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Background: Angiotensin-converting enzyme inhibi-
tors are the drugs of choice in renal hypertension. The
efficacy and safety of ramipril in adults has been proved;
however, data on effectiveness of ramipril in children are
few. The aim of the present study was to investigate the
effect of ramipril on blood pressure (BP) and proteinuria in
children with chronic kidney diseases.

Methods: A total of 31 children (median age 11.3
years, range 1.9–19.8 years) with various chronic ne-
phropathies and hypertension or proteinuria were prospec-
tively treated with ramipril for 6 months. Blood pressure
was evaluated using ambulatory BP monitoring and hy-
pertension was defined as mean BP equal to or greater than
the 95th percentile for healthy children. Proteinuria was
defined as protein excretion �100 mg/m2/24 h. The start-
ing dose of ramipril was 1.5 mg/m2/24 h once daily. In 27

children it was given as monotherapy.
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Results: The median decrease in ambulatory BP was 11
mm Hg for daytime systolic, 10 mm Hg for daytime and
nighttime diastolic, and 8 mm Hg for nighttime systolic
BP. Hypertension normalized in 55% of the children.
Proteinuria decreased in 84% of the children with patho-
logic proteinuria; the median decrease was 51%. A posi-
tive correlation was found between initial proteinuria and
change of proteinuria (r � 0.95, P � .001). Glomerular
filtration rate and serum potassium level did not change
significantly. One child developed a cough that was be-
lieved to be related to ramipril.

Conclusions: Ramipril is an effective and safe drug in
children with chronic kidney diseases associated with hyper-
tension, proteinuria, or both. Am J Hypertens 2004;17:
415–420 © 2004 American Journal of Hypertension, Ltd.
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A rterial hypertension is a common and serious
complication of various chronic kidney diseases
in both adult and pediatric patients.1,2 Hyperten-

sion is not only a consequence of the nephropathy but,
together with proteinuria, is also an important risk factor
for progression of the primary renal disease.3,4 Angioten-
sin-converting enzyme (ACE) inhibitors are recommended
drugs of choice in patients with renoparenchymal hyper-
tension.5,6 Many studies in adults have demonstrated that
ACE inhibitors have not only antihypertensive but also
antiproteinuric and renoprotective effects in patients with
diabetic as well as nondiabetic nephropathies.7–9 In chil-
dren, ACE inhibitors have been used since late 1980s, but
these agents have usually been used for reduction of
proteinuria in children with nephrotic syndrome.10–13 All
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of these studies measured blood pressure (BP) by casual
BP measurements. In recent years, ambulatory blood pres-
sure monitoring (ABPM) has also been shown to have sev-
eral advantages over the casual BP measurement in
children.14,15 In the pediatric clinical trials reported so far,
only ACE inhibitors of the older generation (captopril, ena-
lapril) have been studied. Ramipril is an ACE inhibitor of a
newer generation that has been successfully used in
adults.8,16,17 There is only one small study on ramipril in
children,18 which examined the effect of this agent on BP and
albuminuria in 13 children with chronic kidney diseases.

The aim of our prospective study was to investigate the
efficacy and safety of ramipril on a larger cohort of chil-
dren with chronic kidney diseases and hypertension, pro-
teinuria, or both.
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Methods
Study Population

The study included 31 children and adolescents (16 boys
and 15 girls, median age 11.3 years, range 1.9–19.8 years)
who fulfilled the entry criteria of chronic kidney disease
and hypertension or proteinuria. They were selected con-
secutively over a period of 3 years (1999–2001) in our two
centers. Children without steroid or immunosuppressive
treatment (with one exception) and without other antihy-
pertensive drugs (with four exceptions) were preferably
selected for the study. The children were prospectively
treated for 6 months with ramipril. The primary renal
diseases were polycystic kidney disease (n � 18; autoso-
mal dominant polycystic kidney disease in 12 children and
autosomal recessive polycystic kidney disease in six),
reflux nephropathy (n � 6), residual renal abnormalities
after hemolytic uremic syndrome (n � 3), chronic glo-
merulopathies (n � 2), and chronic tubulointerstitial ne-
phritis (n � 2). Glomerular filtration rate was classified
according the National Kidney Foundation guidelines.19

