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ABSTRACT
Introduction: Hypertension in children is uncommon, except in areas where acute poststreptococcal glomerulonephritis 

(APSGN) is still endemic. The objective was to evaluate nifedipine versus captopril for the treatment of hypertension in children 
with APSGN. 

Methods: A parallel double blind randomised controlled trial was conducted at a tertiary level hospital. Patients diagnosed 
with APSGN were randomised to receive either nifedipine or captopril as anti-hypertensive. The main outcome measures were 
the blood pressure values at pre-specified intervals. Secondary outcomes included the occurrence of side effects. 

Results: Forty patients were included in the study. Both drugs lowered the blood pressure from the baseline but when com-
pared, nifedipine caused lower systolic and diastolic blood pressure than captopril during the first four hours after treatment 
started (P < 0.001 and 0.016 respectively). No difference between the two groups after four hours. No significant side effects were 
detected in both groups. However in the captopril group 5 patients had to exit the study prematurely because of uncontrolled 
blood pressure, 2 of whom developed signs of hypertensive encephalopathy. 

Conclusion: This study suggests that nifedipine is superior in reducing the blood pressure during the first four hours after 
starting treatment compared to captopril in children with APSGN. 
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INTRODUCTION

Even though in high-income nations acute post-streptococcal glo-
merulonephritis (APSGN) has become rare1), it remains a major health 
problem in middle and low income countries1). In the current era of evi-
dence based medicine, it is very difficult for clinicians to choose the 
most proper evidence-based antihypertensive drug for treating hyperten-
sion in children with APSGN. The main reason is the lack of high quali-
ty randomised controlled trials in children with APSGN. A systematic 
review by Zaffanello et al looking at evidence-based treatment in 
APSGN found very few studies describing the best intervention in con-
trolling hypertension2).

Besides one trial comparing captopril with reserpine plus fruse-
mide3) and another trial comparing nifedipine with placebo4), a thorough 
literature search did not reveal any other randomised controlled trials. 
Both studies were conducted more than 15 years ago and details of the 
randomisation were not described in detail. 

Based on this very scanty evidence and perhaps mainly on experi-
ence, most patients with APSGN tend to be treated with diuretics, nifed-
ipine or a combination of both. More recently, case series have been 
reported, supporting the role of ACE inhibitors in the treatment of 
APSGN. Jankauskiene et al. had demonstrated earlier that blood pres-
sure declined more in patients with APSGN treated with enalapril com-
pared to a control group5). She also reported significant improvement on 

echocardiography findings. Another study by Morsi et al demonstrated 
good blood pressure control with captopril in patients with APSGN 
compared to reserpine3). Parra et al showed in case series, rapid control 
of high blood pressure with captopril in patients with acute glomerulo-
nephritis, however it was only in a small number of patients6).

The current study was conducted with the aim to compare directly 
captopril versus nifedipine for the treatment of hypertension in APSGN. 

MATERIALS  AND  METHODS

This parallel randomised controlled trial with 1:1 allocation ratio 
was conducted at Hospital Universiti Sains Malaysia (HUSM) for one 
year period. The study was registered with the Australian and New 
Zealand Clinical Trials Registry (ANZCTR), with registration number 
ACTRN12611000778987 and there have been no significant changes to 
the methodology after registration.

All patients diagnosed as APSGN with hypertension (Blood 
Pressure of > 95 percentile of their respective height, age and gender) 
aged between 1 year and 12 years, having a weight of 10 kg to 50 kg 
were eligible for the study. The reference value blood pressure centiles 
was based on the Fourth Report on the Diagnosis, Evaluation, and 
Treatment of High Blood Pressure in Children and Adolescents1). The 
diagnosis of APSGN was made by the treating paediatrician based on a 
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combination of clinical and laboratory data: facial puffiness, hyperten-
sion, gross haematuria, preceding sore throat or impetigo lesions, posi-
tive ASOT, positive throat swab, low C3, presence of RBC in the urine. 
Patients with AGN due to other causes (SLE, HSP etc) and patients with 
pre-existing hypertension, and severe hypertension requiring more than 
one antihypertensive were excluded from the study.

The measurement of blood pressure was performed using an oscillo-
metric monitoring device which was calibrated according to standards 
by the respective manufacturer (CASMED 750® with MAXNIBP®). 
To ensure standard blood pressure recording, only two blood pressure 
devices from the same manufacturer were used in the study. Blood pres-
sure was measured in supine position by a trained nurse. 

The size of blood pressure cuff used was according to the recom-
mendations by the 'Fourth Report on the Diagnosis, Evaluation, and 
Treatment of High Blood Pressure in Children and Adolescents from the 
National High Blood Pressure Education Program Working Group on 
High Blood Pressure in Children and Adolescents1).

