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Abstract Our aim was to report the effect of two treatment
regimens in 43 cases of severe Henoch–Schönlein nephritis
(HSN) and immunoglobulin A nephritis (IgAN) (24 HSN,
19 IgAN). Group A, 11 HSN and 7 IgAN, 88% with an
International Study of Kidney Disease in Children (ISKDC)
biopsy grade ≥ III and severe clinical features, were treated
with corticosteroids, cyclophosphamide (CYC-P) and
angiotensin-converting enzyme inhibitor/angiotensin recep-
tor blocker (ACEi/ARB). Group B, 12 HSN and 13 IgAN,
72% with biopsy findings as above and 52% with severe
clinical features, were treated with ACEi/ARB ± cortico-
steroids. The outcome classification was: (a) healthy; (b)
mild proteinuria, normal glomerular filtration rate (GFR);
(c) active renal disease; (d) chronic renal failure. Twenty-
six patients had a good outcome (a+b). The 17 children
with poor outcome (c+d) had lower GFR at onset and at
follow-up, higher albumin excretion at follow-up, and
higher percentage of segmental glomerulosclerosis in the
renal biopsy, than those with good outcome. Treatment with
corticosteroids, CYC-P and ACEi/ARB was effective in
increasing GFR, reducing proteinuria and decreasing the
disease activity index. The proteinuria had decreased at
follow-up in both groups. In group A, GFR increased and
histopathological activity index declined after treatment.

The outcome did not differ between groups A and B. The
effects of treatment did not differ between HSN and IgAN.
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Introduction

The management of severe Henoch–Schönlein nephritis
(HSN) and immunoglobulin A nephritis (IgAN) is still
controversial. Severe cases are rare, but the morbidity rate
among these patients is high. Severe disease is defined
according to the clinical features and duration of proteinuria
[1] and renal biopsy findings showing a high proportion of
glomeruli with crescents or sclerosis as well as interstitial
inflammation or fibrosis [2–5].

Various regimens of treatment in severe HSN and IgAN
have been described, such as intravenous administration
of methylprednisolone (MP) followed by oral treatment
with corticosteroids, or corticosteroids in combination with
azathioprine (AZA) or cyclophosphamide (CYC-P), with or
without anticoagulants, with or without plasmapheresis,
cyclosporine A (CyA) or mycophenolate mofetil [6–21].
Treatment with angiotensin-converting enzyme inhibitors
(ACEis) [22] with or without the combination of angioten-
sin II receptor blockers (ARBs) [23] in both normotensive
and hypertensive patients has been shown to be effective in
preserving glomerular filtration rate (GFR) and reducing
proteinuria in IgAN patients.

The aim of this study was to describe the effects of
treatment of two groups of patients. Group A had severe
disease and were treated with corticosteroids in combination
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with CYC-P and ACEi /ARB, whereas group B consisted of
patients both with milder and severe disease. All group B
patients were treated with ACEi/ARB with or without
corticosteroids.

Materials and methods

The study was longitudinal and retrospective. We examined
43 children (25 boys), of whom 24 had HSN (14 boys)
and 19 IgAN (11 boys), admitted to the department of
Pediatric Nephrology at the Karolinska University Hospital,
Hudddinge, between May 1990 and December 2005. Our
clinic is the larger of two tertiary centers for children with
kidney diseases in Sweden. Thus, the patients were mainly
referral patients with a severe clinical presentation at onset.
Their median age at onset was 12.0 (4.1–17.7) years, and they
were followed for a median of 3.1 (0.25–10.5) years. The age
at onset did not differ significantly between the groups.

