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Abstract We have examined, in a randomized crossover
trial, the antiproteinuric effect of treatment with low-
(0.2 mg/kg daily) and high-dose (0.6 mg/kg daily)
enalapril in 25 consecutive patients with steroid-resistant
nephrotic syndrome (SRNS). Patients in group A (n=11)
received enalapril at low doses for 8 weeks, followed by
2 weeks of washout and then at high doses for 8 weeks.
Those in group B (n=14) initially received enalapril at
high and then low doses. Patients continued to receive
treatment with tapering doses of prednisolone; none
received concomitant therapy with daily oral or intrave-
nous steroids, alkylating agents, cyclosporine, non-
steroidal anti-inflammatory drugs, and other antihyper-
tensive medications. The urine albumin-to-creatinine (Ua/
Uc) ratio and the percentage reduction were determined
for each phase of therapy. Baseline clinical, biochemical,
and histological features were comparable in the two
groups. In the first phase, treatment with low-dose
enalapril (group A) resulted in median 34.8% Ua/Uc
reduction compared with 62.9% with high doses (group
B) (P<0.01). High-dose enalapril was associated with a
significant reduction in Ua/Uc ratio in both groups. The
combined median Ua/Uc (95% confidence interval)
reduction in the low-dose phase was 33% (�10.3% to
72.4%) and in the high-dose 52% (15.4%–70.4%)
(P<0.05). The median Ua/Uc ratio at the end of 20 weeks

was 1.1 and 1.8 in groups A and B, respectively (P>0.05).
Systolic and diastolic blood pressure reductions were
similar in both groups. No period or carry-over effect was
found. Prolonged treatment with enalapril thus resulted in
a dose-related reduction in nephrotic-range proteinuria.
Titration of the dose of enalapril may be a useful strategy
for achieving substantial reduction of proteinuria in
children with SRNS.
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Introduction

Most children with nephrotic syndrome respond to
corticosteroid therapy with remission of proteinuria.
Approximately 10%–15% patients who do not respond
to such treatment are defined as having steroid resistance
[1]. Persistent proteinuria in patients with steroid-resistant
nephrotic syndrome (SRNS) results in severe hypoalbu-
minemia, edema, hyperlipidemia, and recurrent infec-
tions. Proteinuria is also considered a risk factor for
progression of glomerulosclerosis [2]. Experimental stud-
ies show that persistent nephrotic-range proteinuria
induces an increased synthesis of vasoactive and proin-
flammatory substances, the appearance of cellular infil-
trates, tubulointerstitial fibrosis, and progressive renal
disease [2]. Interventions to reduce proteinuria are
therefore likely to be beneficial both in the short- and
long-term management of patients with SRNS.

A number of clinical studies have confirmed the
antiproteinuric effect of angiotensin-converting enzyme
(ACE) inhibitors in adults with glomerular diseases [3, 4].
The experience in children is limited to a few case series
involving small numbers of patients [5, 6, 7, 8, 9, 10].
While studies in adults suggest that the antiproteinuric
effect of these drugs might be dose related [11], the dose
for an optimal antiproteinuric effect has not been
examined in children. In view of the lack of pediatric
data, dosages for an antiproteinuric response have been
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empirically based on their dose-response for blood
pressure. Enalapril has thus been used at doses between
0.2 and 0.6 mg/kg per day [8, 9, 10]. These doses are
effective and well tolerated in most instances.

Considering the benefits of proteinuria reduction and
lack of data on the dosage of ACE inhibitors, we have
investigated, in a randomized crossover trial, the antipro-
teinuric effect of treatment with low- and high-dose
enalapril in patients with SRNS.

