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Abstract
Background It has been suggested that C1q and immuno-
globulin M (IgM) nephropathy are variants of minimal
change nephrotic syndrome (MCNS). Many researchers be-
lieve that these two conditions signify a worse prognosis for
children with MCNS in comparison with immunofluores-
cence (IF)-negative MCNS. The aim of our study was to
determine the prognostic significance of C1q nephropathy
and IgM nephropathy in children with MCNS.
Methods Fifty-five children with MCNS who had been
biopsied over the course of 24 years at our institution were
retrospectively categorized into three groups on the basis of
IF microscopy findings: IF-negative MCNS (29/55 patients),
MCNS with IgM nephropathy (19/55 patients), and MCNS
with C1q nephropathy (7/55 patients). Clinical characteris-
tics at disease presentation, clinical course, and renal out-
come were compared between groups during the median
follow-up period of 16.9 years (minimum 1.0, maximum
31.1 years).
Results No statistically significant differences in clinical
characteristics at disease presentation, clinical course, and
renal outcome were found. Children with IgM nephropathy,
C1q nephropathy, and IF-negative MCNS were clinically
indistinguishable.
Conclusions We concluded that C1q or IgM nephropathy
variants do not seem to signify a worse prognosis in children
with MCNS in comparison with IF-negative MCNS.
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Introduction

Nephrotic syndrome (NS) is a constellation of clinical
and laboratory findings that result from renal protein
loss. It is classically defined by nephrotic range proteinuria,
hypoalbuminemia, edema, and hyperlipidemia, where the
first two criteria are generally used for clinical diagnosis.
NS is thus not a disease in itself, but rather a manifes-
tation of many different glomerular diseases that bear in
common an increased permeability of the glomerular filtration
barrier.

The most common form of NS in children is primary
NS, where kidney involvement is the main sign of the
disease. Primary NS accounts for approximately 90 % of
NS in children, while secondary NS, where kidney in-
volvement is only a part of the systemic disease, accounts
for the remaining 10 % [1]. Renal biopsy is required to
elucidate the exact glomerular disease that causes the NS.
Glomerulopathy with minimal changes is the commonest
cause of primary NS in children, occurring in about 75 %
of patients [2], and is referred to as minimal change ne-
phrotic syndrome (MCNS). In comparison, the frequency
of other pathohistological forms of primary NS in children,
such as focal segmental glomerulosclerosis (FSGS) and
membranous glomerulopathy is much lower [3].

In MCNS, the immunofluorescence (IF) analysis may be
negative or it may reveal the characteristic features of immu-
noglobulin M (IgM) or C1q nephropathy. IgM nephropathy
was described in 1978 as a glomerulopathy with diffuse IgM
glomerular mesangial immune deposits showing a variable
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degree of mesangial hypercellularity [4, 5]. C1q nephropathy,
on the other hand, was described in 1985 by Jennette and
Hipp as a glomerulopathy with prominent C1q glomerular
immune deposits with no evidence of systemic lupus
erythematosus (SLE) and no histological criteria for type
I membranoproliferative glomerulonephritis [6, 7]. More
recently, modified criteria have been proposed for a diag-
nosis of C1q nephropathy in patients without evidence of
SLE; these include a grade of ≥2+ (on a scale of 0–4+)
immunostaining for C1q with a predominantly mesangial
distribution, frequently accompanied by IgG and IgM,
which may be less intense, equally intense or more
intense [8, 9].

There is profound variability in histology and clinical
presentation in both C1q nephropathy and IgM nephrop-
athy. Both disorders are often associated with MCNS,
FSGS, and NS, and are, accordingly, suggested as being
variants of MCNS [10]. C1q nephropathy and IgM ne-
phropathy can also present as isolated hematuria, non-
nephrotic proteinuria, nephritic syndrome and asymptom-
atic urinary abnormalities, and have even been found in a
few healthy individuals [9, 11–14].

