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Renal function and antihypertensive drug efficacy were determined 
in a prospective, double-blind, multicenter study comparing enalap- 
ril plus hydrochlorothiazide with standard triple therapy (hydro- 
chlorothiazide, timolol, and hydralazine) in 75 patients with docu- 
mented renovascular hypertension. Both groups had significant 
mean decreases in systolic and diastolic blood pressures. Effective 
control of diastolic hypertension occurred in 96 percent of patients 
receiving enalapril compared with 62 percent of patients receiving 
the triple-drug regimen. Effective renal plasma flow was signifi- 
cantly increased by enalapril therapy. In contrast, the glomerular 
filtration rate had a bimodal response. In 60 percent of enalapril- 
treated patients, there was no significant change in the inulin clear- 
ance, although in 20 percent of patients (lo), there was a 26 percent 
decrease in the inulin clearance with a concomitant 12 percent in- 
crease in renal plasma flow. Seven of the 10 patients had unilateral 
renal artery stenosis, but in all 10, it was high-grade stenosis (more 
than 60 to 90 percent stenosis). Although a significant rise in the 
serum creatinine level occurred in one patient in association with 
diuretic therapy, volume repletion reversed this azotemia. No oligu- 
ric acute renal failure occurred in the enalapril-treated group. The 
cause of the decrease in glomerular filtration rate induced by ena- 
lapril plus hydrochlorothiazide in a minority of patients with renal 
artery stenosis appears to be quite complex. Although the abolish- 
ment of the autoregulation of glomerular filtration secondary to 
blockage of antiotensin II appears to be a primary cause, the roles of 
decreased arterial pressure, renal counterbalance, concurrent diu- 
retic therapy, and other hemodynamic factors that may maintain 
glomerular ultrafiltration pressure must also be considered. The 
results of this study show that enalapril plus hydrochlorothiazide is 
effective in treating renovascular hypertension. Special care is 
needed for a small group of patients with renovascular hyperten- 
sion in whom there is a decrease in the glomerular filtration rate 
with this therapy. This may identify a subset of patients with unilat- 
eral or bilateral high-grade renal artery stenosis in whom alternative 
therapy-percutaneous angioplasty or surgical intervention-may 
be considered. 

From a historic perspective, medical therapy for renovascular hyperten- 
sion has been anecdotal, based on small, nonrandomized studies. Early 
results with medical treatment have shown poor results and have, there- 
fore, led to a common belief that renovascular hypertension is generally 
resistant to antihypertensive drug therapy [I -41. Indeed, this characteris- 
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tic has been used to identify a subset of patients with hy- 
pertension who must be thoroughly evaluated for possible 
underlying secondary hypertension. The introduction of 
the oral converting enzyme inhibitor captopril in the 
198Os, used in combination with a diuretic, led to the suc- 
cessful control of hypertension in between 85 and 90 per- 
cent of patients with renovascular hypertension [5,6]. 

Enalapril is a new inhibitor of the angiotensin converting 
enzyme. The compound is an esterified substituted N-car- 
boxy-methyl-tripeptide that does not, by design, possess 
a mercapto group. Enalapril is more potent than captopril, 
has a longer duration of action, and does not have the 
profile of toxicity seen with compounds that have sulfhy- 
dryl side chains [7-131. Investigators participating in this 
multicenter study recently confirmed the superiority of 
enalapril and hydrochiorothiazide to standard triple ther- 
apy (hydrochlorothiazide, timolol, and hydralazine) for 
antihypertensive efficacy, safety, and tolerability in pa- 
tients with documented renovascular hypertension [14]. 
The objective of the second part of this multicenter study 
was to evaluate and analyze the effect on renal function of 
these treatment modalities. 

PATIENTS AND METHODS 

The study included 75 patients between the age of consent 
and 72 years. Each patient was shown to have significant 
renal artery stenosis by arteriography, in addition to positive 
test results of functional significance, lateralization of renal 
vein renin ratios, and elevated plasma renin activity. Patients 
with other diseases or conditions that might be a risk to them- 
selves or interfere with the evaluation of efficacy or side ef- 
fects were excluded [14]. 

Initially, there was a baseline seven-day wash-out period 
when patients received no antihypertensive medication other 
than hydrochlorothiazide. Entry requirement for blood pres- 
sure was a supine diastolic pressure of 95 mm Hg or more 
during treatment with 50 mg of hydrochlorothiazide per day. 
At the investigator’s discretion, patients could enter the study 
as inpatients or at a suitable outpatient facility to assure ade- 
quate patient monitoring. If necessary for a patient’s well- 
being, the baseline period was shortened to allow more rapid 
access to active therapy. Patients entered the titration period 
when a supine diastolic blood pressure of 100 mm Hg or 
more was recorded on two separate occasions on each of 
two successive days. Ten separate institutions participated in 
the study. At each clinic, patients who met the entry criterion 
were randomly assigned to either the enalapril or triple-ther- 
apy groups. The initial dosage of enalapril was 5 mg twjce 
daily, which could be increased to IO or 20 mg twice daily. In 
the triple-therapy group, the initial dosages of timolol and 
hydralazine were IO mg twice daily and 50 mg twice daily, 
respectively, with double and triple doses as necessary. Pa- 
tients in both groups continued to receive hydrochlorothia- 
zide, 50 mg daily. Investigators had an option to administer 
100 mg of hydrochlorothiazide daily in patients with creatinine 
clearances of less than 60 ml/minute/l.73/m2 body surface 
area. Data pertaining to adverse effects were collected at 
each visit. The hydralazine, timolol, and placebo tablets were 

