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Renal function was evaluated in 104 patients with severe
chronic heart failure whom we treated with captopril or
enalapril. Seventy patients showed no change or an
improvement in renal function (group A), and 34 patients
developed functional renal insufficiency (group B). Before
converting-enzyme inhibition, group B patients received
higher doses of furosemide (p = 0.02) and had lower
central venous pressures (p < 0.05) than group A
patients. After 1 to 3 months of converting-enzyme
inhibition, an excessive reduction in left ventricular filling
pressure (to less than 15 mm Hg) or mean arterial
pressure (to less than 60 mm Hg) was noted in 28 of 34
(82%) patients in group B but in only 22 of 70 patients in
group A (31%) (p < 0.001). At the end of the study,
drug-induced azotemia resolved after a reduction in the
dosage of diuretics, despite unaltered treatment with
captopril and enalapril. Hence, the deterioration of renal
function after converting-enzyme inhibition in heart failure
is not a toxic or immunologic reaction to therapy but
results from specific hemodynamic events that can be
ameliorated by sodium repletion.

Inmiimion oF THE angiotensin-converting enzyme is an
established approach to the management of patients with
severe chronic heart failure (1-3). Marked decreases in
intracardiac filling pressures and systemic vascular resist-
ance are seen during short- and long-term treatment with
both captopril and enalapril (4, 5), and this hemodynam-
ic improvement is generally followed by alleviation of
dyspnea and fatigue and an increase in exercise tolerance
{2-7). These benefits are commonly accompanied by a
notable natriuresis, correction of preexisting hyponatre-
mia, and a reduction in the need for concomitant treat-
ment with potassium supplements (8, 9).

Little is known, however, about the effects of long-
term therapy with converting-enzyme inhibitors on renal
function in patients with severe chronic heart failure. Al-
though antagonism of angiotensin-induced renal vaso-
constriction might be expected to improve renal blood
flow (10, 11), the marked decreases in systemic blood
pressure that can accompany treatment with captopril
and enalapril may reduce renal perfusion and lead to
marked azotemia (12-14). The complex interaction of
these two opposing physiologic events may explain why
renal function has been reported to improve during treat-
ment with these drugs in some patients with congestive
heart failure (15-19) but to deteriorate in others { 19-23).
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Little information is available, however, concerning the
frequency with which significant changes in renal func-
tion occur during long-term converting-enzyme inhibi-
tion, the hemodynamic factors that underlie such chang-
es, and the therapeutic management of drug-induced
azotemia. Previous studies (14-22) have generally been
only short-term evaluations in small numbers of patients,
who did not have cardiac catheterization or long-term
follow-up. In the present study we evaluated changes in
renal function in 104 patients with severe chronic heart
failure who underwent invasive hemodynamic studies
during both short-term and long-term treatment with
captopril and enalapril.

Methods
PATIENT POPULATION

One hundred four patients with severe chronic heart failure
received long-term therapy with captopril or enalapril. The
group comprised 78 men and 26 women, aged 27 to 83 years
(mean, 63). The cause of heart failure was ischemic heart dis-
ease in 65 patients, primary dilated cardiomyopathy in 31 pa-
tients, and primary mitral or aortic valvalar regurgitation in 6
patients. All had a left ventricular ejection fraction of less than
309% as determined by radionuclide ventriculography. Twenty-
nine patients had diabetes mellitus; 34 patients had a past histo-
ry of systemic hypertension. All patients had dyspnea or fatigue
{or both) at rest or on minimal exertion but were evaluated
while clinically stable. Mo patient had had an acute myocardial
infarction within 4 weeks or an acute exacerbation of heart
failure within 2 weeks.

HEMODYMNAMIC ASSESSMENT AND DRUG ADMINISTRATION

Each patient received captopril or enalapril under controlled
study conditions for | to 3 months, and the hemodynamic ef-
fects of each drug were assessed by two right-heart catheteriza-
tions, the first done immediately before the initiation of therapy
and the second at the end of the treatment period.

At the beginning of the trial (for at least 5 days before the
study), all patients received constant dosages of digoxin and
diuretics, and all previous therapy with vasodilator drugs was
discontinued. All patients were fed a salt-restricted diet and
were entered into the study when their body weight, blood urea
nitrogen, and serum creatinine concentration had remained un-
changed for 4 days. Right heart catheterization and arterial
cannulation were then done for measurement of intracardiac
and systemic pressures, respectively (24). Left ventricular fill-
ing pressure was estimated by the mean pulmonary capillary
wedge pressure or as the pulmonary arterial diastolic pressure
after its identity with wedge pressure was established. Thermo-
dilution cardiac outputs were determined in triplicate by a bed-
side computer using iced injectate,

Mean arterial pressure, heart rate, left ventricular filling pres-
sure, mean right atrial pressure, and cardiac output were mea-
sured repeatedly (with a variation of less than 109:) to ensure
stability of the hemodynamic state before drug administration.
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Each patient then received an initial dose of 25 mg of captopril
orally, after which all hemodynamic variables were determined
every 30 minutes for 3 hours. Patients were then treated with
either captopril (86 patients) or enalapril (18 patients) accord-
ing to research protocols that were active at the time the pa-
tients were secn. Pretreatment demographic, hemodynamic,
and clinical data and the initial response to captopril were not
used to determine the choice of a converting-enzyme inhibitor.
The dosage of captopril was based on ecach patient’s pretreat-
ment renal function (4, 8) and ranged from 75 to 300 mg/d
{four patients received 450 mg/d). The dosage of enalapril was
40 mg/d orally, except in one patient who received 20 mg/d.

For the next 1 to 3 months, dosages of digitalis, diuretics, and
captopril or enalapril remained unaltered, and the salt-restrict-
ed diet was maintained. At the end of the treatment period,
right heart catheterization and arterial cannulation were again
done to assess the long-term response to treatment. The proce-
dures for the second evaluation were identical to those followed
for the first study. Hemodynamic variables were measured dur-
ing uninterrupted therapy for 3 hours after the administration
of captopril and for 4 to & hours after the administration of
enalapril.

BIOCHEMICAL AND HORMONAL MEASUREMENTS

Blood samples for determination of blood urea nitrogen, se-
rum creatinine, and serum sodium concentration (in all pa-
tients) and for measurement of plasma renin activity by radio-
immunoassay (in 100 patients) were collected before the first
dose of captopril and then again after 1 to 3 months of treat-
ment with captopril or enalapril {90 minutes and 4 hours after
drug administration, respectively). All samples were drawn at a
similar time of day, while the patient was on a constant salt-re-
stricted diet, and after the patient had remained supine for a
minimum of 4 hours. In 55 of the 104 patients, endogenous
creatinine clearance was measured before and during long-term
converting-enzyme inhibition using 24-hour urine specimens
collected immediately before the performance of hemodynamic
measurements.

