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Abstract. The efficacy of daily administration of  a small 
dose of prednisolone was examined in 21 patients with 
corticosteroid-responsive, frequently relapsing nephrotic 
syndrome (FRNS). After induction of remission of a third 
or subsequent relapse with a 6-week course of predniso- 
lone (standard therapy with prednisolone, STP), this drug 
was continued in a single daily dose of 0.25 mg/kg body 
weight (low-dose prednisolone, LDP) for 18 months. Re- 
lapses occurring during this period were treated with STP, 
following which LDP therapy was resumed. The historical 
controls comprised 14 patients with FRNS in whom re- 
lapses were treated with STP mad who were observed over 
a minimum period of 30 months. The two groups were 
comparable for age at the onset of  nephrotic syndrome and 
sex. Twenty patients completed LDP therapy, during 
which 12 had no relapse, 6 had infrequent and 2 frequent 
relapses (1 patient became steroid dependent and was 
taken off LDP). Twelve patients were followed for 
12-42  months after stoppage of LDP; during this period 7 
had no relapse, 4 had infrequent relapses and 1 showed 
steroid dependence. The number of relapses during LDP 
therapy (0.5/patient per year) was significantly less 
(P <0.001) than in the preceding 12 months (3.62/patient 
per year), and continued to remain low during the follow- 
ing 12 months (0.6/patient per year). Whereas the 
frequency of relapses in the LDP group was similar to that 
in the historical control group in the 1 st year of compari- 
son, it was significantly less during LDP therapy 
(0.5/patient per year versus 2.25/patient per year). No side 
effects were observed in patients on the LDP regimen, at 
the end of which the height percentiles improved in 
6 patients and remained unchanged in 14. Our observations 
indicate that long-term therapy with a small daily dose of 
prednisolone can significantly reduce the number of  re- 
lapses in patients with FRNS, and that the beneficial effect 
may continue even after its stoppage. 
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Introduction 

About 40% of children with nephrotic syndrome who re- 
spond to corticosteroid therapy suffer from frequent re- 
lapses [1]. Although the relapses can be treated with corti- 
costeroids, the repeated use of large amounts of these 
agents leads to significant and sometimes serious side ef- 
fects. Prolonged administration of  prednisolone on alter- 
nate days [2, 3] and cytotoxic drugs [4] have been em- 
ployed to induce long periods of remission in patients with 
frequently relapsing nephrofic syndrome (FRNS). The 
former regimen is often ineffective, whereas cytotoxic 
agents carry the risk of serious toxicity. Recently cyclos- 
porin A has been found to sustain a remission in such 
patients [5], but the drug is nephrotoxic and the relapses 
soon start to recur after its discontinuation [6]. We report 
beneficial results using a small dally dose of prednisolone 
for a period of 18 months in patients with FRNS. 

Patients and methods 

Twenty-one patients with corticosteroid-responsive FRNS, defined as 
three or more relapses per year, were studied. Informed parental consent 
was obtained. The definitions and investigative methods have previously 
been reported [7, 8]. Each relapse was treated with prednisolone 2 mg/kg 
per day in three to four divided doses for 2 weeks, followed by the same 
amount given as a single morning dose on alternate days for the next 
4 weeks (standard therapy with prednisolone, STP). 

After induction of remission of a third or subsequent relapse with the 
STP regimen, prednisolone was continued in a dose of 0.25 mg/kg daily 
at 8.00 a.m. for 18 months (low-dose prednisolone therapy, LDP) and 
then stopped. Relapses occurring during this period were treated with the 
6-week course of prednisolone (STP), at the end of which LDP was 
resumed. The patients were regularly examined at the pediatric nephrol- 
ogy clinic, where records of weekly urine tests for protein (daily if there 
was proteiuuria) were maintained. The height, weight, blood pressure, 
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Table 1. Clinical and renal histological features in the two groups of 
patients a 

Low-dose Historical 
prednisolone controls 

Number 21 14 

Boys/girls 15/6 9/5 

Age at onset of nephrotic 1 - 9.5 1 - 6 
syndrome (years) (3.1) (3.1) 

Age at start 2.2-11.5 2.5 - 11 
of low-dose 
prednisolone/ (6.5) (5.2) 
observation 
period (years) 

Renal histology 14 9 
Minimal change 11 6 
Mild mesangial 3 3 
proliferation 

a Figures in parentheses indicate mean values 

No. Age Sex 
(yeors) 

1 5 M 

2 9 F 

3 4 F 

4 8 M 

5 7 M 

6 7.5 M 

7 4.8 M 

8 7 M 

9 4 F 

10 3.5 F 

11 9 

12 8 

13 4.2 

14 8 

15 5.5 

16 11.5 

17 4 

18 11 

19 6 

20 2.2 

21 7.5 

Prednisolone 
0.25 rng/kg per day 
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Fig. 1. Clinical course of the patients on low-dose prednisolone therapy. 
The age represents that at the institution of this regimen. Patients 5 and 
13 developed prednisolone dependence; m, relapse 

ocular findings and presence of infections were recorded. Twenty 
patients completed the 18-month therapy with LDP. Subsequently, 12 of 
them were followed for 12-42 additional months, and 4 for 6 months. 