In Group A there were 18 patients (11 HSN, 7 IgAN), of
whom 17 had renal biopsy findings according to the
International Study of Kidney Disease in Children (ISKDC)
of ≥ grade III, in combination with nephrotic proteinuria at
onset, and all except one had severe clinical features. They
were initially treated intravenously with MP 30 mg/kg for
three alternate days. Twelve patients were also treated
orally with prednisolone at a starting dose of 1 mg/kg daily,
which, 1 month later, was changed to alternate-day dosing
and slowly tapered thereafter. The duration of the oral
treatment with corticosteroids was a median 0.6 (0.4–3.1)
years. After MP, the regimen also included intravenous
treatment with CYC-P 500–750 mg/m2 body surface area,
1–3 pulses (14 patients), or six pulses monthly (2 patients),
or oral administration of CYC-P 2 mg/kg daily for 8 weeks
(2 patients). All patients received ACEis/ARBs.

Group B consisted of 25 patients (13 HSN, 12 IgAN) of
whom12 had severe clinical features. Eighteen patients had
undergone a biopsy showing ISKDC grade ≥ III, but only
five of these 18 had nephrotic proteinuria. Five patients had
biopsy findings showing ISKDC grade II, and two patients
had ISKDC grade I. All 25 patients were treated with
ACEis/ARBs with (15 patients) or without (10 patients)
corticosteroids. The duration of the latter medication was a
median 0.3 (0.02–0.7) years.

The recommendations of treatment have changed over
time. In group A only 3/18 patients had been treated before
1998, compared with 6/25 in group B. At the time,
aggressive treatment with immunosuppression not com-
monly used.

The patients were classified into five categories
according to their renal manifestations at onset and at
biopsy [24]: (1) micro- or macroscopic hematuria; (2)
persistent mild proteinuria (<1 g/l or urine albumin/

creatinine ratio (Ua/c) < 200 mg/mmol) ± hematuria; (3)
nephritic syndrome (moderate proteinuria (Ua/c≥ 200–
400 mg/mmol), decreased GFR, hematuria and/or hyper-
tension [25]); (4) nephrotic syndrome (urinary albumin
excretion >40 mg/h per square meter body surface area or
Ua/c ≥ 400 mg/mmol, serum albumin <25 g/l); (5) mixed
nephritic/nephrotic syndrome at onset. Classes 1 and 2 were
considered as mild clinical features, and classes 3–5 as
severe. Severe features at onset were present in 66% of
group A patients and 48% of group B patients, while, at the
time of the first renal biopsy, the corresponding values were
94% and 48%, respectively.

On admission, all patients had undergone a renal function
test and a renal biopsy at a median 0.2 years after onset. Nine
patients (eight from group A, one from group B; 7/9 HSN,
2/9 IgAN) underwent a second renal biopsy at a median
1.5 years from onset, so that the effect of treatment could be
assessed or because of progression of the disease. The GFR
and effective renal plasma flow (ERPF) were determined by
urinary clearances of inulin and para-amino-hippurate (PAH)
during water diuresis [26]. Fifty children with no renal
disease served as controls (Table 1).

The outcomes were categorized as: (a) normal and minor
urinary abnormalities; this category included both healthy
patients without urinary abnormalities and those with micro-
albuminuria (Ua/c 2.5–25 mg/mmol) with or without
hematuria (b) Persistent mild proteinuria and GFR ≥ 94 ml/
min per 1.73 m2 (two standard deviations below the mean
value of the controls); (c) active renal disease (i.e.
hypertension with mean arterial pressure (MAP) > 95th
percentile and/or Ua/c ≥ 200 mg/mmol and/or GFR 40–
94 ml/min per 1.73 m2; (d) chronic renal failure (CRF)
(GFR ≤ 40 ml/min per 1.73 m2) or end-stage renal disease
(ESRD, requiring dialysis and/or renal transplantation).
Categories a and b were considered as good outcomes and
categories c and d as poor outcomes.

All renal biopsies were examined by the same pathologist
(M.P.S.) and classified in accordance with the recommenda-
tions of the ISKDC [27]. The specimens were also scored
for signs of activity and chronicity [6, 28]. Our modified
scoring system was based on mesangial matrix expansion/
mesangial proliferation (0–3) and percentage of glomeruli
with crescent formation (0–3) as indicators of activity, and
on percentage of global glomerular sclerosis (GGS) and
segmental glomerulosclerosis (SGS) (0–2) and extent of
interstitial fibrosis (0–3) as indicators of chronicity. The
scoring of interstitial fibrosis was doubled, due to its impact
on progressive histological damage [4, 29, 30].