Changes in the clinical status of each patient after 1 to 3
months of treatment with captopril or enalapril were assessed in
terms of symptoms of dyspnea and fatigue at rest and in exer-
cise tolerance, Because all patients had symptoms al rest or on
minimal exertion, formal exercise testing was not done.

DATA ANALYSIS

Mean systemic and pulmonary artery pressures were deter-
mined by electronic filtration. Derived hemodynamic variables
were calculated as follows: cardiac index = cardiac outputs
body surface area (expressed in L/min-m); and systemic vas-
cular resistance = 80 » (mean arterial pressure — mean right
atrial pressure)/cardiac output (expressed in dynes - s - em-9),
Dwuring both short- and long-term therapy, the hemodynamic
responses 10 converting-enzyme inhibition were assessed at
peak drug effect on left ventricular filling pressure and systemic
vascular resistance (1.0 = 0.5 hours after captopril and
3.0 & 1.0 hours after enalapril).

We defined a significant deterioration in renal function dur-
ing this trial as an increase in blood urea nitrogen of 20 mg/dL
OF MOre Or a5 an increase in serum creatinine concentration of
0.4 mg/dL or more. These values were chosen so as to be 2 5D
greater than the changes in these variables that occurred in a
control group of 20 patients who received stable dosages of
digoxin and diuretics for 4 weeks and who were not treated
with converting-enzyme inhibitors (mean change in blood urea
nitrogen, —0.4 + 96 mgsdL, and in serum creatinine,
—0.03 = 0.21 mg/dL). Patients were divided into two groups
according to the observed change in renal function during the
trial: group A consisted of patients in whom renal function
improved or did not change, and group B consisted of patients
in whom renal function deteriorated (according to the criteria
outlined above). Qualitative and guantitative differences be-
tween the two groups of patients were compared by the chi-
square statistic and by the r-test for independent variables. The
short-term and long-term hemodynamic effects of captopril and

Table 1. Pretreatment Clinical and Biochemical Variables in Pa-
tients with Stable (Group A) or Worsening (Group B) Renal Func-
tion During Long-Term Converting-Enzyme Inhibition

Group A Group B
(n = 70) (n = 34)
Age, yrs 624+ 1.4 64.6 + 2.4
Sex, n
Men 51 27
Women 19 7
Cause of heart failure, n
Ischemic heart disease 44 21
Idiopathic cardiomyopathy 22 11
Primary valvular
regurgitation 4 2
History of systemic
hypertension, nsm {5} 23/70(33) 11/34(32)
Diabetes mellitus, m/n( %) 13/70(19) 16/34(47)*
Captopril fenalapril, nsn 60,10 26/8
Captopril dosage, mg/d 238+ 13 231+ 19
Furosemide dosage, mg-d 89 t7 119 + 104
Body weight, kg 662 & 1.5 624+ 24
Blood urea nitrogen, mg-dL 429 + 4.0 317.0 £ 4.7
Serum creatinine, mg-dL 1.8 £ 01 1.6 = 0.1
Plasma renin activity,
ng/mL.h 43+ 08 6.8+ 1.1
Creatinine clearance, mL./min 42,7+ 37 49.6 + 5.1

* p = 0.0], compared with group A.
tp < D02, compared with group A

enalapril within each group were compared by repeated-mea-
sures analysis of variance. Group data are expressed as
mean 1t SE.

Results
Mild increases were seen in blood urea nitrogen

(40.9 + 3.1 to 52.3 =+ 3.6 mg/dL) and serum creatinine
concentration (1.7 0.1 to 1.9 0.1 mg/dL; both
p < 0.001) during treatment with captopril and enalapril
in our 104 patients. Renal function deteriorated signifi-
cantly in 34 patients (339} (group B), but 70 patients
{group A) showed either no change (61 patients) or a
notable decrease in blood urea nitrogen ( > 20 mg/dL) or
serum creatinine concentration (>0.4 mg/dL) (9 pa-
tients). Creatinine clearance declined significantly in
group B (49.6 & 5.1 to 31.2 & 2.8 mL/min, p < 0.001)
but increased significantly in group A (42.7 = 3.7 to
50.9 + 4.3 mL/min, p < 0.05).

Patients in groups A and B were similar with respect
to age, sex, cause of heart failure, and past history of
systemic hypertension (Table 1). Patients in group B,
however, had a greater prevalence of diabetes mellitus
{16 of 34 patients [479%] compared with 13 of 70 pa-
tients [199], p < 0.01) and were treated with larger
daily dosages of furosemide (119 = 10 compared with
89 + 10 mg/d, p < 0.02) than patients in group A.

HEMODYNAMIC RESPONSES

Groups A and B were similar with respect to all pre-
treatment hemodynamic variables (Table 2), except that
mean right atrial pressure was significantly lower in
group B than in group A (9.8 £ 0.9 compared with
12.6 + 0.7 mm Hg, p < 0.05).

After the first dose of captopril, groups A and B
showed similar increases in cardiac index and decreases
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Table 2. Hemodynamic and Biochemical Responses to Long-Term Converting-Enzyme Inhibition in Patients with Stable (Group A) or
Worsening (Group B) Renal Function

Group A (n = T0) Group B (n = 34) p Value®*
Before Long-Term p Value Before Long-Term P Yalue
Treatment Response Treatment Response

Cardiac index, L/ min-m? 1.71 £ 0.05 1.95 £+ 0.05 < 0,001 1.84 £ 0.07 2.13 £ 0.08 < (L001 M5
Mean arterial pressure, mm Hg 839+ 1.7 699 1+ 2.0 = 0.001 B3.1 2.6 621 t28 = 0,001 = 0.02
Left ventricular filling pressure,

mm Hg 271046 18.7 = 1.0 < 0,001 26.0 = 0.9 11.4 £ 1.4 < 0.001 < 0.001
Mean right atrial pressure,

rmumn Hg 126 £ 0.7 8108 < 0,001 9.8 09 49+ 1.0 < 0,001 NS
Heart rate, bears-min 833+ 1.8 775 1.8 = 0.001 86.1 + 2.3 72.2%25 < 0.001 < 001
Systemic vascular resistance,

dvi-5.cm=F 2011 = 75 1541 + 68 <= 0.001 2021 £ 114 1354 + 61 = 0,001 NS
Blood urea nitrogen, mg-dL 429+ 40 407 = 3.7 NS 3047 76.2 + 6.6 = 0.001 S
Serum creatininet, mg- dL 1.8+ 0.1 1.7 £ 0. NS 1.6 £+ 0.1 22+02 < 0.001 ——
Creatinine clearance, mL.<min 427+ 37 509 + 4.3 <= 0,05 49.6 = 5.1 Izt 28 < 0,001 < 0,001
Body weight, kg 662+ 1.5 65.1 £ 1.5 = 0.01 624+24 627+23 NS < 0.05
Plasma renin activity,

