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Abstract : Background : It is not clear whether the administration of an angiotensin-
converting enzyme (ACE) inhibitor consisitently slows the progression of disease in
patients with renal disease. We investigated the usefulness of the furosemide test in
predicting the efficacy of delapril, an ACE inhibitor, in patients with chronic renal insuffi-
ciency.

Methods : Delapril (7.5 mg to 15 mg) was administered daily to 24 patients with chronic
renal insufficiency as indicated by a serum concentration of creatinine (Scr) between 1.2
mg/dl and 3.0 mg/dl. Patients were classified into improved, unchanged, and worsened
groups based on the effect of delapril on the Scr. We measured the following parameters
before the administration of delapril for a mean of 9 months blood pressure, Scr, urinary
protein excretion, urinary sodium excretion, and changes in the renin and aldosterone
response (the PRA ratio and PAC ratio) to a furosemide test.
Results : Renal function was improved in 6 patients, unchanged in 8 patients, and worsend
in 10 patients after delapril treatment. Urinary protein excretion was decreased, but not
significantly, in all three groups. No significant differences in baseline parameters were
observed among the groups before treatment. The PRA ratio was significantly higher in the
group showing improvement vs. the groups showing either no improvement or a worsening
of renal function.
Conclusions : Delapril tended to reduce the urinary excretion of protein in patients with
chronic renal insufficienty. However, delapril did not consistently reduce the rate of decline
in glomerular filtration rate. The protective effect of this drug on renal function appeared
to be related to the renin response to furosemide test.

Index Terms
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INTRODUCTION

Hypertension is both a cause and a result of chronic renal disease, and is an important
contributor to renal disease progression. In animals with experimentally induced renal disease,
the administration of angiotensin-converting enzyme (ACE) inhibitors normalizes the glomer-
ular capillary hydraulic pressure by reducing efferent arteriolar resistance and reduces the
glomerular-capillary permeability to proteins, thus diminishing the severity of proteinuria and
preventing the development of glomerulosclerosis'~®. ACE inhibitors appear to reduce the
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severity of overt proteinuria, irrespective of the underlying renal disease®?, and to reduce the
rate of decline in the glomerular filiration rate, irrespective of the degree of blood pressure
control®. However, ACE inhibitors may occasionally induce renal insufficiency. The glomer-
ular filtration rate is maintained by the angiotensin II-mediated efferent arteriolar constric-
tion, which sustains the glomerular capillary hydraulic pressure. A reduction in the efferent
arteriolar tone induced by ACE inhibitors may reduce glomerular capillary hydraulic pressure,
reducing the glomerular filtration rate*'®. Whether ACE inhibitors are consistently protective
in humans has not been clarified. Some studies have suggested that ACE inhibitors protect
renal function in patients with renal disease!!~'¥. However, others have reported that ACE
inhibitors do not maintain the glomerular filtration rate in patients with chronic renal
insufficiency'®'®. We investigated factors that predict the effect of delapril, an ACE inhibitor,
on renal dysfunction in patients with mild renal insufficiency.

METHODS

Patients

We studied 24 Japanese patients aged 24 to 80 years, 18 men and 6 women with chronic renal
insufficiency caused by chronic glomerulonephrits or nephrosclerosis who had a serum concen-
tration of creatinine (Scr) of 1.2 to 3.0mg/dl. We excluded patients who had received
corticosteroids, nonsteroidal antiinflammatory drugs, or immunosuppressive drug, and patients
with renovascular hypertension, malignant hypertension, a history of a myocardial infaction or
cerebrovascular accident in the 6 months preceding the study, congestive heart failure, non-
insulin-dependent diabetes mellitus, collagen disease, obstructive uropathy, cancer, an allergic
reaction to an ACE inhibitor, and pregnancy. Chronic glomerulonephritis was diagnosed in 19
patients and nephrosclerosis in 5 patients, based on examination of renal biopsies.

