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Abstract To identify the factors affecting histological
regression of crescentic Henoch—Schonlein nephritis
(HSN), we retrospectively analyzed serially biopsied 20
children with crescentic HSN treated with immunosup-
pressants. They were classified into two groups according
to the histological changes between the first and second
biopsy: group I (n=10) with histological regression and
group II (n=10) with no change or histological progres-
sion. Of the 20 patients, 19 showed a favorable outcome at
the end of follow-up. Initial laboratory and histological
findings did not differ between the two groups. Histolog-
ical regression was associated with a younger age at onset
(P=0.003), early treatment with immunosuppressants
(P=0.044) and absent or decreased fibrinogen deposits at
the second biopsy (P<0.0001) in a univariate analysis.
Mesangial IgA and fibrinogen depositions at the second
biopsy were reduced significantly in group I (P<0.05). In
the multivariate analysis, a younger age was an indepen-
dent determinant of histological regression (OR 1.44; 95%
CI 1.03-2.02). The intensity of fibrinogen deposits at the
second biopsy correlated positively with the age at onset
(r=0.503, P=0.024), and the chronicity index at the second
biopsy correlated positively with the time that immuno-
suppressive therapy was started (r=0.619, P=0.004).
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Introduction

Although the prognosis for unselected children with He-
noch—Schonlein purpura (HSP) is relatively good, severe
nephritis remains the major cause of morbidity and
mortality in patients with HSP [1, 2, 3, 4]. Especially, the
risk for developing chronic renal insufficiency is highest
in children with crescents in more than half of the glo-
meruli [5].

Some studies reported a beneficial effect of several
agents, such as intravenous methylprednisolone pulse,
azathioprine, cyclophosphamide, anticoagulants, and
urokinase, in treating severe Henoch—Schonlein nephritis
(HSN), using follow-up biopsy [6, 7, 8, 9, 10, 11, 12, 13],
but routine biopsy for patients who have recovered or are
in stable remission without treatment is not currently
recommended.

However, long-term studies assessing the prognosis of
HSN have shown that clinical recovery does not in-
evitably mean favorable long-term outcome [1, 2]. Ac-
cording to Goldstein et al., of 78 patients with a mean
follow-up of 23.4 years after onset, 17 had clinically
deteriorated, and, of these 17, seven had completely re-
covered after a follow-up period of 10 years [1].

Therefore, it is important to induce histological re-
gression in treating severe HSN and to identify the factors
associated with histological regression or progression.

In this study, we retrospectively compared children
with HSN who showed regression of the International
Study of Kidney Disease in Children (ISKDC) grade in a
follow-up biopsy with those who did not, with respect to
their clinical characteristics and several histological dis-
ease markers in the initial and the follow-up biopsy, in-
cluding activity and chronicity index, tubulointerstitial
score and immunoglobulin staining.



Methods

Patients

We retrospectively analyzed serially biopsied 20 children with
crescentic HSN [at least ISKDC grade Illa, focal proliferation
with<50% crescents; see Histopathology section] from 1990 to
2002 (mean age 9.2 years, range 3.7-13.8 years). There were 14
boys and 6 girls. The mean duration of follow-up was 5.8 years
(range 1-12 years). HSN was diagnosed when hematuria and/or
proteinuria were associated with a characteristic purpuric eruption
and/or abdominal or joint pain (at least two of these three clinical
signs). All patients were treated with steroids and immunosup-
pressants (azathioprine or cyclosporine) due to severe renal
symptoms such as nephritic syndrome, nephrotic syndrome, or
both, proteinuria (>1 g/day) and biopsy specimen grade III or more.
The dose of azathioprine was 2 mg/kg per day, and it was given for
8 months. The starting dose of cyclosporine was 5 mg/kg per day
and the desired drug level was kept at 100-200 ng/ml (trough
levels). The duration of cyclosporine therapy ranged from 8 months
to 12 months and did not differ between the two groups. They were
classified into two groups according to the histological changes
between the first and second biopsy: group I (n=10) with im-
provement in the ISKDC grade; and group II (n=10) with no change
or deterioration in the ISKDC grade. This study was approved by
the institutional review board and the research ethics committee of
Yonsei Severance Hospital.

Evaluation of clinical status

The clinical status of each patient at the end of therapy and at the
latest follow-up was classified as follows [14]:

— State A. Normal: normal physical examination results, urine,
and renal function.