Patients and methods

Patients with idiopathic SRNS, between the age of 1 and 16 years,
attending the Pediatric Nephrology Services of this hospital
between August 1998 and December 1999, were eligible for the
study. Patients with initial as well as late resistance were included.
Initial steroid resistance was defined as absence of remission of
proteinuria despite treatment with prednisolone at a daily dose of
2 mg/kg for 4 weeks, followed by 1.5 mg/kg on alternate days for
another 4 weeks. Those who responded initially but failed to
respond to daily treatment during a subsequent relapse were defined
as having late resistance. Remission was defined as urine showing
nil or traces of protein by Dipstix examination on 3 consecutive
days [12]. It is our policy to obtain renal histology in patients
showing initial or late steroid resistance.

The exclusion criteria were: (1) severe hypertension (systolic or
diastolic blood pressure that was above the 99th percentile for the
age and sex) [13]; (2) glomerular filtration rate below 70 ml/min
per 1.73 m2 [14]; (3) secondary nephrotic syndrome, e.g., systemic
lupus erythematosus, Henoch-Schonlein purpura, hepatitis B
infection, and amyloidosis; (4) single functioning kidney; and (5)
concurrent or previous treatment with daily or intravenous corti-
costeroids, alkylating agents, levamisole, cyclosporine, or intrave-
nous albumin in the preceding 4 weeks. Patients living more than
50 km from the hospital or those unable to come for 4-weekly
follow-up visits were also excluded.

Study design

A prospective, randomized, crossover design was chosen to
eliminate inter-patient variations. Informed consent was obtained
from the parents. The Department Review Committee approved the
study.

Patients continued to receive alternate-day prednisolone during
the study. Diuretics (furosemide) were used, if indicated, for
control of significant edema. Treatment with non-steroidal anti-
inflammatory drugs and calcium channel and beta-adrenergic
blockers was discontinued. All patients entered a 2-week washout
period to eliminate the effect of previous therapy. Before starting
therapy with enalapril, height, weight, and blood pressure were
measured. Hypertension was defined as blood pressure more than
the 95th percentile for age and sex [13].

Computer-generated random numbers were used to randomly
allocate patients to groups A or B. Patients in group A received
low-dose (0.2 mg/kg per day) enalapril for 8 weeks, followed by
2 weeks of washout and finally high-dose enalapril (0.6 mg/kg per
day) for another 8 weeks. Those in group B received high-dose
enalapril for the first 8 weeks, followed by 2 weeks of washout and
then low-dose enalapril for 8 weeks (Fig. 1). Enalapril was
administered in two divided doses. All patients were on a salt-
restricted diet and were instructed not to change their protein intake
during the study. Urinary urea and sodium were used as markers of
dietary protein and sodium intake, respectively.

Follow-up visits were scheduled at 2, 6, 10, 12, 16, and
20 weeks. At each visit, weight, height, and blood pressure were
measured. Blood levels of urea, creatinine, electrolytes, albumin,
and cholesterol were determined. Urinary excretion of albumin,

creatinine, sodium, and urea were measured using a 6-h urine
specimen. The urine albumin-to-creatinine ratio (Ua/Uc) was
calculated at each visit. The percentage Ua/Uc reduction was
determined for each phase of therapy. For example, the Ua/Uc
reduction percentage for the first phase of therapy was:

< p > Ua=Ucreduction

¼ Ua=Uc2wk � Ua=Uc10wk

<
=p >< p > Ua=Uc2wk � 100

< =p >< p >

< =p >

In order to further examine the effect of enalapril dosage, the
Ua/Uc reduction percentage was compared using combined data of
the high-dose and low-dose phases of both groups.

Significant reduction was arbitrarily defined as a Ua/Uc
reduction percentage of more than 40% at the end of 18 weeks of
treatment with enalapril. We investigated whether there were any
differences in the characteristics of patients who showed a
significant reduction in proteinuria compared with those who did
not.

Statistical analysis

Statistical analysis was performed using the software package Stata
6.0 [15]. Descriptive analysis was performed for baseline param-
eters. Values represent median (95% confidence interval) unless
specified. Chi-squared test, Wilcoxon rank-sum and signed rank
tests were applied as appropriate. P<0.05 was considered signif-
icant.

