#nd_hypertension_In_patients In normal. sinus rhy?hm,tha*}Pnﬂ-Pﬁf'enfsfi -
“Hirare selected and ‘heart fallure deflned and evaiuaTed'vll[-ld’large S
" . measure determlne whether or not .one can demonstrate the effectiveness R
Ofdlgoxin, - Lmmac el st

This Is demonstr

d by the followlng 2.well=control led studles - -
©_ submltted by the sponsor as fhe-p!vo+a|;proof~ofﬁefflcacy,of_qlgoxln LT

"%?7?%:“f77‘~x’ for -the treatment of ‘congestive heart fallure.

. 1. Anold, S. B.; Byrd, R. C.; Melster, W.; Meimon, K.; -Chelt!In,

ST -. M. D.; Bristow,-J. D.3 Parmley,-W. W.; Chatter Jee, K.: .

CLEEEL ko zi Longﬁferm‘dtg??atIS“Therapyaimproves 1eff-venftipular'fallure.
RS === - New England -dournal of Medicine 303:1443, 1980, - --

This Is a basel Ine~control led, open—1abs| study to determine the - --
long-term effectlveness of digoxin tn the treatment of congestlive
heart fallure (CHF). Ten patlents entered and nine patlents, 6 males
and 3 females, aged 27-67 years (mean 5 years), wlth chronlc CHF
completed the protocol. CHF was secondary to ldlopathic congestlve
cardlomyopathy In 4 of +he patlents, Ischemlc heart dlsease In 3,
long-standing hypertension In | and valvular dlsease In |. All
patlents had been on a stable dose of digoxIn (125-250 ug/day) for at
least 2 months. The Indications for Inltlation of long-term digltalls
therapy Included presence of clinlcal and radiologlc evldence of CHF
with S3, cardiomegaly, and puimonary and sytemic venous :
hypertension. The criteria for entry Into the study Included a
history of CHF; at teast one documented eplsode of pulmonary edema, In
the past; and a degree of compensation of CHF whlle recelving '
long-term digoxin and diuretic therapy. At the time of study, four
patients were In New York Heart Assoclatlion (NYHA) Class Il and flve
In"Cless t11. These patlents thus had unequivocal CHF. Patlents In
NYHA Class | or who were unstable clinlcally or not In normal sinus
rhythm were excluded. Af| petlents took stable doses of dluretics
before the study and the dluretic regimen was not altered during the
study except In one patient (reasons and dose alterations not

stated). All other medications were malntalned at the same dose
during the study.

Two to four clinlcel evaluations were performed durlng a 2-4 week

perlod prior to the first hemodynamic Investigation. Dligoxin dosage,

welght and clinlcal status were unchanged durlng thls perlod. The

Inltlal serum dlgoxIn -level, obtalned 4-6 hours aft the AM. dose .

- . 1-4 days prior to the_hemodynamic studles, was between 0.4-1.7 ng/mi - o

o0 nz o {mean +SD = 1.} 30.4ng/ml). Gated blood pool ejJection fraction - .: - -
~ were performed |-4 days before the hemodynamic study In 7/9 patients

- to further assess the effects of long~term dlgoxIn on -myocardlal

- functlon. Yo ' S :
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"~ The hemodynamlc studles were performed in the A.M. In theé i
post-absorptive state by right heart catheterlzation. *Hemodynamics - - -
--~were studled et rest and during suplne.exgrclse‘us!ngia;blcycle.;ngA“;
-ergometer.:--The workload was Incressed every 3 minutes. until symptoms ... -
. (dyspnea or fatigue) !imlted continulng at which time the hemodynamic ™ - -
- .measurements were repested. Patients then rested for-i.hour during ....-.
=" which 250-500 ug dlgoxIn-(depending on Initlal digoxin “level) was :
. .Infused. Resting and exerclse hemodynamics at the same workload were .
#H:Q:‘iitepeafedVln_§f§_hpqgs;§;;;§;ﬁ R O Sl iie
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- Digoxin was then discontinued, the other medicatlions contlnued, and
A the patients were observed weekly for determinatlons of changes In
S ... ¢clinical status. Four . -patlents were rehospitallzed In 12-3] days due .
IR - -2 ~. 10 recurrence of. CHF.'“The other 5 were rehospltalized 6~7 weeks after.
= vt " termination of dlgoxin. ” 7/9 had repeated blood pool ejectlon
' _ fractions 1-4 days before rehospltal izaetfon and 5/9 had repeat