A review of literature revealed that studies comparing
patients with C1q or IgM nephropathy to patients with IF-
negative MCNS are scarce [15–19]. In most studies dealing
with C1q nephropathy and IgM nephropathy in children,
the number of participating patients was relatively small,
and the follow-up period was relatively short [11, 18–22].
These studies included children with various histological
variants of C1q nephropathy, and IgM nephropathy, and the
results showed that they were often associated with fre-
quently relapsing, steroid-dependent and steroid-resistant
NS and therefore might carry the risk of an unfavorable
long-term prognosis [11, 18–22]. Nevertheless, the evi-
dence for this is not unequivocal, as some researchers have
reported obtaining the opposite results [16, 17, 23]. The
limited indications for renal biopsy and the relatively low
incidence of C1q and IgM nephropathy in children with NS
make it difficult for researchers in this field to come to
meaningful conclusions in terms of the prognostic signifi-
cance of these two conditions. The questions which remain
to be answered are whether C1q or IgM nephropathy in
children with MCNS are truly the markers of disease sever-
ity, the markers that will guide the clinician to a more
aggressive therapeutic approach, and the markers which
will facilitate prognosis.

The aim of our study was to determine the prognostic
significance of C1q and IgM nephropathy in childhood
MCNS. To this end, we compared three groups of chil-
dren with MCNS, namely, those with no deposits, those
with IgM nephropathy, and those with C1q nephropathy,
for clinical characteristics at disease presentation, clinical
course, and outcome of MCNS.

Methods

Renal biopsies and patient selection

This was a retrospective study in which the results of 6,240
renal biopsies analyzed at the Institute of Pathology, Faculty
of Medicine, University of Ljubljana, Slovenia in the period
1984–2008 were reviewed.

There is as yet no universal consensus on the indications
for renal biopsy in children with NS although these have
become more specific in recent years. Nowadays, most phy-
sicians would agree on the following criteria: age of <1 year
or >10 years, arterial hypertension and/or hematuria and/or
decreased glomerular filtration rate (GFR) and/or extra-renal
manifestations that could indicate a systemic disease, and
frequently relapsing, steroid-dependent or steroid-resistant
NS. Our patients satisfied these criteria, with two exceptions
(non-concordance of clinical picture with supposedly mild,
non-nephrotic proteinuria in one child, and age of 8 years at
the time of biopsy in another).

The indications for follow-up biopsy in children with NS
are even less well-defined, but most physicians would agree
on the following, which were also used in our patients:
change in response to steroid therapy, drug nephrotoxicity
during follow-up, appearance of arterial hypertension and/or
hematuria and/or decreased GFR and/or extra-renal manifes-
tations that could indicate a systemic disease.

In accordance with the definitions described in detail in
Appendix 1, 59 children treated at the University Children’s
Hospital of the University Medical Centre Ljubljana, Slove-
nia from 1 January 1984 to 1 April 2012 (28 years) were
identified as having MCNS at the time of their initial renal
biopsy. Of these 59 patients, four were excluded from further
analysis (no glomeruli for IF analysis in 2 patients; full
medical records were unavailable for 2 patients).

The renal tissue obtained by initial percutaneous needle
biopsy was divided into three portions. All biopsies (n = 55
patients) were processed for study by light and IF microsco-
py, and 30 biopsies were processed for viewing under the
electron microscope according to standard techniques. For
light microscopy, the renal tissue samples were fixed in
buffered 4 % formaldehyde, embedded in Paraplast, and
stained with hematoxylin and eosin, Masson trichrome, pe-
riodic acid–Schiff, periodic acid silver methenamine/Azan,
and van Gieson–Weigert’s stains. For IF microscopy, the
kidney samples were frozen in liquid nitrogen, and cryostat
sections were stained with fluorescein isothyocianate-
labeled antisera to human IgA, IgG, IgM, kappa and lambda
light chains, C3, C1q, C4, fibrin/fibrinogen, and albumin
(Dakopatts, Copenhagen, Denmark). The tissue for electron
microscopy was fixed in buffered 1 % osmium tetroxide and
embedded in Epon. Ultrathin sections were contrasted with
uranyl acetate and lead citrate prior to analysis.
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C1q nephropathy was defined as grade ≥2+ (on a scale of
0–4+) immunostaining for C1q with a predominantly
mesangial distribution, frequently accompanied by IgG and
IgM, which may be less intense, equally intense, or more
intense, in patients without evidence of SLE. IgM nephrop-
athy was defined as grade ≥2+ (on a scale of 0–4+), indicat-
ing dominant immunostaining for IgM predominantly in the
mesangium. The exceptions were patients who had in addi-
tion to IgM, C1q staining grade ≥2+; these patients were
included in the C1q nephropathy group. Accordingly, pa-
tients were categorized into three groups: IF-negative MCNS
patients, IgM nephropathy MCNS patients, and C1q ne-
phropathy MCNS patients.