Nifedipine was used as a generic medication. Also for captopril, a 
generic medication, manufactured by STAD Apharm GmbH of 
Germany was used. Each of the drugs were prepared in the pharmacy 
and administered three times per day to the patients in a starting dose of 
0.5 mg/kg and 0.1 mg/kg for nifedipine and captopril respectively. The 
prescription was limited to a maximum dose of 3 times the starting dose 
and a frequency of only 3 times per day (TDS). All other care, support-
ive and pharmacological was provided by the treating pediatrician in a 
similar way for both groups. A ward protocol for the management of 
APSGN was available.

The main outcome measures were the blood pressure (BP) values at 
specified intervals after the start of the medications. A blood pressure 
measurement was taken before the medication was served. After the 
first dose was served, blood pressure was monitored and recorded at 1/2 
hour, 1 hour, 4 hours, 8 hours, 12 hours and 24 hours on Day 1. 
Subsequently only the early morning at 8.00 am blood pressure reading 
was recorded till discharge. Upon the patient's discharge, the study was 
completed. 

If patients developed severe hypertension requiring additional 
anti-hypertensive medication or signs of hypertensive encephalopathy, 
the code was broken and they were excluded from the study. 

Apart from blood pressure, blood urea and serum creatinine were 
taken before the medication was started and repeated on the third day 
after the medication had been started. All other potential side effects 
were actively looked for and recorded. 

The randomisation was based on a computer generated random 
sequence, determined by a person who was otherwise not involved in 
the study. The random sequence was given to the pharmacists who pre-
pared sequentially numbered sets of drugs, which were not distinguish-
able from each other by patients or ward staff. The drugs were sent to 
the ward upon request of the treating doctors. As such concealment of 
allocation was ensured. 

The patients and all ward staff were blinded to the intervention 
throughout the study. The code was broken after the study ended. Since 
numbers were relatively small, no interim analysis had been planned. 

The sample size was calculated to be 16 patients in each arm. From 
a previous study3) the response in reduction of blood pressure within 
each subject group was normally distributed with standard deviation of 
8 mmHg. If the true difference between the means of the two groups 
would be 10, the null hypothesis (the population means of the experi-
mental and control groups are equal) was to be rejected with power of 
90% and an alpha of 0.05.

Statistical Analysis
Data were entered and analysed using IBM® PASW (SPSS) ® 

Statistics Version 18. The reading of blood pressure was tested across 
time was with multiple paired t- test for changes in blood pressure 
across time. Repeated Measures ANOVA was used to determine the dif-
ferences of blood pressure changes between the treatment groups across 
time and to calculate the difference of blood urea and creatinine levels 
before and after treatment. 

Ethical approval
The study was approved by The Human Research Ethical 

Committee of School of Medical Sciences (PPSP), Universiti Sains 
Malaysia (Ref: USMKK/PPP/JEPeM [230.3(02)]). Written informed 
consent was obtained before enrolment. 

RESULTS

Figure 1 describes the flow of the study. Five patients in the 
Captopril group had to be subjected to aggressive blood pressure man-
agement and were excluded from the study. One patient in the captopril 
group was proven to have another diagnosis after inclusion in the study 
and was excluded from analysis. In each group there was one patient for 
whom the parents had taken at own risk discharge against medical 
advice. 

Demographic baseline data are demonstrated in Table I. Both 
groups had a similar demographic profile in terms of gender, age, 
weight, and height distribution. Both groups showed predominantly 
boys compared to girls. 

Early blood pressure measurements 
There was a significant decrease from baseline in systolic blood 

pressure (SBP) and diastolic blood pressure (DBP) after 1/2 an hour, 1, 2, 
3 and 4 of starting each medication. 

Comparison between the two treatments showed that nifedipine pro-
duced lower blood pressure values for SBP at 1/2 hour, 1 hour, 2 hours, 3 
hours and 4 hours of starting the medication when compared to capto-
pril, as demonstrated in Table II (p < 0.001). The values of DBP at these 
times showed also a statistically significant difference (p = 0.016) and 
were lower for nifedipine compared to captopril.

Figure 1. Flow chart of the study

Table 1. Baseline Data
Variable Nifedipine Captopril P value
 (n = 19) (n = 13)

Age (years; mean ± SD) 7.4 ± 2.2 7.9 ± 2.1 0.52
   
Weight  (kg;  mean ± SD)
 23.7 ± 9.8 27.0 ± 8.9 0.35
Height (cm;  mean ± SD)
 120.2 ± 18.6 127.7 ± 15.9 0.24
Gender, n (%)
       Male 12(63.2) 7(53.8) 0.59
       Female  7(36.8) 6(46.2)

SD: standard deviation
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Late blood pressure measurements 
The effect of both treatments on the SBP and late DBP after 8 hours 

of starting the medication were similar. Both of the medications pro-
duced similar mean SBP and DBP at 8 hours, 12 hours and at day 2, day 
3 and day 4 after starting treatment. All data for blood pressures are 
shown in Table III.