ngsmi . h 43+ 08 140+ 1.6 = 0.001 681 1.1 250+ 4.6 < 0.001 < 0.02

* Companng groups A and B. NS =not significant. Significance values are nol given for blood urea mitrogen and serum creatinine conceniration because these 1wo

variables formed the basis of the definition of the Two groups,

¥ Creatinine clearance was measured in 37 patients in group A and |8 patients in group B

in mean arterial pressure, left ventricular filling pressure,
mean right atrial pressure, heart rate, and systemic vas-
cular resistance. In contrast, after 1 to 3 months of con-
verting-enzyme inhibition, wvalues for mean arterial
pressure, left ventricular filling pressure, and mean right
atrial pressure were significantly lower in group B than in
group A (Figure 1). When the hemodynamic responses
during long-term treatment were analyzed in terms of
changes from pretreatment values (Table 2), the magni-
tude of the decrease in mean arterial pressure, left ven-
tricular filling pressure, and heart rate was significantly
greater in group B than in group A. The magnitude of
the long-term changes in cardiac index and systemic vas-
cular resistance in both groups was similar.

Individually, left ventricular filling pressure declined
by 5 mm Hg or more to a level less than 15 mm Hg
during long-term converting-enzyme inhibition in 22 of
34 group B patients but in only 16 of 70 group A patients
(65% compared with 239, p < 0.001). Mean arterial
pressure fell by 20 mm Hg or more to a level less than 60
mm Hg in 12 of 34 group B patients but in only 10 of 70
group A patients (35% compared with 149, p = 0.05).
Mean right atrial pressure decreased 3 mm Hg or more to
a level less than 5 mm Hg in 19 of 34 group B patients
but in only 19 of 70 group A patients (569 compared
with 279, p < 0.01). Critical decreases in mean arterial
pressure or in left ventricular filling pressure occurred in
28 of 34 group B patients but in only 22 of 70 group A
patients (829 compared with 319, p < 0.0001). Such
marked differences between groups in the frequency of
critical events were not seen at initiation of therapy.

BIOGCHEMICAL AND HORMONAL RESPONSES

Patients with renal insufficiency before the study were
not at greater risk for developing worsening azotemia
during the trial than were patients with normal renal
function before treatment. Pretreatment values for blood
urea nitrogen, serum creatinine concentration, and creati-

nine clearance were similar in both groups (Table 2).

Pretreatment values for plasma renin activity were
similar in groups A and B (Tables 1 and 2). Plasma
renin activity increased in both groups during the trial,
but the increase in group B was greater than that in
group A (+17.1 & 3.6 compared with +8.6 + 1.8 ng/
mL-h, p < 0.02). In contrast, body weight decreased
(—1.1 £ 04 kg, p < 0.01) in group A but not in group
B (Table 2}.

CLINICAL RESPONSES

A similar proportion of patients in group A (42 of 70
patients, 60%9:) and group B (24 of 34 patients, 719%)
noted alleviation of dyspnea after 1 to 3 months of treat-
ment with captopril or enalapril. Inasmuch as the degree
of deterioration of renal function in most patients in
group B was mild, this decline generally remained clini-
cally inapparent. Nine patients in group B, however,
showed marked increases in blood urea nitrogen (= 50
mg/dL) or serum creatinine concentration (> 1.0 mg/
dL}) during the trial, 6 of whom had severe weakness and
anorexia. Eight of these nine patients showed critical de-
creases in all three pressure variables (mean arterial
pressure < 60 mm Hg, left ventricular filling pressure < 15
mm Hg, and mean right atrial pressure < 5 mm Hg) dur-
ing long-term converting-enzyme inhibition.

MANAGEMENT OF FUNCTIONAL RENAL
INSUFFICIENCY

Of the 24 patients in group B who improved clinically
during the trial, 18 patients had worsening azotemia in
association with a left ventricular filling pressure of less
than 15 mm Hg. Upon liberalization of dietary salt intake
and a reduction in the dosage of concomitantly adminis-
tered diuretics, blood urea nitrogen and serum creatinine
concentration returned to pretreatment values within 5 to
14 days in 17 of the 18 patients, despite continued treat-
ment with captopril and enalapril in unchanged dosages;
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Figure 1. Cardiac index, left ventricular filling pressure, mean right atrial pressure, mean arterial pressure, heart rate, and systemic vascular
resistance before { C'), after the first dose of captopril (), and during long-term converting-enzyme inhibition { LT ) in patients with severe
chranic heart failure. Values for patients in whom renal function remained constant or improved (group A, n = 70) during treatment are
shown by the solid lines, and values for patients in whom renal function deteriorated during treatment {group B, n = 34) are shown by the
dashed lines. Asterisks indicate a significant difference (p < 0.01) between each post-treatment value compared with the control { C ) value
within each group. p Values shown on the figure indicate a significant difference in hemodynamic variables between the two groups. Where g
values are not designated, the observed differences were not significant { ¥5 ). Group data expressed as mean + SE,

clinical benefits were maintained despite the decreased
dosage of diuretics. Resolution of azotemia in 1 of the 18
patients required the withdrawal of captopril therapy;
this patient was found on subsequent evaluation to have
bilateral renal artery stenosis.

In six patients in group B who improved clinically dur-
ing the study, worsening azotemia was associated with a
left ventricular filling pressure of greater than 15 mm Hg
during long-term treatment, and their dosage of diuretics
was not reduced. In five patients, continued treatment
with captopril or enalapril resulted in mild, stable, and
well-tolerated increases in blood urea nitrogen and serum
creatinine concentration during a follow-up of 3 to 18
months., One of the six patients developed progressive
renal insufficiency, which persisted despite discontinua-
tion of enalapril therapy, and died soon thereafter.

Of the ten patients in group B who did not benefit
clinically from converting-enzyme inhibition, the with-
drawal of captopril or enalapril therapy resulted in reso-
lution of azotemia in all but two patients. One patient
died of severe heart failure within 4 weeks, and the other
improved markedly after hemofiltration therapy.