Biopsy follow-up was available for 15 patients, who
underwent 21 repeat renal biopsies.

Patients’ charts were reviewed retrospectively for presen-
tation of the disease, histopathology findings, clinical course,
methods of treatment, and outcome. Due to the retrospective
nature of our study, the data on some of the analyzed param-
eters were not available for all patients.

The definitions used for disease presentation, clinical
course, response to treatment, and renal outcome are de-
scribed in detail in Appendices 2–4, respectively.

Collection and review of patient data were approved by
the National Medical Ethics Committee of the Republic of
Slovenia.

Statistical analysis

As patient age revealed a bimodal distribution and other
numerical variables showed an asymmetrical distribution,
we generally present the data as the median, with data
variability presented as the first and third quartile. Cate-
gorical data are expressed as proportions. The differences
in medians between patient groups were assessed using the
Kruskal–Wallis test and the Mann–Whitney test. For post-
hoc paired comparisons, a correction of type I error was
made using the Keppel modification of Bonferroni correc-
tion. The differences between observed and expected fre-
quencies were tested using Pearson’s chi-square test or the
Fisher exact test, as appropriate. A p value of <0.05 was
considered to be statistically significant. Statistical analy-
sis was performed with the R language for statistical
computing [24].

Results

Renal biopsies and patients

Among the 55 children with MCNS, 31 were boys and 24
were girls, and all were Caucasian. At the time of disease
presentation, they ranged in age from 1.3 to 17.8 (median

4.8) years. Initial renal biopsies were performed 0.02–13.74
years after the onset of the disease.

Based on IF microscopy findings, the patients were
categorized into three groups: IF-negative MCNS (29/55;
53 %), MCNS with IgM nephropathy (19/55; 34 %), and
MCNS with C1q nephropathy (7/55; 13 %). The finding
of diffuse mesangial hypercellularity did not differ signif-
icantly among the three groups and was found in three
(3/29; 10 %) of the patients with IF-negative MCNS, two
(2/19; 11 %) of the patients with MCNS with IgM ne-
phropathy, and one (1/7; 14 %) patient with MCNS with
C1q nephropathy (p=1).

In patients with C1q nephropathy, electron-dense deposits
were seen in six of the six electron microscopy examinations
available for study; in patients with IgM nephropathy these
deposits were seen in five of the 13 electron microscopy
examinations available for study. In all cases, the deposits
were mesangial in distribution, and in one patient with C1q
nephropathy they were also subendothelial. Podocyte foot
process effacement was present in 27 of the 30 cases: in 11
patients with IgM nephropathy, six patients with C1q ne-
phropathy, and ten patients with IF-negativeMCNS. Podocyte
foot process effacement was segmental (<50 %) in nine cases
and diffuse (≥50 %) in 18 cases.

Demographic data and clinical presentation

Demographic data and clinical presentations did not differ
significantly between the groups (Table 1).

Clinical course of the disease and response to treatment

The characteristics of the clinical course of the disease are
presented in Table 2. It should be noted that conclusions are
based on relatively low statistical power, which is presented
in brackets for each parameter. No statistical significance
was shown between the three groups as regards the propor-
tion of patients who were infrequently relapsing, frequently
relapsing, steroid dependent or steroid resistant (p=0.98;
power 0.32).