Analysis of the crossover trial

The ‘period effect’ was determined to assess whether the severity of
nephrotic syndrome had altered during the study. The ‘carry-over
effect’ was estimated to examine if the washout was effective and
exclude the effect of previous therapy [16]. Since these tests are
inherently weak, P<0.1 was considered significant.

Results

Twenty-nine patients with idiopathic SRNS were enrolled
and randomized to groups A (n=14) and B (n=15). Four
patients (3 and 1 in groups A and B, respectively) who did
not attend the first follow-up appointment were excluded.
The baseline clinical and biochemical parameters of

Fig. 1 Study protocol. The effect of the dosage of enalapril was
investigated in a crossover manner
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subjects in groups A (n=11, 9 boys) and B (n=14, 9 boys)
are shown in Table 1. While the age at onset and inclusion
into the study was lower in group B, the differences were
not statistically significant. Renal histology was sugges-
tive of minimal change disease, focal segmental glomer-
ulosclerosis, membranoproliferative glomerulonephritis,
and mesangioproliferative glomerulonephritis in 1, 4, 4,
and 2 and 3, 5, 3, and 3 patients in groups A and B,
respectively.

Patients in group A initially received enalapril at a low
dose (mean 0.21€0.03, range 0.16–0.27 mg/kg per day)
followed by high-dose therapy (0.62€0.09, range 0.54–
0.77 mg/kg per day). Patients in group B received
enalapril at a high dose (0.61€0.08, range 0.53–
0.76 mg/kg per day) followed by low-dose therapy
(0.23€0.01, range 0.18–0.26 mg/kg per day).

Low-dose versus high-dose enalapril

The sequential 6-h urinary albumin excretion and Ua/Uc
ratios are shown in Table 2. Both were similar in groups
A and B at baseline (P=0.6) and at the end of the study
(P=0.6, Wilcoxon rank sum test).

High-dose enalapril was associated with a significant
reduction in Ua/Uc ratio in groups A and B (P<0.01 and
0.001, respectively). Considering only the initial 10 weeks
of the study, before crossover, the Ua/Uc reduction
percentage was significantly greater in patients receiving
high-dose enalapril (group B) than in those receiving low-
dose enalapril (group A) (Table 3). A similar difference
was found between high-dose and low-dose treatment
within group B. However, differences within group A,
between high- and low-dose therapies, were not signifi-
cant. It is noteworthy that the urinary albumin excretion
and Ua/Uc ratios continued to decline throughout the

Table 2 Six-h urine albumin
excretion and Ua/Uc ratio dur-
ing enalapril therapy; values
represent median (95% confi-
dence intervals)

Stage of treatment 6-h urine albumin Ua/Uc

Group A Group B Group A Group B

Baseline (2 weeks) 650 (152.6–796.0) 559 (245.8–717)*2 3.9 (1.9–11.6) 5.2 (2.1–10.5)*4

6 weeks 365 (127.6–567.6) 360 (138.8–527.7) 2.5 (1.0–14.1) 3.4 (0.8–8.6)
10 weeks 213 (130.2–637.3) 230.4 (107.9–650.2)*2 2.3 (0.8–5.2) 2.5 (0.8–3.3)*4

Washout period

12 weeks 204 (99.6–934.7)*1 473.3 (123.0–796.3) 2.5 (0.7–7.5)*3 3.2 (1.2–6.6)
16 weeks 188 (66.3–522.4) 176.5 (92.4–646.6) 1.2 (0.4–3.9) 3.1 (1.1–6.3)
20 weeks 168 (45.4–678.9)*1 144.5 (39.5–871.8) 1.1 (0.2–4.7)*3 1.8 (0.3–9.6)

Wilcoxon signed rank test
Urine albumin. *1 P<0.05 12 weeks vs. 20 weeks (group A); *2 P<0.05 baseline vs. 10 weeks (group B);
Ua/Uc. *3 P<0.01 12 weeks vs. 20 weeks (group A); *4 P<0.001 baseline vs. 10 weeks (group B)

