
A

C
i

W
Z
Z
a

b

c

a

A
R
A
A

K
C
G
H
N
S

1

o
u
h
d
r
a
p
h
m

S
P

h
1

Digestive and Liver Disease 51 (2019) 812–817

Contents lists available at ScienceDirect

Digestive  and  Liver  Disease

journa l h om epage: www.elsev ier .com/ locate /d ld

limentary  Tract

orrelation  between  endoscopic  and  histological  validated  scoring
ndices  in  Crohn’s  disease

enbin  Gonga,1, Kun  Guob,1,  Tao  Zhengb,  Miao  Fangc,  Haohao  Xiec, Weijie  Li c,
hiwu Hongb, Huajian  Renb,  Guosheng  Gub,  Gefei  Wangb, Xiuwen  Wub,
himing  Wangb,∗, Jianan  Renb,∗, Jieshou  Lib

School of Medicine, Southeast University, Department of General Surgery, Jinling Hospital, PR China
Department of General Surgery, Jinling Hospital, Medical School of Nanjing University, PR China
Department of General Surgery, Jinling Hospital, Nanjing Medical University, PR China

 r  t  i  c  l e  i  n  f  o

rticle history:
eceived 26 November 2018
ccepted 6 January 2019
vailable online 22 January 2019

eywords:
rohn’s disease
HAS
istological remission
CS
ES-CD

a  b  s  t  r  a  c  t

Background:  It  is  of  crucial  importance  to evaluate  disease  activity  by  means  of  endoscopy  and  histopathol-
ogy in  Crohn’s  disease  (CD). Nonetheless,  correlation  between  endoscopic  and  histological  validated
indices  has  not  been  verified.
Aims:  We  aim  to correlate  the  Simple  Endoscopic  Score  for  Crohns  disease  (SES-CD)  with  two  validated
widely  used  histological  indices  in patients  with  established  CD.
Methods:  The  SES-CD  at the  worst  affected  area  was  scored  and  histological  disease  activity  using  Global
Histologic  Disease  Activity  Score  (GHAS  or D’Haens  score)  and  the  Naini  and  Cortina  Score  (NCS)  was
scored  independently  by  two  pathologists  blinded  to the clinical  information  and  endoscopic  results.
Spearman  correlation  between  the  SES-CD,  GHAS  and  NCS  were  performed.
Results:  143  patients,  32  with  SES-CD  scores  0–2,  57  with  3–6, 37  with  7–15,  and  17  with  ≥16.  Correlation
coefficients  between  SES-CD  and  GHAS  were  r =  0.86  (95%  CI  0.80–0.91,  p < 0.001)  and  between  SES-CD

and  NCS  r =  0.85  (95%  CI 0.81–0.88,  p <  0.001).  There  was  a strong  correlation  between  the  two  histological
indices  (r = 0.70,  95%  CI 0.59–0.78,  p < 0.001).  Mucosal  healing  without  histological  disease  activity  was
most  correlated  with  SES-CD  score  0 or 1.
Conclusions:  The  SES-CD  strongly  correlates  with both  GHAS  and  NCS.  The  SES-CD  of  0 to  1  best  represents

t  cor
 Gast
histological  remission  tha
© 2019  Editrice

. Introduction

Crohn’s disease (CD) is a chronic, transmural inflammatory dis-
rder that can involve any part of the gastrointestinal tract with
nknown etiology [1,2]. There is growing evidence that mucosal
ealing may  ameliorate the natural course of inflammatory bowel
isease (IBD) [3]. Mucosal healing is always associated with the
educed need for surgery, hospitalization rates and relapse rates,
nd has emerged as the major therapeutic goal in CD [3–5]. At

resent, there is no acknowledged criterion for endoscopic mucosal
ealing while most studies define mucosal healing as absence of
ucosal ulceration at endoscopy [6–9]. Traditional clinical indices
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in CD, such as the Harvey Bradshaw index (HBI) and the Crohn’s
disease activity index (CDAI), are not completely correlated with
endoscopic activity [10,11]. Furthermore, the presence of endo-
scopic mucosal healing does not necessarily reflect the absence of
histologic inflammation or to say quiescent microscopic disease, as
up to one-third of biopsies from CD patients with endoscopically
healed mucosa can display evidence of persistent histologic inflam-
mation [12,13]. The relationship between endoscopy and histology
for CD patients has not been investigated completely [14]. It is
still ambiguous how well they correlate and whether consistency
between endoscopy and histology reflects more reliable disease
activity than using each method alone.