Of the 55 patients, nine (16 %) were initially steroid
resistant, of whom one (1/7; 14 %) had C1q nephropathy,
three (3/19; 16 %) had IgM nephropathy, and five (5/29;
17 %) had IF-negative MCNS. Of the 55 patients, 46 (84 %)
were initially steroid sensitive, among whom no statistically
significant difference as regards time to achieve first remis-
sion was found (p=0.55; power 0.42). Relapses occurred in
41 of the 46 (89 %) initial responders. There were no signif-
icant differences between groups in terms of relapse rate per
year of follow-up, hematuria, hypertension, and angiotensin
converting enzyme (ACE) inhibition later in the course of the
disease (p=0.72, p=0.83, p=1, p=1, respectively; power
0.11, 0.33, 0.05, 0.06, respectively).
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The proportion of patients who received adjuvant immu-
nosuppressive therapy did not differ statistically between the
groups (p=0.75; power 0.06), but was highest in the C1q

nephropathy group (86 % in C1q nephropathy group, 68 %
in IgM nephropathy group, 76 % in IF-negative group). The
median of relapse-free survival time after initiation of the

Table 1 Basic demographic and clinical characteristics at the onset of the disease by group

Parameter C1qN MCNS (n=7) IgMN MCNS (n=19) IF-negative MCNS (n=29) p value

Age at diagnosis (years)a 5.0 (3.9, 7.4) 4.0 (2.8, 8.8) 5.7 (2.5, 11.2) 0.926

Gender, male/female, n (%) 3/4 (43/57) 9/10 (47/53) 19/10 (66/34) 0.377

Hematuria at diagnosisb, n (%) 3/6 (50) 12/17 (71) 12/24 (50) 0.432

Hypertension at diagnosisb, n (%) 1/5 (20) 9/17 (53) 12/23 (52) 0.482

CrCl at diagnosisb, n (%) 0.867

Decreased 1/5 (20) 3/17 (18) 8/25 (32)

Normal 4/5 (80) 12/17 (70) 15/25 (60)

Elevated 0/5 (0) 2/17 (12) 2/25 (8)

C1qN, C1q nephropathy; IgMN, IgM nephropathy; MCNS, minimal change nephrotic syndrome; IF, immunofluorescence; CrCl, creatinine
clearance
a Values are given as the median, with the first and third quartiles given in parenthesis
b Note that the total number of patients in each variable (hematuria, hypertension, CrCl at diagnosis) is smaller than the total number of patients in
each group (IgM/C1q/IF negative MCNS), the reason being that not all data were available for all patients

Table 2 Parameters of clinical course of the disease by group

Parameter C1qN MCNS
(n=7)

IgMN MCNS
(n=19)

IF-negative MCNS
(n=29)

p value

IR/FR/SD/SR, n (%) 1/0/5/1 (14/0/72/14) 6/1/9/3 (32/5/47/16) 7/2/15/5 (24/7/52/17) 0.980

Time to first remission, days a,b 13 (11, 35) 14.5 (10, 20.5) 12 (9.5, 20.3) 0.551

Time to first relapse, months a,b 2.7 (1.7, 4.1) 3.2 (1.8, 5.5) 4 (2.5, 6.1) 0.342

Hematuria during FUc, n (%) 3/5 (60) 14/19 (74) 18/27 (67) 0.827

Hypertension during FUc, n (%) 3/6 (50) 10/19 (53) 14/26 (54) 1

Relapses per year of FU, mean (SE)a 0.7 (0.25) 0.6 (0.12) 0.5 (0.09) 0.721

No. of patients who received ACE inhibitors, n (%) 3/7 (43) 8/19 (42) 11/29 (38) 1

No. of patients who received adjuvant therapy, n (%) 6/7 (86) 13/19 (68) 22/29 (76) 0.752

First choice immunosuppressive therapyc, n (%) 0.007

Cyclophosphamidec 4/6 (67) 9/13 (69) 18/22 (82)

