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Introduction
The severity of endoscopic lesions in the neoter-
minal ileum during the first year after ileocolonic 
resection for Crohn’s disease (CD) is a reliable 

predictor for future clinical recurrence [Rutgeerts 
et al. 1990; Yamamoto et al. 2013a]. Patients with 
severe endoscopic lesions within 1 year after sur-
gery develop early clinical recurrence. In contrast, 
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Abstract
Background: It is recommended that ileocolonoscopy is performed within 1 year after 
resection for Crohn’s disease (CD). Nevertheless, optimal monitoring strategies for 
recurrence after the ileocolonoscopy remain to be elucidated. This prospective study was to 
evaluate the value of serial monitoring of faecal calprotectin (FC) after ileocolonoscopy for the 
assessment of endoscopic recurrence in asymptomatic patients.
Methods: Patients in clinical remission who had no endoscopic recurrence at ileocolonoscopy 
6–12 months after ileocolonic resection were studied. FC levels were measured every  
2 months up to 24 months after the ileocolonoscopy. When the FC level was elevated  
(⩾140 µg/g), a second ileocolonoscopy was immediately undertaken. In contrast, patients  
who maintained low FC levels (<140 µg/g) during the 24-month follow up underwent a second 
ileocolonoscopy at the end of the study. Endoscopic recurrence was defined as a Rutgeerts 
score ⩾i2.
Results: A total of 30 patients were studied. In eight patients, the FC level was raised during 
the 24-month follow up. Six of the eight patients (75%) had endoscopic recurrence. Of 22 
patients who maintained low FC levels, 20 (91%) had no endoscopic recurrence, whereas 
two showed endoscopic recurrence at the end of the follow up. The incidence of endoscopic 
recurrence was significantly higher in patients with elevation of FC levels versus those with 
maintained low FC levels (75% versus 9%). A cut-off value of 140 µg/g for FC had a sensitivity 
of 75%, a specificity of 91%, a positive predictive value of 75%, a negative predictive value of 
91% and a diagnostic accuracy of 87% to detect endoscopic recurrence.
Conclusions: Consecutive monitoring of FC is useful for the assessment of endoscopic 
recurrence after the initial ileocolonoscopy. Increased FC levels indicate a need for repeat 
ileocolonoscopy, while sustained low FC levels predict a low risk of endoscopic recurrence. 
In patients maintaining low FC levels, unnecessary invasive endoscopic examinations can be 
avoided.
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patients with no or mild endoscopic lesions have 
a low frequency of subsequent clinical recurrence. 
In our clinical practice, ileocolonoscopy is there-
fore recommended to be performed within the 
first year after surgery where treatment decisions 
may be affected [Van Assche et  al. 2010]. 
Nevertheless, optimal monitoring strategies for 
postoperative recurrence after the initial ileocolo-
noscopy have yet to be established. Although an 
ideal approach may be to repeat ileocolonoscopy, 
patients are reluctant to undergo repeated endo-
scopic examinations when their disease is inac-
tive. Endoscopy is a time-consuming and invasive 
procedure. Simple and noninvasive methods for 
the detection of postoperative recurrence are 
desirable.

Calprotectin is a neutrophil-derived protein that 
is stable in faeces and can be detected in small 
stool samples [Lamb and Mansfield, 2011; Foell 
et al. 2009]. Faecal calprotectin (FC) showed a 
close correlation with endoscopic inflammation 
in patients with inflammatory bowel disease 
(IBD) [Lamb and Mansfield, 2011; Foell et al. 
2009; D’Haens et  al. 2012]. Accordingly, FC 
appears to be useful for the assessment of endo-
scopic disease activity of IBD. A number of 
studies found that levels of FC were associated 
with the severity of endoscopic inflammation in 
asymptomatic postoperative patients with CD 
[Yamamoto et  al. 2013b; Wright et  al. 2015; 
Boschetti et al. 2015]. In contrast, several stud-
ies failed to show a significant relationship 
between endoscopic severity and the values of 
FC [Lasson et al. 2014]. However, to our knowl-
edge, few studies have consecutively measured 
the levels of FC after resection for CD. The aim 
of this prospective study was to evaluate the 
value of consecutive monitoring of FC after the 
initial ileocolonoscopy performed within the first 
year following surgery for the assessment of 
postoperative endoscopic recurrence in asymp-
tomatic patients.