similar in appearance to the enalapril tablets so that patients 
were “blind” as to the type of medication they were receiving. 

Data analysis was based on standard nonparametric sta- 
tistical methods. Significance of within-group changes from 
baseline was evaluated by the signed rank test. The rank 
sum test assessed the significance of between-group differ- 
ences. Fisher’s Exact Test was used to compare the propor- 
tions. 

The titration period consisted of three five-day intervals. At 
the end of each interval or sooner, depending on when blood 
pressure control was achieved, patients entered the mainte- 
nance period. Control of blood pressure was defined as a 
supine diastolic blood pressure of less than 90 mm Hg. In 
patients who had a supine diastolic blood pressure of more 
than 115 mm Hg at the end of the titration period treatment 
was judged to have failed. If blood pressure control was not 
achieved by the end of the titration interval, several options 
were available: patients could be removed from the study; 
therapy could be switched from the triple-drug regimen to 
enalapril therapy as part of the extension cross-over study; or 
patients could begin the maintenance period of the study with 
suboptimal control of blood pressure. The titration period was 
followed by a six-week maintenance period, during which 
time no changes were made in dosage. Clinic visits were 
scheduled every two weeks. 

After completion of the maintenance period, investigators 
and patients had the option to continue with enalapril therapy 
or to switch from the triple-drug regimen to enalapril for an 
extended period of time. In 13 patients, therapy was switched 
from the triple-drug regimen to enalapril in the extension 
open-label period: four during the titration period because of 
poor blood pressure response to therapy; nine at the end of 
the maintenance period (one with poor blood pressure con- 
trol); and eight with good blood pressure control during treat- 
ment with hydrochlorothiazide, timolol, and hydralazine. Pa- 
tients were instructed to adhere to a “no-salt-added” diet and 
were not permitted to take other diuretics, antihypertensives, 
or vasodilatory drugs while participating in this study. 

Measurements of plasma renin activity, inulin clearance, 
and para-aminohippuric acid clearance were done at the 
completion of the wash-out, titration, and maintenance peri- 
ods. These studies were repeated at similar intervals if ther- 
apy was switched from the triple-drug regimen to enalapril 
during the extension period. 

DEMOGRAPHIC CONSIDERATIONS 

In this series of patients, 81 percent had a renovascular ste- 
nosis with an atherosclerotic etiology, 44 percent had bilat- 
eral renal artery stenosis, and 32 percent had advanced dis- 
ease as manifested by the presence of grossly impaired renal 
function. Demographic characteristics were compared in the 
two study groups to assess the adequacy of randomization. 
Seventy-five patients (22 with unilateral renal artery stenosis 
and 14 with bilateral renal artery stenosis in the enalapril- 
treated group and 20 with unilateral renal artery stenosis and 
19 with bilateral renal artery stenosis in the triple-drug-treated 
group) were studied. The mean age of the enalapril-treated 
group was slightly more (59.6 years) than the mean age of 
the triple-drug-treated group (54.0 years) (p cO.05). There 
was a predominance of female patients in the triple-drug- 
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TABLE I Mean Blood Pressure Differences in Double-Blind Study 

Therapy Number of Patlents 

Enalapril 36 
Standard triple therapy 38 

Supine Blood Pressure (mm Hg) 

Systolic Diastolic 

-32*+ -20+ 
-20*+ -18+ 

Standing Blood Pressure (mm Hg) 

Systolic Diastolic 

-14*+ -18+ 
-5* -14+ 

*Significant difference between treatments, p ~0.05. 
+Significant difference from pretreatment value, p ~0.01. 

treated group (14 versus six), in addition to an associated 
predominance of fibrous dysplasia (12 versus six). However, 
most patients had a renovascular stenosis with an athero- 
sclerotic etiology (30 in the enalapril-treated group versus 27 
in the triple-drug-treated group). The majority of patients were 
white (71 out of 75). Baseline blood pressure was slightly 
higher in the triple-drug-treated group (174/l 04 mm Hg) than 
in the enalapril-treated group (170/100 mm Hg), a nonsig- 
nificant difference. Renal function was more impaired in the 
enalapril-treated group (serum creatinine 1.58 mg/dl versus 
1.33 mg/dl, in the triple-drug-treated group, a nonsignificant 
difference), which perhaps reflected the older age and 
greater prevalence of atherosclerotic etiology in this group. 
Plasma renin activity was measured in 65 of 75 patients and 
was above normal in 60 percent of the patients (56 percent in 
the enalapril-treated group and 64 percent in the triple-drug- 
treated group, a nonsignificant difference). There were com- 
parable numbers of patients receiving low, medium, and high 
dosages of medication in both the enalapril-treated and triple- 
drug-treated groups. In only 10 patients was the dose of hy- 
drochlorothiazide increased from 50 to 100 mg: four patients 
were in the enalapril-treated group and six were in the triple- 
drug-treated group. 