This rate was normal (calculated creatinine clearance ac-
cording to the formula of Schwartz et al,20 � 90 mL/min/
1.73 m2) in 21 children, mildly reduced (creatinine
clearance 60–89 mL/min/1.73 m2) in nine children, and
moderately reduced (creatinine clearance 30–59 mL/min/
1.73 m2) in one child. Blood pressure was measured by
ABPM using oscillometric device (SpaceLabs 90207,
Redmond, WA). Cuffs of appropriate width for arm cir-
cumference were chosen. The BP was automatically re-
corded every 20 min during the daytime and every 30 min
at night. A record of the daily activities and sleep during
the night was obtained for each child. Hypertension was
defined as a mean systolic and/or diastolic BP during the
daytime and/or nighttime period � the 95th percentile for
healthy Central European children.21 Hypertension was
either borderline (systolic values �10 mm Hg and/or
diastolic values �5 mm Hg above the 95th percentile, n �
12, 41.5% of hypertensive children), mild (systolic values
10–19 mm Hg or diastolic values 5–9 mm Hg above the
95th percentile, n � 12, 41.5%) or moderate to severe
(systolic values �20 mm Hg and/or diastolic values �10
mm Hg above the 95th percentile, n � 5, 17%). Nocturnal
BP dip was calculated as a percentage of mean nighttime
BP decline compared with mean daytime BP.

Proteinuria was measured in 24-h urine and values �
100 mg/m2/24 h were considered as pathologic (n � 25).
Pathologic proteinuria was either borderline (100–199
mg/m2/24 h, n � 11, 44% of proteinuric children), mild
(200–999 mg/m2/24 h, n � 11, 44%), or nephrotic
(�1000 mg/m2/24 h, n � 3, 12%).

Indications for ramipril treatment were hypertension
alone in six children, hypertension and proteinuria in 23
children, and proteinuria alone in two children. In all, 27
children received ramipril as a monotherapy, four children
were already on other antihypertensive agents (calcium

channel blockers in combination with �-blockers in three
children and �-blockers alone in one child) at the start of
the study. One child with glomerulopathy received immu-
nosuppressive therapy (steroids with cyclosporine). The
regularly scheduled antihypertensive and immunosuppres-
sive regimen was not changed for at least 3 months before
the study entry and during the whole study period in these
five patients.

Ramipril was given as a single daily oral dose in the
morning, with an initial dose of 1.5 mg/m2/day. This dose
was doubled if all mean BP values were not less than the
95th percentile after 1 month of treatment. The maximal
dose was 6 mg/m2/day. Ramipril was given for 6 months.
The ABPM, proteinuria, and blood tests for serum creat-
inine, serum potassium and blood count (using standard
methods) were performed 1 month after the initiation of
treatment, 1 month after each change in ramipril dose, and
at the end of the study at 6 months. Patients were moni-
tored at every outpatient check-up for the presence of
adverse effects such as cough, abdominal pain, fatigue,
dizziness, orthostasis, edema, or rash. All parents gave
their informed consent to the study, which was approved
by the local ethics committee.

Statistical Analysis

Data are expressed as medians. The paired Student t test
was used to assess significant changes in follow-up, and
correlations between variables (BP and proteinuria) were
assessed by Pearson correlation analysis. A value of P �
.05 was regarded as statistically significant.

Results
Blood Pressure

After 6 months of ramipril treatment, mean daytime sys-
tolic as well as daytime diastolic and nighttime systolic BP
decreased in 28 of 29 children with hypertension, and
mean nighttime diastolic BP decreased in 26 children.
Daytime systolic BP decreased by 11 � 6 mm Hg (median
� SD, range �20 to �5 mm Hg), daytime diastolic BP by
10 � 5 mm Hg (range �19 to �2 mm Hg), nighttime
systolic BP by 8 � 7 mm Hg (range �27 to �6 mm Hg),
and nighttime diastolic by BP 10 � 6 mm Hg (range �23
to �3 mm Hg). Data are summarized in Fig. 1. All
changes in BP were statistically significant. Individual
values of mean daytime systolic BP before and at the end
of the study (expressed as distance in mm Hg to the
height-related 95th percentile) are given in Fig. 2. Indi-
vidual data for mean daytime systolic and mean nighttime
BP values are not shown. There was no statistically sig-
nificant difference in BP decrease between children treated
with ramipril monotherapy and children treated with
ramipril in combination with other antihypertensive drugs
(data not shown). Hypertension normalized (that is, all
mean BP values less than the 95th percentile) in 55% of
children. Furthermore, at the end of the study, no child had