Statistical analysis

Statistica 7.0 (Statsoft Inc., Trulsa USA) was used for all
calculations. All data were expressed as mean (standard
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deviation) or median (minimum–maximum) if not normally
distributed. Comparisons between groups were made with
Student’s t-test or Mann–Whitney U test, and repeated
measurements with Wilcoxon’s matched pairs test. A chi-
square test was used for comparisons of proportions. P<0.05
was considered statistically significant.

Results

There were no differences in any variable [GFR, ERPF, serum
albumin, MAP, Ua/c, urine immunoglobulin G/creatinine
ratio (UIgG/c)] at any time point between IgAN and HSN
patients. Figure 1 illustrates the Ua/c during follow-up. Thus,
we have pooled the results from both disease populations.

Group A (n= 18) treatment with MP and CYC-P
in combination with ACEi/ARB

After three pulses of MP intravenously, the patients’ Ua/c
ratios decreased from a median of 739 (149–3335) mg/
mmol to 293 (77–1647) mg/mmol, P=0.0012 (Table 1).
After the patients had received additional CYC-P, their
Ua/c ratios decreased further to 99 (2–1094) mg/mmol,
P=0.00002 compared with the first visit. This effect was
maintained at 1 year after start of treatment and at the
last visit. Figure 1a shows that the effects of treatment
were similar in IgAN and HSN patients. UIgG/c decreased
from a median of 29 (0.1–69) mg/mmol to 7 (1–48) mg/
mmol, P=0.022, after treatment with MP and CYC-P,
and this response was maintained at 1 year and at the last
visit. Serum albumin increased significantly through the
follow-up (Table 1). GFR increased from a median 77 (4–
120) ml/min per 1.73 m2 to 105 (8–133) ml/min per
1.73 m2 after treatment, P=0.02, and remained normal
during follow-up (Table 1). ERPF (data not shown) was
normal at onset and did not change significantly during

follow-up. MAP was normal at onset and did not change
during the follow-up.
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Fig. 1 a Urine albumin/creatinine ratio in 11 HSN and 7 IgAN
patients in group A during follow-up. MP methylprednisolone, CYC-P
cyclophosphamide. b Urine albumin/creatinine ratio in 13 HSN and
12 IgAN patients in group B during follow-up. Data are presented as
means with 95% confidence intervals

Table 1 Urine albumin/creatinine ratio (Ua/c), serum albumin and GFR at first visit, at 1 year after start of treatment, and at the last visit, in
groups A and B. For Ua/c, serum albumin (S-albumin) and GFR, the P values are calculated for comparison with the first visit in each group,
using the Wilcoxon pairs test. (n.s. not significant)

Parameter First visit One year after treatment Last visit

Ua/c Number mg/mmol Number mg/mmol P vs first visit Number mg/mmol P vs first visit
Group A 18 739 (149–3335) 17 40 (2–587) 0.0004 17 23 (2–406) 0.0003
Group B 25 237 (4–1263) 23 18 (1–397) 0.0005 21 18 (1–1245) 0.0001
S-albumin Number g/l Number g/l P vs first visit N g/l P vs first visit
Group A 18 24 (10–35) 17 35 (27–42) 0.0003 17 39 (31–44) 0.0003
Group B 25 30 (9–45) 21 40 (13–45) 0.001 19 40 (23–47) 0.0003
GFR Number ml/min per

1.73 m2
Number ml/min per

1.73 m2
P vs first visit Number ml/min per

1.73 m2
P vs first visit

Group A 18 77*** (4–120) 17 108 (23–143) 0.023 17 104** (7–133) n.s.
Group B 25 100* (2–147) 22 112 (10–164) n.s. 21 102*** (10–139) n.s.