Levamisolec 0/6 (0) 2/13 (15) 0/22 (0)

Cyclosporinec 0/6 (0) 0/13 (0) 4/22 (18)

Mycophenolate mofetilc 1/6 (17) 2/13 (15) 0/22 (0)

Other immunosuppressive agentc 1/6 (17) 0/13 (0) 0/22 (0)

Relapse-free survival time since first choice adjuvant
therapy – with or without steroids, months a,b

17.4 (5.5, 17.4) 5.3 (2.4, 22.5) 11.9 (3.7, 19) 0.785

No. of different immunosuppressive agentsd per patient
during FUe

1 (0, 3) 1 (0, 6) 1 (0, 4) 0.848

IR, infrequent relapsers; FR, frequent relapsers; SD, steroid dependent; SR, steroid resistant; SE, standard error; ACE, angiotensin converting
enzyme; FU, follow-up
a Only for non-steroid resistant patients (n=46)
b Values are given as the median, with the first and third quartiles given in parenthesis
c Note that the total number of patients in each variable (hematuria, hypertension during follow-up; first-choice immunosuppressive therapy) is
smaller than the total number of patients in each group (IgM/C1q/IF negative MCNS), the reason being that not all data were available for all patients
d Levamizole, cyclophosphamide, cyclosporine A, tacrolimus, low-dose cocktail (low doses of indomethacin+azathioprine+methylprednisolone+
cyclophosphamide), chlorambucil, mycophenolate mofetil, rituximab
e Values in parenthesis are the minimum and maximum
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first-choice immunosuppressive agent was longest in the
C1q nephropathy group and shortest in the IgM nephropathy
group, but the differences between groups for this parameter
were not statistically significant (p=0.785; power 0.41).

There was no significant difference in the number of
different adjuvant therapies used per patient during follow-
up between the groups (p=0.848; power 0.05).

Outcome of the disease

The outcome parameters were evaluated during the last
follow-up visit and are presented in Table 3. No statisti-
cally significant differences in renal outcome were found
between the IgM nephropathy, C1q nephropathy and IF-
negative MCNS groups (p=0.674). It should be noted
that this conclusion is based on a relatively low statisti-
cal power of 0.29.

The patients were followed for a median of 16.9 years
(minimum 1.0, maximum 31.1 years). Follow-up was the
shortest in C1q nephropathy patients (median 5.9 years)
due to the emigration of two patients shortly (12 months)
after renal biopsy and the death of one patient 2 years
after disease presentation. Consequently, C1q nephropa-
thy patients were also the youngest at the end of follow-
up (median 9.6 years).

Twenty-one follow-up renal biopsies were performed in
15 patients 0.2–13.5 years after the initial biopsy. Morpho-
logical transition to FSGS was observed in a similar propor-
tion in all three groups of patients, being present in one of
four (25 %) patients in the C1q nephropathy group, one of
three (33 %) in the IgM nephropathy group, and in three of
eight patients (38 %) in the IF-negative group.

In the 46 patients who were steroid sensitive, all but one
were in complete remission at last follow-up. The one excep-
tion had IF-negative MCNS and was initially steroid depen-
dent, but progressed to end-stage renal disease (ESRD) at the
age of 10.6 years. The reason for such an outcome was
believed to be non-compliance with therapy.

In the nine patients who were steroid resistant, three were
in complete remission, two in partial remission, one had no
remission but stable renal function, one had no remission and
progression of renal disease, and two had progressed to
ESRD at last follow-up. In both patients who progressed to
ESRD, a follow-up renal biopsy revealed FSGS; the initial
biopsy had revealed MCNS with C1q nephropathy in one
patient and IF-negative MCNS in the second patient. The
first patient was resistant to all therapy and died 2 years after
disease presentation due to ESRD complications. The sec-
ond patient progressed to ESRD 4.5 years after the initial
diagnosis despite various second-line immunosuppressive
therapies and has since received a transplant.