To determine if there was bias in patient selection, demo- 
graphic variables of age, gender, and renal function versus 
blood pressure were evaluated using individual and multiple 
linear regression analysis. Using this analysis, age, gender, 
and renal function were not related to baseline or after-ther- 
apy blood pressures in either group. 

Traditionally, definitive renovascularr hypertension has 
been defined retrospectively as blood pressure elevation OC- 
curring secondary to renal artery stenosis that is cured or 
improved with successful surgical intervention. Probable re- 
novascular hypertension, in contrast, is customarily defined 
as a significant renal artery stenosis (more than 50 percent 

stenosis for a single lesion or multiple lesions of any degree), 
and is substantiated as being functionally significant by a lat- 
eralization of renal vein renin ratios (more than l-5:1) and/or 
increased plasma renin activity. Using these criteria, all but 
four patients (all in the triple-drug treatment group) had a pre- 
sumptive diagnosis of renovascular hypertension [14]. 

RESULTS 

Blood Pressure Response. Group blood pressure re- 
sponses were assessed by three different comparisons. 
Mean blood pressure differences in the double-blind 
maintenance period were analyzed, averaging the last 
pretreatment blood pressure value with the last value in 
the maintenance period (Table I). In both treatment 
groups, supine diastolic blood pressure decreased by 18 
to 20 mm Hg, with no significant differences between the 
two treatment groups. Both groups also had a significant 
reduction in systolic blood pressure from pretreatment 
values. However, there was a 12 mm Hg greater decrease 
in systolic blood pressure in the enalapril-treated group 
compared with that of the triple-drug treatment group (p 
CO.05). 

In 13 patients therapy was switched from the triple-drug 
regimen to enalapril during the extension period, and a 
direct comparison was made of these patients blood pres- 
sure responses (Table II). There was a significant im- 
provement in both diastolic and systolic blood pressures 
during enalapril therapy. The median decrease in diastolic 
blood pressure was 11 mm Hg, and the median decrease 
in systolic blood pressure was 30 mm. 

The frequency distribution of blood pressure respond- 

TABLE II Median Blood Pressures in 13 Patients in Whom Treatment Was Switched from Standard Triple 
Therapy to Enalapril 

Supine Blood Pressure (mm Hg) Standing Blood Pressure (mm Hg) 

Therapy Number of Patients Systolic Diastolic Systolic Diastolic 

Pretreatment 13 180 t 8 106 t 2 161 lr7 104 k 3 
Standard triple therapy 13 160 L 7* 88 + 3* 154 f 7* 89 k 4* 
Enalapril 13 130 k 5’ 77 +- 2’ 130 k 6* 83ir l* 

*Significant difference from pretreatment value, p ~0.01. 
The median duration of therapy was 7.5 months. For this analysis, therapy-related withdrawals were assigned arbitrary poor scores, and an 
analysis was performed on the ranked data. 
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TABLE III Frequency of Good and Poor Blood Pressure Responders 

Therapy Number of Patients 

Enalapril 49 
Standard triple therapy 38 

Successes Failures 

47 2 (4 percent) 
31 7 (18 percent) 

ers in the two groups was compared after including the 13 
patients in whom therapy had been switched (Table Ill). A 
good blood pressure responder was defined as a patient 
with a supine diastolic blood pressure of 90 mg Hg or less 
and at least a 10 mm Hg decrease from pretreatment val- 
ues, or a diastolic blood pressure of 95 mm Hg or less and 
at least a 15 mm Hg decrease from pretreatment values. 
All patients not meeting these criteria were classified as 
poor responders. Accordingly, two patients (4 percent) 
were classified as poor responders in the enalapril-treated 
group and seven as poor responders (18 percent) in the 
triple-drug treatment group. 
Renal Function. For this evaluation, data from the 13 
patients who participated in the enalapril extension phase 
of the study were pooled with the data of the original 36 
patients, resulting in a total of 49 patients who received 
enalapril and 39 who received the triple-drug treatment. A 
significant decrease in renal function was defined as an 
increase in the titration or maintenance serum creatinine 
level of 0.3 mg/dl or more from pretreatment values. This 
change represents a significant reduction in the glomeru- 
lar filtration rate at the 95 percent confidence level [15,16]. 
As shown in Table IV, in 10 patients (20 percent) in the 
enalapril-treated group, there were significant increases in 
serum creatinine and blood urea nitrogen levels. This in- 
crease occurred during the first two to three weeks of 
therapy and then plateaued without any evidence of 
progressively worsening renal function. There was also a 
significant increase in the serum urea nitrogen to serum 

