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Introduction

Crohn’s disease (CD) is a chronic inflamma-
tory bowel disease clinically characterised by
periods of remission and relapse. The symp-
toms of CD are usually caused by acute in-
flammation and they vary according to the lo-
cation of the inflammation. Treatment is,
therefore, aimed at reducing inflammation and
at prolonging the time spent in remission.

Most CD patients in remission have a low-
grade of inflammation1 and it is possible that
a relapse occurs when the gut inflammation
reaches a high intensity. Direct assessment of
the grade of inflammatory activity may pro-
vide a quantitative pre-symptomatic measure
of clinical relapse or endoscopic recurrence.

Many laboratory parameters, which reflect
the consequences of inflammation and the ac-
tivity of the disease, have been proposed as
predictors of clinical relapse in inflammatory
bowel disease (IBD)2-5. However, these mea-
sures are non-specific tests and they do not
directly measure intestinal inflammation. 

Endoscopic examination and the histologi-
cal analysis of a biopsy have remained the
“gold standard” methods for detecting and
quantifying bowel inflammation, but these
methods are expensive and invasive. 
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Abstract. – Background and Objectives:
Faecal calprotectin is predictive of clinical re-
lapse in inflammatory bowel disease and ultra-
sound is sensitive in detecting its post-surgical
recurrence. However, no data regarding the role
of calprotectin in predicting post-surgical recur-
rence in asymptomatic Crohn’s disease are
available.

The aim of this study was to prospectively
evaluate the role of calprotectin as a predictive
marker for one year post-surgical endoscopic
recurrence in comparison with ultrasound in pa-
tients with asymptomatic Crohn’s disease.

Material and Methods: We consecutively
enlisted 50 patients who had undergone a resec-
tion for Crohn’s disease. Faecal calprotectin was
analysed and ultrasound were performed at the
third month, and a colonoscopy after one year.
The sensitivity and specificity of these two tech-
niques were evaluated using endoscopic find-
ings as a golden standard. A Receiver Operator
Curve (ROC) curve was plotted, in order to iden-
tify the best-cut off value for calprotectin. 

Results: 39 out of 50 patients were evaluated
by performing a colonoscopy after one year; 19
patients had an endoscopic recurrence after one
year. Calprotectin sensitivity and specificity
were calculated for 5 different cut-off values; the
best cut-off value for calprotectin sensitivity
(63%) and specificity (75%) was > 200 mg/L. The
US sensitivity and specificity at the third month
were 26% and 90% respectively.

Conclusions: When performed three months
after surgery ultrasound is more specific than
calprotectin in predicting endoscopic recur-
rence. Faecal calprotectin at a dosage > 200
mg/L seems to have a better sensitivity than ul-
trasound. Values of calprotectin > 200 mg can be
an indication to colonoscopy in the group of pa-
tients with negative ultrasound in order to detect
early recurrence.
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An increase of intestinal permeability, wich
may be a surrogate marker of bowel inflam-
mation, has been suggested as predictor of
clinical relapse in CD with a sensitivity of
81% and specificity of 73%6-8. 

CD is characterised by an increased migra-
tion of neutrophils from the bloodstream to
the diseased gut9-11 so the faecal detection of
neutrophil derived proteins (such as lisozime,
lactoferrine, meloperoxidase, elastase, TNF-
α and calprotectin) could be indicative of the
intensity of mucosal inflammation. 

Calprotectin is a 36 kDa calcium and zinc
binding protein, which is found in granulo-
cytes12, and it represents approximately 60%
of the soluble cytosol proteins in human neu-
trophil granulocytes13. It is released during in-
flammation and cell death and, therefore, rep-
resent a marker for neutrophil turnover, and it
is elevated in a number of inflammatory con-
ditions. Calprotectin resists metabolic degra-
dation by intestinal bacteria, being stable in
stools for up to one week at room temperature
and it can be easily measured in faeces13,14.

