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Are we exposing patients with a
mildly elevated faecal calprotectin
to unnecessary investigations?
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ABSTRACT
Objective Faecal calprotectin (FC) is a
non-invasive marker used to differentiate irritable
bowel syndrome from inflammatory bowel
disease (IBD). However, false positives are
common. We sought to determine the diagnostic
yield of investigation in patients presenting with
new lower gastrointestinal (GI) symptoms and a
mildly elevated FC (100–200 mg/g).
Design Retrospective study of electronic patient
records.
Patients Patients aged 16–50 years with new
lower GI symptoms and an FC 100–200 mg/g
were identified from our biochemistry laboratory
database between September 2009 and 2011.
Patients were excluded if they had a previous FC
>200 mg/g, were taking non-steroidal anti-
inflammatory drugs (NSAIDs), had IBD, positive
stool cultures or ‘alarm’ symptoms.
Setting Secondary care gastroenterology clinics.
Results 161 patients (103 female patients) were
identified. Mean age was 37.3 years with a mean
FC of 147 mg/g. 398 endoscopic, radiological and
histological investigations were undertaken in 141
patients (an average of 2.8 investigations per
patient). 131 colonoscopies were performed with
abnormalities in only 24 (18.3%). In patients with
a macroscopically normal upper GI endoscopy
and colonoscopy, the diagnostic yield of any
further investigation was only 7.3%. The negative
predictive value (NPV) of an FC 100–200 mg/g
was 86.7% for any pathology and 97.5% for
significant luminal pathology (IBD, advanced
adenoma or colorectal carcinoma). After a mean
follow-up of 172.4 weeks, IBD was the final
diagnosis in only 4 (2.5%) of patients.
Conclusions In adult patients under 50 years old
presenting with new lower GI symptoms, the NPV
of an FC between 100 and 200 mg/g in excluding
significant organic GI disease is high.

INTRODUCTION
Irritable bowel syndrome (IBS) is a func-
tional gastrointestinal (GI) disorder

estimated to affect 10%–25% of the UK
population.1 Approximately 50% of
patients with IBS consult their general
practitioner and 20% will be referred to
secondary care, constituting 20%–50%
of the gastroenterology outpatient work-
load.1 Typical symptoms include lower
abdominal pain, bloating and altered
bowel habit with diarrhoea, constipation
or alternating between both. Similar
symptoms may be present in inflamma-
tory bowel disease (IBD). However unlike
IBS, which can often be managed symp-
tomatically in primary care, patients with
IBD require long-term specialist treat-
ment and follow-up to prevent complica-
tions such as the need for surgery or the
development of colorectal cancer.
Faecal calprotectin (FC) is a calcium-

binding protein which constitutes 60% of
neutrophil cytosol. Lower concentrations
are present in other leucocytes. FC is
increasingly used as a non-invasive marker
to differentiate IBS from IBD and can avoid
the need for specialist referral or invasive
investigation. Recent National Institute of
Health and Care Excellence (NICE) guide-
lines recommend using FC testing to differ-
entiate between organic or functional
disease in patients with new lower GI symp-
toms where cancer is not suspected.2

However, as FC is a non-specific but
extremely sensitive marker of luminal
inflammation, false positives are
common. We, and others, have previously
demonstrated a low yield of diagnostic
colonoscopy in patients with borderline
elevations of FC (50–100 mg/g).3 Higher
FC levels (100–200 mg/g) often prompt
more extensive investigation.

AIM
Our aim was to determine the diagnostic
yield of endoscopic, histological and
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radiological investigation in patients aged <50 pre-
senting with new lower (non-‘alarm’) GI symptoms
and a mildly elevated FC (100–200 mg/g).

METHODS
All patients with an FC 100–200 mg/g were identified
from our biochemistry laboratory database between
September 2009 and September 2011. Patients aged
16–50 years attending gastroenterology outpatient
clinics with new lower GI symptoms (abdominal pain
and/or altered bowel habit) were identified. Patients
were excluded from further analysis if they had a pre-
vious FC >200 mg/g, were taking non-steroidal anti-
inflammatory drugs (NSAIDs), had known IBD, posi-
tive stool cultures, alarm symptoms or anaemia.
Weight loss and bleeding per rectum represented
‘alarm symptoms’. Further investigation was at the dis-
cretion of the responsible clinician and based upon
both clinical presentation and FC results. Details of
investigations, diagnosis and clinical outcomes were
determined electronically from the NHS Greater
Glasgow and Clyde Clinical Portal. All FC assays were
undertaken according to the manufacturer’s instruc-
tions (Bühlmann calprotectin ELISA kit) using Roche
faecal extraction device as previously described.4

