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Abstract The standard renoprotection is based on the
inhibition of the renin-angiotensin system (RAS) by angio-
tensin convertase inhibitors (ACEi) or angiotensin II receptor
1 blockers (AT1B). The aim of our study was to analyze the
effects of the addition of AT1B to ACEi-based renoprotection
in children with chronic kidney disease. We examined 11
children with a mean age of 10.5 years (range, 0.5–18 years)
with a mean glomerular filtration rate (GFR) of 61±61ml/min/
1.73 m2. In four patients, the primary renal disease was
hemolytic uremic syndrome, in three congenital nephrotic
syndrome (CNS), in two reflux nephropathy, prune-belly
syndrome in one and acute cortical necrosis in one. All
patients were treated with complex hypotensive ACEi-based
therapy. AT1B losartan was added in a mean dose of 0.9 mg/
kg/day. The change in GFR, proteinuria and blood pressure
at two 12-month intervals before and after adding AT1B was
compared. The results showed that during the 12 months
preceding AT1B therapy, there was no change in blood
pressure and proteinuria, but the GFR declined in 7 of 11
patients. After the 12th month of add-on therapy with AT1B,
there was a significant decrease in both absolute and indexed
blood pressure values. Proteinuria decreased in eight patients,
did not change in one and increased in two, including one
with CNS. The GFR stabilized or increased in eight patients
and decreased in three patients with CNS. In 7 of 11 patients,
there was a significant, but not threatening increase in serum
potassium. In conclusion, add-on renoprotection with AT1B

added to ACEi is safe and significantly improves the
renoprotective effects of ACEi treatment in children with
progressive nephropathies, including patients with advanced
CKD.
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Introduction

The standard hypotensive and renoprotective therapy is based
on the inhibition of the renin-angiotensin system (RAS) by
angiotensin convertase inhibitors (ACEi) or angiotensin II
receptor 1 blockers (AT1B) [1]. Although hypotensive effects
of ACEi in children with chronic kidney disease (CKD) are
well described, there are only a few reports describing the
renoprotective effects of ACEi in children [2, 3]. Classically,
the use of ACEi and AT1B together is avoided, as their
undesired common side effects, such as hyperkalemia and a
further decrease of the glomerular filtration rate, are regarded
as important contraindications to combined therapy. Howev-
er, both drugs have been successfully combined together in
adults with arterial hypertension and normal renal function,
and recently as renoprotective drugs in adults with non-
diabetic CKD [4–6]. The rationale for a double blockade of
RAS with ACEi and AT1B is a demand for better blood
pressure control and avoidance of the so-called “escape
phenomenon” observed in patients in whom ACEis are used
as the exclusive renoprotecive drugs [7]. Combining drugs
was reported to be more effective than increasing the dose of
ACEi [8]. Both kinds of drugs can be used in combination
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either from the start of renoprotective therapy or as sequential
therapy when the second drug is added, while the effect of
ongoing monotherapy is unsatisfactory.

Below we describe our preliminary experience with the
addition of AT1B to hypotensive and renoprotective ACEi-
based treatment in 11 children and adolescents with CKD.

Patients

Eleven patients, 5 girls and 6 boys with a mean age of 10.5
years (range, 0.5–18 years) with CKD in stages 5 to 1, were
included in the study. The causes of CKD were hemolytic
uremic syndrome (HUS) in four cases, congenital nephrotic
syndrome (CNS) in three, reflux nephropathy (RN) in two,
prune-belly syndrome in one and acute cortical necrosis in
one case. All patients were under our care since the
diagnosis of the disease and were treated with on average
2.4 (1–5) hypotensive drugs, including ACEi, calcium
channel blockers, beta-blockers and diuretics (Table 1).
All but one patient had proteinuria despite treatment with
ACEi. Despite full doses of hypotensives, blood pressure
values were above the 50th percentile for age and sex, and
proteinuria tended to increase. The mean glomerular
filtration rate (GFR) measured as creatinine clearance was
61±61 ml/min/1.73m2 and ranged from 14 (patient 4) to
156 ml/min/1.73m2 in the case of 4-year-old girl with CNS

(patient 7). The mean 24-h proteinuria was 1.2 (0–4) g/day
and was the greatest in two siblings with CNS (patients 6
and 7).

Because of insufficient blood pressure control and/or
proteinuria, the AT1B losartan (Xartan, Adamed) was given
in one daily dose of 0.9 (0.5–2) mg/kg as an additional
hypotensive and renoprotective drug. The clinical and
laboratory data of the patients are shown in Table 1.

