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Abstract
Background and objectives To treat lupus nephritis effectively, proper identiﬁcation of the histologic class is
essential. Although the classiﬁcation system for lupus nephritis is nearly 40 years old, remarkably few studies
have investigated interobserver agreement. Interobserver agreement among nephropathologists was studied,
particularly with respect to the recognition of class III/IV lupus nephritis lesions, and possible causes of
disagreement were determined.
Design, setting, participants, & measurements A link to a survey containing pictures of 30 glomeruli was provided
to all 360 members of the Renal Pathology Society; 34 responses were received from 12 countries (a response rate
of 9.4%). The nephropathologist was asked whether glomerular lesions were present that would categorize
the biopsy as class III/IV. If so, additional parameters were scored. To determine the interobserver agreement
among the participants, k or intraclass correlation values were calculated. The intraclass correlation or k-value
was also calculated for two separate levels of experience (speciﬁcally, nephropathologists who were new to the
ﬁeld or moderately experienced [less experienced] and nephropathologists who were highly experienced).
Results Intraclass correlation for the presence of a class III/IV lesion was 0.39 (poor). The k/intraclass correlation
values for the additional parameters were as follows: active, chronic, or both: 0.36; segmental versus global: 0.39;
endocapillary proliferation: 0.46; inﬂux of inﬂammatory cells: 0.32; swelling of endothelial cells: 0.46; extracapillary
proliferation: 0.57; type of crescent: 0.46; and wire loops: 0.35. The highly experienced nephropathologists had
signiﬁcantly less interobserver variability compared with the less experienced nephropathologists (P=0.004).
Conclusions There is generally poor agreement in terms of recognizing class III/IV lesions. Because experience
clearly increases interobserver agreement, this agreement may be improved by training nephropathologists. These
results also underscore the importance of a central review by experienced nephropathologists in clinical trials.
Clin J Am Soc Nephrol 10: 47–53, 2015. doi: 10.2215/CJN.03580414

Introduction
One of the most severe manifestations of SLE is lupus
nephritis, a major cause of high morbidity and mortality, because of either the disease itself or adverse effects
associated with immunosuppressive therapy (1,2). In
treating lupus nephritis, the histologic class plays a central role in guiding treatment decisions (3–5). The current version of the classiﬁcation system was proposed
in 2003 by the International Society of the Nephrology
and the Renal Pathology Society (ISN/RPS) (6) and has
been adopted by renal pathologists worldwide. After
the introduction of this revised classiﬁcation system,
several studies were performed comparing the revised
classiﬁcation system with the 1995 World Health Organization (WHO) classiﬁcation system. Each of these
studies (7–9) found higher interobserver agreement
using the revised system, and this was attributed to
clearer deﬁnitions and fewer subclasses.
The most important decision with respect to treating
lupus nephritis is whether the biopsy can be classiﬁed as
class III or IV rather than class I, II, or V. On the basis of
www.cjasn.org Vol 10 January, 2015