moderate to severe hypertension and only 10% had mild
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hypertension. The remaining 35% of children had only
borderline hypertension at the end of the study. The initial
dose of ramipril had to be increased during the study in 16
children; the mean ramipril dose at the end of the study
was 2.5 mg/m2/day (range 1.2–5.7). Percentage nighttime
dip in systolic as well as diastolic BP decreased by 1%
(systolic BP dip changed from 9% at the start of the study
to 8% at the end of the study, and diastolic BP dip changed
from 17% to 16%). These differences were not statistically
significant. A correlation was noted between the initial BP
and the change of BP at the end of the study (r � 0.47 for

FIG. 1. Effect of ramipril on ambulatory blood pressure (BP). Day d
� nighttime diastolic BP; Night syst � nighttime systolic BP.
FIG. 2. Effect of ramipril on daytime systolic blood pressure (BP) in ind
daytime systolic, r � 0.61 for daytime diastolic, r � 0.57
for nighttime systolic, and r � 0.71 for nighttime diastolic
BP, P � 0.01 for all).

Proteinuria

Before ramipril treatment, proteinuria ranged from 14 to
2820 mg/m2/24 h (median 189 � 637). At the end of the
study, proteinuria ranged from 25 to 832 mg/m2/24 h
(median 144 � 173); the median decrease of proteinuria
during treatment was 45 mg/m2/24 h (P � .05). Protein-

daytime diastolic BP; Day syst � daytime systolic BP; Night diast
iast �
ividual patients.
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uria did not decreased in any of the children with initial
physiologic proteinuria (�100 mg/m2/24 h); however, it
did decrease in 64% of children with borderline protein-
uria and in 100% of children with initial mild or nephrotic
proteinuria. The median percentage decrease in pathologic
proteinuria was 51%. Individual values of proteinuria at
the start and at the end of the study are given in Fig. 3. No
correlation was noted between median decrease in BP and

FIG. 3. Effect of ramipril on proteinuria in individual patients. The
FIG. 4. Correlation between initial proteinuria and change in proteinuria
change in proteinuria. A very close correlation was noted
between the initial proteinuria and change in proteinuria at
the end of the study (r � 0.95, P � .001; Fig. 4).

Renal Function and Side Effects

At the end of the study, glomerular filtration rate (GFR)
did not change significantly (median GFR decreased from

d line represents limit for pathologic proteinuria.
dotte
during treatment.
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106 to 99 mL/min/1.73 m2, not significant). This rate
decreased in all children with initial GFR �120 mL/min/
1.73 m2 (hyperfiltration), whereas it remained relatively
stable in children with normal as well as with impaired
kidney function (decrease by 3 mL/min/1.73 m2 in this
subgroup of children).

Ramipril was well tolerated by the children. One girl
(3%) complained of cough 5 months after starting
ramipril; as a consequence, she switched from ramipril to
losartan after completing the 6-month study protocol, and
the cough disappeared. Median serum potassium level did
not change significantly (increase by 0.1 mmol/L); how-
ever, two children developed mild hyperkalemia (5.6 and
5.7 mmol/L) at the final outpatient check-up at 6 months,
which normalized by adding diuretic after completion of
the 6-month study protocol. No significant change in he-
moglobin level was noted (decrease by 3 g/L).