Increased levels of calprotectin have been
found in both the intestinal mucosa13 and fae-
ces15-17 of patients with IBD. Its levels correlates
with disease activity in ulcerative colitis (UC),
determined by histology and endoscopy18, and
with the faecal excretion of 111In-labelled granu-
locytes in patients with CD19. 

Faecal calprotectin displays a sensitivity of
96% in discriminating between normal sub-
jects and those with CD. With a cut-off point
of 30 mg/L calprotectin shows a sensitivity of
100% and a specificity of 97% in discriminat-
ing between active CD and irritable bowel
syndrome20.

It has also recently been suggested that
faecal calprotectin could be a useful marker
for determining mucosal healing21

Tibble et al22 have demonstrated that in pa-
tients with CD and UC faecal calprotectin
predicts the clinical relapse rate over the fol-
lowing 12 months period, with a sensitivity of
90% and a specificity of 83% for a faecal lev-
el of calprotectin higher than 50 mg/L. How-
ever, no data are currently available regard-
ing the role of calprotectin in predicting post-
surgical endoscopic recurrence in CD.

Ultrasound (US) is a sensitive test in de-
tecting post-surgical clinical recurrence in CD
with sensitivity and specificity between 82%
and 100% respectively23,24.

In this study we have prospectively
analysed the role of faecal calprotectin as an
early marker for predicting one year post-sur-
gical endoscopic recurrence in comparison
with US in CD.

Patients and Methods

Patients
50 patients consecutively underwent bowel

resections for CD in the Surgical Department
of V. Cervello Hospital and Federico II Hos-
pital, from October 2002 to February 2004.
Only 39 out of these patients were evaluated
by colonoscopy after one year, two were eval-
uated by bowel enema, six refused diagnostic
procedures and three were lost during follow-
up. The patients’ characteristics are shown in
Table I. 

Measurement of the level of faecal calpro-
tectin, Crohn’s Disease Activity Index
(CDAI) and US examination were per-
formed at the third month after surgery,
while endoscopy was performed after 1 year
irrespective of patients’ symptoms. 

Faecal Calprotectin Measurement
All patients were asked to provide a single

stool sample in order to determine the levels
of faecal calprotectin three months after re-
section.

One stool sample for calprotectin estima-
tion was collected in screw-capped plastic con-
tainers, stored at –20° C and assayed within 4
weeks. After thawing, the weight of each sam-
ple (40-120 mg) was measured and an extrac-
tion buffer was added in a weigth per volume
ratio of 1:50. The sample was vortex-shaked,
homogenized and centrifuged. The super-
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Sex (M/F) 24/15
Age median (IQ range) 38 (18-64)
Site of disease

Small bowel/ileal 11
Ileal and colonic 26
colonic disease 2

Type of anastomosis
side-to-side 27
end-to-side 7
end-to-end 5

Table I. Characteristics of the 39 patients at time of in-
clusion to the study.



natant was collected and stored at –20° C, then
thawed analyzed at a later period with a com-
mercial ELISA system (Calprest; Eurospital,
Trieste, Italy); the latter is based on polyclonal
antibodies against calprotectin, according to
the method modified by Ton et al25. The level
of calprotectin was expressed as grams per
kilograms of feces. Values, which were sup-
plied by the manufacturer (< 50 g/kg of stool =
negative; > 50 g/kg of stool = positive) were
considered for statistical analysis22,26.

Ultrasound Examination
US examinations were performed at the third

month by four expert operators (A.O., M.C.,
A.R., F.C.), who have performed a total of 5000
sonographic examinations of the small bowel in
patients with inflammatory bowel disease. The
operators were unaware of the patients’ clinical
conditions and of the results of the other exami-
nations (calprotectin and CDAI). Sonographic
examinations were performed with a Toshiba
Aplio machine (Zoetermeer, Paesi Bassi), using
7 MHz probes; a bowel wall thickness ≥ 5
mm23,27,28 was considered pathological and proba-
bly indicated the post-surgical recurrence of CD. 