current guidelines for treating lupus nephritis (3–5), a
diagnosis of either class III or IV is an indication for
initiating immunosuppressive therapy. Furthermore,
in the most recent version of the classiﬁcation system,
allowance has been made to include lesions that are not
strictly proliferative—for example, the sole presence of
wire loops—in classes III and IV. Because obtaining an
accurate diagnosis is essential for determining the subsequent treatment, it is imperative that renal pathologists reach consensus regarding what constitutes a
lesion that would place the biopsy in class III or IV.
While performing a central review of lupus nephritis
trials, we noted that, even in a selected group of highly
experienced nephropathologists, there were differences
of opinion with respect to what constitutes a lesion that
would categorize the biopsy as class III or IV. On the
basis of this experience, we sought to measure the
(global) interobserver agreement regarding the recognition of classes III and IV lesions speciﬁcally. In addition,
we also attempted to determine the sources of possible
disagreement among nephropathologists.
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Materials and Methods
Case Selection and Survey
Three trained nephropathologists carefully selected 30
glomeruli from several randomly chosen biopsies from
classes III and IV lupus nephritis cases, thus obtaining a
representative sample of the various lesions that occur in
lupus nephritis (except membranous lupus nephritis). All
of the biopsies selected had high staining quality and
suitable section thickness, and they were selected from the
archives at Leiden University Medical Center. All biopsies
were handled in a coded and anonymized fashion according to the Dutch National Ethical guidelines (Code for
Proper Secondary Use of Human Tissue, Dutch Federation
of Medical Scientiﬁc Societies). High-quality pictures of
these glomeruli were included in the questionnaire as a
PDF ﬁle. One half of the pictures were images of silverstained glomeruli, and one half were images of periodic
acid–Schiff-stained glomeruli, because these stains are
commonly used to assess glomerular pathology. The entire
membership (approximately 360 regular members) of the
ISN/RPS was provided with a link to the questionnaire
with the exception of the pathologists who selected the
glomeruli. We received a total of 34 responses from the
following countries: Australia (2), Canada (3), India (3),
Italy (1), Japan (1), The Netherlands (3), Poland (1), Romania (1), Spain (1), Thailand (2), the United Kingdom (2),
and the United States (14). For each picture of a glomerulus, the participants were asked to decide whether the glomerulus contained a lesion that would classify the biopsy
as either class III or IV. If the answer was no, the participants were then asked whether other lesions were present, after which they could move on to the next picture; if
the answer was yes (i.e., the biopsy could be classiﬁed as
class III/IV), they were asked to score additional parameters, which are shown in Figure 1. The participants were
also encouraged to provide comments regarding each glomerulus. Lastly, the respondents were asked to indicate
their level of experience as a nephropathologist (i.e., new
to the ﬁeld, moderately experienced, or highly experienced).

In addition to this self-assessment, the participating pathologists were asked how many years they had practiced as a
renal pathologist, how many native biopsies they see each
year, what percentage of these biopsies was diagnosed as
lupus nephritis, and how many lupus nephritis cases they
evaluated in the context of research. The answers to these
questions were then combined into a single value that was
used to estimate the total number of lupus biopsies evaluated by each pathologist before participation in this study.
Statistical Procedures
For each outcome parameter, the k-value (10) or intraclass correlation (ICC) value (11) was calculated to measure the degree of interobserver agreement (0=no
agreement, 1=perfect agreement). To calculate these values, we compared the answers given by the participants
rather than comparing the answers with a gold standard.
ICCs were calculated using a mixed model to estimate the
variance components of the ICC. If there were more than
two nominal (nonordinal) categories, an unweighted
k-value was calculated (in such cases, the ICC would be
less appropriate, because ICC values imply quadratic
weights for differences in agreement). The ICC or k-value
was also calculated for two separate levels of experience
(speciﬁcally, nephropathologists who were new to the
ﬁeld/moderately experienced [less experienced] and
nephropathologists who were highly experienced) and different continents. We used a sign test (exact variant) to test
the null hypothesis that, within the set of parameters, the
direction of the difference between less experienced and
highly experienced pathologists would be random. A k or
ICC of ,0.4, 0.4–0.6, 0.6–0.8, or .0.8 was considered to
reﬂect poor, moderate, good, or excellent agreement, respectively (8). For the analysis, if no lesion was present that
would categorize the biopsy as either class III or class IV,
the other parameters were also considered absent unless otherwise speciﬁed by the responding pathologist. A separate
analysis was performed on the presence of endocapillary
proliferation with respect to the presence of swelling of

Figure 1. | Scoring form sent to the membership of the Renal Pathology Society. Respondents were asked to score 30 images containing one
glomerulus each.
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endothelial cells and inﬂux of inﬂammatory cells. For this
analysis, the total number of observations (calculated by
multiplying the number of participants by the number of
glomeruli) for endocapillary proliferation was used (i.e., the
total number of times that the question about endocapillary
proliferation was answered with either absent or present).
The answers to the (sub-) questions on swelling of endothelial
cells and inﬂux of inﬂammatory cells were related to that number of observations (in percentages). In addition, we provided
the number of pathologists who gave a speciﬁc combination
of answers at least one time.
We used the independent samples Mann–Whitney U test
to compare the total number of biopsies with lupus nephritis
evaluated by less experienced pathologists (i.e., new to the
ﬁeld and moderately experienced pathologists) with the total
number of biopsies with lupus nephritis evaluated by more
experienced pathologists (highly experienced). This nonparametric test was used, because the data were not distributed normally. A P value ,0.05 was considered statistically
signiﬁcant. All analyses were performed using SPSS 20.0
(IBM, Armonk, NY).