Table 1 Baseline characteris-
tics; values represent median
(95% confidence interval)
(Ua/Uc urine albumin-to-creat-
inine ratio)a

Group A (n=11) Group B (n=14)

Age at onset (months) 74.2 (21–122.3) 61 (19–137.4)
Duration of steroid resistance (months) 12 (7.4–33.1) 10 (1–31.0)
Initial resistance 8 7
Hypertension 6 5
Age at trial (months) 96 (80.5–136.4) 78 (60.0–104.7)
Height (cm) 121 (108.7–140.4) 112 (102.5–131)
Weight (kg) 24 (19.1–32.6) 19.3 (16.8–29.2)
Systolic blood pressure (mmHg) 120 (116–132) 110 (100–126)
Diastolic blood pressure (mmHg) 80 (68–84) 70 (66–74)
Serum albumin (g/dl) 3.2 (1.7–4.5) 3.2 (1.6–4.4)
Serum creatinine (mg/dl) 0.6 (0.4–0.8) 0.5 (0.4–0.9)
Serum cholesterol (mg/dl) 276 (205–405) 281 (243–390)
6-h urine albumin (mg) 650 (152.6–796.0) 559 (245.8–717)
Ua/Uc 3.9 (1.9–11.6) 5.2 (2.1–10.5)

a Data immediately after initial washout

Table 3 Median (95% confi-
dence interval) of Ua/Uc re-
duction percentage

Group A Group B

Enalapril treatment Ua/Uc reduction Enalapril treatment Ua/Uc reduction

Low dose 34.8 (�7.9 to 76.6)* High dose 62.9 (40.6–71.6)*,**

High dose 37.2 (11.3–59.8) Low dose 33.3 (�20 to 58.7)**

*P<0.05 low dose (group A) vs. high dose (group B) (two-sample Wilcoxon rank sum test)
**P<0.01 high dose (group B) vs. low dose (group B) (Wilcoxon signed rank test)

47



study (Table 2). The Ua/Uc ratio at the end of 20 weeks
was 1.1 and 1.8 in groups A and B, respectively (P=0.6).

Following enalapril therapy, the 6-h urine albumin
excretion decreased by 74.2% each in groups A and B.
Blood levels of albumin increased by 46.9% in group A
and 28.1% in group B at 20 weeks (Table 4). A significant
increase in albumin levels was found within 8 weeks of
enalapril therapy in patients of group A (P<0.005). Blood
levels of cholesterol declined by 22.1% and 21.7% in
groups A and B, respectively.

Combined data from both groups showed a median Ua/
Uc reduction percentage of 52% (15.4%–70.4%) and 33%
(�10.3% to 72.4%) during high-dose and low-dose
phases, respectively. These differences were statistically
significant (P<0.05).

Enalapril therapy resulted in a reduction of systolic and
diastolic blood pressure in both groups. The median
systolic and diastolic blood pressures were 120 mm and
80 mmHg at baseline and declined to 114.3 and
74.4 mmHg, respectively, after 8 weeks of therapy in
group A (P<0.05). In group B, the systolic and diastolic
pressures were 110 mmHg and 70 mmHg at baseline, and
106 mmHg and 65.4 mmHg, respectively, after 8 weeks.
There was a slight increase in blood pressure during the
washout period, followed by a similar decline during the
next 8 weeks. The dose of enalapril did not influence the
percentage reduction in systolic and diastolic blood
pressure, which was similar at the end of 8 and 16 weeks
of treatment in both groups. Urinary levels of urea and
sodium remained similar through the study period,
indicating no effect of dietary protein and sodium on
the observed efficacy of enalapril. No period or carry-
over effect (P>0.5) was demonstrated. Three patients
receiving enalapril had a dry cough that subsided after
stopping the treatment.