Patients and methods

Study design
This was a prospective, single-centre study under-
taken at the Yokkaichi Hazu Medical Centre, a 
referral centre treating a large number of patients 
with IBD in the Mie Prefecture of Japan. Our 
study protocol was reviewed and approved by the 
Institutional Review Board at our hospital.

Patients
Inclusion criteria were: (1) patients who were 
between 20 and 70 years of age; (2) patients who 
had undergone ileocolonic resection and primary 
anastomosis for active CD; (3) patients in clinical 
remission [CD activity index (CDAI) score [Best 
et al. 1976] < 150], who had no endoscopic recur-
rence at ileocolonoscopy 6–12 months after sur-
gery; and (4) patients who agreed to undergo 
endoscopic examination during the study period. 
Exclusion criteria were: (1) patients in whom a 
defunctioning stoma was created for the protection 
of ileocolonic anastomosis; (2) patients who had 
gastroduodenal, jejunal, or proximal ileal disease 
at the time of surgery; and (3) patients with active 
colonic or anorectal disease at ileocolonoscopy.

Endoscopic assessment
The endoscopic severity of inflammation in the 
neoterminal ileum was graded according to 
Rutgeerts and colleagues [Rutgeerts et al. 1990]. 
The Rutgeerts score is a well established endo-
scopic scoring system based on examination of 
the ileal segment proximal to ileocolonic anasto-
mosis: i0, no lesions; i1, ⩽5 aphthous lesions; i2, 
>5 aphthous lesions with normal mucosa between 
lesions, or skip areas of larger lesions or lesions 
confined to the ileocolonic anastomosis; i3, dif-
fuse aphthous ileitis with diffusely inflamed 
mucosa; i4, diffuse inflammation with larger 
ulcers, nodules, with or without narrowing. 
Endoscopic findings were recorded on colour pic-
tures, and evaluated by two specialist physicians 
who were blinded to the patients’ clinical details. 
Endoscopic recurrence was defined as a Rutgeerts 
score ⩾ i2. In this study, circumferential ulcer 
confined to the anastomosis was considered to be 
ischemic change, but not to be inflammation.

Medical treatment
After surgery, all patients were treated with stand-
ard prophylactic medications (mesalazine, aza-
thioprine, or biologics) for the prevention of CD 
recurrence. Because the updated meta-analysis 
remained in favour of treatment with mesalazine 
in patients with postoperative CD [Van Assche 
et al. 2010], mesalazine was given in the majority 
of patients at our centre. Prophylactic treatment 
with azathioprine, with or without a biologic 
agent (infliximab or adalimumab) was started 
within 4 weeks after surgery in patients at a high 
risk of postoperative recurrence, such as smokers, 
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those with perforating disease, or those with mul-
tiple surgeries, and those who had received aza-
thioprine or biologics immediately before surgery 
[De Cruz et al. 2012; Yamamoto and Watanabe, 
2013]. In contrast, mesalazine treatment was 
started soon after surgery in patients at a low risk 
of recurrence (nonsmokers, those with nonperfo-
rating disease, or those without previous surgery) 
[De Cruz et al. 2012; Yamamoto and Watanabe, 
2013]. These prophylactic medications were con-
tinued without any changes unless there was post-
operative recurrence confirmed by endoscopy.

Follow up
All patients were reviewed every 2 months in our 
clinic for 24 months after the initial ileocolonos-
copy at 6–12 months after surgery. Patients were 
required to record their symptoms in a diary. At 
clinic visits, body weight, general well-being, 
body temperature, stool frequency and consist-
ency, presence or absence of abdominal discom-
fort, tenderness, tenesmus and haematochezia 
were recorded. Peripheral blood samples were 
taken for the measurement of white blood cell 
count (WBC), platelet count, C-reactive protein 
(CRP), and albumin.