The Simple Endoscopic Score for Crohn’s disease (SES-CD), a
simple endoscopic activity score developed in order to simplify
the Crohn’s disease Endoscopic Index of Severity (CDEIS) [15], is

currently one validated endoscopic index for evaluation of CD and
demonstrated to be more efficient than the CDEIS [16,17]. The SES-
CD has been prospectively validated and has high intra-rater and
inter-rater reproducibility [15,18–20]. Furthermore, the SES-CD is
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Table 1
Demographic characteristics of patients with CD.

Characteristics Patients, no. (%)

Age, mean (SD), y 33.4 (12.5)
Sex

Male 89 (62.2)
Female 54 (37.8)

Lesion distribution
Ileum 68 (47.6)
Colon 47 (32.9)
Both ileum and colon 28 (19.6)

Number of biopsies taken per patient
1  6 (4.2)
2  22 (15.4)
3  41 (28.7)
4  37 (25.9)
W.  Gong et al. / Digestive and

ighly correlated with the CDEIS [15,21] and has a good strength
n both clinical trials and practices [22].

The numerical histological scoring instruments, Global Histo-
ogic Disease Activity Score (GHAS or D’Haens score) and the Naini
nd Cortina Score (NCS), are widely used at present with capabil-
ty of grading both ileal and colonic specimens separately [23,24].
he GHAS consists of 8 items, with a total score from 1 (no activity)
o 13 (severe disease activity). And a score of 4 or lower indicates
emission, whereas a score more than 10 indicates severe disease
23]. The NCS, with low inter-observer variability (correlation coef-
cient, 0.94–0.96), consists of 15 items and admits to separately
core of the ileum (5 items) and colon (10 items). It has a scale of
–10 for ileum and 0–17 for colon [24].

At present, correlation between endoscopic and histological val-
dated indices in CD has not been fully examined. Therefore, the
rimary aim of this study is to correlate the SES-CD with two vali-
ated histological assessment of disease severity (GHAS and NCS)

n patients with established CD. The secondary aim is to determine
hether the SES-CD of 0–2 best represents remission, on account

f the hypothesis that actual mucosal healing should adequately
orrelate with quiescent histopathology.

. Materials and methods

.1. Study design

Between July 2016 and June 2018, a single centre cohort
f patients with established CD were enrolled, who had been
iagnosed on the basis of standard criteria [25] in our medi-
al institution, a referral tertiary teaching hospital. Patients with
D who evaluated with ileocolonoscopy by a single endoscopist
ere included, whereas patients would be excluded if they had
lcerative colitis (UC), upper gastrointestinal CD, perianal disease,
bvious fibrous stenosis with obstructive symptoms, enteric infec-
ion and/or cancer. Study subjects were recruited regardless of their
linical disease activity. The institutional review board at Jinling
ospital approved this study and waived informed consent as this
as a retrospective review.

.2. Endoscopy

Ileocolonoscopy was performed by a single endoscopist that
xperienced in inflammatory bowel disease and the SES-CD score
Table S1) in the worst affected area was assessed. The endoscopist
as blinded to the clinical disease severity, and some patients
ould have multiple biopsies taken from both ileum and colon by

 single endoscopy if necessary. Endoscopy reports were reviewed
rom electronic medical records between July 2016 and June 2018.
nly patients with complete ileocolonoscopic examinations were

ncluded, and they would be excluded if a SES-CD score was  not
ecorded at the time of endoscopy or if biopsies were not taken for
istopathological examination. For the assessment of endoscopy
nds with SES-CD, the intestine was divided into terminal ileum,
ight, transverse, and left colon, and rectum. And the sum of all vari-
bles from these 5 segments was scored. In particular, the SES-CD
core ≤2 was defined as endoscopic remission, 3–6 mild activity,
–15 moderate activity, and ≥16 severe active disease [26,27].
he data of subjects, including age, gender, procedure date, lesion
egion and SES-CD score, were collected at time of endoscopy. How-
ver, none of the patients’ name, date of birth, work unit or home
ddress was documented in order to safeguard patient privacy.
.3. Histopathology