Methods

The glomerular filtration rate (GFR) was estimated from the
creatinine clearance calculated from 24-h urine collection
using Jaffe reaction. Proteinuria was also estimated as 24-h
urine excretion, and urinary protein was determined using
the Exton method. In the youngest children (patients 8 and
11), 24-h urine collection was made using a special bag.

Blood pressure was measured with the oscillometric
method using a calibrated oscillometric Dinamap device
during 2-month ambulatory visits. The average value from
three measurements was noted. Blood pressure was
expressed as absolute values of systolic (SBP) and diastolic
(DBP) blood pressure and as the blood pressure index
(SBPi and DBPi, respectively).The reference normative
blood pressure values were those published in the Fourth
Task Force Report in 2004 [9].

Table 1 Clinical characteristics of observed patients at point −12 months before the start of AT1B therapy

Patient Age Diagnosis SBP
(mmHg)/
SBPi

DBP
(mmHg)/
DBPi

Serum
creatinine
(mg/dl)

Glomerular
filtration rate
(ml/min/1.73m2)

Uprot.
g/day

Hypotensive drugs

1. 16 HUS 131/0.96 67/0.77 1.5 55 0.85 Ramipril (6 mg/m2), amlodipine,
atenolol, furosemide

2. 15 HUS 151/1.18 90/1.1 2.4 29 0.9 Verapamil, furosemide,
captopril (0.5 mg/kg/day),
nifedipine, acebutolol

3. 5 HUS 143/1.3 96/1.4 1.7 28 0 Labetalol, enalapril
(0.3 mg/kg/day), furosemide,
nifedipine

4. 18 RN 127/0.97 79/0.92 5.6 14 0.8 Enalapril (0.16 mg/kg/day),
nifedipine, acebutolol, furosemide

5. 16 HUS 120/0.96 80/0.97 1.1 63 1.5 Enalapril (0.2 mg/kg/day)
6. 4 CNS 103/0.9 68/0.97 1.6 30 1.6 Enalapril (0.33 mg/kg/day)
7. 4 CNS 98/0.88 47/0.67 0.3 156 4.0 Enalapril (0.33 mg/kg/day)
8. 1.6 ACN;

congenital
heart defect

108/1.06 47/0.79 1.3 26 0.2 Enalapril (0.3 mg/kg/day),
spironolacton

9. 18 RN 131/0.99 66/0.76 1.0 77 1.4 Ramipril (6 mg/m2/day)
10. 17 Prune belly

syndrome
128/0.93 67/0.78 1.3 61 1.5 Ramipril (6 mg/m2/day),

doxazosin
11. 0.5 CNS 100/0.98 50/0.87 0.2 132 1.0 Enalapril (0.4 mg/kg/day)

HUS: hemolytic uremic syndrome; RN: reflux nephropathy; CNS: congenital nephrotic syndrome; ACN: acute cortical necrosis
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Patients were followed at 2-month intervals for 2 years.
Laboratory data obtained during the ambulatory visits or
hospital stays at the 12th month before the start of AT1B
(−12), at the start of AT1B (0) and after 12 months of therapy
with AT1B (+12) were analyzed. The rate of GFR decline was
calculated as the difference between the GFR value
obtained at two 12-month intervals, i.e., 12 months before
introducing AT1B (−12 visit) and the GFR value at the start
of AT1B therapy (0 visit) and between the GFR value at the
12th month (+12) and at the start of the losartan therapy (0).
The same was calculated for the change in proteinuria.
There were no changes in the drug therapy other than the
hypotensive agents.

Statistical analysis

Analyzed variables were the GFR, proteinuria, absolute and
indexed blood pressure values, serum potassium levels and
change in GFR, proteinuria and blood pressure expressed as
the difference between two values obtained at 12-month
intervals. The Wilcoxon paired t-test was used, and a P
value less than 0.05 was regarded as significant.

Results

Blood pressure values and the results of renal function tests
noted before (−12), at the start (0) and after 12 months
(+12) of AT1B treatment are shown in Tables 1 and 2. In 7
of 11 patients, the GFR declined during the 12 months
preceding the introduction of losartan, in three patients
GFR was stable, and in one it increased by 1 ml/min/
1.73m2. The mean decline in GFR during the preceding 12
months was –4.8±4.9 ml/min/1.73m2.