Colonoscopy Examination
Colonoscopy examinations were performed

one year after surgery by two expert operators.
Endoscopic recurrence was defined as the pres-
ence of typical CD lesions in the neo-terminal
ileum and/or anastomosis. According to the cri-
teria proposed by Rutgeerts et al29, recurrence
was considered when more than 5 aphthous le-
sions were detected (II score of Rutgeerts).

Statistical Analysis
The sensitivity and specificity of the two

techniques were evaluated one year after
surgery, with endoscopic findings as the gold-
en standard. A Receiver Operator Curves
(ROC) was plotted in order to identify the
best values for sensitivity and specificity and
the sensitivity and specificity of these com-
bined tests were also evaluated.

Results

39 out of 50 patients were evaluated by
colonoscopy after one year and the analysis
was performed only in those patients who un-
derwent colonoscopy.

Table II shows CDAI values, calprotectin
dosages, the results of sonography at third
month and endoscopic findings after one
year. All the patients were asymptomatic at
third month. 

Nineteen patients had an endoscopic recur-
rence after 1 year. Calprotectin sensitivity
and specificity were calculated for 5 different
cut-off values: > 50 mg/L; > 100 mg/L; > 150
mg/L; > 200 mg/L e > 250 mg/L and these are
shown in Table III. 

A ROC curve was obtained in order to
identify the best values for sensitivity and
specificity (Figure 1).

The value of faecal calprotectin which pro-
vides the maximal sum of sensitivity plus
specificity was 200 mg/L and, for this cut-off
value, a sensitivity of 63% and a specificity of
75% were obtained. 

At the third month, seventeen patients had
calprotectin levels > 200 mg/L but in only
twelve of these recurrence was confirmed by
endoscopy after one year (true positive). The
operator found endoscopic lesions in seven
patients although calprotectin levels were <
200 mg/L (false negative). The endoscopic
examination did not reveal any lesions in
twenty patients and fifteen of these had cal-
protectin levels < 200 mg/L (true negative).
Only five patients with calprotectin levels val-
ues > 200 mg/L were endoscopically free of
lesions (false positive).

At the third month, seven patients dis-
played a pathological sonography but only 5
of these (true positive) were confirmed by
endoscopy after one year; only two patients
with a sonographic diagnosis of recurrence
were endoscopically free of lesions (false pos-
itive). The operator found endoscopic lesions
in fourteen patients, which had not been
shown by ultrasound (false negative). In
twenty patients the endoscopy did not detect
any lesions and the ultrasound for eighteen of
these (true negative) had a negative results.

US sensitivity and specificity at third
month were 26% and 90% respectively with
a positive predictive value of 0.71 and with a
negative predictive value of 0.56.

Discussion

To the best of our knowledge, this study
has evaluated, for the first time, the role of
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faecal calprotectin in predicting endoscopic
post-surgical recurrence in patients with
asymptomatic CD.

Faecal calprotectin, at a dosage > 200
mg/L, in predicting endoscopic post-surgical
recurrence, seems to have an improved sensi-
tivity compared with ultrasound when per-
formed three months after surgery (63% vs
26%). Detection of faecal calprotectin levels
> 200 mg/L in a patient with CD at the third
month after surgery seems to represent an in-
dication to endoscopic examination, to detect
early recurrence. 
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Table II. CDAI values, calprotectin dosages, results of sonography at third months and endoscopic findings after one year.

#Positive (+) = bowel wall thickness ≥ 5 mm; Negative (–) = bowel wall thickness < 5 mm. 
*Positive (+) = ≥ 5 aphthous lesions (II score of Rutgeerts); Negative (–) = < 5 aphthous lesions.