The Global Histologic Disease Activity Score (GHAS, Table S2)
nd the Naini and Cortina Score (NCS, Table S3), were scored
5  24 (16.8)
6  13 (9.1)

independently by two  gastrointestinal histopathology specialists
that blinded to clinical information and endoscopic results of
the subjects. For the GHAS, eight histological components were
assessed independently and summed including epithelial damage,
architectural changes, infiltration of mononuclear cells in the lam-
ina propria, polymorphonuclear cells in the lamina propria and
epithelium, erosions/ulcers, granulomas, and the number of biopsy
specimens affected. “Moderate increase” corresponded to twice
the number of cells that could normally be expected, and “severe
increase” up to more than twice the normal number of cells. The
GHAS score ranged from 1 to 16 with 1 indicative of the absence
of significant histological disease and 16 indicating severely active
disease; histological remission corresponded to a GHAS score ≤4.
By contrast, the NCS consisted of 15 histological components that
allowed for separate evaluating of the ileum (5 components) and
colon (10 components) as shown in Table S-3. The NCS score rang-
ing from 0 to 27 (0 to 10 for ileum and 0 to 17 for colon), with 0
indicating the absence of histological disease and 27 indicative of
severe disease activity.

2.4. Statistical analysis

The patient demographics, distribution of SES-CD and histo-
logical scoring indices were presented by descriptive statistics,
bar diagram and scatterplots. The spearman correlation analysis
between SES-CD, GHAS and NCS score was performed and the con-
fidence intervals were acquired by method of bootstrapping. A
correlation coefficient (r) of +1 or −1 shows a completely linear
relationship between two continuous variables, whereas a corre-
lation coefficient of 0 indicates no linear relationship. Specifically,
the absolute value of r from 0 to 0.19 is considered to be a very
weak correlation, 0.2 to 0.39 be weak, 0.4 to 0.59 be moderate, 0.6
to 0.79 be strong, and 0.8 to 1.0 be a very strong correlation [28].
P value < 0.05 was considered statistically significant, and all tests
were 2-sided. Statistical analyses were performed using SPSS PASW
Statistics software, version 20.0.

3. Results

3.1. Patients characteristics

A total of 149 CD patients were investigated. Six patients were
excluded due to the inconsistent histological assessment score
between the two  histopathologists. Consequently, 143 patients

were eligible to the final analysis, with the mean age of 33.4 years
(SD = 12.5 years) and 89 (62.2%) patients were male. The demo-
graphic characteristics were listed in Table 1.
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ig. 1. (a) The total SES-CD score and (b) the grade distribution of SES-CD score for
he patients with CD.

.2. Endoscopy

Almost all levels of the SES-CD were represented, ranging from
 to 31 with a median SES-CD score 5 and interquartile range 3–10
Fig. 1(a)). Besides, the SES-CD score has been divided into 4 grades
o correlate with clinical activity as described above: SES-CD score
–2 (remission), 3–6 (mild activity), 7–15 (moderate activity), and
16 (severe active disease). In general, 32/143 (22.4%) patients had

 remission, 57/143 (39.9%) mild, 37/143 (25.9%) moderate and
7/143 (11.9%) had severe disease activity (Fig. 1(b)).

.3. Histopathology

The distribution of GHAS score was shown as Fig. 2(a), ranging
rom 1 to 15, with the median 5 and interquartile range 3–8. Over-
ll, 51/143 (35.7%) patients had a remission and 18/143 (12.6%)
ad severely active disease. The distribution of NCS score was  rep-
esented as Fig. 2(b), which ranged from 0 to 22 with a median NCS
core 5 and interquartile range 2–8.