Discussion

Insofar as angiotensin Il plays a major role in the pa-
thogenesis of hemodynamic abnormalities in congestive
heart failure, we might expect the improvement in cardi-
ac performance that accompanies converting-enzyme in-
hibition to be translated into enhanced renal perfusion
and function. Unfortunately, although both captopril and
enalapril effectively redistribute blood flow to the kidneys
(11}, such improved renal perfusion may not result in
improved glomerular function (25). Suppression of an-
giotensin 11 formation leads to loss of the hormone's va-
soconstrictor actions on systemnic and intrarenal efferent
arterioles and (26, 27) and, thereby, to decreases in sys-
temic blood pressure and glomerular capillary hydraulic
pressure, respectively (28). The occurrence of either he-

modynamic event produces little effect on renal function,
but should both occur simultaneously, the fraction of re-
nal blood flow filtered (filtration fraction) and the glo-
merular filtration rate may fall precipitously (12, 28).

What determines the evolution of such precarious cir-
culatory conditions? In experimental studies in the dog
and rat, the systemic and intrarenal effects of converting-
enzyme inhibition have been shown to be largely depen-
dent on changes in sodium balance (28-30), which regu-
lates the activity of the renin-angiotensin system and
modulates vascular responsiveness to angiotensin I
{31). Accordingly, in the sodium-replete state, filtration
fraction and glomerular filtration rate fail to change after
angiotensin Il blockade or suppression, regardless of
whether such interference is achieved systemically or is
localized to the kidneys (12, 28-30, 32-34). After salt
restriction (or vena cava constriction ), however, convert-
ing-enzyme inhibition is accompanied by a notable de-
crease in glomerular filtration rate, the magnitude of
which parallels the fall in renal perfusion pressure (12,
28, 35).

SODIUM BALANCE AND RENAL RESPONSE TO
CONVERTING-ENZYME INHIBITION IN HUMANS

Studies in normal persons and in hypertensive patients
indicate that during treatment with converting-enzyme
inhibitors, glomerular filtration is highly dependent on
sodium balance. In sodium-replete persons, suppression
of angiotensin Il formation results in little change in re-
nal blood flow or glomerular filtration rate (36, 37).
However, should marked sodium depletion develop
{while patients are salt restricted and treated with diuret-
ics), renal function may decline during converting-en-
zyme inhibition, especially if treatment is accompanied
by notable decreases in systemic blood pressure (13, 14).
If renal perfusion pressure is critically reduced in these
patients before therapy (as in patients with bilateral renal
artery stenosis), converting-enzyme inhibition predict-
ably causes functional renal insufficiency (38-41), an ef-
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fect that is exaggerated by sodium depletion and can be
alleviated by the administration of salt (41, 42). Yet,
antihypertensive drugs that do not interfere with the re-
nin-angiotensin system may not cause functional renal
impairment under similar circumstances, despite decreas-
es in systemic pressures similar to those seen after capto-
pril and enalapril (38, 43). These observations emphasize
the interdependent roles of sodium balance and the renin-
angiotensin system in the preservation of glomerular fil-
tration when renal perfusion is compromised.

The interaction of hemodynamic and hormonal factors
that determine glomerular function is greatly intensified
in congestive heart failure. Angiotensin-II-mediated sys-
temic and efferent arteriolar vasoconstriction is more im-
portant in the maintenance of renal perfusion pressure
and glomerular filtration in these patients than in normal
or hypertensive persons (44-46), not only because renal
blood flow is severely compromised (47) but also because
renal venous pressure is markedly increased (35). Hence,
when these highly activated systemic and renal microcir-
culatory mechanisms are blocked by converting-enzyme
inhibition, renal perfusion pressure, filtration fraction,
and glomerular filtration rate decline predictably in per-
sons with low-output heart failure (45, 46, 48). Is the
occurrence of such events dependent on the state of sodi-
um balance? If so, we would expect the sodium retention
that characterizes patients with congestive heart failure
to protect against the development of renal insufficiency;
conversely, diuretic therapy should exacerbate the azote-
mia. Can such changes in sodium balance explain why
renal function has improved during converting-enzyme
inhibition in some patients with heart failure (15-19) but
has deteriorated in others {19-23)?

The Present Study: The findings of this study indicate
that sodium balance does play a critical role in modulat-
ing the changes in renal function that accompany con-
verting-enzyme inhibition in patients with severe heart
failure. Several observations suggest that patients who de-
veloped functional renal insufficiency (group B) were
more volume depleted before and during treatment with
captopril or enalapril than were patients in whom renal
function remained stable (group A). First, patients in
group B had a lower mean right atrial pressure before
therapy and had lower values for mean right atrial pres-
sure and left ventricular filling pressure during therapy
than did patients in group A. After 1 1o 3 months of
treatment, right and left ventricular filling pressures were
excessively reduced in most patients in whom renal func-
tion deteriorated, whereas this reduction was infrequent
in patients with stable renal function. Second, compared
with patients in group A, patients in group B showed a
more marked hypotensive response to long-term convert-
ing-enzyme inhibition, which was accompanied by a
more marked increase in plasma renin activity., Previous
work has shown that the magnitude of the hypotensive
response to, and the degree of, reactive hyperreninemia
after converting-enzyme inhibition are dependent on so-
dium balance and are attenuated after salt repletion or
the expansion of intravascular volume (30, 48-50). Such
reactive increases in plasma renin activity appear to pro-

vide a more sensitive index of angiotensin 11 dependence
than basal estimates of hormonal activation (51). Third,
patients in group B were treated with the highest doses of
diuretics and showed resolution of drug-induced azote-
mia after the withdrawal of diuretics or the repletion of
dietary salt. All of these observations suggest that by po-
tentiating the actions of angiotensin II on systemic and
intrarenal arterioles (42), sodium depletion enhanced the
dilator response of systemic and intrarenal efferent arter-
ioles to the suppression of angiotensin II formation. The
resultant fall in renal perfusion and glomerular capillary
hydraulic pressures was likely the primary factor respon-
sible for the notable deterioration in renal function seen
during the study.

Was the relative sodium depletion that we believe ex-
isted in our patients in group B present before therapy, or
did it develop during treatment with the converting-en-
zyme inhibitors? A natriuresis commonly follows the
suppression of angiotensin II formation in patients with
congestive heart failure (15, 37); such a natriuretic re-
sponse likely explains why body weight decreased signifi-
cantly in our patients with heart failure in whom renal
function remained stable (group A). Experimentally, this
enhancement of urinary sodium secretion occurs even in
the sodium-deplete state (30, 52), but it is totally abol-
ished if renal perfusion pressure falls markedly (12).
This may explain why body weight did not change in our
patients in whom renal function deteriorated (group B),
because these patients showed the most marked decreases
in systemic blood pressure during the course of therapy.
Consequently, it seems likely that patients in group B
were sodium depleted before treatment with the convert-
ing-enzyme inhibitors; this depletion was most likely re-
lated to the high doses of diuretics that we administered
to these patients.