Study Design

Patients were screened for at least six months to determine the rate of decline in the 1/Scr,
which roughly represents the creatinine clearance. Patients receved 7.5 mg to 15 mg of delapril
with an anti-platelet agent (300 mg of dipyridamole or 300 mg of dilazep). Of the 29 patients
initially enrolled in the study, 5 withdrew because of the development of an intolerable cough
attributed to delapril.

Blood pressure was measured every 2 weeks with a standard sphygmomanometer after
patients rested in the sitting position for at least 5 min. Levels of blood urea nitrogen (BUN),
Scr, and serum electrolytes and the 24-hour urinary excretion of protein and sodium were
measured every 4 weeks with an autoanalyzer.

Furosemide test

Blood samples for measurement of the baseline peripheral venous plasma renin activity
(PRA) and the plasma aldosterone concentration (PAC) were obtained after 30 minutes of
bedrest. Furosemide (40 mg) was then injected intravenously and blood samples were again
obtained after patients had remained standing for 2 hours. Changes in the renin and aldosterone
response to the furosemide test are expressed as the ratio of the baseilne PRA and PAC to the
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PRA or the PAC, respectively, after the furosemide test.

Evaluation of effects of delapril on renal function

Fig. 1 explains the way to evaluate the effects of delapril on renal function!”. The rate of
decline in 1/Scr was measuted before and after the administration of delapril. Renal function
was classified as improved if the ratio of the declie in the 1/Scr before delapril to the decline
in the 1/Scr after delapril was less than 0.6, unchanged if the ratio was more than 0.6 and less
than 1.1, and worsened if the ratio was more than 1.1.

Statistical Analysis

Data are presented as the mean+SD. Results were analyzed with the Statistical Analysis
System (Statview-J 4.5). Differences in renal function before and after delapril treatment
were analyzed with paired t test in each group. Differences in results of furosemide test were
analyzed by Fisher’s exact test. A p value of <0.05 was accepted as statistically significant.

RESULTS

Renal function was improved after delapril treatment in 6 patients, unchanged in 8 patients,
and worsened in 10 patients (Table 1). The mean duration of delapril treatment was 9 months.
There ware no significant pre-treatment differences among groups in blood pressure, the Scr.
urinary protein excretion, or urinary sodium excretion (Table 2).
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Fig. 1. Evaluation of effect of delapril on renal function.
Renal function was classified as improved if the ratio of the decline in the
1/Scr before delapril to the decline in the 1/Scr after delapril was less than
0.6, unchanged if the ratio was between 0.6 and 1.1, and worsened if the ratio
was more than 1.1.

Table 1. Clinical characteristics

Characteristic Improved Unchanged Worsened
m=+6) (n=8) (n=10)

Male/Female 5/1 3/5 10/0

Age (years) 49423 49+12 58410

Disease 3 CGN 6 CGN 10 CGN

3 nephrosclerosis 2 nephrosclerosis

CGN=chronic glomerulonephritis
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Table 2. Parameters of renal -function before and after delapril treatment

Improved Unchanged Worsened
Characteristic
before after before after before after
Systolic blood pressure 149+17 160+21 138421 130+16 140+17 132+21
(mmHg)
Diastolic blood pressure 86+5 87210 87+15 80+11 8510 81410
(mmHg)
Serum creatinine 1.65+0.67  1.62%0.60 1.3340.27  1.4240.28  1.8240.70  2.34%0.76
(mg/dD
24-h i tei
our urmary Profeiil g 964369 0.93:£0.83 1.014£0.57  0.65:+0.44 1.95+1.77  1.47+1.50
excretion (g/day)
24-hour urinary sodium
) 152485 158450 14375 119+87 145468 117455
excretion (mEq/day) i
Data are the mean=+SD.
Table 3. PRA and PAC before and after the furosemide test
Improved Unchanged Worsened
Characteristic
before after before after before after
PRA (ng/ml/hr) 1.56+0.27 6.52+4.01 1.41+£0.91 4.32+2.65 2.95+3.47 4.73+6.16
PAC (pg/mD 100.1£56.2 328.7+228.2 82.2£53.0 188.6+116.3 85.7+58.1 168.4+106.8
*
[ |
PRA ratio 4.00£1.86 ——— % 3.27+1.08 ——— % 1.64+0.42
PAC ratio 3.42+1.85 2.50£1.89 2.01+0.60