Measurement of faecal calprotectin
FC measurement was performed at clinical visits, 
every 2 months during the study period. Patients 
were advised to collect a stool sample in the early 
morning within 5 days before their clinic visits 
and store it at room temperature. Patients were 
advised not to take nonsteroidal anti-inflamma-
tory drugs before collecting stool samples. At the 
clinic, the sample was submitted to our labora-
tory, and FC was measured using a commercially 
available NS-Prime automatic analyser (Alfresa 
Pharma Corporation, Osaka, Japan) as previously 
described [Inoue et al. 2014]. A sample (0.01 ml) 
and reaction buffer (0.14 ml) were pipetted into a 
cuvette at 37°C. After about 1 minute, 0.05 ml of 
the solution of colloidal gold particles coated with 
the anticalprotectin antibody was added and 
mixed. Reactions between the particles and any 
calprotectin in the samples resulted in the forma-
tion of agglutinates and a concomitant change in 
the absorbance signal. The change ratio for the 
absorbance values at 660 nm and 546 nm (sec-
ondary and primary wavelengths, respectively) 
was measured for about 6 minutes after the start 
of the agglutination reaction. The calprotectin 

concentration in the sample was determined by 
comparison with a standard curve. This assay can 
provide results in about 10 minutes. Laboratory 
investigators were blinded to the clinical data. 
Stool culture and sensitivity tests were not per-
formed with each FC analysis.

Timing of second ileocolonoscopy
When the FC level was elevated (⩾140 µg/g), a 
second ileocolonoscopy was immediately (within 
1 week) undertaken. In contrast, patients main-
taining low FC levels (<140 µg/g) during the 
24-month follow up underwent a second ileoco-
lonoscopy at the end of the study. The cut-off 
level of 140 µg/g for the detection of endoscopic 
recurrence was determined based on our own 
experiences and relevant studies by other 
researchers [Inoue et al. 2014].

Statistical analysis
Comparisons of frequencies were analysed using 
the Chi-square test with Yates’ correction. 
Differences between median values were com-
pared using the Mann–Whitney U test or the 
Kruskal–Wallis test if more than two groups were 
compared. Correlations were calculated using 
the Spearman’s rank correlation coefficient test. 
A p value < 0.05 was considered statistically 
significant.

Results

Baseline characteristics
A total of 36 eligible patients were monitored in 
this study. Six patients developed clinical recur-
rence (CDAI score ⩾ 150), and dropped out of 
the study because our study was intended for 
patients in clinical remission. Eventually, 30 
patients were included in the analysis. Baseline 
characteristics of the 30 patients are presented in 
Table 1.

Faecal calprotectin and endoscopic recurrence
In eight patients (27%), FC level was elevated 
(⩾140 µg/g) during the 24-month follow up (Figure 
1). The second ileocolonoscopy was undertaken 
when the FC level was raised. Six of the eight 
patients (75%) had endoscopic recurrence 
(Rutgeerts score ⩾ i2). The endoscopic score was 
i2 in three patients and i3 in three patients. In 
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contrast, 22 patients (73%) maintained low FC 
levels (<140 µg/g) during the entire study period. 
At the end of the follow-up period, 20 of the 22 
patients (91%) had no endoscopic recurrence (i0 
or i1), whereas two patients (9%) showed endo-
scopic recurrence (both i2). A cut-off value of 140 
µg/g for FC had a sensitivity of 75%, a specificity of 
91%, a positive predictive value of 75%, a negative 
predictive value of 91% and a diagnostic accuracy 
of 87% to detect endoscopic recurrence. Overall, 
eight patients (27%) developed endoscopic recur-
rence during the 24-month follow up after the ini-
tial ileocolonoscopy. The incidence of endoscopic 
recurrence was significantly higher in patients with 

elevation of FC levels (6/8 patients; 75%) versus 
those with maintained low FC levels (2/22 patients; 
9%) (p = 0.002). The FC level was significantly 
associated with the severity of endoscopic inflam-
mation in the neoterminal ileum (Figure 2). The 
level of FC was significantly higher in patients with 
higher endoscopic scores [median (range): i0 or i1, 
82.5 (10–190) µg/g; i2, 157 (87–279) µg/g; i3, 246 
(211–375) µg/g; p = 0.004]. The FC level was sig-
nificantly higher in patients with endoscopic recur-
rence when compared with those in endoscopic 
remission [median (range): 199 (87–375) µg/g ver-
sus 82.5 (10–190) µg/g; p = 0.002].

