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The effects of intravenous captopril and intravenous dig-
oxin given Separately and in combination on rest and
exercise hemodynamics were studied in 16 patients with
severe heart failure and sinys rhythm. When given sepa-
rately, both captopril and digoxin decreased the pulmonary
capillary wedge pressure by, respectively, 249 {p = 0.003)
and 34% (p = 0.004) and systemic vascular resistance by
2% (p = 0.09) and 20% (P = 0.03). Only digoxin
increased cardiac index by 23% (p = 0.03) and stroke work
index by 529 (p = 0.01).

During maximal exercise, captopril alone decreased
systemic vascular resistance by 28% (p = 0.0002) and
increased cardiac index by 33% (p = 0.02). Digoxin alone
decreased pulmonary capillary wedge pressure by 11% (p
= 0.04) and increased stroke work index by 44% (p =
0.01). The combination of captopril and digoxin resulted in
a decrease in pulmonary capillary wedge pressure and

-_—

The role of digitalis preparations in the treatment of patients
with heart failure and sinus rhythm remains controversial
(1,2). Because of the increased systemic vasoconstriction
occasionally seen with the use of a cardiac glycoside, its
inotropic effect may not always be translated into a benefi-
cial hemodynamic o clinical response (3-7). Angiotensin-
converting enzyme inhibitors improve cardiac function by
reducing both arterial and vVenous resistance (8,9) by atten-
uating the neurohormonal imbalance observed in heart fail-
ure (10). During the Jast decade, clinical studies (11-17) of
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systemic vascular resistance and an increase in cardiac

index and stroke work index both at rest and during
exercise that was greater than values observed with either

drug given alone,

Cardiac index response to the combination of captopril
and digoxin correlated with baseline serum aldosterone
Concentration (r = (.8, P < 0.001) and plasma renin
activity (r = (.74, P < 0.0002). A significant decrease in
norepinephrine concentration was noted after digoxin was
administered alone or added to captopril.

These findings demonstrate that in patients with severe
heart failure, the acute administration of captopril and
digoxin has an independent salutary hemodynamic effect.
The combination of these agents, however, has an adjunc-
tive effect on cardiac function at rest and during exercise.

(J Am Coll Cardiol 1989,13:134—42)
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angiotensin~converting enzyme inhibitors in patients with
heart failure who were maintained on digoxin therapy dem-
onstrated both hemodynamic and clinical benefit. A recent
double-blind study (18) concluded that both captopril and
digoxin, when used separately, were useful in patients with
heart failure; however, only digoxin significantly increased
the ejection fraction when compared with captopril, and only
captopril resulted in a significant increase in exercise time
and improvement in functional class when compared with
results after placebo.

Because angiotensin-converting enzyme inhibitors (in
particular, captopril) prevent some of the peripheral vaso-
constrictive effects of digitalis preparations (19), it is possi-
ble that the combination of digoxin and captopril may be
more beneficial in the treatment of heart failure than is either
drug used alone. This study examines the hemodynamic and
neurohormonal effects of (he intravenous administration of
these agents given Separately and in combination to patients
with severe heart failure and sinus rhythm. :
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£ Table 1. Clinical Characteristics and Baseline Hemodynamics in 16 Patients
- N
 T— Age (yr) & Etiology of NYHA Prior Therapy RNEF cl PCWP
No. Gender Heart Failure Class Dig Acei S Vas (%) (liters/min per m?) (mm Hg)
Group 1 (captopril followed by digoxin)
1 36M DCM 11 No No No 9 2.4 2
2 73M DCM v Yest No No 13 1.4 25
1 61M . CAD 111 Yest No No 13 1.0 40
4 I3M DCM 11 No Yest No 13 1.4 40
5 81M DCM v No No No 17 23 26
6 52M CAD 11l No Yest No 12 22 30
7 71M CAD 11t No No No 12 1.6 28
§ - 59M CAD 111 No No No 19 1.8 24
9 58M DCM 11 No No No 25 1.8 28
Mean 58 15 1.8 29
+SD 10 - 5 0.5 7
Group 2 (digoxin followed by captopril)
10 69M CAD v No No No 17 2.4 42
1 45M CAD 111 Yest No No 34 2.7 20
12 59M CAD 11 No No No 21 2.0 ky)
13 7IM DCM 111 No No No 40 2.3 44
14 41M DCM 111 No Yest No 11 1.9 35
15 54M DCM 11 No No Yes 25 1.6 30
16 55M DCM i3 Yest No Yes 19 1.5 40
Mean 57 23 2.1 35
+SD 5 10% 0.4 8%