— State B. Minor urinary abnormalities: normal on physical ex-
amination with microscopic hematuria or proteinuria less than
40 mg/m? per hour

— State C. Active renal disease: proteinuria of 40 mg/m? per hour,
or greater, or hypertension and glomerular filtration rate (GFR)
of 60 ml/min per 1.73 m? or greater

— State D. Renal insufficiency: GFR less than 60 ml/min per
1.73 m? (including dialysis/transplantation or death)

Histopathology

A renal biopsy was obtained in all patients before and after ther-
apy. The interval between the first and second biopsy was 8§ to 12
months (mean 10.8 months). The glomerular changes were graded
according to the classification of the ISKDC) (grade I minimal
alterations; grade II mesangial proliferation; grade IIla focal,
IIIb diffuse proliferation with<50% crescents; grade IVa focal, IVb
diffuse proliferation with 50-75% crescents; grade Va focal, Vb
diffuse proliferation with >75% crescents; grade VI membra-
noproliferative glomerulonephritis) [15]. Renal biopsy specimens
were also scored semiquantitatively with the scoring system of
Andreoli and Bergstein for IgA nephropathy [8] modified by
Foster et al. [16]. Acute changes included mesangial hypercellu-
larity (0-3), mesangial matrix increase (0-3), endothelial swelling
(0-2), interstitial mononuclear infiltrate (0-2), interstitial edema
(0-2), tubular damage (0-2), cellular crescents (0-3), basement
membrane adhesion to Bowman’s capsule (0-3), glomerular neu-
trophils (0-3), and fibrinoid necrosis (0-3). Chronic renal injury
was estimated by interstitial fibrosis and tubular atrophy (0-2),
fibrous crescents (0-3), global sclerosis (0-3), and vascular hya-
linosis and intimal hyperplasia (0—1). The sum of these numbers
comprised the activity index and the chronicity index, respectively.
The scores from four factors (interstitial mononuclear infiltrate,
interstitial edema, tubular damage, and interstitial fibrosis and
tubular atrophy) were combined into the tubulointerstitial (TI)
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scores. The percentage of glomeruli with crescents (epithelial or
fibrous) was also expressed [17]. For the microscopic immuno-
fluorescence (IF) examination a portion of the fresh renal tissue
was frozen and exposed to fluorescein isothiocyanate (FITC)-
conjugated antihuman IgG, IgA, IgM, C3, and fibrinogen. The
overall intensity of immunofluorescence was also scored semi-
quantitatively where 0 = negative, 0.5 = trace, 1 = mild, 2 = mod-
erate, and 3 = severe.

Statistical methods

Statistics were done with SPSS (version 11.0 for Windows). Con-
tinuous variables were expressed as mean values + standard error of
the mean. Variables were compared by Mann—Whitney test, Fish-
er’s exact test, and Wilcoxon signed-rank test. The stepwise logistic
regression analysis was used for a multivariate analysis. We
changed some continuous variables (age, the semiquantitative
scoring of fibrinogen deposits) to categorical variables (age >9
years or not, and the absence/decrease or persistence/increase of
fibrinogen deposits at the second biopsy) to perform logistic re-
gression analysis. Correlation between two variables was assessed
by Spearman’s rank-correlation test. All differences were consid-
ered significant at P<0.05.

Results

Clinical characteristics and laboratory findings

There were no differences between the two groups in
gender, hypertension, initial renal manifestations, and
treatment. However, the patients in group I were signifi-
cantly younger than those in group II (7.4+1.1 years vs
11.0+0.8 years, P=0.019). The interval between the onset
of disease and the start of therapy was significantly
shorter in group I than in group II (3.5£1.2 weeks vs
7.6x1.5 weeks, P=0.044). The mean duration of follow-up
was 5.2 years in group I and 6.4 years in group II and did
not differ between the two groups. Although one patient
in group II progressed to chronic renal insufficiency, there
were no significant differences between the two groups in
their clinical state at the end of therapy and at the latest
follow-up (Table 1).

There were no significant differences between the two
groups in urinary protein excretion, serum albumin, cre-
atinine, and creatinine clearance (CCr) at the first biopsy.
However, urinary protein excretion at the second biopsy
was different between the two groups (0.1+0.03 g/m” per
day in group I vs 0.6x0.1 g/m* per day in group II,
P=0.004). In both groups, urinary protein excretion de-
creased significantly and serum albumin increased after
therapy, whereas serum creatinine and CCr did not
change (Table 2).