creatinine clearance determinations. : ' A

Resting and exerclse hemodynamlc measurements were agaln performed, as
during the filrst hospitalization, with exerclse hemodynamlics measured
at the workload used during the first study. One mg of dligoxin was
. then Infused and the hemodynamic parame‘ers obtained 4-5 hours later.
Palrwlse comparisons were made of hemodynamic values measured at
‘baseline (long-term digoxin) after “he acute additional dose of
digoxin, after digoxin withdrawal, and +hen after acute_
readminlstration. The hemodynamic values are tabulated In Table 1-1
(page 13) with the statistical signlficance of the comparisons :
Indicated. It Is clear that long-term digox!in and acute digoxin were
assoclated with a higher cerdlac Index, stroke-work Index, and )
eJectlon fractions, and a lower wedge pressure, -both at rest and
exerclse. '

One of the patients In NYHA Class 1| and £ In Ciass 111 had clinical
deterloration In assoclation with worsened hemodynamlic status after
digoxin withdrawal. There was no change In the symptomatic status of
the other four. After digoxin withdrawal, cardiac output (CO)
decreased In 7/9, stroke vo'ume decreased In 8/9, left ventricular
stroke work Index (LVSWI) decreased In 9/9, and Pulmonary caplliary
wedge pressure (PCW) Increased In 9/9. Foliowling relnstitution of
digoxin, stroke volume, stroke volume index and LYSW! Increased and
- PCW decreased In 9/9. Total systemlc reslistance and blood pressure

dld not change after withdrawal nor with relntroduction of digoxin,

o ) Indlvidual ventricular function curves (LVSW! vs PCW) were shifted up

R ... and to the left by digoxin Indicating Improved cardlac function., .= -

.2t As no change In vascular reslstance was noted, “the only“mechanlsm to
- ‘ support the Increased stroke volums and CO and decreased PCW 1Is the
g . positive Inotroplc effect of digoxin. . The decrease In eJection

- fractlon In 5/7 petients following dlgoxIn termination further
supports thls concluslon. e S

L oemem o e ET IR . - NI R I A e -~ - . .
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fr In thls population ébﬁr.d;;rlafely selected on the basls of 2 carefuyl . L oE

review of the Indications for digox!n and hemo-dynamic findings, 1+ ig
“#% clear_ that a positive Inotroplc effect of digoxin was present .during ~_:ngis
3 lon’g-‘ferm-dlgoxln_ therapy, as Indicated by deterforation‘of the N
7-"._ measured Indlces upon drug withdrawal and recovery:uponi- ": -
,.V,.‘;;{:feadmlnlsfraﬂon'._:‘.11_1s.mofewor'_l-hy that In terms of ‘symp'l'oma'l'ology dn o=
"2 4 out of the 9 patlents +the observed deterloration and Improvement In -0
~cardiac functlon cquld not be detected clinical ly desplte the "
25z <= .. ... unblinded nature of -the study. - . LT T

R
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 Table 1-1

e s Additlonal  After . - . . acute Digoxln .~ .=
Pieeers - Basellne (. Digoxin Withdrawal# R ‘Admlnls*lraﬂon**'_"‘:;

Nl ki

Cardlac Index (L/min) ' -
Rest 2. 0.6(p 0.025) . 2.5+
Exerclse 3 1.2(p 0.05) 3.8 +

PCW (mm Hyg)
Rest 21 + 7.7

+ I -5(p 0.001)
Exerclse 33 +7 3 (

2
p 0.001) 3

Heart Rate (beat/min)
Rest 77

t4.1 85 + 13.3 - 77 + 14
Exerclse i

23 121 * 16 117 ¥ 25

Stroke Work Index (g.m/m2) '
Rest 38+ 17.7 44+ 14.6 26 X 14.2(p 0.001) 40 + 14.4(p 0.001)
Exercise 45 + 22 50 + 23 33 % 22(p 0.005) 47 + 29(p 0.005)

EJectlon Fractlion (%)
41+ 44 - 30+ 14(p 0.05) -

Creatinlne Clearance
(ml/min/1.73m) 78+ 15 - 55+ 9(p 0.01) -

Values are mean } standard deviation
*  p-values for comparlson of basellne and withdrawal
*% p-value for comparison of wilthdrawal and acute readminlistration.