On average, the indexed values of SBP and DBP at –12
and 0 points were 1.01±0.12 vs. 1.01±0.11 (n.s.) and 0.90±
0.20 vs. 0.95±0.20 (n.s.). The mean change in daily
proteinuria was 0.35 (range: −0.5−2.4) g/day and was not
significant. Proteinuria increased in five patients, decreased
in two and remained stable in four patients. The serum
potassium concentration did not change significantly.

At the 12th month after the introduction of AT1B
treatment, the mean number of hypotensives prescribed
was significantly greater at 3.3 (1–6) vs. 2.4 (1–5)
(P=0.001). In all patients, there was a significant decrease
of blood pressure expressed both as absolute SBP (124±16
vs. 115±15 mmHg; P=0.006), indexed SBP (1.01±0.11 vs.
0.94±0.10; P=0.004), absolute DBP (73±15 vs. 60±
18 mmHg; P=0.01) and indexed DBP (0.95±0.20 vs.
0.76±0.23; P=0.012) (Figs. 1 and 2).

In eight patients, the GFR increased or stabilized. The
GFR lowered only in three patients with CNS (patients 6, 7

and 11) (Table 2, Fig. 3). On average, there was no change
in the comparison of mean GFR values (56±46 vs. 49±
28 ml/min/1.73 m2, n.s.) and in ΔGFR at two 12-month
study periods (−4.8±4.9 vs. −7.4±21 ml/min/1.73 m2, n.s.).
When three patients with CNS were excluded from the
analysis, there was a significant difference in the compar-
ison of the mean GFR values before and after the addition
of losartan (40±22 vs. 42±20 ml/min/1.73 m2, P=0.02) and
significant slowing of the rate of CKD progression
expressed as ΔGFR before (−4.6±5.0 ml/min/1.73 m2) and
after 12 months of treatment with losartan (2.8±2.7 ml/min/
1.73 m2) (P=0.02).

Proteinuria decreased in 8 of 11 patients, did not change
in 1 and increased in 2, including 1 patient with CNS
(Fig. 4). On average, there was no change in daily pro-
teinuria (1.6 range: 0–4 vs. 1.16 range: 0–6.3 g/day, n.s.).
However, when the change in proteinuria during the
preceding 12 months was compared, there was a significant
difference between the two study periods (0.35, range:
−0.5–2.4 vs. −044, range: −2.2−2.3, g/day, P=0.02). There
was no correlation between the change in blood pressure
and proteinuria and between the change in blood pressure
and the change in GFR.

In 7 of 11 patients there was a significant increase in
serum potassium concentrations after the introduction of
AT1B treatment, and on average serum potassium rose
from 4.3±0.3 at the 0 to 5.0±0.7 at the +12 visit (P=0.03).

There were no adverse events noted such as cough,
edema or a rash during the entire observation period.

Seven patients were observed longer than 12 months
after the introduction of losartan. In two patients with CNS,
there was fast progression towards renal failure. In the other
five patients, including patients with HUS, reflux nephrop-
athy and acute cortical necrosis, the course of CKD was
stable during at least the next 12 months of observation
(Table 2).

Discussion

The main result of our study is the observation that a dual
blockade of the RAS system with ACEi and AT1B in
children with CKD, even in an advanced stage, is safe,
causes a significant decrease in blood pressure and
proteinuria and slows the GFR decline. The main weak
point of our study is the low number of patients included.
Therefore, these results must be regarded so far as a
preliminary observation. Secondly, the observed group was
heterogenous in terms of the stage of CKD, as two patients
had GFR above 100 ml/min/1.73 m2, as well as of the
primary cause of CKD.

Renoprotective therapy has a well-documented place in
the complex conservative treatment of patients with CKD.
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However, the published data on the effects of renoprotec-
tion were based on the results of trials involving adult
patients. The main differences between adults and children
include the etiology of CKD and influence of physiological
development and puberty. There are only a few studies of
the renoprotective effects of a RAS blockade in children [2,

10–12]. Data published by Lama et al. on the beneficial
effects of ACEi in children with reflux nephropathy
strongly indicate that renoprotection is effective in children
[2]. However, it seems that in congenital degenerative
nephropathies such as Alport syndrome the effects of RAS
inhibition are negligible in terms of slowing the GFR
decline [13]. In others, such as Finnish-type congenital
nephritic syndrome, the antiproteinuric effect seems to
depend on the type of mutation and concomitant therapy
with indomethacin and unilateral nephrectomy [13–15].
However, the real renoprotective effect of a RAS blockade
on slowing the GFR decline in CNS patients is unknown.