Discussion

The standard practice in children with NS is that only those
with an unfavorable clinical course comprising steroid de-
pendency, frequently relapsing disease, or steroid resistance
are biopsied [25–27]. Accordingly, it is impossible to esti-
mate the real prevalence of C1q and IgM nephropathy in
children with NS and, consequently, research in this field is
difficult and subject to selection bias.

On the basis of our clinical impressions and data re-
trieved from the literature, it would appear that C1q and
IgM nephropathy variants of MCNS are more often asso-
ciated with frequently relapsing, steroid-dependent, or
steroid-resistant NS, and as such might bear the risk of a
more unfavorable clinical course and long-term prognosis
when compared to the IF-negative variant of MCNS. How-
ever, the evidence for this in the literature is equivocal [11,
15–23] and we therefore conducted a retrospective study
comparing the presentation, clinical course, and outcome
of IF-negative MCNS patients to patients with C1q/IgM
nephropathy variants of MCNS. Since we followed many
children into adulthood, the follow-up period in our study
is the longest to be published to date for children with IgM

Table 3 Outcome parameters

a Values are given as the median,
with the first and third quartiles
given in parenthesis

Parameter C1qN MCNS
(n=7)

IgMN MCNS
(n=19)

IF-negative MCNS
(n=29)

p value

Renal outcome, n (%) 0.674

Complete remission 6 (86) 17 (90) 25 (86)

Partial remission 0 (0) 1 (5) 1 (3)

No remission, stable renal disease 0 (0) 1 (5) 0 (0)

No remission, progression of renal
disease

0 (0) 0 (0) 1 (3)

End-stage renal disease 1 (14) 0 (0) 2 (7)

FU time (years) a 5.9 (2, 12.4) 16.9 (9.9, 21) 19.5 (11.3, 26) 0.027

Age at last FU a 9.6 (7.6, 23) 21.8 (18.5, 29.2) 26.4 (14.6, 34.2) 0.048
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nephropathy and one of the longest for children with C1q
nephropathy.

Our comparison of 55 children with MCNS who had been
biopsied over a period of 24 years at our institution revealed
no statistically significant differences in the features of clinical
characteristics at disease presentation, clinical course, and
renal outcome between the groups (IgM, C1q, and IF-
negative MCNS). It should be noted, however, that the num-
ber of patients included in our study, as well as in other studies,
was far lower than that needed to reach statistically significant
and sufficiently powerful conclusions; consequently, the lack
of any difference between the groups may simply be caused
by the small number of patients in each group. IgM ne-
phropathy and C1q nephropathy were clinically indistin-
guishable in our children with MCNS. As regards the find-
ing of diffuse mesangial hypercellularity, which according
to some authors might predict a worse clinical course and
outcome [26, 28, 29], no differences were found between
the groups in our cohort. The findings of our study imply
that the presence of C1q or IgM nephropathy, regardless of
mesangial hypercellularity, does not signify a poorer prog-
nosis in children with MCNS as compared to children with
IF-negative MCNS. Silverstein et al. [30] have even sug-
gested that mesangial hypercellularity predicts a more fa-
vorable prognosis.

Few studies have compared the clinical course and renal
outcome in children with the IgM nephropathy variant of
MCNS to IF-negative MCNS [16–19], and only one previ-
ous study has compared the clinical course and renal out-
come in children with the C1q nephropathy variant of MCNS
to IF-negative MCNS [15]. In this latter study, Wong et al.
compared nine children with C1q nephropathy MCNS and
16 children with IF-negative MCNS and found no significant
differences in the features of clinical characteristics at dis-
ease presentation, clinical course (relapse frequency during
follow-up, time to first remission, and time to first relapse),
and renal outcome between the two groups [15]; these results
are in agreement with our results. The proportion of patients
who received adjuvant immunosuppressive therapy in our
study did not differ statistically between the groups, but was
the highest in the C1q nephropathy group (86 %).Wong et al.
[15] reported a similar finding, with all children with
C1q nephropathy needing chronic immunosuppression
with calcineurin inhibitors and/or mycophenolate mofetil to
maintain remission, whereas IF-negative MCNS patients did
not. In contrast toWong et al.’s [15] cohort, all but one child in
our cohort were in complete remission without chronic im-
munosuppressive therapy at the end of the follow-up period.
This discrepancy between our cohort andWong’s cohort could
be attributed to the use of different immunosuppressive
agents, as the majority of our patients received cyclophospha-
mide, whereas Wong et al.’s [15] patients received calcineurin
inhibitors and/or mycophenolate mofetil. In addition, Wong’s