Laboratory parameters
There was no significant correlation between the 
levels of FC and laboratory measurements includ-
ing WBC, platelet count, CRP, and albumin 
throughout the whole study period (all compari-
sons: p > 0.05). Laboratory parameters (WBC, 
platelet count, CRP, and albumin) at the second 
ileocolonoscopy were not significantly different 
between patients with and without endoscopic 
recurrence (all comparisons: p > 0.05).

Discussion
This prospective study included asymptomatic 
patients without endoscopic recurrence at the initial 
ileocolonoscopy performed at 6–12 months after 
ileocolonic resection, and evaluated the value of FC 
measurement during a 24-month period. Our study 

Table 1.  Baseline characteristics of the 30 patients 
included in this study.

Median (range) age at entry 32 (21–48) years
Male:female 17:13
Median (range) duration of 
Crohn’s disease before entry

36 (12–97) 
months

Smoker (n) 4
Previous bowel resection (n) 12
Indication for surgery (n)  
  Stricture 22
  Abscess and/or fistula 8
Postoperative medications (n)  
  Mesalazine 28
  Azathioprine 12
 � Biologics 

(infliximab:adalimumab)
9:5

Figure 1.  Changes in faecal calprotectin levels in eight patients with elevation (⩾140 µg/g) during the 
24-month follow up. The endoscopic score at the second ileocolonoscopy is presented for each patient.
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has several advantages over what was done previ-
ously. First, we consecutively measured FC levels 
(every 2 months) for a relatively long time. In ear-
lier studies, FC level was determined by only one 
test using a single stool sample [D’Haens et  al. 
2012; Yamamoto et  al. 2013b; Boschetti et  al. 
2015]. In recent studies, we found that consecutive 
monitoring of FC was useful for the early detection 
of intestinal inflammation in patients with IBD 
[Yamamoto et al. 2015a, 2015b]. Another advan-
tage is that all of our patients underwent a second 
ileocolonoscopy during the study period. It was 
performed immediately (within 1 week) when FC 
levels were increased, and even for patients who 
maintained low FC levels, it was conducted at the 
end of the study.

In previous research, FC measurement appeared 
to be useful for the assessment of endoscopic 
inflammation in the neoterminal ileum after 
resection for CD [Yamamoto et al. 2013b; Wright 
et  al. 2015; Boschetti et  al. 2015]. There was a 
close correlation between FC levels and endo-
scopic severity at 6–12 months after ileocolonic 
resection for CD. Wright and colleagues [Wright 
et  al. 2015] and Boschetti and colleagues 
[Boschetti et al. 2015] found that the most valu-
able cut-off value for the detection of endoscopic 

recurrence was 100 µg/g. In contrast, the optimal 
cut-off value in our study was determined to be 
140 µg/g, based on our own experiences and rel-
evant studies by other researchers [Inoue et  al. 
2014]. For the diagnosis of endoscopic inflamma-
tion, the most suitable cut-off levels are different 
between studies because there is wide variation of 
FC values according to the assay used for the 
measurement [Whitehead et  al. 2013; Labaere 
et al. 2014]. The standardization of assays used 
for measurement is urgently needed, and method-
specific cut-off values should be determined.

Further, there are intraindividual variations of FC 
in stool samples collected during a single day. 
One study reported that since the levels of FC 
increase with longer time between the bowel 
movements, it seems most appropriate to analyse 
stool from the first bowel movement in the morn-
ing in one study [Lasson et al. 2015]. In another 
study, stool sample collection from the first bowel 
movement in the morning does not ensure the 
highest or lowest within-day FC value, and a sin-
gle FC determination should not be used as the 
basis for therapeutic strategies [Calafat et  al. 
2015]. Thus, an intraindividual variation of FC 
should be thoroughly evaluated before FC testing 
is routinely used in our clinical practice.