creatinine ratio (13.9 mgidl before therapy versus 18.2 
mg/dl after therapy began) (p ~0.001). No occurrence of 
acute oliguric renal failure was noted in any of the patients 
receiving enalapril plus hydrochlorothiazide therapy, even 
among the 18 patients with bilateral renal artery stenosis, 
many of whom had high-grade renal artery stenosis with 
impairment in renal function. In the triple-drug treatment 
group, only one patient (3 percent) showed significant 
impairment in renal function during therapy. 

Of the 10 enalapril-treated patients in whom renal func- 
tion decreased during therapy, five had normal renal func- 
tion prior to treatment and unilateral renal artery stenosis. 
The remaining five patients had impaired renal function 
prior to treatment; two had unilateral and three had bilat- 
eral artery lesions. All 10 patients showed evidence of 
marked renal artery stenosis, with eight patients having 80 
to 90 percent or more stenosis in one kidney, one patient 
having 80 to 90 percent stenosis or more in both kidneys, 
and one patient having 100 percent stenosis in one kidney 
and 50 percent stenosis in the other. 

There were two additional outlier patients in the enalap- 
ril-treated group who were not included in this analysis of 
renal function:, In one patient, azotemia developed ab- 
ruptly with an increase in the serum creatinine level from 
1 .l to 4.3 mg/dl by Day 3. Upon discontinuation of hydro- 
chlorothiazide, the diuretic-induced hypovolemic re- 
sponse abated. Body weight increased 5 pounds and the 
serum creatinine level decreased to 1.1 mg/dl by Day 6. 
This patient, who has 70 percent unilateral renal artery 

TABLE IV 

Number of 
Patient 

Decreased Renal Function with Enalapril and Hydrochlorothiazide Therapy 

Serum Creatinine 
(m!W 

Patient 
Identification Number Involved Kidneys Before After 

Serum Urea 
Nitrogen (mg/dl) 

Before After 

1 42 U 1.3 2.7 19 
2 63 U 1.2 1.6 19 
3 82 U 1 .o 2.1 19 
4 94 U 1.6 2.2 24 
5 95 U 1.3 2.0 17 
6 96 U 1 .I 1.4 12 
7 73 U 1.4 2.3 19 
8 32 B 2.0 4.6 26 
9 59 B 4.2 5.1 66 

10 98 E3 1.3 1.7 13 

59 
25 
50 
40 
34 
23 
43 
- 
86 
26 

U = unilateral renal artery stenosis. 
B = bilateral renal artery stenosis. 
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TABLE V Changes in Renal Function after Standard Triple Therapy or Enalaprif 

Number of 
Category Patients 

Stable renal function with therapy 
Standard triple therapy 12 
Enalapril 16 

Decreased renal function with 
therapy 
Enalapril 7 
Standard triple therapy 1 

fnufin Clearance 
(mflmin) 

Before After 

Para-Aminohippuric 
Clearance (mf/min) 

Before After 

94 f a* 92 i- 8 354 k 31 339 2 34 
71 * 7 78 2 a 271 k 28 322 2 34t 

83 * 7 60 k 7* 299 -c 40 339 rt 40* 
38 26 133 108 

Filtration Fraction 

Before After 

0.28 2 .02 0.27 ” .02 
0.28 ” .02 0.26 -c .Ol 

0.29 2 .03 0.18 2 .02* 
0.29 0.24 

*Standard error of the mean. 
+p 5 0.05. 
*p 5 0.01. 

stenosis, continues to have a good blood pressure re- 
sponse and stable renal function with enalapril therapy 
after more than two years. This phenomenon of diuretic- 
induced azotemia has been described previously [27] and 
may well be a continuum rather than an all-or-none re- 
sponse. Another patient had pretreatment impaired renal 
function, a poor blood pressure response to the triple-drug 
regimen, and a good blood pressure response when ther- 
apy was switched to enalapril. Renal function remained 
stable until approximately eight months of therapy, when a 
small but significant increase in the creatinine level (from 
1.3 to 1.7 mg/df) was noted. In this patient, progression of 
renal artery stenosis was more likely than enafapril-in- 
duced renal impairment. 