.4. Correlation between endoscopic and histological scores

The correlation coefficient (r) and confidence intervals (CI)
etween the SES-CD and GHAS was r = 0.86 (95% CI 0.80–0.91,
 < 0.001), and between the SES-CD and NCS was r = 0.85 (95% CI
.81–0.88, p < 0.001). These correlations were classified as very
trong in consideration of r > 0.8. Moreover, the GHAS and NCS his-
ological indices had a strong correlation: r = 0.70 (95% CI 0.59–0.78,
Fig. 2. (a) The GHAS score and (b) the NCS score of the patients with CD.

p < 0.001). All correlations between the SES-CD, GHAS and NCS were
statistically significant with p < 0.001 (Fig. 3).

Furthermore, the correlations analysis of ileal and colonic CD
were performed respectively. For the ileitis of CD, the correlations
between the SES-CD, GHAS and NCS were very strong, with the
correlation coefficient between the SES-CD and GHAS 0.83 (95% CI
0.73–0.90, p < 0.001) and between the SES-CD and NCS 0.81 (95% CI
0.71–0.88, p < 0.001) (Fig. 4). In contrast, the correlations for col-
itis of CD were slightly weaker, with the correlation coefficient
between the SES-CD and GHAS 0.74 (95% CI 0.53–0.87, p < 0.001)
and between the SES-CD and NCS 0.62 (95% CI 0.41–0.78, p < 0.001)
(Fig. 5).

3.5. SES-CD level for histological remission

To investigate that whether SES-CD ≤2 best represents the real
remission, they were assessed against the histological remission
(GHAS score from 1 to 4). There were 9 patients with a SES-CD = 0,
14 with SES-CD = 1 and 9 with SES-CD = 2. Among them, 6/9 (66.7%)
patients with a SES-CD = 0 had a GHAS = 1, 7/14 (50.0%) patients
with a SES-CD = 1 and 2/9 (22.2%) patients with a SES-CD = 2. The
odds ratio (OR) between SES-CD = 0 and SES-CD = 1 was 2.0 (95% CI
0.35–11.36), 7.0 (95% CI 0.86–56.90) between SES-CD = 0 and SES-
CD = 2, and 3.5 (95% CI 0.53–23.14) between SES-CD = 1 and SES-
CD = 2. With regard to GHAS = 2, 9/9 (100%) patients with a SES-

CD = 0 had GHAS ≤2, compared to 12/14 (85.7%) with a SES-CD = 1
and 3/9 (33.3%) with a SES-CD = 2; OR between SES-CD = 1 and SES-
CD = 2 was 12.0 (95% CI 1.56–92.29). As for GHAS = 3, 14/14 (100%)
patients with a SES-CD = 1 had GHAS ≤3 in contrast to 5/9 (55.6%)
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Fig. 3. Distribution, scatterplot and correlati

ith a SES-CD = 2. In addition, 6/9 (66.7%) patients with a SES-CD = 2
ad GHAS ≤4. Collectively, these results indicated that SES-CD = 0
nd SES-CD = 1 more approved a histological remission.

. Discussion
Endoscopy and histopathology are vital for evaluating disease
ctivity of Crohn’s disease; however, few studies have investigated
he correlation between endoscopic and histopathological indices
fficient (r) between SES-CD, GHAS and NCS.

of CD. In the present study, we  found that there was a very strong
correlation between endoscopy and histopathology and there was
a strong correlation between the two histopathological indices that
had been validated for disease activity of CD. In addition, the opti-
mal  SES-CD score that best correlated with histological remission

was 0–1, which had potential prognostic significance.