Discussion
This is the largest prospective clinical trial investigating
ramipril in children to be published so far, and to our best
knowledge only the second study using ABPM for the
evaluation of its antihypertensive effects in a pediatric
population. Hypertension is a common complication of
chronic kidney diseases. It is, together with proteinuria,
the most important treatable risk factor for progression of
primary renal disease. In adult patients, ACE inhibitors are
recommended for the treatment of renoparenchymal hy-
pertension because of the additional antiproteinuric and
renoprotective effects of these agents.5 Ramipril is one of
the most frequently used ACE inhibitors in the treatment
of hypertension in adults.8,16 However, data on ramipril in
children are based only on one small study that included
13 children.18 Our study in a larger number of children has
shown that ramipril in a median final dose of 2.5 mg/m2/
day can reduce ambulatory BP during the daytime as well
as nighttime by approximately 10 mm Hg. Furthermore, we
have shown for the first time that ramipril reduces pathologic
proteinuria in a large majority (84%) of children.

After 6 months of treatment, ramipril normalized hy-
pertension in 55% of children; moreover, in all of the other
children who remained hypertensive, at the end of the
study the degree of hypertension became less severe. At
the start of the study, 58% of children had mild, moderate,
or severe hypertension in comparison to only 10% at the
end of the study. The remaining 35% who were still
hypertensive at the end of the study had only borderline
hypertension. It should be mentioned that several children
had BP values �20 mm Hg above the 95th percentile
before ramipril therapy was initiated. The starting dose of
1.5 mg/m2/day was chosen based on the only pediatric
study of ramipril.18 Fifteen patients responded sufficiently
(ie, normalized hypertension) to this starting dose. The
starting dose had to be doubled in 12 children and had to
be increased fourfold in four additional children.
Plasma renin activity (PRA) was measured in only 11
children (data not shown) and was elevated in three. All 11
children responded to the ramipril treatment, with a BP
decrease of �5 mm Hg regardless of PRA levels.

In a previous study by Soergel et al,18 mainly children
with glomerulopathies were treated. Glomerulopathies are
the most common cause of renal hypertension in children.2

Nonetheless we have shown that tubulopathies, such as
polycystic kidney disease, as well as reflux nephropathy
can also cause significant hypertension in children.22,23

Most of the patients in the present study had polycystic
kidney disease (that is, primary tubulointerstitial disease).
Despite different primary renal diseases in our study in
comparison to that by Soergel et al, the effect of ramipril
on ambulatory BP was similar in both studies (BP reduc-
tion by approximately 10 mm Hg in the present study and
8 mm Hg in the latter). Our results confirm findings from
studies on adult patients showing that ACE inhibitors are
effective antihypertensive drugs also in patients with poly-
cystic kidney disease.24

Proteinuria, together with hypertension, is the most
important risk factor for progression of diabetic as well as
nondiabetic chronic nephropathies,25 and reduction of pro-
teinuria delays the progression of the disease.26 In the
present study ramipril decreased proteinuria in 84% of
children with initial pathologic proteinuria (�100 mg/
m2/24 h) and in all children with initial proteinuria �200
mg/m2/24 h. Furthermore, a very strong correlation was
found between initial proteinuria and the antiproteinuric
effect of ramipril (Fig. 4). This means that children with a
higher degree of proteinuria had greater reduction in pro-
teinuria during ramipril therapy. This effect was already
demonstrated in an animal model as well as a clinical trial
in adult patients.26,27 Furthermore, in clinical trials it has
been shown that an early antiproteinuric effect of ACE
inhibitor is the most important predictor of its renoprotec-
tive effects.7,8,26,28 In other words, patients with the great-
est reduction in proteinuria by ACE inhibitors had the
slowest progression of chronic renal insufficiency. The
mechanism of antiproteinuric and renoprotective effects of
ACE inhibitors is complex and depends not only on BP
reduction but also on nonhemodynamic effects. This cur-
rent hypothesis of BP-independent mechanisms of the
antiproteinuric effect of ACE inhibition is supported also
by our results and those of other studies18,29,30 showing no
correlation between antihypertensive and antiproteinuric
effects of ACE inhibitors.