Histological findings

The mean interval between the first and second biopsy did
not differ between the two groups (10.6 months in group I
vs 11.2 months in group II). Light microscopy findings of
the patients divided into two groups according to the
study protocol are shown in Table 3. At the first biopsy,
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Table 1 Clinical data

Table 3 Light microscopy findings

Characteristic Group I Group II  Variables First biopsy Second biopsy
(n=10) (n=10) GroupI Group I Groupl  Group II
Age at onset (years)® 74+1.1 11.0+0.8 ISKDC
Gender (male:female) 7:3 7:3 1 0 0 2 0
Follow-up period (years) 5.2+0.7 6.4+1.0 1T 0 0 7 0
The interval between the onset of 3.5+1.2 7.6+1.5 IIa 6 8 1 6
disease and the start of therapy (weeks)” 1IIb 3 2 0 3
Initial renal manifestations IVb 1 0 0 1
Macroscopic hematuria 2 4 Activity index 7.8£0.6  6.7£0.4  3.00.3* 6.5+0.6
Hypertension 2 3 Chronicity index 04+0.2  0.8£0.3 0.6+0.3 1.9+0.3°
Mild proteinuria 0 2 Tubulointerstitial 1.0+04  1.8£0.5 0.5+0.2 3.6+0.8"
Nephrotic-range proteinuria 8 5 score
Nephrotic syndrome 2 3 Crescents (%) 19.3£5.6  9.5x1.7 1.3x1.3" 17.2+6.0
Acute nephritic syndrome 1 1 Epithelial (%): 93%:7%  82%:18% 0%:100% 45%:55%
Therapy fibrous (%)
Azathioprine 3 5 N N _ - 3
Cyclosporine 7 5 bP<O.Ol in comparison to the first biopsy
Clinical state (A/B/C/D) P<0.05 in comparison to the first biopsy
At the end of therapy 6/4/0/0 3/5/2/0
At the last follow-up 8/2/0/0 6/3/0/1

2P=0.019 between the two groups
°P=(.044 between the two groups

activity indices and the percentage of crescents did not
differ between the two groups. The second biopsy of
patients in group I showed a decrease in the activity index
and the percentage of crescents, whereas the second bi-
opsy of patients in group II showed a persistent increase
in the activity index and the percentage of crescents.
There were no differences between the two groups with
regard to the chronicity index and TI scores of the first
renal biopsy. However, the second renal biopsy revealed
that the increase in the chronicity index and TI scores was
significant only in group II. The changes in these scores
were not significant in group L.

IF findings of the 20 patients are shown in Table 4. At
the first and second biopsy, degree of deposits of immu-
noglobulins such as IgG, IgA, IgM, and C3 did not differ
between the two groups. Intraglomerular fibrinogen de-
position at the first biopsy was also not different. At the
second biopsy, however, degree of fibrinogen deposits
was more intense in group II than in group I (P=0.026). In
group I, absent or decreased fibrinogen deposits at the
second biopsy were observed in eight of the ten patients
but were observed in none of the ten patients in group II
(P<0.0001). Mesangial IgA deposition at the second bi-
opsy was reduced significantly in group I (P=0.021).

Predictive factors for histological regression
in crescentic HSN

A univariate analysis revealed that histological regression
was related to an age of less than 9 years (8 vs 1,
P=0.003), early treatment with immunosuppressants (3.5+
1.2 weeks vs 7.6x1.5 weeks, P=0.044), and absent or
decreased fibrinogen deposition at the second biopsy (8 vs
0, P<0.0001). In the multivariate analysis, a younger age
was an independent predictive factor of histological re-
gression (P=0.034; odds ratio 1.44; 95% confidence in-
terval 1.03-2.02). Early treatment with immunosuppres-
sants (P=0.096; odds ratio 1.31; 95% confidence interval
0.95-1.79) and fibrinogen deposition at the second biopsy
(P=0.201; odds ratio 12.1; 95% confidence interval 0.26-
551.5) were not.