***P<0.001, **P<0.01, *P<0.05 vs control subject value of 116 (98–140) ml/min per 1.73 m2 body surface area (Mann–Whitney U test)

Table 1 Urine albumin/creatinine ratio (Ua/c), serum albumin and
GFR at first visit, at 1 year after start of treatment, and at the last visit,
in groups A and B. For Ua/c, serum albumin (S-albumin) and GFR, the

P values are calculated for comparison with the first visit in each
group, using the Wilcoxon pairs test (n.s. not significant)
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Group B (n= 25) treatment with ACEi/ARB
with or without corticosteroids

Ua/c decreased and serum albumin increased significantly
during follow-up (Table 1). Figure 1b shows that the effects
of treatment on Ua/c were similar in HSN and IgAN
patients. However, patients treated with ACEi/ARB and
corticosteroids had a higher Ua/c at first visit, a median 391
(44–1,263) mg/mmol, than patients treated with ACEi/ARB
alone, a median 44 (4–778) mg/mmol, P=0.012. The
ACEi/ARB- and corticosteroid-treated group showed a
greater fall in Ua/c (a median decrease of 286 mg/mmol,
73% of the first value) than the group not treated with
corticosteroid (a median decrease in Ua/c of 27 mg/mmol,
61% of the first value). GFR was unchanged during
follow-up.

Renal biopsy

ISKDC ≥ grade III was found in 94% of patients in group A
and in 72% in group B. Group A patients had significantly
more crescents, a median 22 (0–67)%, than group B, a
median 0 (0–65)%, P=0.0007, and the mean activity index
was 2.72±0.75 in group A, significantly higher than the
1.64±1.29 in group B, P=0.0027.

In the nine patients that had undergone repeat biopsy,
comparisons between the first and second renal biopsy
showed that the activity index had declined from 3.11±0.8 to
1.55±1.5, P=0.0008. On the other hand, the chronicity index
had increased from 2.11±1.8 to 4.33±2.2, P=0.008, with the
SGS having increased from a median of 11% to 31%, P=
0.049, and the GGS from a median 0% to 20%, P=0.036.

Patients who developed end stage renal disease

The rate of development of ESRD was 14% (four IgAN and
two HSN). Table 2 shows the clinical parameters in the six
patients (four boys) who developed ESRD in comparison
with the 37 who did not. In summary, the ESRD patients

had lower GFR and higher Ua/c and U IgG/c at the first
visit and at the follow-up visits than did the group that did
not have ESRD. All ESRD patients had been over 9 years
old at onset, and all except one patient had severe features
at onset. The renal biopsy results showed ISKDC grade III
in two patients, ISKDC IV in three patients and ISKDC V
in one patient. The six patients who had progressed to
ESRD had higher a percentage of SGS (median 33) in the
first biopsy than did the patients without ESRD (median 8),
P=0.014.

Outcome

Of the 43 patients, 26 (60%) had a good outcome (9/18 in
group A, 17/25 in group B) and 17 (40%) had a poor
outcome (9/18 in group A, 8/25 in group B). A total of 18
patients (42%) had a complete recovery (7/18 in group A,
11/25 in group B) and were healthy at the last visit. Age at
onset did not predict outcome.

The clinical picture at onset progressed in 14 patients to
the time of the first renal biopsy. All five patients with a
primary presentation of hematuria had developed protein-
uria at the time of renal biopsy, and seven patients with
mild proteinuria at onset had progressed to nephritic,
nephrotic or nephritic–nephrotic syndrome at renal biopsy,
and an additional two patients from nephritic or nephrotic
syndrome to a mixed form. In view of this progressive
worsening of clinical features between onset and the time of
renal biopsy, we have chosen to present the outcome in
relation to clinical features at the time of renal biopsy
(Table 3). Sixteen of 29 patients (55%) with severe clinical
features had a good outcome compared with 10/14 (71%)
of the patients with mild clinical features [P not significant
(n.s.)].