The historical control group comprised 14 patients with corti- 
costeroid-responsive FRNS. They had been treated earlier with STP, 

No. Age Sex 
(years) 

1 4.3 M 

2 10 M 

3 3 M ,-  

4 8 M ~, 

5 3.5 F .- 

6 3.5 F ." 

7 2.5 F , "  

8 11 M ," 

9 3.5 M ," 

10 4 M f" �9 

11 6.5 M , "  " 

12 5 F , "  " " 

13 2.5 M ~" " 

14 7 F , " " 
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Fig. 2. Clinical course of the historical control patients, on standard 
prednisolone treatment. The age represents that at the beginning of 
the observation period. Patient 3 developed prednisolone dependence; 
n ,  relapse 

under the supervision of R. N. Srivastava, and were observed for a 
minimum period of 30 months. None had received long-term predniso- 
lone treatment or cytotoxic drugs. The latter 18 months of their course 
was regarded as the "observation period", for comparison with the simi- 
lar period in patients in the LDP group. 

The frequency of relapses observed in the patients in the LDP group 
1 year before the institution of LDP was compared with the frequency 
whilst on the LDP regimen and during the year following its stoppage. 
The relapse rate in the former two periods was compared with that in the 
corresponding periods in the historical control group. In the historical 
control group the relapse rate during the observation period was com- 
pared with that in the preceding year. Non-parametric Wilcoxon's signed 
rank test and Wilcoxon's rank sum test were used for statistical analysis. 
Standards for height for Indian children [9] were used for assessment of 
linear growth. 

Resul t s  

Table 1 shows the sex distribution, age at the onset of  
nephrotic syndrome and age at the start of  LDP or the 
observat ion period, and the renal  histological  features in 
the two groups of patients. Both groups were well  matched 
for these characteristics. Two patients in  the LDP group 
(nos. 1 and 11 in Fig. 1) had received cyclophosphamide 
for 8 weeks, 2.5 and 5.5 years  respectively before they 
were put on prednisolone.  The durat ion of remiss ion after 
stoppage of cyclophosphamide was less than 6 months in 
each case. Another  2 patients (nos. 19 and 21 in Fig. 1) had 
received levamisole (5 mg/kg on alternate days for 
12 weeks), 1.5 years before the insti tution of LDP, without  
any benefit.  

The clinical course of individual  patients who were 
given LDP is shown in Fig. 1. Twelve patients had no 
relapse and 4 had one relapse each during this treatment. 



Table 2. Relapse rate in the two groups of patients (no/patient per year) 

Group Time period 

Preceding Low-dose pred- Following 
1 year nisolone/obser- 1 year 

vation period 

Low-dose 
prednisolone 3.62* 0.5** 

Historical 
control 3.29*** 2.25**** 

0.6***** 

P <0.001 * versus **; P >0.05 * versus ***; P <0.001 ** versus ****; 
P >0.05 *** versus ****; P <0.001 * versus ***** 
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Table 3. Effect of low-dose prednisolone therapy on height percentiles 

Height percentile No. of Height percentile Improved 
before therapy patients after therapy percentile 

Unchanged Improved 

<10 5 4 1 11-25 
11-25 5 3 2 26-90 
26-50 3 2 1 51-75 
51-75 3 2 1 76-90 
76-90 2 1 1 90 
>91 2 2 0 0 
Total 20 14 6 6 

One patient (no. 13) had two relapses in the first 6 months 
of treatment and subsequently became prednisolone depen- 
dent. He was taken off prednisolone and considered a 
treatment failure. On further observation of 10 patients for 
12-42 months, 7 were found to have no relapse and 3 had 
infrequent relapses. 

Examination of the clinical course of the patients in the 
historical control group (Fig. 2) showed that most con- 
tinued to have frequent relapses. One (no. 4) had four 
relapses during the observation period and later became 
steroid dependent. 

Table 2 shows the frequency of relapses in the two 
groups of patients. The relapse rates in the LDP group and 
the historical control group were not different during the 
year before the treatment period in the former and the 
observation period in the latter (P >0.05). The relapse rate 
in the LDP group during the treatment period was signifi- 
cantly lower than that observed during the preceding year 
(P <0.001) as well as that noted in the historical control 
group during the observation period of 18 months 
(P <0.001). Additionally, the frequency of relapses during 
the year after discontinuation of LDP was lower than that 
recorded in the year preceding the treatment (P <0.001). 