Prediction of post-therapeutic activity index,
chronicity index, and intraglomerular fibrinogen
deposits by correlations among variables

The activity index at the second biopsy correlated
positively with changes in mesangial IgA deposits
(post-therapy IgA deposits—pre-therapy IgA deposits,
AlgA deposits) (activity index after therapy =
5.394+1.119xAIgA deposits, 1=0.448, P=0.047) (Fig. 1a).
The intensity of fibrinogen deposits at the second biopsy
correlated positively with the age at onset [fibrinogen
deposits after therapy = 0.084+0.08 x age at onset (years),

Table 2 Laboratory data

(NS not significant) Variables First biopsy P Second biopsy P
Group 1 Group II Group 1 Group II
Proteinuria (g/m* per day) 5.5%1.2 5.0£1.5 NS 0.1+0.03* 0.6+0.1*  0.004
Albumin (g/1) 31.0+2.0 32.0+3.0 NS 44.0x1.0° 42.0£2.0° NS
Creatinine (umol/l) 47.7+9.0 61.9+9.0 NS 49.5+9.0 65.4+9.0 NS
Creatinine clearance 95.9+9.9 101.7+£10.8 NS 118.1%+17.0 100.6+9.0 NS

(ml/min per 1.73 m?)

#P<0.01 in comparison to the first biopsy
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Table 4 Immunofluorescence

findings (NS not significant) Variables First biopsy P Second biopsy P
Group 1 Group II Group 1 Group II
IgG 0.3+0.1 0.4+0.2 NS 0.1+0.1 0.2+0.1 NS
IgA 1.9+0.3 1.9+0.2 NS 1.1+0.2* 1.6+0.3 NS
IgeM 0.3+0.1 0.4+0.1 NS 0.3+0.1 0.2+0.1 NS
C3 0.6+0.2 0.5+0.1 NS 0.4+0.2 0.9+0.3 NS
Fibrinogen 1.3+0.4 0.8+0.2 NS 0.6+0.2* 1.1+0.2 0.026
#P<0.05 in comparison to the first biopsy
Y= 5333+ 1119+ X, r= 0443, p = Q047 § 25 ¥ =0.094 + 0,08 + X r=0503 p=0.024
5 =
& 10 =
o =
o 94 S 2 ° °
E 8 ® &
o 1
@ 7 $ 1.5 F
E L 6e¢ §
5 * ¢ =%
£ 2 1} 400 * *e @
- b 4t c
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£ e 2¢ E 0.5 / ¢ o
5
® 1 [
" e i J u P S % . i L I
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a Changes in mesangial g4 deposits b Asge at onset (vears)

Y =0,383 + 0.156 = %, r = 0.619, p = 0.004
4 r *

Chronicity index at second biopsy

]

-5 0 5 10 15 20

(o] The interval between the disease onset and
the start of therapy (weeks)

Fig. 1 a Correlation of the activity index at the second biopsy with
changes in mesangial IgA deposits. b Correlation of intra-
glomerular fibrinogen deposits at the second biopsy with the age at

r=0.503, P=0.024] (Fig. 1b). The chronicity index at the
second biopsy correlated positively with the time immu-
nosuppressive therapy was started (chronicity index after
therapy = 0.383+0.156 x interval between the onset of
disease and the start of therapy (weeks), r=0.619,
P=0.004) (Fig. 1c).

onset. ¢ Correlation of the chronicity index at the second biopsy
with the time immunosuppressive therapy was started

Discussion

There have been few reports describing histological ef-
fects of immunosuppressive drugs on severe HSN using
follow-up biopsy [6, 7, 8, 9, 10, 11, 12, 13]. Long-term
studies assessing the prognosis of HSN have shown that
clinical recovery does not always mean favorable long-
term outcome [1, 2]. Goldstein et al. studied former HSP
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patients 23.4 years later and reported highly unpredictable
outcomes, in that several patients with mild initial disease
and apparent complete recovery showed chronic renal
insufficiency after two decades [1]. Although the authors
could not find any plausible explanation, Niaudet and
Habib suggested that these results might be due to scar-
ring of the renal parenchyma as a sequella of previous
extensive glomerular damage during the acute episode,
with a risk of progression [6]. Ronkainen et al. also re-
ported that even patients with mild renal symptoms at the
onset of HSP do carry a risk for severe long-term com-
plications [2]. In addition, Algoet and Proesmans per-
formed a follow-up renal biopsy 2-9 years (median 5.5
years) after the HSP episode and found that renal histol-
ogy was normal in only one of the four patients who had
achieved complete clinical remission 5-9 years after the
onset of the HSP [18].