Table 3 also gives the outcome in relation to biopsy
findings. The duration of the disease before the biopsy did
not differ between the group with good (1.4±2.4 years)
and with poor (0.4±0.75 years, P=0.058) outcome. Of
all the renal biopsies, 81% showed advanced findings

Table 2 Patients who had
progressed to ESRD vs those
who had not. GFR and
proteinuria at the first visit, at
1 year after start of treatment,
and at the last visit.

Parameter With ESRD (n=6) Without ESRD (n=37) P
median (range) median (range)

GFR, ml/min per 1.73 m2 42 (2–73) 98 (4–147) 0.004
Ua/c, mg/mmol 1,255 (568–1,754) 388 (4–3,335) 0.006
UIgG/c, mg/mmol 47 (13–83) 6 (0–69) 0.02
At 1 year after treatment n=5 n=35
GFR, ml/min per 1.73 m2 32 (10–68) 114 (54–164) 0.0007
Ua/c, mg/mmol 316 (4–587) 18 (1–397) 0.02
UIgG/c, mg/mmol 11 (0–32) 2 (0–19) 0.03
At the last visit n=5 n=33
GFR, ml/min per 1.73 m2 11 (7–20) 106 (60–139) 0.0004
Ua/c, mg/mmol 388 (62–1,245) 14 (0–247) 0.002
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(ISKDC ≥ III). Nineteen of 35 (54%) of these had a good
outcome in comparison with 7/8 (87%) with milder renal
biopsy findings (ISKDC < III), P=n.s.. Thus, neither
clinical features at renal biopsy nor renal biopsy grade
significantly predicted outcome. However, patients with
poor outcome had significantly lower GFR at the first visit
and lower GFR, higher MAP and Ua/c, and lower serum
albumin (S-albumin) 1 year after treatment than did those
with a good outcome. Comparing renal biopsy findings
between the groups we found a higher percentage of SGS
and a higher amount of interstitial fibrosis and interstitial
inflammation in the group of patients with poor outcome
(Table 4).

There was no significant difference in outcome between
the HSN group and the IgAN group. Fifteen of 24 (63%)
patients in the HSN group and 11/19 (58%) in the IgAN
group had a good outcome. Neither the clinical features nor
the ISKDC grading could predict outcome in these two
groups.

Discussion

Severe HSN and IgAN in childhood are not common, and
there is no consensus on treatment strategies. The aim of this
study was to describe our experience at a single center of the

Table 3 Outcome in relation
to clinical features at the
time of renal biopsy and to
ISKDC grading at the
first renal biopsy

χ2 P=n.s.

Clinical features at biopsy Outcome groups

Number a b c d

Group A 18 7 2 5 4
Mild 1 0 0 1 0
Severe 17 7 2 4 4
Group B 25 11 6 6 2
Mild 13 6 4 3 0
Severe 12 5 2 3 2

Good outcome (a+b) 26 Poor outcome c+d) 17
Mild features at biopsy 10 4
Severe features at biopsy 16 13

Biopsy grade (ISKDC)
Outcome groups
Group A 18 7 2 5 4
ISKDC < III 1 1 0 0 0
ISKDC ≥ III 17 6 2 5 4
Group B 25 11 6 6 2
ISKDC < III 7 5 1 1 0
ISKDC ≥ III 18 6 5 5 2

Good outcome (a+b) 26 Poor outcome (c+d) 17
ISKDC < III 7 1
ISKDC ≥ III 19 16

Table 4 Clinical features at
first visit, at 1 year after
start of treatment and first renal
biopsy findings in relation
to outcome

Clinical features Good outcome (n=26) Poor outcome (n=17) P
Median (range) Median (range)