*All patients were receiving a constant dose of diuretic drug (furosemide); tdiscontinued at least 7 days before study; fdifferences between Groups 1 and 2

{p < 0.05). Acei = angiotensin-converting enzyme inhibitors; CAD

fraction; S Vas = systemic vasodilators.

Methods

. Patient selection. Patients enrolled in this study were
among those admitted to Henry Ford Hospital bétween July
1986 and May 1987 with a diagnosis of severe chronic heart
failure due to ischemic or primary myocardial disease. All
had normal sinus rhythm. ‘
Exclusion criteria were therapy with digitalis or systemic
Vasodilators other than nitrates 7 days before entering the
Study; heart failure resulting primarily from uncontrolled
;h)’perlension or congenital, valvular, pericardial, hypertro-
P}?’C or restrictive heart disease; myocardial infarction
Within the previous 2 months; history of atrial arrhythmias
Other than premature atrial complexes and significant pul-
Monary, repal, hepatic or hematologic disease. The protocol
Was approved by the Project Research and Human Rights
in‘;mmitlee of Henry Ford Hospital. Participants were fully
—"ormed and provided written informed consent.
o St“(_iy patients (Table 1). The study group consisted of 16
CN With severe heart failure due to ischemic (7 patients) or
lateq idiopathic (9 patients) cardiomyopathy. The mean
b"i r’as 57 years (range 33 to 81). Prior medication and
le Ine hEmOdynarnic characteristics are shown in Table 1.
‘ hag New York Heart Association functional class 111 or

= coronary artery disease; CI = cardiac index; DCM = dilated cardiomyopathy; Dig =
digoxin; M = male; NYHA class = New York Heart Association functional class; PCWP = pulmenary capillary wedge pressure; RNEF = radionuclide ejection

IV heart failure symptoms 30 to 60 days before admission
and received a constant dose of diuretic drug in the hospital
for several days before study.

Study Protocol

Baseline studies and measurements. To assure hemody-
namic stability and prevent hemodynamic changes that may
be induced by the instrumentation (20), the day before study,
a balloon-tipped fiberoptic triple lumen thermodilution cath-
eter (Swan-Ganz Oximetry, American Edwards: or Oximet-
rix, Abbott Laboratories) was advanced into the pulmonary
artery, and a short plastic cannula (3.0F, Cook) was inserted
percutaneously into the radial artery.

On the morning of the study, diuretic drugs were withheld
and patients were maintained on a liquid diet. After hemo-
dynamic stabilization (<10% variability in cardiac index or
pulmonary capillary wedge pressure), supine radionuclide
ejection fraction at rest, heart rate and systemic arterial,
pulmonary capillary wedge and right atrial pressures were
determined, as previously described (21), and recorded on a
multichannel physiologic recorder (Hewlett-Packard). Car-
diac output was measured in triplicate by the thermodilution
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Figure 1. Serial changes in cardiac index and pulmonary capillary
wedge pressure in Group 1 (nine patients; captopril preceding
digoxin). *Analysis of variance for repeated measurements over
lime in response fo the combination of captopril and digoxin:
**comparison of the Summary of mean hemodynamic values in each
patient after the administration of captopril bolus injections (CB)
and constant infusion compared with the sum of al| mean values
obtained after the addition of digoxin to captopril.