In the present study, we found that 75% of 
patients with elevation of FC levels (⩾140 µg/g) 
had endoscopic recurrence. In contrast, 91% of 
patients with sustained low FC levels (<140 µg/g) 
had no endoscopic recurrence. The incidence of 
endoscopic recurrence was significantly higher in 
patients with elevated FC levels (75%) versus 
those with maintained low levels (9%). These 
results indicate that a cut-off value of 140 µg/g 
had a sensitivity of 75%, a specificity of 91%, a 
positive predictive value of 75%, a negative pre-
dictive value of 91% and a diagnostic accuracy of 
87% to detect endoscopic recurrence. The diag-
nostic value of FC (⩾140 µg/g) in this study 
appears to be comparable with that in the previ-
ous research [Yamamoto et  al. 2013b; Wright 
et al. 2015; Boschetti et al. 2015]. Therefore, our 
findings confirm that the FC test is also useful for 
the assessment of endoscopic recurrence after the 
initial ileocolonoscopy. Further, the level of FC 
was significantly associated with the severity of 
endoscopic inflammation. FC is derived from 
polymorphonuclear neutrophils in the inflamed 
intestinal mucosa, and it is a highly sensitive and 
specific biomarker for detecting mucosal inflam-
mation. Consecutive monitoring of FC can detect 
an ongoing escalating inflammatory process in 

Figure 2.  The relationship between the levels of 
faecal calprotectin and the severity of endoscopic 
inflammation in the neoterminal ileum at the second 
ileocolonoscopy. Boxes indicate interquartile ranges, 
with horizontal lines indicating medians and whiskers 
indicating the upper and lower limits.
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the gut that gives clinical symptoms when suffi-
ciently severe.

Further, FC testing is a simple, low cost, and non-
invasive method to avoid complicated invasive pro-
cedures. We do believe that FC is an ideal biomarker 
for the assessment of endoscopic disease activity 
particularly after the initial ileocolonoscopy per-
formed within the first year of surgery because 
repeated endoscopic examinations are unpleasant 
for patient. The incidence of endoscopic recurrence 
is 27% in this study, which is much lower than 
approximately 70% observed within the first year 
after surgery in the previous study [Rutgeerts et al. 
1990]. Thus, endoscopic recurrence, in our small 
cohort, is not common after the initial ileocolonos-
copy performed within 1 year following surgery. 
With the introduction of FC testing, many patients 
can potentially avoid unnecessary invasive endo-
scopic examinations. Figure 3 shows our long-term 
strategy for the management of patients with CD 
after curative ileocolonic resection. After the con-
ventional ileocolonoscopy at 6–12 months following 
surgery, FC testing could spare patients from going 
through complicated endoscopy procedures. As the 
previous study suggested [De Cruz et  al. 2015], 
therapeutic decisions are made according to the 
severity of endoscopic inflammation. In patients 
without endoscopic lesions or with mild lesions 
(Rutgeerts score i0 or i1), the ongoing medication is 
continued. For patients who develop endoscopic 
recurrence (⩾i2), the medical treatment should be 
stepped up. Our strategy should be helpful in the 
management of postoperative CD for a long term.

This study is limited by small case numbers and 
even smaller case numbers who actually had 
endoscopic recurrence that may limit the gener-
alizability of the results. In this study, the sample 
size calculation was not done based on a primary 
statistical endpoint. We believe that the findings 
of this investigation should be strengthened by a 
future study involving a large cohort of patients. 
Further, an interval (2 months) for FC measure-
ments in our study is imposed by the study 
design. The optimal interval remains unknown. 
Consecutive measurement of FC may be effec-
tive in a research setting; however, we should 
know how practical this is in the real world in 
terms of cost and the number of samples a patient 
would have to provide. We need to conduct a cost-
effectiveness study to look at what the optimal 
measurement strategy would be based on inci-
dence of postoperative recurrence, cost, and accu-
racy of the tests [Yamamoto et al. 2015a, 2015b].

In conclusion, consecutive monitoring of FC is 
useful for the assessment of endoscopic recur-
rence after the initial ileocolonoscopy performed 
within 1 year following surgery. Increased FC lev-
els indicate a need for repeat ileocolonoscopy, 
while sustained low FC levels predict a low risk of 
endoscopic recurrence. In patients maintaining 
low FC levels, unnecessary invasive endoscopic 
examinations can be avoided. Further well 
designed large trials should strengthen the find-
ings of the present investigation. The optimal FC 
test interval also needs to be determined. Further, 
future studies should investigate whether early 
medical intervention is useful for the prevention 
of subsequent recurrence in asymptomatic 
patients with elevated FC levels.
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