At first visit
GFR, ml/min per 1.73 m2 115 (4–147) 62 (2–100) 0.00026
One year after treatment
GFR, ml/min per 1.73 m2 119 (80–164) 68 (10–127) 0.00002
MAP, mmHg 78 (58–96) 86 (68–105) 0.0085
Ua/c, mg/mmol 13 (1–397) 116 (2–587) 0.0048
Serum albumin, g/l 40 (25–45) 33 (13–41) 0.004
Renal biopsy findings
SGS, % 0 (0–33) 22 (0–75) 0.0002
Interstitial fibrosis 0 (0–1) 1 (0–2) 0.002
Interstitial inflammation 0 (0–2) 1 (0–2) 0.0125
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effects of treatment in 43 cases of severe HSN and IgAN in a
10-year follow-up study. The study was retrospective and,
therefore, has its limitations. The patients’ data were
retrospectively analyzed and grouped according to the
treatment given. The study groups both differed and over-
lapped in the severity of clinical features and renal biopsy
morphology, and therefore no comparisons to prove efficacy
of the different treatments can be made. The treatment
tradition has also been changed over time. However, some
important observations can be made. Intravenous treatment
with MP was associated with a decline in Ua/c, and, after
additional oral treatment with corticosteroids and CYC-P in
combination with ACEis and ARBs, GFR increased and
both Ua/c and UIgG/c decreased further. In the group not
treated with CYC-P, the Ua/c was also reduced, while the
GFR remained unchanged through the follow-up.

Although several questions are left unsolved regarding
the indication and timing of the treatment, many inves-
tigators emphasize the importance of early treatment in
severe IgAN and HSN, as the morbidity rate is high among
patients with ISKDC grades ≥ III and nephrotic range
proteinuria [11, 17, 28, 31]. We found a decrease in
proteinuria and an increase in GFR following the cortico-
steroid treatment, and, in group B, 68% of the patients had
a good outcome at the last visit. The decline in proteinuria
and preservation of GFR after treatment with cortico-
steroids in severe IgAN and HSN have been shown by
others [11–13]. The further decline in Ua/c after additional
CYC-P therapy found in our study has also been shown in
small series of high-risk patients [8–10, 15, 16]. On the
other hand, CYC-P as single therapy was not shown to be
more effective than supportive therapy [32]. In our study
50% of the patients treated with corticosteroids and CYC-P
had a good outcome after a median 3.1 years, and no severe
side effects were seen.

In our study neither the clinical features (mild or severe)
nor the ISKDC grade of the biopsy (< III or ≥ III) could
predict outcome, which has also been reported by other
authors [2, 16, 27, 31, 33]. An early biopsy is, however,
informative and of great importance for the further
decision to treat. A high proportion of crescents in the
first renal biopsy indicated treatment but did not predict
poor outcome in our study. Instead, we found that a high
percentage of SGS was more frequent among patients
with poor outcome. Several investigators have reported
that the number of crescents in the biopsy have a strong
relation to outcome [15, 16, 34], while others have
indicated that the predictive role of crescents is more
controversial [1, 3, 35]. In our study, one patient who was
anuric and had 67% of crescents in the first biopsy was
treated as in group A and underwent peritoneal dialysis for
5 days. The patient recovered and 3 months later, he had
normal GFR and blood pressure and only microalbuminuria.

Four years after onset he is still healthy and takes no
medication. In contrast, another patient who had nephrotic
proteinuria, reduced GFR and a high percentage of SGS in
the first biopsy, which were all resistant to intervention, went
to ESRD within 6 months, despite aggressive treatment.

Fourteen percent of the patients progressed to ESRD, which
is in agreement with other reports [15, 32, 33, 36]. Those
patients had a lower GFR, greater proteinuria, and more
severe morphological findings in their first renal biopsy, as
has been reported in other studies [1, 4, 35, 37, 38].

In conclusion, we emphasize the value of an early biopsy
in patients with severe clinical features. Treatment with MP
and CYC-P in combination with ACEi/ARB, and treatment
with corticosteroids in combination with ACEi/ARB, was
efficient in reducing proteinuria and improving GFR in both
HSN and IgAN patients. Although further studies are needed
to determine the role of immunosuppression, our study
shows that 50% of the patients undergoing the combined
treatment had a good outcome at follow-up, despite severe
clinical features and advanced renal biopsy findings.
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