Sex CDAI US# Calprotectin (mg/L) Endoscopy*

M 180 – 250 _
F < 150 + 50 –
F < 150 – > 250 –
M 185 – 185 –
M < 150 – 42 –
M < 150 – > 250 –
M < 150 – 160 –
M < 150 – 42 –
M 180 – 74 –
F 180 + 27 –
M < 150 – 101 –
F < 150 – 64 –
M < 150 – 254 –
F < 150 – 186 –
F < 150 – 45 –
M < 150 – 136 –
F < 150 – 59 –
F 200 – > 245 –
M < 150 – 32 –
M 180 – 190 –
M < 150 + 250 +
M < 150 – 87 +
F 180 – 250 +
F < 150 – 250 +
F < 150 – > 250 +
M < 150 – > 250 +
F < 150 – > 250 +
M 180 – > 250 +
M < 150 + > 250 +
M 180 + > 250 +
F < 150 – 92 +
M < 150 – 20 +
F 180 – 75 +
M < 150 + > 300 +
M < 150 + 189 +
F < 150 – 172 +
M < 150 – 194 +
M < 150 – 297 +
M < 150 – > 250 +

Table III. Sensitivity and specificity of faecal calprotectin.

Calprotectin Sensitivity Specificity 
(mg/L) (%) (%)

> 50 94% 25%
> 100 78% 45%
> 150 78% 55%
> 200 63% 75%
> 250 47% 85%



Tibble et al22 have shown that faecal cal-
protectin predicts a clinical relapse of disease
activity in patients with CD and UC obtain-
ing a sensitivity and specificity of 90% and
83% respectively, using 50 mg/L as the best
cut-off point for the level of calprotectin.

Recently, Costa et al30 observed, with a cut-
off value of 150 mg/L of faecal calprotectin, a
sensitivity and specificity of 87% and 43% re-
spectively in predicting clinical relapse at 1
year in patients with CD. 

In this study, at a level of 50 mg/L, calpro-
tectin sensitivity and specificity in predicting
endoscopic post-surgical recurrence, in pa-
tients with CD, were of 94% and 25% respec-
tively, and with a cut-off point of 150 mg/L we
observed a sensitivity and a specificity of 78%
and 55% respectively. Our data are similar to
those of Costa, even if, we have studied oper-
ated patients in whom disease was removed.

This low specificity does not, therefore,
permit the use of this cut-off value in clinical
practice in asymptomatic patients, who had
been operated on for CD. 

At a level of 200 mg/L, calprotectin sensi-
tivity and specificity, in predicting endoscopic
recurrence were 63% and 75% respectively,
with a predictive positive value of 0.70 and a
predictive negative value of 0.68. This is the
best cut-off value which predicts the highest
number of endoscopic recurrence one year
after surgery.

The difference in results with Tibble’s re-
search is probably due to two reasons: Tib-
ble’s study was concerned with clinical re-
lapse whilst this paper has considered endo-

scopic recurrence. Clinical relapse represents
an advanced stage of CD in comparison with
endoscopic recurrence, which can be asymp-
tomatic in the early stage. Furthermore, our
results could be biased by the size sample of
the study and further studies with more pa-
tients will be necessary in order to confirm
the role of calprotectin in predicting early en-
doscopic post-surgical recurrence in CD. 

On the basis of these preliminary findings,
considering the high specificity of US we sug-
gest that a positive ultrasound after 3 months
from surgery, in operated patients with CD,
may be an indication to colonoscopy, whereas
in case of a negative ultrasound, faecal calpro-
tectin with a cut-off value of 200 mg/L could
be a useful tool in order to decide if perform a
colonoscopy in asymptomatic patients.

Finally, it is important to underline that
there is currently no evidence to support the
idea that treating asymptomatic endoscopic
lesions modifies the course of the disease.
The utility of calprotectin dosage will be es-
tablished when controlled trials will show
that treating early post-surgical endoscopic
lesions reduces clinical recurrence. Azathio-
prine seems to be effective in mucosal heal-
ing31 but, to date, the trials performed on
post-operative patients have produced con-
flicting results32,33.
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