Results
The ICC for the presence of a lesion that would classify
the biopsy as class III or IV was 0.39, which is relatively
poor. The k/ICC values for the additional parameters were
as follows: active, chronic, or both: 0.36; segmental (S) versus
global (G): 0.39; endocapillary proliferation: 0.46; inﬂux of
inﬂammatory cells: 0.32; swelling of endothelial cells: 0.46;
extracapillary proliferation: 0.57; type of crescent: 0.46; and
wire loops: 0.35. Fibrinoid necrosis and karyorrhexis were
excluded from the analysis, because these two parameters
lacked sufﬁcient variance in our cohort to calculate a reliable
k or ICC value. The highly experienced nephropathologists
(n=19) had higher interobserver agreement for all parameters compared with the less experienced nephropathologists
(n=15; ﬁve nephropathologists were new to the ﬁeld, and 10
nephropathologists were moderately experienced; P=0.004)
(Table 1). Before their participation in this study, the pathologists who considered themselves to be highly experienced
had evaluated signiﬁcantly more lupus nephritis biopsies
(median=525 biopsies per pathologist) than less experienced
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pathologists who considered themselves to be either new to
the ﬁeld or moderately experienced (median=128 biopsies
per pathologist; P=0.002 versus highly experienced pathologists) (Supplemental Figure 1).
In view of the regional variations in the prevalence of
lupus (nephritis) (12,13), we examined whether interobserver
agreement differs between continents. We found that the
between-continent differences were not consistent for all parameters and seemed to primarily reﬂect the relative proportion of highly experienced nephropathologists in each
continent (Supplemental Table 1).
Our study had a relatively low response rate (9.4%). To test
for a possible response bias on the basis of each participant’s
country of origin, we compared the distribution of participants throughout the six continents with the distribution of
RPS members in general and found similar distributions
(Supplemental Table 2).
We next analyzed the role, as perceived by the participants, of the swelling of endothelial cells and the inﬂux
of inﬂammatory cells in endocapillary proliferation. This
analysis revealed that, in 23% of the times that a glomerulus was considered to have endocapillary proliferation, it
did not include the presence of inﬂammatory cell inﬂux.
In 15% of the times that a glomerulus was designated by
the participant as lacking endocapillary proliferation, inﬂammatory cell inﬂux was marked as being present but
apparently not considered to be representative of endocapillary proliferation. In an additional 22% of the times
that a glomerulus was designated as lacking endocapillary
proliferation, swelling of endothelial cells was noted by the
participant (Table 2).
Figure 2 shows three example images of glomeruli. For
each glomerulus, a selection of the scoring results is
shown, including a selection of comments made by the
responding participants.

Discussion
The aims of our study were to measure global interobserver
agreement regarding the identiﬁcation of class III/IV lesions in
lupus nephritis and determine possible causes of disagreement. We found that agreement among 34 pathologists from
12 different countries was poor, leaving considerable room for

Table 1. Intraclass correlation and k-values for all parameters

Parameter

Statistical Method

Overalla

Class III/IV
Active and/or chronic
Segmental or global
Endocapillary proliferation
Inﬂux of inﬂammatory cells
Swelling of endothelial cells
Extracapillary proliferation
Type of crescent
Wire loops

Intraclass correlation
k
k
Intraclass correlation
Intraclass correlation
Intraclass correlation
Intraclass correlation
k
Intraclass correlation

0.39
0.36
0.39
0.46
0.32
0.46
0.57
0.46
0.35

a

Excellent, .0.8: good, 0.6–0.8; moderate, 0.4–0.6; poor, ,0.4.