The overall correlation between the SES-CD and GHAS was
slightly stronger (r = 0.86; 95% CI 0.80–0.91, p < 0.001) than between
the SES-CD and NCS (r = 0.85; 95% CI 0.81–0.88, p < 0.001), but the
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ig. 4. Scatterplot and correlation coefficient (r) between ileal SES-CD, GHAS and
CS.

ifference was not statistically significant. GHAS is the most com-
only used histologic disease activity index in clinical research.

 recent study investigated the association of histopathologic fea-
ures with different CD4+ T cell subsets in colonic mucosal lamina
ropria for IBD patients [29]. This study included 26 CD patients
ith Crohn’s colitis or ileocolitis, and demonstrated an excellent

orrelation between the ECAP (Extent, Chronicity, Activity and Plus)
core and GHAS score (r = 0.947, p < 0.001). Although the GHAS
ere used in multiple studies, many modifications were performed

nd undergone verification test [30–34]. Moreover, we  also ana-
yzed the correlation between the GHAS or NCS and SES-CD for
rohn’s ileitis and colitis respectively, and found that the correla-
ion between GHAS and SES-CD was stronger than that between
CS and SES-CD in both Crohn’s ileitis and colitis group. The rea-

on for these results might be that there were similarities and
ifferences as well between the GHAS and NCS. Both the GHAS
nd NCS describe architectural abnormalities, neutrophilic inflam-
ation, and whether presence of erosion, ulcers or granulomas.
owever, the principal difference between the two  is that NCS
omprises many extra items, especially for eosinophils, which has
een demonstrated to be highly correlated with the inflamma-
ory response of UC [35], and others include Paneth cell or pyloric
land metaplasia, lymphoid nodules, muscularis mucosae hyper-
lasia and hyperplasia of endocrine cell hyperplasia. Although more

idely, it will be more difficult to evaluate, thereby reducing the

ccuracy of the results.
Endoscopy plays a crucial role in the diagnosis and manage-

ent of Crohn’s disease, and it is the most widely used technique
Fig. 5. Scatterplot and correlation coefficient (r) between colonic SES-CD, GHAS and
NCS.

to evaluate the severity and the extent of CD. The CDEIS, first devel-
oped to assess the efficacy of corticosteroid therapy in a clinical
trial [36], had been considered the gold standard for evaluating dis-
ease activity and mucosal healing of CD. However, the assessment
of CDEIS is rather complicated, especially for the depth of ulcer,
so the special training is required, which greatly limits the clini-
cal application of CDEIS. As a result, the new SES-CD appeared to
simplify the CDEIS. The calculation of SES-CD are easier and faster
than that of CDEIS and the intraclass correlation between observers
of the same colonoscopy procedure is better for the SES-CD. More-
over, SES-CD correlates better with histopathology and CDAI results
than CDEIS [15,37]. The possible explanation may be that the SES-
CD assesses the size of ulcer instead of its depth, and it is scored by
selecting a number from 0 to 3, rather than by calculating the visual
analogue scale, which is the most time-consuming step. Therefore,
considering the above advantages, SES-CD was used as an index of
endoscopic findings in the present study. In addition, this study also
determined whether SES-CD ≤2 best represents remission, even
though others considered that it could be 0–2 [26,27,38], which was
important in clinical practice and research. A SES-CD of 0 or 1 was
most closely related to histological remission. In this respect, 9/9
(100%) patients with a SES-CD = 0 had GHAS ≤4 and 14/14 (100%)
patients with a SES-CD = 1, in contrast to 6/9 (66.7%) patients with
a SES-CD = 2.
Admittedly, there were several limitations in this study. Firstly,
the number of patients included was  not large, especially in severe
cases (17/143, SES-CD ≥16), and they were all Asian without other
ethnic patient, which limited the external validity of the results.
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econdly, there was only a single endoscopist to evaluate the endo-
copic score, which reduced variation of SES-CD, but there may  be
otential bias. Moreover, this was a single-institution retrospec-
ive study and thus larger prospective multi-centre studies were
equired.

In conclusion, notwithstanding the limitations outlined, this
tudy demonstrates very strong correlation between endoscopic
nd histological indices, and the histopathologist can be confident
hat histological indices of the GHAS and NCS are as reliable as each
ther. In addition, a SES-CD score 0 or 1 best defines the mucosal
ealing without histological disease activity that indicates a good
linical outcome in the following years.
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