We hypothesized that even patients with clinical re-
mission might have different histological changes after
therapy, and focused on the histological heterogeneity
after immunosuppressive therapy. Our results showed that
renal histological findings after therapy were abnormal in
all patients, regardless of histological regression, sug-
gesting that the kidneys were not completely healed even
in patients with clinical remission.

In our study, 19 of the 20 patients with crescentic HSN
had a favorable outcome at the end of follow-up, but
histological regression was achieved in only ten patients,
confirming that clinical remission does not always mean
histological improvement, and the histological re-
versibility of crescentic HSN is much less than clinical
improvement. On this point, we studied the predictive
factors for histological regression, and an age of less than
9 years, early treatment with immunosuppressants, and
absent or decreased fibrinogen deposition at the second
biopsy were found to be significant predictive factors of
histological regression.

Although several studies have suggested a correlation
between clinical outcome and age at onset, with children
older than 5-10 years of age having a worse prognosis
[5], there has been no study as to the effect of age on
histological changes after immunosuppressive therapy in
crescentic HSN. Our observations showed the age at HSP
onset affects histological alterations after immunosup-
pressive therapy, with patients younger than 9 years of
age showing a decrease in the activity index without an
increase in the chronicity index and TI scores. Although
previous studies demonstrating therapeutic benefit in
HSN have not described loss of mesangial IgA deposits
[7, 8, 9], our study showed that the post-therapeutic ac-
tivity index had decreased with decreasing intensity of
mesangial IgA deposits, suggesting mesangial IgA de-
position might have an important role in the progression
of immunologic renal injury and histopathologic changes
in crescentic HSN.

Tanaka et al. have shown the importance and efficacy
of early treatment of severe proteinuric HSN [9], and all
nine patients with nephrotic-range proteinuria treated with
prednisolone and oral cyclophosphamide within a month

of HSP diagnosis showed improvement in symptoms and
histological findings (From ISKDC IIIb or I'Vb to II). Our
results showed that early treatment with immunosup-
pressants would be an important factor to achieve histo-
logical regression by decreasing chronic renal injury. The
interval between the onset of HSP and the start of therapy
varied, because some patients in group II were referred to
our center from a secondary hospital, which might have
delayed treatment and influenced the outcome, although
the first biopsy findings and initial renal symptoms did
not differ between the two groups.

It has been well known that intraglomerular fibrinogen
deposition plays an important role in the pathogenesis of
experimental crescentic glomerulonephritis as a mediator
of injury [19, 20, 21]. Although less extensively studied in
humans [22], the beneficial effects of urokinase in Japa-
nese patients with severe HSN also indicate an important
functional role for fibrinogen [10, 23]. We also showed
that the number of glomerular crescents was reduced
according to the disappearance of fibrinogen deposition,
and post-therapeutic fibrinogen deposition was influenced
by the age at onset.

Although some authors had recommended follow-up
biopsy in only patients with persistent severe renal
symptoms, such as heavy proteinuria [24], we demon-
strated the utility of follow-up biopsy in crescentic HSN.
Firstly, initial biopsy findings could not predict histo-
logical regression, but decreased mesangial IgA or fi-
brinogen deposition at follow-up biopsy was an important
predictive factor for histological regression. Secondly, we
could identify chronic and tubulointerstitial changes with
follow-up biopsy, which are known to be more predictive
of long-term outcome than are glomerular changes [25].
Although cyclosporine was used in 12 patients (seven in
group I and five in group II), the characteristic lesion of
cyclosporine-induced nephrotoxicity at the second biopsy
was not found in both groups. Nevertheless, a recom-
mendation for a follow-up biopsy after therapy might only
be justified in the case of a proven clinical significance of
the biopsy result, because the importance of the histo-
logical regression for the patient outcome has not been
shown.

There are some limitations in this study, such as the
small sample size, short follow-up period, and the ret-
rospective nature of the study. Also, we could not find
any association between histological regression of this
disease and a favorable long-term outcome. Nevertheless,
the present study at least showed the discrepancy be-
tween clinical improvement and histological regression
in immunosuppressant-treated children with crescentic
HSN, suggesting the heterogeneous nature of this dis-
ease.

In conclusion, younger patients who have been treated
earlier may have more favorable post-therapeutic histo-
logical findings, and the decrease of fibrinogen deposits
in immunofluorescence examination can predict the his-
tological regression in children with crescentic HSN.
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