How can we support the hypothesis that patients in
group B were sodium depleted if they had symptoms of
congestive heart failure and had markedly elevated left
ventricular filling pressures at the start of the trial? Some
physicians might be tempted to treat these patients with
even higher dosages of diuretics in an attempt to alleviate
symptoms associated with pulmonary venous hyperten-
sion. There is, however, no precise relation between left
ventricular filling pressure and the magnitude of sodium
retention in patients with congestive heart failure; left
ventricular filling pressure is not only determined by
changes in intravascular volume but also by changes in
the resistance to left ventricular ejection (as well as ven-
tricular pressure-volume relations). The degree to which
these factors interact to determine the level of intracardi-
ac filling pressures varies from patient to patient. Our
data suggest that in group B, angiotensin-II-dependent
systemic vasoconstriction (and not volume overload)
played the principal role in the elevation of right and left
ventricular filling pressures; intracardiac pressures fell
more in these patients after converting-enzyme inhibition
than in patients in group A, even though only group A
had a notable diuresis during the study. This exaggerated
neurchormonal activity in group B patients likely in-
volves several vasoconstrictor systems, including the
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sympathetic nervous system. In fact, the withdrawal of
heightened adrenergic nervous system activity may be the
primary mechanism by which converting-enzyme inhib-
itors lower intracardiac filling pressures in patients with
heart failure (16); this may explain why patients in
group B, who showed the most marked decreases in ven-
tricular filling pressures, also showed the most marked
reduction in heart rate during treatment. The concept
that the elevation of intracardiac pressures in many pa-
tients may result from neurohormonal activation rather
than from sodium retention raises important guestions
concerning the utility of diuretics in patients with heart
failure who do not show signs of fluid retention. Further
attempts at diuresis in such patients may not only fail to
alleviate symptoms but may activate endogenous neuro-
hormonal mechanisms (53) and predispose to functional
renal insufficiency should these patients be treated subse-
guently with converting-enzyme inhibitors.

Previous Studies: Our findings explain the contrasting
observations of other investigators who have evaluated
the effects of converting-enzyme inhibition on renal func-
tion in patients with congestive heart failure. In patients
in whom diuretic therapy was maintained, various au-
thors (19-21) have noted marked decreases in renal
blood flow, glomerular filtration rate, filtration fraction,
and urinary sodium excretion after short-term therapy
with captopril, the magnitude of these changes being di-
rectly related to the concomitant fall in mean arterial
pressure. In contrast, Creager and coworkers (15) noted
increases in renal blood flow and urinary sodium excre-
tion and little change in glomerular filtration rate after
the first doses of captopril, but their patients were in posi-
tive sodium balance because diuretics had been withheld
for at least 24 hours before the study. The withdrawal of
diuretic therapy may have diminished the dependence of
glomerular filtration on angiotensin I1 (12, 28) and at-
tenuated the hypotensive response to converting-enzyme
inhibition (50), both of which act to preserve renal func-
tion.

Similar mechanisms likely account for the changes in
renal function that have been reported during long-term
treatment with converting-enzyme inhibitors. Although
Dzau and colleagues (17, 18), Kubo and colleagues
{16), Mujias and associates (19) observed little change
or increases in glomerular filtration rate and urinary sodi-
um excretion after periods of therapy varying from 5
days to 4 months, these investigators generally reduced
the dosage of diuretics or permitted patients to consume
a liberalized sodium diet in order to minimize the degree
of systemic hypotension. In contrast, Cleland and col-
leagues (22, 23) maintained the sodium intake and diur-
etic dosage at constant levels and noted that glomerular
filtration fell markedly during treatment with captopril
and enalapril. In our study, we also kept sodium intake
and diuretic dosages constant and thus noted changes in
renal function similar to those seen by Cleland and co-
workers. Unlike previous investigators, however, we did
cardiac catheterization before and during long-term con-
verting-enzyme inhibition and thus were able to identify
those hemodynamic factors that contributed to the

changes we and others have observed.

ADDITIONAL RISK FACTORS FOR FUNCTIONAL RENAL

INSUFFICIENCY

The high prevalence of diabetes mellitus in our patients
who developed renal insufficiency after converting-en-
zyme inhibition deserves special comment. Circulating
levels of renin and aldosterone are frequently low in dia-
betic patients and fail to respond normally to salt deple-
tion and other physiologic stimuli (54-57). This observa-
tion may explain why patients in group B, 16 (479 ) of
whom were diabetic, had basal values for plasma renin
activity that were similar to those in group A, despite
hemodynamic evidence of pretreatment sodium deple-
tion. Such volume depletion may have been directly relat-
ed to the high prevalence of diabetes in group B, because
diabetic patients do not seem to elaborate aldosterone
readily in order to defend intravascular volume (54, 55)
and, hence, may be particularly sensitive to the natriuret-
ic effects of diuretic therapy (58); such salt depletion
potentiated the hypotensive effects of converting-enzyme
inhibition in our study (30, 49, 50). We might have ex-
pected a diminished hypotensive response to captopril
and enalapril in our diabetic patients, because the periph-
eral vasculature in untreated diabetics shows an attenuat-
ed vasoconstrictor response to angiotensin I1 (59), possi-
bly due to a reduced density of angiotensin Il receptors
{57); yet precisely the opposite finding was noted. These
data support experimental findings suggesting that sodi-
um balance is a more important modulator of the activity
of the renin-angiotensin system than is the diabetic state
(50, 57).

Pretreatment biochemical variables did not predict
changes in renal function during converting-enzyme inhi-
bition in the present study. Patients with renal insufficien-
cy before therapy with captopril or enalapril were not
more likely to develop worsening azotemia than were pa-
tients with normal pretreatment values for blood urea
nitrogen and serum creatinine. Pretreatment renal func-
tion predicts the long-term hemodynamic and clinical re-
sponse to converting-enzyme inhibition (60) but not
drug-induced changes in renal function. Similarly, al-
though pretreatment values for plasma renin activity
were somewhat higher in patients who developed worsen-
ing azotemia, these values were not significantly different
between our two groups of patients. Yet, insofar as the
reactive increase in plasma renin activity after convert-
ing-enzyme inhibition is a more sensitive index of angio-
tensin dependence that basal estimates of hormonal activ-
ity (51), it is likely that the degree of activation of the
renin-angiotensin system at the start of the study was
greater in patients in whom renal function deteriorated
than in those in whom renal function was preserved.
These findings are consistent with those of other studies
(including our own) in which patients with high-renin
heart failure were most likely to show a decline in glo-
merular filtration rate and filtration fraction after con-
verting-enzyme inhibition (15, 19, 20, 61). Yet, even
such patients may show an improvement in renal func-
tion during long-term therapy if doses of concomitantly
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administered diuretics are reduced (19).