Table V shows the effective renal plasma flow, inulin 
clearance, and filtration fractions in all patients for whom 
these data were available and interpretable. Extraction of 
para-aminohippuric acid was not measured, so that para- 
aminohippuric acid clearance is taken as an estimate of 
effective renal plasma flow. Patients were subdivided into 
two categories: those with stable serum creatinine levels 
during therapy and those with at least a 0.3 mg/dl increase 
in the serum creatinine level during therapy. A bimodal 
response in inulin clearance was noted in patients with 
renovascular hypertension who were receiving enalapril. 
When the serum creatinine level remained stable during 
therapy, there was no significant change in inulin clear- 
ance in either the enalaprif-treated or the triple-drug- 
treated groups. However, there was a significant 16 per- 
cent increase in renal plasma flow (p ~0.05) in the 
enalaprif-treated group; no such change was noted in the 
triple-drug-treated group. In contrast, when the serum cre- 
atinine level increased with enalapril therapy, there was a 
28 percent decrease in inulin clearance, a 12 percent in- 
crease in renal plasma flow, and a 38 percent decrease in 
the filtration fraction (p CO.01 for all three values). 

A review of blood pressure responses in the 10 patients 

with enalapril-associated decreases in the glomerufar fil- 
tration rate showed that three had originally shown good 
blood pressure response with the triple-drug regimen and 
achieved little additional blood pressure reduction when 
therapy was switched to enalapril; the fourth patient was a 
poor responder to enalaprif. Thus, in four out of 10 pa- 
tients receiving enalaprif therapy impaired renal function 
developed without a significant reduction in blood pres- 
sure. 

The one patient who was receiving the triple-drug com- 
bination and in whom renal function was decreased dem- 
onstrated a 32 percent decrease in inufin clearance and a 
19 percent decrease in renal plasma flow with an associ- 
ated small reduction in filtration fraction and was a poor 
blood pressure responder. 

An analysis was made of possible factors related to the 
enalapril-induced decrease in renal function in the 10 pa- 
tients in whom this was observed (Table VI). There was 
no significant correlation with age, severity of hyperten- 
sion, etiology of renovascular stenosis, or pretreatment 
plasma renin activity. In addition, the presence of bilateral 
renal artery stenosis, unlike the presence of unilateral 
renal artery stenosis, was not a significant factor in the 
enafapril-induced decrease in renal function. The only sig- 
nificant predictor of an enafapril-induced decrease in renal 
function was a decreased pretreatment glomerular filtra- 
tion rate in patients with bilateral renal artery stenosis. In 
three out of seven patients with bilateral renal artery ste- 
nosis (43 percent) an enalapril-induced decrease in renal 
function was seen, whereas in none of the 11 patients with 

bilateral renal artery stenosis and normal renal function 
was this response seen. In patients with unilateral renal 
artery stenosis, the presence or absence of a decreased 
pretreatment gfomerular filtration rate did not correlate 

with a subsequent enalapril-induced decrease in renal 
function. By far the most important factor in predicting an 
enalapril-induced decrease in renal function was the pres- 
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ence of a high-grade stenotic lesion of more than 80 to 90 
percent, Nine of 10 patients with an enalapril-induced 
decrease in renal function had high-grade renal artery ste- 
nosis up to, but not including, total renal artery occlusion. 
However, it should be noted that in 12 of 21 patients (57 
percent) who had greater than 80 to 90 percent stenosis 
stable renal function was maintained during treatment 
with enalapril and hydrochlorothiazide. 

COMMENTS 

The therapies used in this series resulted in an overall 
good blood pressure response rate of 90 percent, despite 
inclusion of many older patients with advanced disease as 
evidenced by the high frequency of bilateral stenosis and 
impairment in renal function. When the response rate to 
specific treatment categories was examined, there was an 
overall poor response rate of 18 percent in the triple-drug- 
treated group compared with 4 percent in the enalapril- 
treated group 1141. Refractory hypertension, associated 
with renal insufficiency, is a relatively common clinical 
presentation in patients with renovascular hypertension 
and bilateral renal artery stenosis [17,18]. The results of 
this study are in keeping with this observation, since all of 
the poor responders to the triple-drug regimen had bilat- 
eral renal artery stenosis, and the majority had reduced 
renal function [14]. The toxic effects that have been de- 
scribed with penicillamine-like drugs [19] or sulfhydryl- 

containing compounds-e.g., leukopenia, proteinuria, 
disorders of taste, and significant skin rash-were not 
observed in this study, nor have they been observed in 
more than 5,000 enalapril-treated patients with hyperten- 
sion studied worldwide [13,14]. 

The effect of enalapril on renal hemodynamics has 
been studied in both essential and renovascular hyperten- 
sion. After a reduction in angiotensin II levels in the blood 
and, presumably, tissue through the administration of 
enalapril, a significant increase in renal blood flow has 
been described in both essential and renovascular hyper- 
tension [20,21]. In a one-year study, Bauer [21] showed a 
significant improvement in inulin clearance (glomerular fil- 
tration rate) in patients with essential hypertension, possi- 
bly on the basis of inhibition of angiotensin II-induced 
mesangial cell contractility, which may result in an im- 
provement in the glomerular ultrafiltration coefficient 
[22,23]. In the current series of patients, there was a sig- 
nificant increase in renal plasma flow in the enalapril- 
treated group, whereas no such change was noted in the 
triple-drug treated group. Para-aminohippuric acid extrac- 
tion was not measured in this study. 