Determinants of response

Of 25 subjects, 17 had a significant reduction in
proteinuria. There were no differences in the age, sex,
renal histology, presence of hypertension, and change in
systolic or diastolic blood pressure and serum creatinine
in patients showing a significant reduction in proteinuria.
The median Ua/Uc percentage reduction following
18 weeks of treatment was 48.1% (20.9%–78.7%) and

46.2% (33.4%–79.1%) in patients with and without
hypertension, respectively (P=0.8). The baseline Ua/Uc
ratio was higher [median 5.9 (2.7–12)] in patients who
showed more than a 40% reduction of proteinuria [median
3.1 (1.3–5.0)] (P=0.08).

Discussion

We have prospectively examined the antiproteinuric
efficacy of low- and high-dose enalapril in children with
SRNS. Data following the initial 8 weeks showed that
treatment with enalapril at 0.6 mg/kg per day resulted in
an almost twofold higher Ua/Uc percentage reduction
compared with 0.2 mg/kg per day. The antiproteinuric
effect declined following reduction of the enalapril dose
(Table 3, group B) (P<0.01). The dose-related differences
persisted when results from low and high-dose phases of
both groups were combined. Thus, the antiproteinuric
effect of enalapril appears dose related at the dosage used
in this study. The absence of period and carry-over effects
further suggests that our analysis is valid. Therapy was
safe and well tolerated in both groups.

These findings are similar to others, which show a
50%–80% decline in proteinuria in children with neph-
rotic syndrome [5, 6, 7, 8, 9]. A recent meta-analysis, in
adult subjects, found that therapy with ACE inhibitors
resulted in a 40% (95% confidence interval 36.8%–
42.8%) reduction in proteinuria [3]. Contrary to a
previous report [11], we noted a stronger antiproteinuric
effect in subjects with higher baseline proteinuria. It is
possible that this phenomenon is similar to systemic
hypertension, where the highest percentage reductions
occur in individuals starting with the highest blood
pressures.

It is unlikely that the reduction in urinary albumin
excretion in our patients was due to a spontaneous change
in the course of the disease. The duration of steroid
resistance, before institution of therapy with enalapril,
ranged from 6 to 96 months. None of the patients
simultaneously received specific therapy, apart from
alternate-day steroids, which could induce reduction in
proteinuria. The subjects ingested an almost-constant diet
in terms of total calories, protein, and salt. The observed
benefits could thus not be attributed to dietary changes,
and represent the effect of enalapril.

Table 4 Blood biochemistry during enalapril therapy; values represent median (95% confidence intervals)

Time at
treatment

Albumin (g/dl) Cholesterol (mg/dl) Creatinine (mg/dl) Potassium, mEq/l

Group A Group B Group A Group B Group A Group B Group A Group B

2 weeks 3.2 (1.7–4.5)* 3.2 (1.6–4.4) 276 (205–405) 281 (243–390) 0.6 (0.4–0.8) 0.5 (0.4–0.9) 4.6 (3.7–6.3) 4.9 (4.2–6.5)
10 weeks 4.4 (3.9–5.5)* 3.5 (2.0–4.6) 208 (168–337) 264 (241–303) 0.5 (0.4–0.9) 0.6 (0.4–0.8) 4.5 (4.0–6.0) 5.0 (4.3–6.6)

Washout period

12 weeks 4.4 (3.7–4.9) 3.4 (1.6–4.4) 196 (169–279) 283 (232–364) 0.6 (0.4–1.0) 0.5 (0.4–0.6) 4.3 (4.0–6.0) 5.1 (4.4–6.6)
20 weeks 4.5 (2.8–5.8) 4.1 (3.5–5.0) 215 (155–320) 220 (165–393) 0.7 (0.5–0.9) 0.5 (0.4–0.8) 4.5 (3.6–6.0) 5.1 (4.7–6.6)

*P<0.005 Albumin at 2 and 10 weeks in group A (Wilcoxon signed-rank test)
All other comparisons non-significant
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The mechanism of the antiproteinuric effect of ACE
inhibitors is not clearly understood. Reduction of system-
ic and intraglomerular pressures [17] and improved size
selectivity of glomerular basement membrane [9, 18] are
considered important in mediating this effect. A signif-
icant finding supporting the latter mechanism is that,
while the hemodynamic effect of ACE inhibition occurs
rapidly and is soon stable, the antiproteinuric effect
increases with time [11, 19]. In the present study, it was
noteworthy that reduction in systolic and diastolic blood
pressure occurred in the first 8 weeks of therapy and did
not change significantly thereafter. However, the impact
of enalapril on albuminuria increased temporally and was
similar in patients with or without hypertension.