. The next study lliustrates thls point even more graphical ly.

e .2« _Lee, D. C.; Johnson, R. A.; Bengham, J. B.;"Leahy, M.; . . =
Ti7- 7 Dinsmore, R. E.; Goroll, A. H.: Newell, J. B.; Strauss, H. W.; N

.~.Haber, E. Heart Fallure In Outpatients: A Randomlzed Trial of

T " .~ . Digoxin Versus Placebo (Manuscrlipt from the Cardlac Unlt,

T ‘ Massachusetts General Hospltal, Boston, Massachusetts 0214

o . .. ....publlshed as an abstract In Circulation, Vol. 62, S

L ST SR Supp. 1112325, 1981). : ’ ) =
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- " This was a random! zed double-blln'd“,; crossover evaldaﬂon of digoxin
- " . versus placebo In 25 patients with CHF In normal slnus rythym (NSR)."

-~ Patlents were.selected on the basls of chart survey findings of e e -
T elinlcal (10°of 13 possible polints) and radiographlc (3 of the 13 ~ =~ :
3 “.;..posslblq polnts) evidence of CHF. Thirty-five patlents were-- .. . N
. .......enrolled” Twenty-five patients completed the study - -l L oo

) 5 diery e e,
B L et

. . The patlent populatton who completed +he study consisted of 18 men and .
2%, =7.women, aged 40 10:83_years of age... Ten had CHF on the basls of . .. . -
. -~ multiple myocardlal Infarcts, 3 had left veniricula~ aneurysms, 2 hag = -~~~
recurrent Ischemla, 6 had Idlopathic cardlomyopathy (l.e., no basis _
could be established desplte anglograms In 3) and 4 had left- T
R ....’venirlculer hypertrophy (LVH) -from *jong-standing™ hypertension. They -+
LoTEe “zwére all In NSR. None had valular heart disease.” None.had heart . ....0.Z7 =i~
“fallure (HF) only assoclated with an acute eplsode. None were In NYHA
Ciass 1V, : ’ B

Patlents were followed during a varlable fength lead In perlod where
digoxIn was adminlstered to bring thelr serum level to 1.2 ng/ml (X
dose required 0.435 mg, range 0.125-1.0 mg). Thelr dluretlc dose was
then adjusted unt]| thelr welght, symptoms and physical findings "were
stable." Patlents were rendomly assigned to treatment, A or B, end
followed at 10 day Intervals. (f thelr status did not change after
8-10 weeks they were glven an end of perlod evaluatlon (chest x-ray,
sp Irometry, Phonocardiogram, echocardiogram and radionucllde
veniriculography) and then crossed over to the other treatment and
folliowed similarly,

It CHF worsened In elther p{lod they had their end of perlod
evaluation, the study treatment was discontinued, and they were glven
digoxin at thelr previous malntenance dose. Thelr dluretic was
Increased 1f necessary to brlng them back to thelr prevlious basellIne
state, then It |lkewlse was readminlstered at Its previous dose and
the other treatment was administered to complete the study (the study
was terminated I't they had already had the previous treatment). (?
exceptlions to this see thelr Figure 3).

The protocol data presentatlons In the manuscr Ipt does not distingulish
between aprlor! and post-priori analyses so that It Is difflcul+ to
-dlfferentiate between what hypothesis were tested by the exper Iment
- and which were generated by It. Fortunately, In the manuscrlpt we
have more data than wllli probably appear In the flnal paper because
some of the flgures and tables are not really cruclal to the author's
_dlscussion.. The date organlzation Into Group | (the 14 "responders") o
. 2o ,and Group 11 (the 11 "non-responders") makes 1+ particularly difficult. - - .
.f%;?to-lndepeﬁdeﬁij analyze the data and the results. The most cruclal -~
" mlssing Information which can not be derlved from the data Is the - =
. ~order In which patlents got placebo or dlgoxin to_look' for the
possible Influence of the Initlal randomlzation and sequence of
. administration. | have prepared some addltional graphs showling the
T ..relationship of the selection , placebo and digoxin HF scores.

T e L eim e T 2 e s : : b . .=
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e "These data demonsirate the generlc difficulty with and potentialt -
: ‘ Importance of patient selection criterla. In +his case the selection”

-2, HF 'scores correlated ‘poorly with.placebo HF scores...This poor. .. ...~ - -+
3.7 <correlation may reflect-differences In the other. ‘elements Invoived In .-
. _the patlent's freatment.or Inherent differences in the patlentis L
- "dlsease at dlfterent. tlmes. -1t emphaslzes the difflculty-dn the R S
= -Clinlcal use of digoxin of trying Yo declde who needs digoxIn - - '
) Indefinltely and who does not. - .1+ does not support the current
T .. reflected In the current .label that In -general patlients. placed on )
.. - .7 - dlgoxin for clear-cut.indlcations of CHF should be left on dligoxin -
Tndefinitely. :