PRA =plasma renin activity, PAC=plasma aldosterone concentration
Data are the mean=+SD.
*p<0.01

Changes in Scr and Urinary Protein Excretion

While the Scr decreased after delapril treatment in the improved group, and increased in the
unchanged and worsened groups, these changes were not statistically significant (Table 2).
Urinary protein excreion decreased in all 3 groups, but the changes were not significant.

Changes in the PRA and PAC

There were no significant differences among groups in the baseline PRA and PAC or the
changes in PRA and PAC after delapril treatment. However, the PRA ratio was significantly
higher in the improved group than in the unchanged and worsened group (Table 3). The PRA
ratio was significantly higher in the unchanged group than in the worsened group. There were
significant differences among groups in the PAC ratio.

DISCUSSION

Studies in animals with experimentally induced progressive renal disease or diabetic ne-
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phropathy have shown the ACE inhibitors reduce glomerular injury more consistently than
calcium channel blockers or the combination of hydrochlorothiazide, reserpine, and
hydralazine'®. Previous studies have also found that enalapril or lisinopril have effects on renal
function in patients with chronic renal insufficiency'*'%'». ACE inhibitors reduce urinary
protein excretion in patients with diabetes and other glomerulopathies?*~?2. The mechanism of
the effect of ACE inhibitors on proteinuria is unknown. Experimental studies using micropun-
cture techniques have suggested that a reduction in glomerular capillary hydraulic pressure
reduces proteinuria’™®. ACE inhibitors reduce the filtration fraction, which indicates a
decrease in postglomerular vascular resistance. Thus, alterations in renal hemodynamics may
be responsible for the ACE inhibitor-induced decrease in urinary protein excretion. In the
present study, delapril tended to reduce urinary protein excretion in all groups with chronic
renal insufficiency.

However, the effects of delapril on renal function seemed to be variable in patients with
chronic renal insufficiency. Delapril did not consistently retard the loss of renal function in
patients with chronic renal insufficiency. Renal function, assessed by the rate of decline in the
1/Scr, was improved in 6 of 24 patients, unchanged in 8 patients, and worsened in 10 patients.
ACE inhibitors may induce acute renal insufficiency in patients with renal artery stenosis or
advanced congestive heart failure, even when the systemic blood pressure remains
unchanged®'?. These conditions are characterized by the dependence of the glomerular
hydraulic pressure on angiotensin II mediated efferent arteriolar constriction. Thus ACE
inhibitors may worsen renal function in patients in whom glomerular filtration is maintained
primarily by angiotensin II. The present results suggest that angiotensin II mediation of the
glomerular filtration rate is variable in patients with chronic renal insufficiency. There were
no significant differences in blood pressure, the Scr. urinary protein excretion, and urinary
sodium excretion before delapril treatment among groups in the present study, indicating that
these factors were not useful for predicting the effect of delapril. There were also no signifi-
cant differences in the PRA and PAC before or after the furosemide test or in the PAC ratio
among groups. However, the PRA ratio was significantly higher in patients who showed
improvement in renal function than in patients who showed no change or worsening of renal
function. The PRA ratio was also significantly higher in the unchanged group compared with
the worsened group. The release of renin is stimulated by furosemide-induced sodium depletion
and the decrease in renal perfusion induced by standing. The low PRA ratio in the worsened
group suggests that maintenance of the glomerular filtration rate was strongly dependent on
the renin-angiotensin system in this group. The present results suggest that furosemide-
induced changes in the PRA reflect the role of the renin-angiotensin system in the progression
of renal disease, and may be useful for predicting the effects of delapril on renal function in
patients with chronic renal insufficiency.

In conclusion, the protective effect of delapril on renal function appeared to be related to the
magnitude of the renin response to the furosemide test.
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