RESULTS
In all, 161 patients (103 female patients) were identi-
fied who met the inclusion criteria. The mean age was
37.3 years with a mean FC of 147 mg/g. The primary
presentation was diarrhoea in 98 (60.9%) and abdom-
inal pain in 63 (39.1%). Secondary symptoms were
abdominal pain (28.6%), diarrhoea (18.6%) and con-
stipation (1.9%). Baseline demographics and present-
ing symptoms are shown in table 1.
A total of 398 endoscopic, radiological and histo-

logical investigations were undertaken in 141 patients
with an average of 2.8 investigations per patient. The
number of investigations performed and the diagnos-
tic yield of each test is shown in table 2.
A total of 131 colonoscopies were performed with

abnormalities detected in only 24 (18.3%). In patients
with a macroscopically normal upper GI endoscopy
and colonoscopy, the diagnostic yield of any further
investigation was only 7.3%. The negative predictive

value (NPV) of an FC 100–200 mg/g in this cohort
was 86.7% for any pathology and 97.5% for signifi-
cant luminal pathology (IBD, advanced adenoma or
colorectal carcinoma). The mean duration of
follow-up was 172.4 weeks with IBD the final diagno-
sis in only 4 (2.5%) patients while 49.7% were diag-
nosed as having IBS. All diagnoses made can be seen
in figure 1. Following investigation, the majority of
patients (74%) were deemed on clinical grounds not
to require long-term follow-up. No patients with
negative initial investigations were subsequently diag-
nosed with IBD during the follow-up period.

DISCUSSION
FC is now well established as a useful non-invasive
marker of GI tract inflammation. A large meta-analysis
of studies supports the use of FC as a screening tool
for organic disease and in determining the need for
further invasive investigation.5 UK national guidelines
have subsequently recommended the use of FC in dif-
ferentiating IBS from IBD provided cancer is not
suspected.2

The commonest cut-off value advised by many of
the manufacturers of FC assays is 50 mg/g. However,
the sensitivity and specificity of FC vary significantly
across studies.2 Similarly, the NPV and positive pre-
dictive value (PPV) are influenced by the population
prevalence of IBD which differs among primary, sec-
ondary and tertiary care centres. Many of the early
studies used to evaluate FC and to determine the
optimal cut-off values for use in clinical practice are
small and originate from specialist centres. Indeed, the
largest of these studies only included a total of 240
subjects.6 The study cohort was split evenly between
four groups with 60 control patients and equal
numbers of patients with IBD, IBS and colorectal
cancer. This study by Li et al6 was included in a
meta-analysis that was performed as part of the NICE
guidelines development.2 This calculated a sensitivity
of 93% and 94% for an FC cut-off of 50 mg/g.
However, the majority of these studies also included
elderly patients and those with ’alarm symptoms’ in

Table 1 Patient demographics

Mean age 37.3 years

Sex Male 58 (36%)
Female 103 (64%)

Primary symptom Abdominal pain 63 (39.1%)
Diarrhoea 98 (60.9%)

Secondary symptom Abdominal pain 46 (28.6%)
Diarrhoea 30 (18.6%)
Constipation 3 (1.9%)

Mean faecal calprotectin 147 mg/g

Table 2 Investigations performed and diagnostic yield

Investigation Number Yield (%)

All 398 13.3

Colonoscopy 131 18.3

Excluding colonoscopy 267 10.9

TI/colonic biopsies 119 7.6

Barium meal and follow-through 16 6.3

CT 19 5.3

MRI small bowel 19 16.7

Capsule endoscopy 12 8.3

Upper gastrointestinal endoscopy 47 27.7

Distal duodenal biopsies 36 2.8
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whom cancer should be considered and further inves-
tigation should be mandatory.
Other investigators have previously shown a low

yield from investigating patients with a ‘borderline’
FC result of 50–100 mg/g. Zayyat et al7 reviewed all
patients with an FC between 50 and 100 mg/g from
their large dataset. Overall, 433 patients met the
inclusion criteria and underwent further investigation.
Only 10 cases of IBD were identified. In younger
adult patients, without alarm symptoms, the yield of
investigation may be even lower. Moroni et al,3 from
our own group, examined patients aged 16–50 years
old who presented with lower GI symptoms and with
an FC of 50–100 mg/g. Patients with alarm features
(PR bleeding, weight loss and anaemia) were
excluded. The yield of subsequent colonoscopy in
these patients was low (12.3%) and the NPV was
high. The NPV for any pathology was 87.7% and for
significant luminal pathology, defined as colorectal
cancer, advanced adenoma or IBD, was 100%.
Importantly, this group of patients is analogous to that
which the NICE guidelines advise screening with FC.
In the current study, we have examined this group

in even greater detail and, prompted by our own clin-
ical experience of this patient cohort, extended the
upper limit of FC in our analyses. Our findings
suggest that the yield of further endoscopic, radio-
logical and histological investigation in younger adult
patients with mildly elevated FC and without alarm
features is low and the NPV for significant luminal
pathology remains high.
A retrospective review of electronic patient records

such as this has obvious limitations compared with a
prospective study. The limited use of wireless capsule
endoscopy (WCE) to further investigate our cohort is
a further potential criticism. Although the use of