33”?5'

..~ . 11 Is clear that the-10.patients who. had- 0 or 1-HE-scores on placebo @ -
- .. blas the study against digoxin because thelr potential for ‘Amprovement: . -
" "1s much less (better score possiblilty of 0 4o =1) +han ‘thelr ™ ’
potential for getting worse (worse score possibliity of +13 to +12).
Four of these 10 patients had higher HF scores on digoxin than piacebo
(patlents T, U, V¥ +.U). Only 2 of the other 15 patlents had higher
scores on digoxin than placebo (patients R and P). No patient had a
higher score on digoxon than thelr selectlion HF score (2 G + P had the
same scores). Two patlents had higher scores on placebo than thelr
selection HF score (G + F), ' '

If one looks at the |5 patlents who's placebo HF scores were more than
I; thelr medlan score was 5 and the only 2 patients who!s scores on
digoxin were hlgher had placebo HF scores of 3 and 5 (patlents R +

P). The following table Illustrates the Influence of the placebo HF
scores on the outcome and how the results are directly affected by
Including or excluding them from analysls, :

CHANGE 1n HF
SCORE eoewn Do

. PL HF INCR.| sam&| Decr.
SCeRES K
0- | 4 | s T
2 - 11 2 0 13
[t3
_.The"authors have placed 9/10 of the Tow (0-1) ‘placebo HF storg™ © . = o -
patlents In Group 11 along with 2/15 of the higher (2-11) placebo HF
score patlents. . - .o - : T e e

o ..Inreviewing the 3 patients Involved (K, P and R) | don'+ belleve 1+
Clame - -I™ould change the baslc concluslons so let us turn to the authors
: presentation of thelr results and concluslons.

DY o - .
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s 7 1n Teble 3 (pages 22 and 23) In comparing results on digox!n and placebo

s ..~ - . the study dld not show a statistically signlficant difference between -

;73 responders {Group 1) and non-responders {(Group |1).In anything except - -

- the cardlothoracic ratlo. -Both groups showed Improvement :1n body welght .

- and left veniricular Infernal dlastolic dimension. Note that there was L
v no}_a-statistical ly signlficant difference between: - scores on dlgoxin__ -

7: == ond placebo In-elther group. = it v mim TmTemmeiao. ST

P

=i 0 aodn Table 4 (pages 24;-25:gnq‘26) In comparing the 2.groups the only -

"TIiT.. L.+ " baseline characterlstic correlating wlth the favorable qutcome with ... .
- dlgoxin was the presense of a third heart sound. Although I+ Is not

explicltedly discussed In the manuscript, It:can be presumed that this

- vwas 8 post priori finding because of the assignment of-patient-P to -

~ -

l7~_~*;»_" =7+ -Broup 11 - {only patient An Group 11 with a third heart sound).”. " = ST

There are results presented on 6 petients (Flg. 3, pages' 27 and 28)
which are not part of the protocol and from the legend accompanying the
flgure, the resuits are not necessar!ly In the sequence:of actual
events. These patients would support the authors conclusions better
than the data from the study Itself; namely, that "long~-term digoxin
therapy Is ciinically beneficlal In a subset of patlents with heart
fallure and sinus rhythm." Such results from bllInded randomlzed
readminlsirations would deflne such a group. Unfortunately, thls figure
does not represent those clrcumstances. -

These 2 recent studles are conslstent with each other and with previous
studles (summarles of some follow) which demonsirate the positive
beneflclal effects of digoxin on cardlac functlon as measured by &
varlety of technloues and the lack of a good correlation of such
Improvement with clinical Improvement of the signs and symptoms of
congestlive heart fallure In patlents on stable multiple drug regimens.
The explanation for this apparent lack of the strong correlation one
would expect between cardlac functlon and heart fallure is reasonably
siralght forward although conjectural rather than establ!ished by direct
experimentation in man. As polnted out In the beginning of +hls
discusslon there are complex Inter-relations between a number of
elements principally Involving the cardlo-vascular tree, renal-adrenal
regulatory mechanisms and the central nervous system which determline
clrculatory functlon. A decrease In cardlac muscle's coniractiie force
Is inltlally compensated for by other elements of the system. {f the
- system decompensates drugs affecting elements other than the heart per
se, such as dluretics, may recompensate the system to an extent where
‘the addltion of 2 cardliac glycoslde which can be shown 4o demonsirably
o ) . aftect-cardlac function may produce no change (Improvement) .1n overali P
“wiaT- - system functlon. Experlments which conclusively establlshed that - L7
C digoxin alone Is effectlve In correcting the sligns end symptoms of '
PR .. Pheart fallure" secondery to decressed cardlac force of contraction
- might satlisfy the strict letter of the regulations, but would not be as
N valuable medically as studles wich compared the long term rlsks and
DL ~...benetlts of clinlically apparently equal alternatlves treatment regimens -
o - (eqqp)fln effect on signs and symptoms, but not hemodynamically equal).
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ble 3. Digoxin ,vs‘Placebo'