A reduction in intraglomerular pressure because of
preferential vasodilation of vas efferens can cause an acute
decrease in GFR. The small reduction in GFR observed in
our study was mainly caused by a decrease observed in
children with hyperfiltration. On the other hand, children
with kidney impairment (GFR �90 mL/min/1.73 m2) had
well preserved GFR at the end of our 6-month study. We
cannot comment as to whether ramipril is able to delay the
progression of chronic renal insufficiency in our subjects,
because the study period was too short and the number of

children with renal impairment too low to demonstrate any
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significant changes in the slope of renal functional impair-
ment. However, our study was not designed to investigate
late outcomes of kidney function. This issue is currently
investigated by the ongoing Effect of Strict Control of
blood pressure and ACE inhibition on Progression of
chronic renal insufficiency in paEdiatric patients (ES-
CAPE) trial.3

Ramipril was very well tolerated by children in our
study. Cough was observed in only one child, and resolved
after withdrawal from the drug on completion of the study.
Mild hyperkalemia was detected in two children, both with
normal GFR; it normalized after adding diuretics at the
end of the 6-month study period. No effect on hemoglobin
level was observed.

The limitations of our study are mainly its uncontrolled
and nonblinded design and the lack of a comparison drug.
Despite these limitations, this study provides the largest
published pediatric experience of the long-term effects of
ramipril and is only the second study using ABPM in the
evaluation of an ACE inhibitor in children.

In conclusion, ramipril is an effective and safe drug in
children with chronic kidney diseases. Besides its antihy-
pertensive effects, as shown by normalization of hyperten-
sion in 55% of children and amelioration of the degree of
hypertension in the remainder, it also had an antiprotein-
uric effect in 84% of children with pathologic proteinuria.
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23. Patzer L, Seeman T, Luck C, Wühl E, Janda J, Misselwitz J: Day-
and nighttime blood pressure elevation in children with higher
grades of renal scarring. J Pediatr 2003;142:117–122.

24. Ecder T, Edelstein CL, Fick-Brosnahan GM, Johnson AM, Chap-
man AB, Gabow PA, Schrier RW: Diuretics versus angiotensin-
converting enzyme inhibitors in autosomal dominant polycystic
kidney disease. Am J Nephrol 2001;21:98–103.

25. Ruggenenti P, Perna A, Mosconi L, Pisoni R, Remuzzi G: Urinary
protein excretion rate is the best independent predictor of ESRF in
non-diabetic proteinuric chronic nephropathies. Kidney Int 1998;53:
1209–1216.

26. Jafar TH, Stark PC, Schmid CH, Landa M, Maschio G, Marcantoni
C, de Jong PE, de Zeeuw D, Shahinfar S, Ruggenenti P, Remuzzi G,
Levey AS, for the AIPRD Study Group: Proteinuria as a modifiable
risk factor for the progression of non-diabetic renal disease. Kidney
Int 2001;60:1131–1140.

27. Remuzzi A, Fassi A, Bertani T, Perico A, Remuzzi G: ACE inhi-
bition induces regression of proteinuria and halts progression of
renal damage in a genetic model of progressive nephropathy. Am J
Kidney Dis 1999;34:626–632.

28. Apperloo AJ, de Zeeuw D, de Jong PE: Short-term antiproteinuric
response to antihypertensive treatment predicts long-term GFR de-
cline in patients with non-diabetic renal disease. Kidney Int 1994;
45(Suppl 45):S174–S178.

29. Nosrati SM, Khwaja S, El-Shahawy M, Massry SG: Effect of
angiotensin converting enzyme inhibition by perindopril on protein-
uria of primary renal disease. Am J Nephrol 1997;17:511–517.

30. Toto RD, Adams-Huet B, Fenves AZ, Mitchell HC, Mulcahy W,
Smith RD: Effect of ramipril on blood pressure and protein excre-
tion rate in normotensive nondiabetic patients with proteinuria.
Am J Kidney Dis 1996;28:832–840.


	Ramipril in the Treatment of Hypertension and Proteinuria in Children With Chronic Kidney Diseases
	Methods
	Study Population
	Statistical Analysis

	Results
	Blood Pressure
	Proteinuria
	Renal Function and Side Effects

	Discussion
	References