patients were mostly Hispanic or African American, while
ours were all Caucasian, and it is possible that demographic
parameters (ethnicity) may also account for these differ-
ences. The relevance of such comparisons is, however,
limited, since both C1q nephropathy cohorts comprised a
small number of patients.

The studies that compared children with IgM nephropathy
to IF-negative MCNS have provided conflicting results.
Pardo et al. [16] and Al-Eisa et al. [17] reported findings
which are in agreement with our results and concluded that
these two conditions are clinically indistinguishable, while
Zeis et al. [18], similar to Swartz et al. [20] showed a worse
response to therapy and a worse outcome in patients with
IgM nephropathy. In a recent study by Kanemoto et al., the
outcome in children with IgM nephropathy was not statisti-
cally different from that of children with IF-negative NS, but
a higher percentage of IgM nephropathy NS patients needed
immunosuppressive agents at last follow-up visit [19]. Zeis
et al. [18], like Swartz et al. [20] and Kanemoto et al. [19],
included only patients with NS who were steroid dependent
and steroid resistant, while Pardo et al. [16] and Al-Eisa et al.
[17], like us, included patients with much broader clinical
presentations of NS (infrequent relapsers, frequent relapsers,
steroid-dependent and steroid-resistant patients), and their
results are in line with those of our study. Zeis et al. [18]
showed a higher frequency of morphological transitions to
FSGS among children with IgM nephropathy MCNS as
compared to children with IF-negative MCNS, whereas in
our study the transition to FSGS was not significantly dif-
ferent between the groups.

The relationship between MCNS and FSGS remains con-
troversial. Some researchers believe that MCNS may prog-
ress to FSGS with time, while others are of the opinion that
these two conditions are two separate disorders and that the
characteristic histopathological features of FSGS are missed
in the initial biopsies of MCNS patients due to sampling
error [31, 32]. Still others have proposed that C1q and IgM
nephropathies are a transitional state between MCNS and
FSGS [10, 33], a hypothesis which was not supported by the
results of our study, where follow-up biopsies showed a
similar proportion of transition to FSGS in IF-negative and
IF-positive patients.

Progression to ESRD was a rare event in our patients with
C1q or IgM nephropathy, which was not the case in Swartz
et al.’s patient cohort [20]. These authors analyzed a group of
55 children with steroid-dependent and steroid-resistant NS
and IgM nephropathy. Of these 55 patients, 23 had minimal
change disease, with four of these 23 (17 %) ultimately
progressing to chronic kidney disease and three (13 %) to
ESRD. No comparison to IF-negative MCNS patients was
made in this study, yet the outcome of IgM nephropathy
MCNS patients was much worse than that in our cohort. The
differences between our results and those reported by Swartz
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et al., Zeis et al., and Kanemoto et al. [18–20] might have been
due to the different inclusion criteria used in each case.

In conclusion, the findings of our study suggest that C1q
nephropathy and IgM nephropathy variants ofMCNS, regard-
less of the presence or absence of mesangial hypercellularity,
do not predict the disease course, are not more often associat-
ed with frequently relapsing, steroid-dependent, or steroid-
resistant NS and therefore do not bear the risk of unfavorable
clinical course and long-term prognosis in children with
MCNS as compared to children with the IF-negative variant
of MCNS. It should, however, be noted that these conclusions
are based on relatively low statistical power. The number of
patients included in our study, as well as in other studies, were
far from that needed to reach statistically powerful enough
conclusions; consequently, the lack of any difference between
the groups may simply have been caused by the small number
of patients in each group. Given the numerous drawbacks and
limitations of our study and of previous retrospective studies,
a prospective multi-center, randomized trial is needed to fur-
ther clarify the prognostic significance of IgM nephropathy
and C1q nephropathy variants in children with MCNS.
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Appendices

Appendix 1.Definitions used to include patients in the study

& MCNS: Clinical constellation of nephrotic range pro-
teinuria, hypoalbuminemia, edema, hyperlipidemia, and
pathohistological findings of minimal change disease
on light microscopy with or without mesangial prolif-
eration, C1q and/or IgM mesengial deposition on IF
microscopy, and with or without foot process efface-
ment on electron microscopy.