No patients suffered from serious side effects of the medication in 
both groups. Baseline serum creatinine in the captopril group however 
was higher than in the nifedipine group, but for none of the patients the 
creatinine levels increased more than 10% of the baseline after treat-
ment commenced. Other side effects of ACE inhibitor like hyperkale-
mia, first dose hypotension, cough and angioneurotic edema were not 
present during the trial. Common side effects of nifedipine like flushing, 
and palpitations were either absent or so mild that they did not result in 
any complaints from the patients. 

DISCUSSION

This is the first randomised controlled trial comparing a calcium 
blocker and an ACE inhibitor for the treatment of hypertension in pedi-
atric patients with APSGN. The results showed that nifedipine lowered 
the blood pressure without major side effects occurring. Captopril low-
ered the blood pressure also but 5 patients in the captopril group exited 
the study prematurely because of uncontrolled hypertension, leading to 
hypertensive encephalopathy in two patients. 

This trial had an acceptable internal reliability with good random-
ization and adequate concealment of allocation. All patients and out-
come assessors were blinded to the treatment given. Based on the above 
strengths of the trial, the results may be extrapolated to other hospital 
settings within Malaysia and also other middle and low income coun-
tries. 

If these results were to be extrapolated to high income countries, 
one should consider that all of the patients studied, belong to the popu-
lation in which the endemic type of APSGN is still prevalent. The 
endemic type of APSGN often had a milder form of the disease com-
pared to the sporadic type of APSGN1). They also tend to have better 

Table 2. Early SBP and DBP Changes between Groups
 BP  Adjusted mean SBP  Adjusted mean DBP 
 Recording  (mmHg) P value (mmHg)  P value
 Time (95% CI)  (95% CI)
 (hours)   
  Nifedipine Captopril  Nifedipine Captopril

 0 131 133  92 91
  (127, 135) (128, 138)  (88, 96) (87, 96)
 0.5 118 121  78 84
  (112, 123) (115, 128)  (72, 83) (77, 90)
    0.001*   0.016*
 1  111 119  72 81
  (106, 116) (113, 125)  (66, 78) (74, 88)
 2  109 118  69 80
  (104, 114) (112, 124)  (63, 75) (73, 87)
 3  113 128  73 84
  (109, 117) (123, 133)  (67, 79) (77, 91)
 4  114 123  76 84
  (110, 119) (117, 128)  (70, 81) (77, 91)

*p significance < 0.05; 

CI: confidence interval; SBP-systolic blood pressure; DBP-diastolic blood pressure

Table 3. Late SBP and DBP Changes between Groups
 BP  Adjusted mean SBP   Adjusted mean DBP
 Recording  (mmHg)  P value (mmHg)  P value
 Time  (95% CI)   (95% CI)
  Nifedipine Captopril  Nifedipine Captopril

 Before 131 133  92 91
  (127, 135) (128, 138)  (88, 96) (87, 96)
 8 Hours 114 120  75 80
  (109, 120) (114, 126)  (69, 81) (73, 86)
    0.63   0.50
 12 Hours 110 118  75 81
  (100, 121) (105, 130)  (69, 81) (73, 88)
 Day 2 118 112  77 74
  (111, 124) (104, 119)  (71, 83) (66, 81)
 Day 3 114 116  76 76
  (108, 120) (109, 123)  (70, 82) (69, 84)
  
 Day 4 106 104  67 73
  (92, 120) (87, 121)  (57, 78) (60, 86)

CI: confidence interval; SBP-systolic blood pressure; DBP-diastolic blood pressure
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outcomes and almost never associated with long term kidney complica-
tions. So caution must be exerted in the extrapolation and generalization 
of the findings in this study to patients with sporadic or non-endemic 
type of APSGN.

Other studies1) had suggested that captopril may be effective in the 
treatment but it had never been tested in a randomised controlled trial. 
The difference between the two groups in numbers of patients who had 
to drop out of the study protocol due to worsening hypertension and/or 
hypertensive encephalopathy was not statistically significant but the 
actual numbers may be clinically significant enough, as to make recom-
mendations not to use captopril for similar patients until evidence to the 
contrary would become available. 

Ideally an arm providing no therapy or placebo therapy should be 
included but in the patients who present with APSGN and run the risk of 
developing hypertensive encephalopathy this would be not ethically 
acceptable. 

Since there is a complete lack of positive evidence in favor of rou-
tine frusemide in the treatment of APSGN, it was not routinely given to 
all patients, but only on indication. The use frusemide in both groups 
was similar (10 patients from each group, respectively).

CONCLUSION

This study suggests nifedipine to be superior in reducing the systol-
ic and diastolic blood pressure during the first four hours after starting 
treatment compared to captopril. However, there is no difference in 
changes of blood pressure 8 hours after starting treatment between the 
two treatment groups. There were no reported side effects with patients 
treated with nifedipine or captopril. 
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