: Number of : . .
Group*  Patients Digoxint ' Placebot . rt . :
\ . X "
. | — 8
HF § Total 25 2.0+ 1.9 3.6 + 3.6 . , >0.05 1 l
S 14 2.0 + 1.8 © 5.8 3.3 o <
B & C 1 1.9 + 2.3 0.9% 1.6 \
. . . ] : : i
Heart rate Total 23 A ’ 81 + 16 86 + 17 o - 50.0S QA
(beats/min) I- “13 81 + 15 90 + 16 T
11 10 ' 81 % 20 81 % 18
Mean blood pres- Total 25 99 + 16 98 + 15 >0.05
sure (mm Hg) I 14 ) 97+ 11 92 + 11 = . N
11 11 . 102 ¥ 21 106 * 16 L
Body weight :  Total - 25 77 + 36 | 78 4+ 35 . 0.012
(kg) : I 14 72 + 16 73+ 16 >0.05
‘ 11 11 82 * 15 84 ¥ 15 >0.05
Vital capacity Total 25 2.5 + 0.6 2.4 4+ 0.5 : 50.05
(1) I 14 o 2.7 + 0.6 2.5 + 0.6
11 11 2.3% 0.5 2.4 ¥ 0.5
Cardiothoracic - Total 25 0.51 + 0.07 .70.53 + 0,07 _ 0.00028
ratio + I 14 0.52 + 0.05 | 0.55 + 0.05 0.0018
11 BB 0.50 ¥ 0.08 I 0.51 ¥ 0.09 >0.05
Left ventricular Total 215§ AM+S53 ' 33 + 5.3 . 0.0012
. internal diastolic I 12 : . 35+ 3.6 36 + 3.4 ©0.042
dimension (mm/m?) i} 1I 9 27 ¥ 4.0 29 ¥ 5.2 '0.033
Left atrial diam- Total 22 %S 22 + 2.8 ' , 2+3.9 . >0.05
eter (mm/m2)4+F ' 1 12 2429 - . T 23 #°3.4 .
11 10 22 ¥ 3.1 22 ¥ 4.6
Left ventricular Total 25 - 0.30 + 6.19 0.29 + 0.19 ' >0,05
ejection fraction1¥ 1 . 14 0.19-+ 0.07 0.19 + 0.07
1§ S 11 0.42 ¥ 0.20 0.44 ¥ 0.20 D
, Preejection per- Total 24 §§ 0.52 + 0.19 0.54 + 0.22 - " >0.05 p
iod/left ventric- I A N ' 0.54 + 0.19 : 0.59 + 0.23 ' yy
ular ej~-*ion 11 10 0'"%0,18 | 0.47 + 0.20 T

5 : A

time ** ),
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Footnotes to Table 3

' *Groups 1 (AHF>O) and II (AHF< 0). as defined in text.®
+Mean + S D. - — . ' . B )

#Paired t-tcst.ﬁ S

: SBF = heart-failure score (Table 1)

1I—test pe:formed on a logarithmin transformation of.HF.

**Excludlng tuo patlents with continuous ventricular pacing. ' Y
_ ++Measured by posteroanterior chest radiography;m“-. o
- #bhjeasured by H—mode echocardlography.; - ii;, - ,
§§£xc1ud1ng pac1ents in whom adequate data could not -be’ obta:ned.

~ S$YMeasured by resting radionuclide ventt;culography.