Level of Experience
New or Moderatea (n=15)

Higha (n=19)

0.33
0.27
0.27
0.42
0.19
0.40
0.42
0.40
0.27

0.43
0.38
0.46
0.50
0.45
0.52
0.71
0.55
0.41
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Table 2. Inflammatory cell influx and swelling of endothelial cells in endocapillary proliferation as scored by the participants

Endocapillary Proliferation
Present (observations; n=535a)

Absent (observations; n=65a)

Swelling of
Endothelial Cells

Inﬂammatory
Cell Inﬂux

Observations
n (%)

Pathologistsb
n

2
+
2
+
2
+
2
+

2
2
+
+
2
2
+
+

10 (2)
115 (21)
48 (9)
362 (68)
41 (63)
14 (22)
3 (5)
7 (10)

5
24
17
34
18
4
2
4

a
The total number of observations for endocapillary proliferation (calculated by multiplying the number of participants by the number
of glomeruli) if answered with either absent or present.
b
Number of participating pathologists (total n=34) who gave this combination of answers at least one time.

improvement. Interestingly, the responding nephropathologists with more experience had higher agreement than less
experienced pathologists. However, even within the subgroup
of highly experienced nephropathologists, the agreement was
only moderate at best.
Although the histologic classiﬁcation system for lupus
nephritis is nearly 40 years old, remarkably few studies
have been performed to investigate interobserver agreement using this classiﬁcation system. The most recent studies of interobserver agreement (7–9) have been done in
the aftermath of the introduction of the revised ISN/RPS
classiﬁcation system in 2003. In contrast to these earlier
studies, we decided to focus on interobserver agreement
on the lesions of class III/IV—instead of the entire classiﬁcation, including classes I, II, V, and VI—because the
recognition of these lesions has the highest clinical relevance. However, the results from our study can be compared with previous studies regarding the reproducibility
of the activity and chronicity indices in lupus nephritis.
Two studies from the 1990s examining interobserver and
intraobserver agreement showed a low reproducibility of
the (components of the) indices. Schwartz et al. (14) attributed this ﬁnding primarily to differences in interpreting
the components of the indices among four participating
expert pathologists. Wernick et al. (15) attributed the low
reproducibility to a lack of experience of the pathologists
in their study’s nonacademic setting. Wernick et al. (15)
also noted that the most experienced pathologist in their
study had the highest intraobserver reliability; this effect
of experience is consistent with our results. Moreover, as
in our study, the components of the indices relating to
endocapillary proliferation were less reproducible than
the components relating to extracapillary proliferation.
To measure interobserver agreement regarding class III/IV
lesions in lupus nephritis, we chose to use pictures of individual glomeruli rather than biopsy slides. The main advantage of this approach is that it minimizes the sources of
variability that are inherent to looking at whole biopsies (i.e.,
each pathologist looking at a different glomerulus). Our approach also allowed us to focus speciﬁcally on the reproducibility of class III/IV lesion identiﬁcation and examine
possible causes of variability in higher detail. However, because of the nature of our study, a drawback is that there is a