There was a distinct bimodal response of glomerular 
filtration rate to enalapril therapy. In the majority of sub- 
jects (80 percent), there was a stable inulin clearance rate 
and stable serum creatinine and blood urea nitrogen lev- 
els compared with levels prior to treatment with enalapril. 
Other investigators have reported an increase in the glo- 

TABLE VI Factors Predictive of Enalapril-Induced Decrease in Renal Function 

True Correlation* False Correlation+ 
Fisher Exact 

Factor Positive/Total (Percent) Positive/Total (Percent) Probability Test 

Stenosis: 
Bilateral vs unilateral 

Age: 
260 yrs vs 559 yrs 

Hypertension severity: 
1115 mm Hg vs ~115 mm Hg (diastolic) 

Etiology: 
Arteriosclerosis vs fibrous dysplasia 

Initial plasma renin activity: 
Elevated plasma renin activity vs 
normal plasma renin activity 

Pretreatment glomerular filtration rate: 
Decreased glomerular filtration rate vs 
normal glomerular filtration rate 
In unilateral stenosis: 
In bilateral stenosis: 

Stenotic gradient: 
180% or total vs >80% 

3/f 0 (39) 14139 

8110 (80) 26139 

2110 (20) 14139 

10110 (100) 30135 

719 (78) 17133 

217 (29) 5124 
317 (43) O/l 1 
S/l 0 (90) 12l39 

(36) 

(67) 

(36) 

w 

(52) 

(21) 
(0) 

(31) 

NS 

NS 

NS 

NS 

NS 

NS 
p <.03 

p <.OOl 

*True correlations predicted a reduction in renal function in patients who had a reduction. 
+False correlations incorrectly predicted a reduction in renal function in patients who did not have a reduction. 
NS = nonsignificant. 
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TABLE VII Renal Hemadynamics during Converting Enzyme Inhibition* 

Renal Glomerular 
Blood Filtration 
Flow Rate Mechanism Clinical Situation 

increased 

Decreased 

Unchanged 

Increased 

Decreased 

Decreased 

Release from vasoconstrictive effect 
of angiotensin II on arterioles and 
mesangial cells 

Excessive reduction in renal perfusion 
pressure: 
Systemic hypotension 
Renal hypotension due to renal 
artery stenosis 

Decreased glomerular filtration pressure 
due to selective loss of angiotensin II 
efferent arteriolar vasoconstriction 

Essential hypertension 
Contralateral kidney in unilateral 

renal artery stenosis 
Excessive hypovolemia secondary 

to diuretics 

Severe renal artery stenosis: 
Bilateral 
Solitary kidney 
lpsilateral kidney in unilateral 
renal artery stenosis 

‘Adapted from [40]. 

merular filtration rate after converting enzyme inhibitor 
therapy in both animals and humans with unilateral renal 
artery stenosis [22-241. Although there was a slight in- 
crease in inulin clearance in patients with unilateral renal 
artery stenosis during enalapril treatment in our series, the 
increase was not statistically significant. Conversely, 10 
patients (20 percent) had at least a 0.3 mg/dl increase in 
the serum creatinine level after enalapril therapy in asso- 
ciation with a significant decrease in inulin clearance. 

An analysis of factors related to the enalapril-induced 
decrease in the glomerular filtration rate (Table VI) 
strongly suggests that the critical factor is the presence of 
a high-grade stenotic gradient. The 10 patients who had a 
decrease in glomerular filtration rate after treatment with 
enalapril and hydrochlorothiazide had 80 to SO percent 
or more stenosis. Pretreatment azotemia in unilateral le- 
sions did not correlate with a subsequent enalapril-in- 
duced decrease in renal function. In bilateral lesions, it 
did. Therefore, treatment-induced azotemia in bilateral 
lesions suggests high-grade stenosis in one or both kid- 
neys. 

Converting enzyme inhibitors have been implicated in 
the development of reversible renal failure in the presence 
of high-grade bilateral renal artery stenosis or renal artery 
stenosis in a solitary kidney [25-271. However, only a 
minority of this subset of patients with renovascular hyper- 
tension develop renal failure in conjunction with coverting 
enzyme inhibitory therapy. Jackson and his colleagues 
[28] repotted a 38 percent incidence of captopril-induced 
renal failure in patients with solitary renal artery stenosis 
and a 23 percent incidence of renal failure in patients with 
high-grade bilateral artery stenosis. Similarly, Durand and 
his associates [29] have confirmed that acute renal failure 
after captopril therapy in patients with bilateral renal artery 
stenosis in a solitary kidney is not a constant phenome- 

non. In a series of 136 patients with bilateral or solitary 
kidney renal artery stenosis, Hollenberg [30,31] reported 
captopril-induced renal failure in 6 percent and progres- 
sive chronic renal failure in 5 percent, for an overall renal 
failure rate of 11 percent. Although oliguric acute renal 
failure has been reported after the administration of ena- 
lapril in patients with bilateral renal artery stenosis [27], 
this complication was not observed in the current study, 
despite the inclusion of 18 patients with bilateral renal ar- 
tery stenosis, often high-grade, associated with impaired 
renal function. Thus, there is a suggestion, although it is 
not proved, that the prevalence of enalapril-induced renal 
failure in bilateral or solitary kidney renal failure is lower 
than that reported with captopril. 