Table 2. Rest Hemodynamics in Group |*

HR (beats/min) AP (mm Hg)
_— T
P B C Ch B C

PCWP (mm Hg)
Ch B C Cb

I 9% 92 86 98 83 %0 m 20 1§
2 L Y A 60 25 18 18
3 102 89 91 87 67 65 4 25 24
4 e 93 96 7 90 40 32 28
5 84 77 84 93 90 83 26 16 10
6 94 84 74 469 B30 26 RZ]
7 86 88 85 80 77 92 28 22 23
8§ 89 93 84 71 83 73 24 24 17
9 62 57 84 104 65 95 kb 12 14
Meun 89 -+ 82 82 84 75 78 29 n 20
+SD 15 15 i1 12 9 15 7 6 3
p Valuet 0.02 NS 0.08 NS 0.003  0.0004
p Values NS NS NS

*Group | consisted of nine consecutive patients w

Cl liters/min _

RA (mm Hg) per m?) SWl(g-n/m?  SVR (dynes-s-cm™)
_rmmie — 27 dmessemT)
B C ¢ B ¢ op C D B C CD

8 24 20 a5 25 )9 M 1635 1535

T 048 w3 000 203 153 (a1
w25 390 g 618 3032 93 s
SR SR T 21305 1261 93
Y82 23 22 a7 3 oo 301892 1731 1508
Hodo 7 22 20 a5 g B 12 106 913 92
S N R N BT B19 1935 2016 2.066
L I T 717 1581 1609 1410
T4 6 18 16 24 p 032 1980 294 (30
T A O N T 723 1851 1422 1289
4 4 503 04 g4 Yy 4 9 37 360 387
NS NS NS 0.0 NS 0.0 0.09 0.04
0.02 0.003 0.03 0.008

ho first received captopril followed 2 h later
baseline and 2 and 6 b after baseline in response Lo captopril alone and to the combination of captopril and digoxin. tp compared with baseline: p compared with
captopril. AP = mean systemic arterjal pressure; B = baseline: € = cuptopril: CD = captopril and digoxin: HR = heart rate; Pt = patient; RA = meap right atrial
pressure; SVR = systemic vascular resistance; SW| = stroke work index; other

ubbreviations as in Table 1.
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method (Oximeter cardiac output computer and Co Set,
American Edwards). Mean arterial pressure, cardiac index,
stroke work index. and systemic vascular resistance were
calculated using standard formulas. Blood samples were
drawn, and serum digoxin, aldosterone concentration ang §
plasma renin activity were determined by standard radioim.
munoassay technique. Plasma norepinephrine measure.
ments were available in only 12 patients, and were deter.
mined with use of high performance liquid chromatography,

Thirteen patients performed maximal exercise in a Sitting
position using a chair exercise bicycle (Pedalmate, Colling)
with an electronic brake crgometer. The initial oad of 25 W
was increased by 25 W every 3 min. Heart rate, centrg]
hemodynamics and cardiac output were measured every ?
min and at maximal exercise. When heart rate and pressures
had returped to baseline, patients were considered to be at
time 0.

Drug intervention, The first nine consecutive patients
studied constituted Group [. Each patient received an initig|
dose of I mg of intravenous captopril (provided by E.R.
Squibb & Sons Pharmaceutical). The dose was doubled
approximately every 10 min until a total dose of 15 mg was -
given, unless the systolic blood pressure decreased to <80 -
mm Hg or the heart rate was increased to 120 beats/min. The
maximal dose of |5 mg was given to eight patients, and the
remaining patient (Patient 8) received only | mg. All but one
patient (Patient § receiving | mg/h) then received a continy-
ous and constant infusion of captopril (6 mg/h) for the next
consecutive 6 h. The initial dose of | mg was selected
because it was reported (22) to cause a marked rediction
(within minutes) in angiotensin I] and angiotensin-converting

by | mg of intravenous digoxin. Meusurements obtajned at
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Figure 2. Serial changes in cardiac index and pulmonary capillary
dge pressure in Group 2 (seven patients; digoxin preceding
ptopril). *Analysis of variance for repeated measurements over
me; **comparison of the summary of mean hemodynamic values in
ch patient after the administration of digoxin compared with the
mmary of all mean values obtained after the addition of captopril
Us injections (CB) and the constant infusion.