bias in the selection of the glomeruli used; however, we
made every effort to include representative samples of the
various lesions that occur in lupus nephritis. Also, we noted
that there may have been a response bias, because only 9.4%
of all ISN/RPS members responded. However, the participants in this study seemed to reﬂect the ISN/RPS membership reasonably well with respect to the participants’
distribution among the different continents and the wide
range of experience levels among our participants. Finally,
our results cannot be directly extrapolated to the reproducibility of the entire ISN/RPS classiﬁcation system for lupus
nephritis, because classifying an image of a glomerulus differs from classifying renal biopsy specimens that contain
multiple glomeruli cut at multiple levels and stained with
several different stains. Because we did not study whole biopsies, we can only speculate about the effect of our results
on the agreement in clinical practice. On one hand, the
agreement with respect to particular features of the biopsy
could be worse, because instead of having only one glomerulus on which to agree, there would be many glomeruli.
Using the Banff classiﬁcation system of renal transplant pathology, Furness et al. (16) reported that reproducibility increased when pictures were assessed rather than an entire
biopsy. On the other hand, agreement with respect to class
assignment may be higher: when one or a few glomeruli
contain a clear lesion, the effect of other less clear lesions
would be diminished. Nevertheless, this does not detract
from the value of this study in revealing that there is considerable room for improvement in the identiﬁcation of lesions belonging to class III/IV lupus nephritis.
Several factors could have caused interobserver variation, including a lack of objectivity, technical variability, the
participating pathologist’s experience, ambiguous deﬁnitions of lesions, and nonadherence to the classiﬁcation methodology. In this study, a lack of objectivity and technical
variability likely played only a minor role. Objectivity was
ensured by blinding the participants to the clinical data.
Technical variability was minimized by using sections that
were cut and stained in the same laboratory and distributing
the same pictures of glomeruli to all participants. However,
the participating nephropathologists’ experience may have
played an important role, because more experienced nephropathologists have higher interobserver agreement than
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Figure 2. | Examples of glomeruli with poor agreement between observers and a selection of the scoring results. Left panel shows pictures of
three glomeruli (two silver-stained and one periodic acid–Schiff-stained), and right panel shows the summary responses from 34 respondents
for each glomerulus. aIf extracapillary proliferation is present.

less experienced nephropathologists. Finally, the role of ambiguous lesion deﬁnitions and nonadherence to classiﬁcation
methodology are discussed below.
To characterize a lesion as belonging to class III/IV, one
of the challenges is to decide whether endocapillary proliferation is present; in this respect, ICC was only 0.46.
When studying how the inﬂux of inﬂammatory cells and
endothelial cell swelling were scored in this context, we
found that, in 23% of the times that a glomerulus was
perceived to have endocapillary proliferation, inﬂux of
inﬂammatory cells was marked as absent and that, in 9% of
these times, the designation of endocapillary proliferation
was solely on the basis of the inﬂux of inﬂammatory cells.
Moreover, in cases where participants considered endocapillary proliferation to be absent, they still marked inﬂux of
inﬂammatory cells to be present in 15% and endothelial cell
swelling to be present in 22% of cases. Thus, it seems to be
unclear how to interpret the deﬁnition of endocapillary
proliferation. In the ISN/RPS 2003 classiﬁcation system (6),
endocapillary proliferation is deﬁned two times. The ﬁrst