There were no side effects related to LDP. All except 1 
of the 12 patients with cushingoid obesity showed a 
decrease in their weight. The elevated levels of blood pres- 
sure in 7 patients returned to normal. Significant infections 
were not observed during LDP. None of the patients 
developed cataract. 

Table 3 gives the height percentiles of the patients 
treated with LDP. At the end of the treatment the height 
percentiles improved in 6 patients and remained un- 
changed in 14. 

D i s c u s s i o n  

In a majority of our patients with FRNS, prolonged admin- 
istration of a small dose of prednisolone was associated 
with a significant reduction in the number of relapses. 
Additionally, in some of them the beneficial effect con- 
tinued after cessation of the treatment. The results of such 
therapy can be compared with those using prednisolone, 
30-60 mg on alternate days, on a long-term basis [2, 3], or 
cytotoxic agents [4]. With the former regimen, the side 
effects of corticosteroids diminish and the number of re- 

lapses is reduced in some patients. In others, however, 
relapses continue to occur during treatment and, in most 
cases, after stopping the alternate-day therapy [ 10]. 

Elzouki and Jaiswal [11] reported beneficial results in 
patients with FRNS with the administration of 10 mg pred- 
nisolone on alternate days for 10-58 months. Of their 
37 patients, 32 did not relapse during treatment, whereas in 
the other 5 the relapse rate was decreased. Improved 
growth velocity and a decrease in cushingoid obesity was 
also seen in these patients. In our experience, however, 
attempts to reduce the dose of alternate-day prednisolone 
below 1.0-1.5 mg/kg are usually followed by relapses in a 
large proportion of patients (Srivastava et al., unpublished 
observations). Significant side effects may develop during 
alternate day-prednisolone therapy [ 10]. 

The efficacy of a small dose of hydrocorfisone, 
7.5-15 mg administered daily for 6 months, was reported 
by Schoeneman in four patients with FRNS [12]. Three 
patients had no relapse during the treatment period. Win- 
gen et al. [13] compared the effect of different prednisone 
regimens in children with FRNS. They found that long- 
term daily therapy, consisting of an initial dose of 2 mg/kg 
per day for 1-3  months followed by a tapering dosage 
schedule during the subsequent 3 - 6  months, was most 
effective in reducing the number of relapses. 

There is extensive information on the use of cytotoxic 
drugs in FRNS and their efficacy is well established [4, 14, 
15]. In a study from this centre [8], administration of cyclo- 
phosphamide for 8 weeks along with alternate-day pred- 
nisolone in patients with FRNS was followed by remis- 
sions of more than 3 years in 44% of patients, and between 
6 months and 3 years in 31% of patients. Although the 
acute side effects of cytotoxic therapy are not significant, 
the gonadal toxicity and carcinogenic potential call for 
caution in its employment. 

Experience with other drugs, such as levamisole and 
cyclosporin A, in the management of FRNS is limited. 
Mongean et al. [ 16] reported that during administration of 
levamisole for 1 year the relapse rate was decreased by 
50%, but on cessation of the treatment relapses occurred in 
most patients. In a recent multicentre, controlled study [ 17] 
levamisole was used in patients with steroid-dependent 
nephrotic syndrome for a period of 16 weeks, during which 
a higher number of patients remained in remission than in 
a matched control group who received a placebo. Further 
studies are needed to examine the role of this drug in the 
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treatment of FRNS. Several reports have shown that cy- 
closporin A can maintain a remission in patients with 
FRNS [5, 6]. In most cases, however, relapses soon recur 
after its stoppage [6]. The nephrotoxicity of even small 
doses of cyclosporin, when given for prolonged periods, 
remains a matter of concern [18]. 

We feel that daily administration of a LDP may be 
effective in preventing relapses in patients with FRNS. The 
usefulness of even smaller doses than we employed in the 
present study and the optimum duration of such therapy 
needs to be investigated. The continued suppression of 
relapses after stoppage of the treatment in some patients 
was a surprising observation, since other corticosteroid 
regimens do no affect the relapse rate once the drug is 
discontinued [ 10]. 

The mechanism by which corticosteroids induce a re- 
mission in nephrotic syndrome is not clear [19]. It is possi- 
ble that they suppress an underlying immunological abnor- 
mality (unidentified as yet) that eventually leads to protein- 
uria. Prolonged administration of low doses of corti- 
costeroids could continue to have such an effect and 
thereby prevent relapses. Since this regimen seems to be 
free of significant side effects, we suggest its trial in 
patients with FRNS before exposing them to cytotoxic 
drugs. 
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