s

zyme levels. Given the fact that the bioavailability of oral
Plopril is 62% (Squibb Institute on Medical Research, data
file), the total 15 mg of intravenous bolus injections

?ablc 3. Rest Hemodynamics in Group 2+
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represented the usual oral dose of 25 mg. The infusion rate
was calculated to produce the same blood level of captopril
as produced by the total loading dose. The assumption made
in the caleulation included a volume of distribution of 0.2
liter/kg for the central compartment, 2 liters/lkg for the
elimination phase and a total body clearance of 0.8 liter/kg
per h (22).

Two hours after the start of the captopril infusion, 1 mg of
intravenous digoxin was given over 30 min. Rest hemody-
namic values were obtained 5 to 10 min after each bolus
injection of captopril, serially thereafter for 6 h and at 8 h
after the start of captopril infusion. Exercise hemodynamics
were obtained at 2 h (immediately before digoxin adminis-
tration) and 6 h.

Group 2 consisied of seven consecutive patients. Each
patient received | mg of intravenous digoxin given over 30
min. Three hours later, intravenous captopril was titrated in
the same manner as for the first group, and a constant
infusion continued for approximately 6 consecutive h. All
seven patients tolerated the total 15 mg of captopril bolus
injections and then a continuous infusion of 6 mg/h. Rest
hemodynamic values were obtained 5 to 10 min after each
bolus injection of captopril and serially thereafter for 9 h.
Exercise hemodynamic values were obtained at 2 and 6 h.

In both groups, 2 and 6 h after the first drug intervention,
blood specimens were obtained for determination of norepi-
nephrine concentration. In addition, at 6 h; digoxin and
aldosterone concentrations and plasma renin activity were
determined, and rest radionuclide angiography repeated.

Statistical analysis. Values are represented as mean val-
ues +=SD. Sequential changes in hemodynamic and hor-
monal variables were analyzed using paired 1 tests, with
Bonferroni’s multiple comparison adjustment. Probability -
(p) values <0.05 were considered indicative of a meaningful

Cl (liters/min

HR (beats/min) AP (mm Hg) PCWP (mm Hg) RA (mm Hg) per m?) SWI (g-m/m?) SVR (dynes-s-<cm™%)
B D DC B D DC B D DC B D DC B D DC B D DC B D DC
9 82 80 8 8 9% 4 % 0 1024 20 27 15 17 30 L1177 165 1100
%% 95 96 101 S0 8 20 15 12 6 4 8 27 31 34 31 33 33 1310 1.047 865
8 8 92 8w 3 TN B 2 20 1210 6 20 29 30 15 25 23 1097 8§13 829
9 103 90 15 105 112 44 28 30 ! 10 8§ 23 26 34 23 26 42 1701 1397 1187
97 87 73 82 80 8 35 12 12 6 2 4 1Y 300 34 13 32 420 1,670 1008 962
91 8 8 92 110 108 30 2% 13 1610 1216 21 20 15 28 3 1.865 1,882 1,930
W06 99 105 97 88 92 40 30 32 3 8 § L3 24 19 1119 15 193 1159 1385
% 91 89 93 91 9o 35 % 2] I 8 8 21 26 28 17 26 31 1527 1227 1RO
6 8 10 12 13 14 8§ 7 8 4 3 3004 04 07 7 6 10 M8 3 383
R 0.09 NS NS NS 0.004  0.0004 0.005  0.04 0.03  0.004 0.01 0.01 0.03  0.02
: NS NS NS NS NS NS NS

i‘G '
MY b . .
Cline UP 2 consisted of seven consecutive

d'm 'esponse to digoxin alone and to ¢
180Xin

and captopril; other abbreviations as in Tables 1 and 2.

patients who received digoxin first and captopril 3 h |
he combination of digoxin and captopril. tp = compared with baseline: {p = compared with digoxin. D = digoxin:

ater. Measurements obtained at baselin{: and 2 and 6 h after



