& IgM nephropathy: ≥2+ (on a scale of 0–4+) dominant
immunostaining for IgM, with a predominantly mesangial
distribution. Exceptions were patients who had in addition
to IgM, C1q staining grade of ≥2+. Those patients were
included in the C1q nephropathy group.

& MCNSwith IgMnephropathy:MCNSwith pathohistological
characteristics of IgM nephropathy.

& C1q nephropathy: ≥2+ (on a scale of 0–4+) immuno-
staining for C1q with a predominantly mesangial distri-
bution, frequently accompanied by IgG and IgM, which
may be less intense, equally intense, or more intense, in
patients without evidence of SLE.

& MCNSwithC1q nephropathy:MCNSwith pathohistological
characteristics of C1q nephropathy.

& Children: individuals aged 1–18 years.

Appendix 2. Definitions used for presentation of the disease

& Nephrotic syndrome: Nephrotic range proteinuria, hypo-
albuminemia, edema, and hyperlipidemia.

& Nephrotic range proteinuria: Proteinuria exceeding
40 mg/m2/h.

& Hypoalbuminemia: Serum albumin concentration below
30 g/l.

& Edema: An abnormal accumulation of fluid beneath the
skin or in one or more cavities of the body that produces
swelling.

& Hyperlipidemia: Elevation of lipids above the 95th per-
centile for patient age and gender.

& Normal renal function: Normal values of calculated cre-
atinine clearance for patient age and gender.

& Decline in renal function: Values of calculated creatinine
clearance below normal for patient age and gender.

& Hypertension: Systolic and/or diastolic blood pressure
above the 95th percentile based on a child’s gender,
age, and height percentile.

& Hematuria: An abnormal quantity of red blood cells in urine
(more than 5 red blood cells per high-power field of spun
urinary sediment), being either microscopic ormacroscopic.

Appendix 3. Definitions used for clinical course and
response to treatment

& Remission: Proteinuria below 4 mg/m2/h or zero to trace
albuminuria on dipstick on three consecutive days.

& Relapse: Reappearance of nephrotic range proteinuria in
a patient who was previously in remission.

& Steroid-sensitive NS patients: Patients in whom protein-
uria resolved within≤6 weeks after initiation of steroid
therapy. These were further subdivided into three groups:

– Infrequently relapsing NS patients - patients who had
no or less relapses than defined for the frequently
relapsing NS patients during the first year of treatment.

– Frequently relapsing NS patients - patients who had at
least two relapses in a 6-month or at least 4 relapses in
a 12-month period during the first year of treatment.

– Steroid-dependent NS patients - patients who relapsed
during steroid treatment or within 2 weeks after its
cessation during the first year of treatment.

& Steroid-resistant NS patients - patients in whom protein-
uria did not resolve within≥6 weeks after initiation of
steroid therapy.

Pediatr Nephrol (2014) 29:67–74 73



Appendix 4. Definitions used for the renal outcome

& Complete remission: Proteinuria below 4 mg/m2/h and
normal renal function at last follow-up.

& Partial remission: Reduction in proteinuria of at least
50 % and stable renal function at last follow-up.

& No remission, stable renal function: Continuous nephrot-
ic range proteinuria and stable renal function at last
follow-up.

& No remission, progression of renal disease: Continuous
nephrotic range proteinuria and decline in renal function
at last follow-up.

& End-stage renal disease: Need for chronic replacement
therapy at last follow-up.
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