Converting enzyme inhibitor-induced renal failure has 
been reported in bilateral renal artery stenosis and in ste- 
nosis in solitary kidneys, but not in unilateral renal artery 
stenosis. In contrast, the enalapril-induced decrease in 
glomerular filtration rate, seen in the current series of pa- 
tients, was no more frequent in bilateral (17 percent) than 
in unilateral renal artery stenosis (23 percent). Similarly, in 
Hollenberg’s series [31] of 269 captopril-treated patients, 
there was a comparable incidence of increase in the 
serum creatinine level in unilateral (25 percent) as in bilat- 
eral renal artery stenosis (27 percent). The most likely 
explanation is that the majority of patients with bilateral 
renal artery stenosis have marked asymmetry of stenosis 
between kidneys and physiologically function as if they 
had unilateral renal artery stenosis. 

The change in renal hemodynamics seen in patients 
with renovascular hypertension treated with converting 
enzyme inhibitors can best be explained by assuming that 
angiotensin II mediates efferent arteriolar vasoconstric- 
tion. This results in higher renal perfusion pressure, thus 
maintaining glomerular filtration in patients with high- 
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grade “critical stenosis” [32-401. Angiotensin II blockade, 
by decreasing efferent arterial resistance, may disrupt the 
autoregulation maintaining the glomerular filtration rate. 
Thus, three clinical patterns of renal hemodynamic 
change can be described [40]. (Table VII): an increase in 
both renal blood flow and glomerular filtration rate, as 
seen in essential hypertension after enalapril therapy; a 
reduction in both renal blood flow and glomerular filtration 
rate, as seen in diuretic-induced hypovolemia; and renal 
blood flow unchanged with glomerular filtration rate de- 
creasing, as seen in high-grade stenosis in bilateral dis- 
ease or a solitary kidney. In high-grade unilateral stenosis, 
the involved kidney may act similarly, with the contralat- 
era1 uninvolved kidney having an increase in both renal 
blood flow and glomerular filtration rate. As observed in 
seven of our 10 patients for whom clearance data are 
available, the combined hemodynamic changes in both 
kidneys result in a new steady state of increased renal 
blood flow and decreased glomerular filtration rate. 
Morover, there was a suggestion of a decrease, rather 
than a total cessation, in glomerular filtration rate, as evi- 
denced by an increase in the serum urea nitrogen to 
serum creatinine ratio from 13.9 (pretreatment) to 18.2 
(after initiation of therapy; p ~0.001). Wenting et al [41] 
reported more dramatic changes in the glomerular filtra- 
tion rate with captopril therapy. Using renal nuclide scan- 
ning in 14 patients with unilateral renal artery stenosis, 
they found a marked decrease in the glomerular filtration 
rate in the ipsilateral kidney in 50 percent of patients. Tine 
glomerular filtration rate remained stable in both kidneys 
in the other 50 percent of patients. 

In the presence of a high-grade stenosis, there are un- 
doubtedly other factors besides a decrease in angiotensin 
Ill-mediated efferent arteriolar vasoconstriction that deter- 
mine whether the glomerular filtration rate remains stable 
or decreases. Such factors include systemic arterial pres- 
sure, renal counterbalance, sympathetic nervous system 
activity, and concurrent diuretic therapy. 

Although a significant decrease in systemic arterial 
pressure could theoretically lead to a decrease in the glo- 
merular filtration rate in patients with renal artery stenosis, 
this probably played a minimal role in our patients. Not 
only did four of 10 (40 percent) patients with an enalapril- 
induced decrease in glomerular filtration rate not have a 
decrease in systemic arterial pressure, but all 32 of the 
triple-drug-treated patients with a significant decrease in 
blood pressure did not show impairment in the glomerular 
filtration rate. It is possible that a combination of de- 
creased systemic arterial pressure and decreased angio- 
tensin II, both of which are secondary to converting en- 
zyme inhibition, may be additive in contributing to a 
decreased glomerular filtration rate in patients with critical 
levels of renal artery stenosis. 

Renal counterbalance, the compensatory improvement 
in the glomerular filtration rate in the contralateral kidney, 

can account for maintenance of a stable serum creatinine 
level despite the presence of progressive unilateral renal 
artery stenosis [42,43]. Whether renal counterbalance can 
occur acutely is not readily apparent, In bilateral stenosis, 
renal counterbalance on the side of less stenosis may 
partially compensate for the converting enzyme-induced 
reduction in glomerular filtration rate on the side of greater 
stenosis and, therefore, minimize the rise in the serum 
creatinine level. 