Previous reports on the antiproteinuric effect of ACE
inhibitors also show that reductions of blood pressure and
proteinuria are not necessarily concordant [19]. Heeg et
al. [11] examined the effect of increasing doses of
lisinopril on nephrotic-range proteinuria in adults. Pro-
teinuria fell by 27%-€-20% on low-dose treatment
(median 5 mg/day) and by 50%€17% on high-dose
(median 10 mg/day) lisinopril. Another study examined
the antiproteinuric effect of 5, 10, 15, and 20 mg
lisinopril/day in adults with IgA nephropathy [20]. While
blood pressure decreased 22% with the lowest dose, no
further decrease was seen at higher doses. However,
proteinuria progressively decreased by 39%, 44%, 61%,
and 67% with increasing doses of lisinopril. Ruggenenti
et al. [21] recently showed that treatment with lisinopril
ameliorated hypertriglyceridemia and hypercholesterole-
mia in a dose-dependent manner, particularly in subjects
with hypoalbuminemia. Different findings were reported
by Haas et al. [22] who found that high doses of spirapril,
beyond that necessary for control of hypertension, did not
lead to a further reduction in proteinuria.

An important limitation of this trial was that the
duration of each course of therapy was limited to 8 weeks
and the Ua/Uc ratios were not documented to be stable
before changing the dosage. Since the effect of ACE
inhibitors increases with time [11], it might be reasoned
that the results might represent the effect of time rather
than differences in dosage. The present choice of 8 weeks
of therapy was based on previous experience showing
stability of antiproteinuric effects by 4–10 weeks [11, 19].
Our results during the initial 8 weeks clearly show that
treatment with high-dose enalapril had a significantly
greater antiproteinuric effect. Statistical analysis of the
data did not show evidence of ‘carry-over’ of previous
treatment. Therefore, while we believe that our analysis is
convincing, time dependency should be considered while
evaluating the dose response of ACE inhibitors.

Apart from blood pressure control, reduction of
proteinuria is an independent and essential treatment
target for renoprotection [23]. Controlled trials have
shown that for comparable blood pressure reductions,
agents that more effectively decrease proteinuria are more
renoprotective [24]. A recent meta-analysis showed that
therapy with ACE inhibitors significantly reduced blood
pressure and urinary protein excretion, and was associated

with slower progression to end-stage renal disease [4].
The benefits of therapy were stronger in those with higher
proteinuria at the onset. The mechanism behind the
benefits is not clear, but might be related to a greater
antiproteinuric effect in subjects with higher baseline
proteinuria, as was observed in the present study. Our
findings of a 20% decline in blood cholesterol following
prolonged administration of enalapril extend those re-
ported previously [5, 8, 19, 21]. Reduction in levels of
blood lipids would potentially reduce the risks of
progressive renal injury [25] and ischemic heart disease.

Considering the prognostic impact of reduction of
proteinuria, we propose that the dosage of enalapril be
titrated for antiproteinuric effect. Therapy with enalapril
should be begun at a dose of 0.2 mg/kg and gradually
increased to 0.5–0.6 mg/kg, aiming to achieve a 40%–
50% reduction in proteinuria. While side effects of
therapy are unusual, blood levels should be monitored
for creatinine and electrolytes. Amelioration of nephrotic-
range proteinuria is expected to reduce edema, improve
nitrogen balance, and favorably effect the rate of
progression of renal disease.
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