*x*Measured phonocardiographically -in 23 patients and echocardzographically in 1l patien1
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A1ANnY

L ' ' , ' HEART , T
ILMONARY NYHA brureric crApE!®  souwn!!  LveF12  CAUSE OF HEART FAILURE @©
DELY CHRONICITY8 - - CLASS9 : \O

1 c 111 2 + 0.17 myocardial ‘infarctions * - § .
1 M I11 2 + 0.43 myocardial infarctions : i :
1 c 11 k] + 0.19 myocardial infarctions © S .
0 c III 3 + 0.19 idiopathic cardiomyopathy ~
1 C It 2 + 0.07 left ventricular apeurysml3d 0Q -
0 c I1 2 + 0.22 left ventricular aneurysmld  °
0 c 111 4 + 0.15 myocardial infarctionsl3 ~
1 M I1I 3 + 0.19 idiopathic cardiomyopathy N :
1 S 111 -1 + 0.22 idiopathic cardiomyopathy
3 C. I1I 4 + 0.15 idiopathic cardiomyopathyll
0 c I 2 + 0.18 myocardial infarctionsl]
2 .M I 3 +- 0.24 left ventricular aneurysm C."
1 ! c 111 4 + 0.15 myocardial infarctionsl3 .
1 c I1 1 + 0.14 . myocardial infarctions
0 S I 1 - 0.53 " hypertrophic cardiomyopathylé
] M 111 3 + 0.13 - 1diopathic cardiomyopathyl3
0 S 1 1 - 0.52  : hypertrophic cardiomyopathyls
0 C 111 2 - 0.64 . . hypertrophic cardiomyopathyls
1 'S I1 3 - 0.67 ., 'ischemia 13,15
0 s 11 3 - 0.246 . myocardial infarctions!3
0 S IT 2 - 0.57 . ' "hypertrophic cardiomyopathyl3,14
1 S 111 1 - 0.22 - myocardial infarctions
1 S 1 1 - 0.61 ~ ischemia 13,15 . o
L M 111 2 - 0.18 ' myocardial infarctions R
) M 11 2 - 0.35 . idiopathic cardiomyopathyl3
e ' ' - .o 2
f
' N
o
- (See footnotes on following page) ::
: ) )



P e e T Y

e

. Footnotes to Table .4:

-1

-

2.

Qt__ N it
3
&4,

History ofltypical angina present (+) or absent (-). - .

8HF = HF - Hrhigoxiﬁ' where HF = heart-failure score (Table 1),

placebo

Diabetic history positive (+) if a fasting glucose >150 mg/dl or persistent glycosuri
had been documented. e - :

Hiétori'of sygkémit hyperténﬁion positive (+) if 2 -or more blood pressure recordings

- of at least 1§0 mm Hg systolic, 90 mm Hg diastolic, or both had been documented.

5.

‘6..

10.

11.

on

12,
13.
14.

15.

LVH = left ventricular hypért@ophy,:definéd by a left ventricular posterior
wall thickness 2 12 mm (M-mode echocardiography). - i iorcnn wiaenl . .

R R TR T T . . .\ . -

-.—.—_A\ " vt N—

Quréfion = time siﬁce fitst'diagndsis of heart failure.

Number of episodes of acute pulmonary edema_(definea"aS”the syndrome of acute
respiratory distress requiring emergency treatment or radiographic alveolar
edema) occurring before entry. o .

A}

Chronicity: § = single episode; Mm-"multipie“episades;' and C = chronic (per-'
sistent symptoms or signs). o ’

New York Heart Association Functional Class at entry.

Diuretic grade: "1 = less than 40 mg/d of furosemide; 2 =40 to 80 mg/d;.3 = more
than 80 mg/d; &4 = more than 80 mg/d, plus vasodilators or other diuretics (up to

100 mg/d of hydrochlorothiazide considered grade 1).

’

Third heart sound (or summation gallop)Apresgnt£(+)_o:,aﬁsent“(:) during
placebo period. P _
LVEF = resting left ventricular ejection frécfioﬁ,.mgasutéd by“radionuclidé
ventriculography. - : ’

Presence or absence of atherosclerotic coronary artery disease documented by
coronary angiography.

Concentric left ventricular hypertrophy was the only apparent cause of_heart
failure. : : -

In addition to documented coronary artery disease; the patient ﬁad an exercise-
induced fall in left ventricular ejection fraction exceeding 0.10.

AO
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Fig. 3  Repetitive trxals of digoxin (D) versus placebo (P). The heart-fallure

score (HF, see Table 1) is displayed for alternatlng P and D in 5 Group-I

and 1 Group-II patients (see text). Where chest-radiographic data are
n;t available in all repétitions. a modified score, omitting points in
;ﬂ the radiographic category, is used (patients E.and.J). P?tters
. identifying individual patients corréspond to the designations in

Tables 2 and 4. The displayed order of study periods is not

necessarlly the actual order of occurrence.
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