Finally, the long-acting converting-enzyme inhibitor
enalapril was used in a somewhat higher fraction of our
patients in whom azotemia worsened than in patients in
whom renal function was preserved (8 of 34 [249%] com-
pared with 10 of 70 [14%%2]), although this difference did
not reach statistical significance in this study because of
the small number of patients who received enalapril.
Mevertheless, in patients with severe chronic heart failure
in whom the diuretic dosage is kept constant, the risk for
functional renal insufficiency during converting-enzyme
inhibition is higher in patients treated with long-acting
agents than in those treated with short-acting agents
(62). In these highly symptomatic patients with low re-
nal perfusion pressures and marked activation of the re-
nin-angiotensin system, glomerular function is exquisitely
dependent on the efferent arteriolar actions of angiotensin
I1 (45, 46, 48), and thus, efforts to suppress the actions
of angiotensin II continuously and completely by the use
of enalapril (62) may have potentiated the occurrence of
functional renal insufficiency in the present study. This
risk of long-acting converting-enzyme inhibitors in pa-
tients with severe chronic heart failure has been con-
firmed recently in a double-blind, multicenter, compara-
tive study of captopril and lisinopril (an investigational,
long-acting, converting-enzyme inhibitor), in which the
frequency of worsening azotemia was significantly greater
in the lisinopril-treated group than in the captopril-treat-
ed group (189 compared with 59 ) despite attempts to
decrease the risk for azotemia by reducing the dosage of
diuretics {63).

LIMITATIONS OF THE PRESENT STUDY

Owur results must be interpreted cautiously. We did not
do isotopic measurements of plasma volume or of total-
body exchangeable sodium in our patients, and thus, we
could not confirm that pretreatment total body sodium
levels in patients who developed renal insufficiency were
significantly less than levels in patients in whom renal
function remained stable; future studies are needed to
verify or refute our hypothesis. We did not measure renal
blood flow in our patients and thus could not calculate
filtration fraction; hence, we were unable to determine
whether the deterioration in renal function after convert-
ing-enzyme inhibition in group B resulted from the loss
of angiotensin's systemic vasoconstrictor effects or its in-
trarenal (efferent) arteriolar actions. Future work, how-
ever, is likely to confirm experimental observations (12,
28) that both effects are needed to produce functional
renal insufficiency. Fortunately, both actions are salt sen-
sitive, and hence, sodium repletion attenuates the fall in
both systemic blood pressure and filtration fraction (12,
28, 30, 49, 50). Finally, we did not compare the cffects of
converting-enzyme inhibition on renal function with the
effects induced by a vasodilator agent that produces equal
hypotensive responses but does not interfere with angio-
tensin-mediated efferent arteriolar vasoconstriction (43).
Unfortunately, no vasodilator agent is presently available
that produces sustained hemodynamic improvement in
patients with congestive heart failure and is accompanied
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by hypotensive effects that are as marked as those seen
after converting-enzyme inhibition (1). Nevertheless, re-
nal insufficiency may develop in patients with severe
heart failure whenever severe hypotension complicates
therapy with any vasodilator drug (64). Such excessive
systemic vasodilatation, however, is usually due to the
overzealous administration of the vasodilator agent rath-
er than due to underlying sodium depletion, and hence,
renal insufficiency in such cases may not respond favor-
ably to interventions that restore sodium balance.

CONCLUSIOMNS

Functional renal insufficiency occurs during convert-
ing-enzyme inhibition in up to one third of salt-restricted
patients with severe chronic heart failure treated with
constant dosages of diuretics. This decline in renal func-
tion is not a toxic or immunologic reaction to therapy but
is a predictable result of loss of angiotensin-1I-mediated
systemic and intrarenal vasoconstrictor effects, which are
needed to maintain renal perfusion pressure and glomer-
ular filtration rate in low-output states. Our findings indi-
cate that the occurrence of functional renal insufficiency
is related to an excessive reduction in intracardiac filling
pressure and systemic blood pressure, may be exacerbat-
ed by interventions that increase the dependency of the
circulation on angiotensin II {diuretic therapy), and thus
may be alleviated by a reduction of the dosage of diuretic
drugs or by liberalization of dietary salt intake without
the need for discontinuation of therapy. This latter obser-
vation is important, because patients with heart failure
who develop progressive increases in blood urea nitrogen
and serum creatinine concentration during treatment
with converting-enzyme inhibitors usually have benefited
clinically from therapy and will develop symptomatic de-
terioration should treatment be withdrawn out of inap-
propriate fears of drug-related nephrotoxicity. In our
experience most patients with heart failure who have re-
sponded favorably to therapy with captopril and enala-
pril will experience resolution of drug-induced azotemia
without clinical exacerbation of their heart failure when
efforts are made to replete total body stores of sodium.

ACKNOWLEDGMENTS: The authors thank the nurses, cardiclogy fel-
lows, and s1afl of the Ames and Rose Cardiac Care Units of the Mount Sinai
Hospital for the excellent care that they provided for the patients in this
study.

G:Iant support: by grants ROI-HL-25055, KO4-HL-01229, and T32-HL-
07347 from the National Heart, Lung, and Blood Institute. Dr. Packer is the
recipient of a Research Career Development Award from the National Insti-
tutes of Health.

® Requests for reprints should be addressed to Milton Packer, M.D.; Divi-
sion of Cardiclogy, The Mount Sinai Medical Center. One Gustave Levy
Place; Mew York, NY 1002%.

References

1. Packer M. Vasodilator and inotropic therapy for severe chronic heart
failure: passion and skepticism. J Am Coll Cardial. 1983, 2:841-52.

2. Kramir BL, Massie BM, Toric M. Controlled trial of captopril in
chronic heart failure: a rest and exercise hemodynamic study. Crrcwls-
tion. 1983,6T:807-16.

3. Carrorril. MULTICENTER RESEARCH GROUP, A placebo-controlled
trinl of captopril in refractory chronic congestive heart failure. f Am
Coll Cardvol, 1983;2:755-61.

4, Packir M, MeEpiNa N, Yusuak M, MeLLer J. Hemodynamic pat-
terns of response during long-term captopril therapy for severe chronic
heart failure. Cirewlarion. 1983;68:803-12.

March 1287 ® Annals of Internal Medicine ® Volume 106 * Number 3

Downloaded From: http://annals.org/ by a Penn State University Hershey User on 05/17/2016



20,

FiH

23.

4.

25,

26,

21,

28,

19,

.

- SHaARPE DN, MurrHy J, Coxon R, Hannan SF. Enalapril in patients

with chronic heart failure: a placebo-controlled, randomized, double-
blind study. Chroulanion, 1984;70:271-8,

Framciosa JA, WiLEN MM, Jorpan RA. Effects of enalapril, a new
angiotensin-converting enzyme inhibitor, in a controlled trial in heart
failure. J Am Coll Cardiol, 1985.5:101-7.