Hemodynamic factors other than angiotensin II appear 
to play a role in stabilizing the glomerular filtration rate in 
high-grade artery stenosis. Using an unanesthetized dog 
model, Anderson [37], after confirming the importance of 
angiotensin II in the maintenance of renal artery perfusion 
pressure in high-grade renal artery stenosis, suggested 
that mechanisms independent of the renin-angiotensin 
system may play a role in this pressure regulation. At least 
two factors, the sympathetic nervous system and arginine 
vasopressin, appear important in the maintenance of glo- 
merular filtration after blockade of angiotension II by con- 
verting enzyme inhibitors. Edwards [44], working with 
superficial afferent and efferent arterioles from isolated 
rabbit kidneys, has shown contractile responses in the ef- 
ferent arterioles to both norepinephrine and angiotensin II, 
which suggests that the sympathetic nervous system may 
also play an ancillary role in the maintenance of efferent 
arteriolar vasoconstriction. In addition, lchikawa and col- 
leagues [45], using a specific antagonist of the vascular 
action of arginine vasopressin in the two kidney, one-clip 
rat model of Goldblatt hypertension, found that arginine 
vasopressin maintained high renal perfusion and filtration. 
These, and perhaps other factors, may explain why a mi- 
nority of patients with high-grade renal artery stenosis 
develop impaired renal function with converting enzyme 
inhibitors. 

The concurrent use of diuretic therapy with converting 
enzyme inhibitors may be important in inducing a de- 
crease in the glomerular filtration rate. Watson and associ- 
ates [46] reported on five patients with severe bilateral 
renovascular disease whose renal function significantly 
deteriorated during treatment with a combination of capto- 
pril and a diuretic, but not with captopril alone. Similarly, a 
patient with malignant hypertension and biopsy evidence 
of small-vessel nephrosclerosis showed deterioration in 
renal function when a diuretic was added to an angioten- 
sin converting enzyme inhibitor; renal function returned to 
baseline after the diuretic was discontinued (471. Thus, in 
both small- and large-vessel atherosclerosis, the depend- 
ency of autoregulation of glomerular filtration rate on the 
reninangiotensin system is more marked during sodium 
depletion. 

In the current series, a set dose of hydrochlorothiazide 
was combined with enalapril therapy. It is unlikely that a 
significant percentage of these patients required the con- 
current use of a diuretic to obtain good control of blood 
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pressure. Hodsman and associates [48] were able to ob- 
tain good blood pressure control with enalapril treatment 
alone in 90 percent of patients with renal artery stenosis. 

Some clinical precautions are suggested to minimize an 
enalapril-induced decrease in the glomerular filtration rate 
in that subgroup of susceptible patients with renovascular 
hypertension. Hypovolemia should be corrected by dis- 
continuation of diuretic therapy and by a concurrent ade- 
quate dietary salt intake. The lowest effective dose of ena- 
lapril should be given. If necessary, a diuretic should be 
added in low dosage, which can be gradually increased to 
prevent significant hypovolemia. Finally, monitoring of 
serum creatinine and blood urea nitrogen levels should be 
carried out during the first several weeks of enalapril ther- 
apy. 

The current study confirms the usefulness of enalapril in 
the medical management of patients with renovascular 
hypertension. The finding of a self-limited increase in the 
serum creatinine level after instituting enalapril therapy in 
hypertensive patients may serve as a provocative diag- 
nostic test to identify patients with high-grade renal artery 
stenosis and poorly perfused kidneys. These patients may 
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present with unilateral or bilateral renal artery disease. 
Moreover, a new steady-state rise in the serum creatinine 
level may be helpful in alerting physicians to alternative 
therapy. Thus, in some patients, angioplasty or surgical 
intervention may be deemed preferable to ongoing medi- 
cal therapy in order to preserve renal function. 

INVESTIGATORS IN THE TRIALS COMPARING 
ENALAPRIL PLUS HYDROCHLOROTHlAZlDE WITH 
STANDARDTRIPLETHERAPY 

Clinical investigators in this study were Gunnar Anderson, 
M.D., Syracuse, New York; John Bauer, M.D., and Gary 
Reams, M.D., Columbia, Missouri; Carl Bentzel, M.D., 
Greenville, North Carolina; John Hollifield, M.D., Nash- 
ville, Tennessee; Morton Maxwell, M.D., and Stanley 
Franklin, M.D., Los Angeles, California; Daniel O’Connor, 
M.D., and Robert Parmer, M.D., San Diego, California; 
Donald Vidt, M.D., Cleveland, Ohio; W. Gordon Walker, 
M.D., and Patterson Russell, M.D., Baltimore, Maryland; 
Martin White, M.D., and Andrew Fenves, M.D., Dallas, 
Texas; and Nicholas Madias, M.D., and Michael Madaio, 
M.D., Boston, Massachusetts. 
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