In practice, renoprotection is based on ACEi and AT1B
alone or in combination with other hypotensive drugs. There
are some reports on the antiproteinuric and hypotensive effect
of AT1B in children with CKD and good renal function (stage
1) [16] and in children with more advanced CKD (stages 2–
3) [17]. The efficacy of a dual blockade of RAS in adult
patients with CKD was documented in the COOPERATE
study [5, 6]. The renoprotective and hypotensive effects of a
dual RAS blockade in children were reported in children
with IgA nephropathy and relatively good renal function [18,
19]. Potential further deterioration of the GFR and hyper-
kalemia may be of concern in the cases of patients with CKD
who have low or normal blood pressure and low GFR. In our
patients, blood pressure values were above the 50th
percentile, and in five of them well above the 95th percentile.
In five patients, the main indication to add the AT1B was
uncontrolled blood pressure, and consequently the patients
with high blood pressure benefited most from this treatment,
both in terms of the hypotensive effect and renoprotection. It
seems interesting that we observed a beneficial effect of the
dual blockade in patients who because of low GFR values
might be disqualified from most trials with classic renopro-
tective therapy (patients 2, 3 and 4). However, there are some
reports that both enalapril and benazepril used in adults with
non-diabetic CKD in stage 4 and GFR below 30 ml/min/
1.73 m2 exerted significant antiproteinuric and renoprotective
effects [20, 21].

As expected, we have observed a significant rise in the
serum potassium concentration despite concomitant diuretic
use; however, except in one patient, this was not in a too
seriously threatening range. This adverse side effect may be
of real concern, especially in patients with the lowest GFR
values and in the youngest children. It underlines the
necessity for close monitoring of patients treated with
combined renoprotective therapy.

The other issue is the problem of the dosing of AT1B in
children with CKD. We used the dose extrapolated from
those used in adult patients, and it was on average 1 mg/kg/
day. In the study by Ellis et al., the authors suggested the
use of losartan in a dose of 0.8 mg/kg/day, which was
extrapolated from those used in adults [16]. The dose used

Fig. 1 Change in indexed systolic blood pressure values at three visit
points. Systolic blood pressure is expressed as systolic blood pressure
index (index SBP), i.e., the ratio of the measured SBP to the value of
the 95th percentile for age and sex (y axis). Numbers denote
individual patient numbers

Fig. 2 Change in diastolic blood pressure at three visit points.
Diastolic blood pressure is expressed as diastolic blood pressure index
(index DBP), i.e., the ratio of the measured DBP to the value of the
95th percentile for age and sex (y axis). Numbers denote individual
patient numbers
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by us was also in the range suggested by others as effective
and safe in the treatment of hypertensive children [22].
However, recently there were some reports on the beneficial
effects of super high doses of AT1B in adult patients with
diabetic nephropathy and preserved GFR [23].

The relatively short time of our observation and small
number of patients make it difficult to draw firm con-
clusions on the long-term efficacy of the renoprotective
effect of the dual blockade of RAS. Besides three patients
with CNS, the addition of AT1B led not only to a
significant decrease of blood pressure, but it also decreased
proteinuria and at least stabilized GFR. The long-term

effects of the achieved decrease in proteinuria are uncertain.
Preliminary results of the ESCAPE study indicate that
ACEi treatment efficiently lowers blood pressure in
children with CKD [10], but after 3 years in some patients,
there is an increase in protein excretion despite good blood
pressure control (F. Schaefer, personal communication).
This observation indicates that the hypotensive effect of
RAS blockers can be dissociated from the renoprotective
effect and is similar to that described in previously
published conclusions [5, 6]. Our results suggest that the
addition of AT1B may be beneficial in cases of escape
phenomenon from the renoprotective effect of ACEi.

Fig. 3 Change of GFR during
treatment

Fig. 4 Change of proteinuria
during treatment
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In conclusion, the presented clinical observation sug-
gests that in children with CKD aready treated with ACEi
and who are still hypertensive or proteinuric, the addition of
AT1B leads to a significant improvement in blood pressure
control, stabilizes or decreases proteinuria and can arrest
CKD progression. The best results were seen in patients
who were severely hypertensive. The other conclusion that
seems important from the practical point of view is that
such treatment was safe and efficacious even in patients
with advanced CKD (stage 4).
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