. CrREAGER MA, Massie BM, Faxox DP, et al. Acute and long-term

effects of enalapril on the cardiovascular response 10 exercise and exer-
cise tolerance in patients with congestive heart failure, F Am Coll Cardi-
of. 1985,6:163-73,

. PackiEr M, MEDINA N, YUusHak M. Correction of dilutional hypona-

tremin in severe chronic heart failure by converting-enzyme inhibition,
Ann fntern Med, 1984; 104:782-9,

. Packier M. Converting-enzyme inhibition for severe chronic heart fail-

ure: views from a skeptic. faf J Cardiol. 1985, 7:111-200

. Hovveweera NK, Sovoson HS, Apams DF, Asrasms HL, MERRILL

JP. Renal vascular responses to angiotensin and norepinephrine in nor-
mal man: effect of sodium intake, Cire Res. 1972;31:750-7.

. Gavras H, LianG C, Brunyer HE. Redistribution of regional blood

flow after inhibition of the angiotensin-converting enzyme. Cire Kex
197843 (suppl 1):1-59-61.

. Loumeier TE. Cowrey AW JIr, Trirropo MC, HaLe JE, GuyTos

AC. Effects of endogenous angiotensin 11 on renal sodium excretion and
renal hemodynamics. Am J Physiol 1977, 23%:F388.95,

. Bravo EL, Tarazi RC. Converting enzyme inhibition with an orally

active compound in hypertensive man. Hypertension. 1979;1:39-46.

. Murrdy BF, Wrirrwort JA, Kincaio-Smite P Renal insufficiency

with combinations of angiotensin converting enzyme inhibitors and di-
wretics. Br Med J [Clin Resj. 1984, 288:844.5.

. CREAGER MA, HavLrerin JL, BERNARD DB, et al, Acule regional cir-

culatory and renal hemodynamic effects of converting-enzyme inhibition
in patients with congestive heart failure. Circwfation. 1981;64:483-9,
Kuno 5, NisHioka A, NismiMura H, Kawarmura K, Tagatsu T.
Effects of captopril on arterial and venous pressure, renal function, and
humoral factors in severe chronic congestive heant failure. Clin Pharma-
col Ther. 1984, 346:456-63,

L Deav VI, CoLvcor WS, Wiiniams GH, Currsman G, Mecos L,

HovLLenBERG NK. Sustamed effectiveness of converting-enzyme inhibi-
twon in patients with severe congestive heart failure. N Engl J Med.
1980:302:1373-9,

. Dzav V), HovrenaerG NE. Renal response to captopril in severe

heart failure: role of furosemide in natriuresis and reversal of hyponatre-
mia. Ann fntern Med. 1984,100:777-82.

. Mugias SK, Fouap FM, TExTor SC, et al. Transient renal dysfunction

during initial inhibition of converting enzyme in congestive heart failure.
Br Heart J. 1984;52:63-71,

PierrosT GL, Francis GS, Coun JN. Effect of captopril on renal
function in patients with congestive heart failure. Br Hearr J
198 ];46:522-7,

Powers ER, Bannerman K5, STone 1, et al. The effect of captopril
on renal, coronary, and systemic hemodynamics in patients with severe
congestive heart failure. Am Feary J 1982104 (5 pt 2):1203-10.

. Creranp JGF, Darcie HY, Hoossman GP, et al. Captopril in heart

fatlure: a double blind controlled trial. Br Hearr J. 1984;52:530-5.
CLELAND JGF, Darcie HI, Barr SG, et al. Effects of enalapril in
heart failure: a double blind study of effects on exercise performance,
renal function, hormones, and metabolic state. Br Hearr J 1985:54:305-
12 .

Packer M, MeEDina N, YusHak M. Hemodynamic changes mimick-
ing a vasodilator drug response in the absence of drug therapy after right
heart catheterization in patients with chronic heart failure. Circedarion.
1985, T1:761-6.

HaLr JE, GuyTon AC, CowLey AW Jr. Dissociation of renal blood
fAow and filtration rate autoregulation by renin depletion. Am J Physiol
1977, 232:F215-211.

IcHikawa 1, MievLe JF, Brenser BM. Reversal of renal cortical ac-
tions of angiotensin 11 by verapamil and manganese. Kidney Ini
1979;16:1 37-47.

EpwarDs RM. Segmental effects of norepinephrine and angictensin 11
on solated renal microvessels, Am J Physiol. 1983, 244:F526-34.

HaLw JE, Guyton AC, Jackson TE, CoLeman TG, Loumeier TE,
Trirrono NC, Control of glomerular filtration rate by renin-angioten-
sin system. Am J Physiol 1977.233:F366-72.

Jounson PA, BErnvarD DB, Perrix NS, et al. Control of rat renal
vascular resistance during alterations in sodium balance. Cire Res
198 148:T28-33.

L Harw JE, Guyton AC, Ssimh MI Jr, CoLeman TG, Blood pressure

and renal function during chronic changes in sodium intake: role of
angiotensin, Am J Physiol, 1980;239:F271-80,

Skoreckl KL, BALLERMANS BY, Resnke HG, BRENNER BM, Angio-
tensin Il receptor regulation in isolated renal glomeruli. Fed Proc
1983:42:3064-70,

32.

13,

15,

36.

37.

38,

39,

41,

45,

47,

51,

51

33.

54

35.

56.

=7,

Packer of al. ® Renal Function and Converting-Enzyme Inhibition

FrREEMan RH, Davis JO, ViTALE 51, Jonnsos JA. Intrarenal role of
angiotensin [1: Homeostatic regulation of renal blood flow in the dog.
Cire Res. 1973, 22:692-8.

KimMaroucH HM Jr, VavaHan ED Jr, Carey RM, Avers CR. Ef-
fect of intrarenal angiotensin I1 blockade on renal function in conscious
dogs. Cire Res. 197740:174-3.

. Kastwer PR, Havl JE, Guyron AC. Control of glomerular filiration

rate: role of intrarenally formed angiotensin Il Am T Physiol
1984:246(6 pt 2):FR97-906,

KasteEr PG, Harl JE, GuyTon AC. Renal hemodynamic responses
1o increased renal venous pressure: robe of angiotensin 11, Am J Phyziol
1982 243: F 2604

HoLLenBeERG NK, WiLtiams GH, Taus KJ, et al. Renal vascular
response to interruption of the renin-angiotensin system in normal man.
Kidney Int. 1977:12:285-93,

Faxon DP, CrEacEr MA, Harrerin JL, Bernaro DB, Rvas T
Redistribution of regional blood flow following angiotensin-converting
enzyme inhibition: comparison of normal subjects and patients with
heart fallure. Am J Med, 1984, T6(5B): 104-10,

Hricik DE, Browning P, KorELman R, Goorso WE, MaDias
MNE, Dzav V], Captopril-induced functional renal insufficiency in pa-
tients. with bilateral renal-artery stenosis or renal-artery stenosis in a
solitary kidney. & Engl J Med. 1983;308:373-6.