deﬁnition is “endocapillary hypercellularity due to increased numbers of mesangial cells, endothelial cells,
AND inﬁltrating monocytes, AND causing narrowing of
the glomerular capillary lumina” (6), and the second definition is “endocapillary hypercellularity with OR without
leukocyte inﬁltration AND with substantial lumen reduction” (6). These two deﬁnitions have in common that a lumen reduction is required for endocapillary proliferation. It
is, however, unclear how narrowed the lumina should be,
which might explain why, in 37% of the observations with
perceived absence of endocapillary proliferation, inﬂux of
inﬂammatory cells and/or endothelial cell swelling were
marked as present. However, these two deﬁnitions differ
with respect to the composition of the endocapillary hypercellularity. In contrast to the ﬁrst deﬁnition, the second definition states that an inﬂux of inﬂammatory cells is not
necessarily a part of endocapillary proliferation. It is also
not clear if the inﬂux of inﬂammatory cells alone is sufﬁcient.
This ambiguity seems to be reﬂected in the abovementioned
scoring of endocapillary proliferation by the participants.
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Finally, the question remains if it is even possible to reliably
distinguish between the different components of endocapillary proliferation.
The agreement on the distribution of lesions within the
glomeruli (i.e., S or G) was poor (k-value=0.39). S lesions
are currently deﬁned as “involving less than half of the
glomerular tuft” (6). However, this deﬁnition does not tell
the pathologist how to account for extracapillary proliferation (which occurs outside the tuft). Furthermore, wire loops
that are not obviously G are difﬁcult to incorporate in this
context. Moreover, the relevance of distinguishing between S
and G lesions has been a subject of debate. For example,
Haring et al. (17) performed a meta-analysis and found no
difference in clinical outcome between patients with class
IV-S lesions and patients with class IV-G lesions. However,
other groups suggest that a biologic difference exists between IV-S and IV-G and argue that the distinction should
remain in the classiﬁcation system (18). If this distinction
remains, more explicit deﬁnitions should be devised to
make the distinction both reliable and reproducible.
Finally, extracapillary proliferation and the designation
of lesions as active or chronic (or both) caused confusion
among the respondents. First, although the classiﬁcation
system states that extracapillary proliferation should occupy
at least one quarter of the glomerular capsular circumference
to qualify as extracapillary proliferation, only a few of the
responding pathologists used this criterion in their scoring
(even in the highly experienced pathologists group). Second,
although ﬁbrocellular crescents are designated as active
lesions, many respondents seemed to interpret them as
chronic or active/chronic lesions. Third, although double
contours are not listed as chronic lesions in the classiﬁcation system, some of the respondents apparently perceived
them as such.
Although the introduction of the 2003 ISN/RPS classiﬁcation system signiﬁcantly improved interobserver agreement relative to the 1995 WHO system, our results indicate
that there is still considerable room for improvement in the
identiﬁcation of lesions (in individual glomeruli) belonging
to class III/IV lupus nephritis. Improving interobserver
agreement—particularly with respect to the presence of
class III/IV lesions—has high clinical relevance, because
correctly identifying the histologic class plays an essential
role in deciding whether to initiate immunosuppressive
therapy when treating patients with lupus nephritis. The
observation that highly experienced pathologists have
higher agreement than less experienced pathologists suggests that agreement can be improved—at least in part—
by educating nephropathologists. Moreover, as discussed
above, agreement might be improved by revising and clarifying some of the deﬁnitions in the current classiﬁcation
system. Finally, our results underscore the need for a central review of biopsies in clinical trials by a minimum of
two experienced nephropathologists.
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ONLINE SUPPLEMENTARY DATA

INTEROBSERVER AGREEMENT ON HISTOPATHOLOGICAL LESIONS IN CLASS III OR IV LUPUS
NEPHRITIS
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PhD, Ron Wolterbeek, MD, Jan A. Bruijn, MD, PhD and Ingeborg M. Bajema, MD, PhD

Figure S1. The total number of biopsies with lupus nephritis that were evaluated by pathologists
prior to participation in this study, grouped by experience.

Table S1. Kappa and ICC values for all parameters, analyzed per continent
Parameter
Statistical Overalla
Continent
method
Europeb Asiac
Australiad
(n=9)
(n=7)
(n=2)
Class III/IV

ICC

0.39

0.32

0.36

0.61

North
Americae
(n=16)
0.42

Active and/or chronic

Kappa

0.36

0.34

0.25

0.51

0.36

Segmental or global

Kappa

0.37

0.33

0.28

0.49

0.38

Endocapillary proliferation

ICC

0.46

0.45

0.41

0.73

0.47

Influx of inflammatory cells

ICC

0.32

0.43

0.20

0.12

0.31

Swelling of endothelial cells

ICC

0.46

0.51

0.37

0.84

0.46

Extracapillary proliferation

ICC

0.57

0.51

0.38

0.68

0.68

Type of crescent

Kappa

0.46

0.46

0.34

0.61

0.60

Wire loops

ICC

0.35

0.39

0.33

0.57

0.34

ICC, intraclass correlation
a
>0.8: excellent; 0.6–0.8: good; 0.4–0.6: moderate; <0.4: poor
b
Europe: 2 new, 2 moderately experienced, and 5 highly experienced nephropathologists.
c
Asia: 6 moderately experienced and 1 highly experienced nephropathologist.
d
Australia: 1 moderately experienced and 1 highly experienced nephropathologist. Comparison with other
continents was not due to the small number of pathologists from this continent.
e
North America: 3 new, 1 moderately experienced, and 12 highly experienced nephropathologists.

Table S2. Distribution of the study participants and the entire RPS membership by continent
Our study (%) RPS membership (%)
Europe
26.5
15.2
Asia
20.6
16.3
Australia
5.9
1.6
North America
47.1
62.6
South America
0.0
3.5
Africa
0.0
0.8