Curtis JJ, Luke RG, WHELCHEL JD, DieTHELM AG, Jones P, Dus-
Tax HP. Inhibition of angiotensin-converting enzyme in renal-trans-
plant recipients with hypertension. N Engl f Med. 1983,308:377-81.
Sias JH, Kieska Z, Socomon SA, Bone JM. Captopnl induced
reversible renal failure: a marker of renal artery stenosis affecting a soli-
tary kidney, Br Med J [Clin Res]. 1983:286:1702-3,

Watson ML, BELL GM, Mum AL, Buist TAS, KeLLeTT R, PaD-
FIELD PL. Capropril/diuretic combinations in severe renovascular dis-
ease: a cautionary note [Letter]. Lancet. 1983;2:404.5.

. Hmicik DE. Captopril-induced renal insufficiency and the role of sodi-

um balance, Ann forern Med, 1985,103:222-3,

. Hoosecues U, Grose HIY, Kircuertz EX, et al. Contrasting renal

effects of different antihypertensive agents in hypertensive rats with bi-
laterally constricted renal arteries. Krdoey For [Suppd]. 1982,12:5198-
208,

. Jouwsos JA, Davis 1O, Angiotensin [1: important role in the mainte-

nance of arterial blood pressure. Sciemce. 1973, 179:906-7.

Icikawa 1, PFEFFer IM, Prerrer MA, HosTeTTER TH, BRENNER
BM. Role of angiotensin Il in the altered renal function of congestive
heart failure. Cire Res. 19845566975,

. Packer M, Lee WH, Kessier PD. Preservation of glomerular filtra-

tion rate in human heart failure by activation of the renin-angiotensin
aystem. Circwlariom. 1986, T4:766-T4,

Lerrve ME, Marcorien RD, HErRMILLER JB, UNVERFERTH DV,
Leier CV. Relationship between central hemodynamics and regional
blood flow in normal subjects and in patients with congestive heart fail-
ure, Crrcufation. 1984;69:57-64.

. FREEMAN RH, Davis JO, WiLLiams GM, DEForresT M, SEYMOUR

AA, Rowe BP. Effects of the oral converting enzyme inhibitor, 50
14225, in a model of low cardiac output in dogs. Cire Res. 1979,45:540-
5

. ‘I;".twms L Jr, BurToN JA, Haser E, Cant JR, S8iTH FW, BARGER

AC. The renin-angiotensin-aldosterone system in congestive heart fail-
ure in conscious dogs. J Clin Tovest. 1976;57:1606-17.

. Copy RJ, Covit AB, ScHaer GL, LaracH JH, SeaLey JE, FELD-

sCHUM J. Sodium and water balance in chronic congestive hean failure.
J Clin Invest. 1986;77:1441-52.

Packer M, Mepina N, YusHax M, Efficacy of captopril in low-renin
congestive heart failure: importance of sustained reactive hyperrenine-
mia in distinguishing responders from nonresponders. Am J Cardiol
1984, 54:771-7.

HaLL JE, GuyTos AC, Trirropo NC, LovMeier TE, McCaa RE,
CowLEY AW Jr. Intrarenal control of electrolyte excretion by angio-
tensin 11 Am J Physiol 1977,232:F538-44,

Ikrasm H, CHax W, Esriner EA, NicHovLLs MG, Haemodynamic and
hormone responses to acute and chronic furosemide therapy in con-
gestive heart failure. Clin S 1980;59:443-9,

HavasH H, Kimanma W, Saruta T. Aldosterone response 1o angio-
tensin 11, adrenocorticotropin, and potassium in chronic experimental
diabetes mellitus in rats. Endocrinology. 1984;115:22035-9.

Tuck ML, MavEes DM. Mineralocorticod biosynthesis in patients with
hyporeninemic  hypoaldosteronism. J Clin Endocrinol  Metab.
1980, 50:341-7.

Havasui M, Senpa 5, Samo [, Kitansa W, Saruta T, Potassium
homeostasis in chronic experimental diabetes mellitus in rats. Acts En-
docrinol (Copenlr). 1984, 105:219-44,

HaLLERMANN BI, Skoreckl KL, Brenser BM. Reduced glomerular
angiotensin 11 receptor density in early untreated diabetes mellitus in the
rat. Am S Physiol. 1984,247(1 p 2):F110-6.

353

Downloaded From: http://annals.org/ by a Penn State University Hershey User on 05/17/2016



58,

59.

6.

WEIDManN P, BERETTA-PiccoL! C, KEUSCH G, of al. Sodium-volume
factor, cardiovascular reactivity and hypotensive mechanism of diuretic
therapy in mild hyperiension associated with diabetes mellitus. Am J
Med, 1979,67:779-84.

TurLapraTY PDMV, Lusm G, ALTura BM, Vascular responsiveness
and serum biochemical parameters in alloxan diabetes mellitus, Am J
Physiol 1980;239:E412-21,

Packer M, LEE WH, Mepina N, Yusuak M. Influence of renal func-
tion on the hemodynamic and clinical responses to long-term captopril
therapy in severe chronic heart failure. Ann fotern Med, 1986;104:147-
54,

62,

ment of functional renal insufficiency during converting-enzyme inhibi-
tion in severe chronic heart failure [Abstract]. Clin Res 1987, (In
press),

Packer M, LEE WH, YusHak M, MEDiNa N, Companson of capio-
pril and enalapril in patients with severe chronic heart failure, ¥ Engl J
Med. 1986;315:847-53.

63, GILES TD, CHiaramMiDa A, DEMaRrIA A, et al. A comparison of lisino-

(3

pril and captopril in congestive heart failure [Abstract]. Circufation.
1986; T4 {suppl 11):11-39.

Packer M, MELLER J, MEDINA N, GorLix B, HERMan MV, Impor-
tance of left ventricular chamber size in determining the response to
hydralazine in severe chronic heart failure. N Engl 5 Med
1980; 303:250-5.

61, Packer M, LEe WH, KessLer PD, MeDina N, YusHak M, GoTr-
Lies 55, ldentification of hyponatremin as a nisk factor for the develop-
354  Annalsof Internal Medicine, 1987;106:354-361.

©1987 american College of Physicians

Downloaded From: http://annals.org/ by a Penn State University Hershey User on 05/17/2016