WCE as a diagnostic tool is increasing, it is often only
available in tertiary centres. Studies are time-
consuming and capsule retention can occur if a
patient has stricturing disease. It would not be feasible
or appropriate to undertake WCE in all patients pre-
senting with new lower GI symptoms and a mildly
elevated FC. Our approach to investigation is prag-
matic and likely reflects the approach of most UK gas-
troenterologists. As a result, our findings are highly
relevant to clinical practice.
A meta-analysis by Triester et al8 suggested WCE

was superior in the diagnosis of small bowel CD to
Barium radiology (63% vs 23% yield), CT enterogra-
phy/enteroclysis (69% vs 30% yield) and ileocolono-
scopy (61% vs 46% yield). Studies comparing
magnetic resonance enteroclysis (MRE) have shown
conflicting results. A small study (n=36) by Golder
et al9 suggested WCE was superior to MRE in diag-
nosing small bowel CD but a subsequent study by
Tillack and colleagues demonstrates a good correl-
ation between both modalities.10 More recently, in a
study by Wiarda et al,11 MRE had a higher sensitivity
and PPV than WCE in the diagnosis of small bowel
CD. Koulaouzidis et al12 looked at FC levels as a
selection tool for further investigation of suspected
IBD in patients with prior negative bi-directional
endoscopy. In 35 patients with an FC >100 mg/g,
42.9% had findings on WCE consistent with small
bowel CD. However, a definite diagnosis of CD was
only made in 10 (28.5%) with a median FC in this
group of 368 mg/g. Higher levels were more likely to
predict a diagnosis of CD with 50% of patients who
had an FC of >200 mg/g being diagnosed with CD
following WCE. However, in this study, patients were
investigated with WCE due to ongoing clinical suspi-
cion of CD which, in some cases, included equivocal

Figure 1 Pie-chart of diagnoses.
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small bowel imaging. In other cases, patients pro-
ceeded to WCE without any small bowel radiology.
Despite the above limitations, our study raises a

number of questions regarding our current practice
and how we best use FC as a diagnostic tool. These
include, what is the most appropriate cut-off value to
use and how do we structure further investigation and
follow-up? Previous studies suggest that the trend in
serial FC values can be a useful indicator of the likeli-
hood of significant pathology. Demir et al13 examined
patients referred from primary to secondary care with
GI symptoms in whom an FC had been checked. A
total of 2663 patients were included. The authors
looked in more detail at patients with a ‘minimally
elevated’ FC (50–150 mg/g) and those with higher
levels (150–3000 mg/g) who underwent repeat FC
testing after an interval of 6–8 weeks. In the higher
FC cohort, there were 13 new cases of IBD with a
mean increase in FC from 933 to 1666 mg/g. In 66
patients with a ‘minimally elevated’ FC, none devel-
oped IBD during the 2 years of follow-up and the
mean FC fell from 88 to 65 mg/g. Similarly in the
study by Zayyat et al,7 in 90% (9/10) of the patients
who were ultimately diagnosed with IBD a repeat FC
had increased.
Furthermore, a small study by Mohammed and

Smale14 demonstrated that after initial negative radio-
logical or endoscopic GI investigations, longer term
follow-up of patients with elevated FC <225 mg/g
failed to identify significant pathology. In all, 67
patients were followed for 3 years with no patients
found to have IBD during subsequent review. Recent
work by D’Haens et al15 in IBD patients supports the
observation that FC levels of this magnitude are not
associated with significant mucosal inflammation. In
their study which examined 126 patients with IBD,
an FC <250 mg/g was associated with mucosal
healing, predicting endoscopic remission (Crohn’s
Disease endoscopic index of severity ≤3) with 94.1%
sensitivity.
Despite having a high NPV for significant luminal

pathology, a number of different pathologies were
identified during endoscopic investigation of these
symptomatic patients. In some cases, this may have
influenced management, while in others the reassur-
ance provided by negative investigations may have
been important. However, it is worth noting that the
yield of investigation after a macroscopically normal
upper GI endoscopy and colonoscopy falls dramatic-
ally. Given these results and in light of previous
studies, we propose an alternative diagnostic approach
of repeating the FC after 6–8 weeks in patients with
values of 100–200 mg/g. If the FC has fallen
<100 mg/g then no further investigation would be
pursued; if the FC remains 100–200 mg/g or has
increased, then further investigation may be consid-
ered. However, in patients with an FC between 100
and 200 mg/g who have a macroscopically normal

upper GI endoscopy and colonoscopy, further investi-
gation would seem unnecessary. Further work is
needed to evaluate this strategy in a prospective study.

CONCLUSIONS
In adult patients under 50 years old presenting with
new non-alarm lower GI symptoms, the NPV of an
FC between 100 and 200 mg/g in excluding significant
organic GI disease is high. Patients are often exten-
sively investigated yet the overall diagnostic yield is
low and the majority of these patients have functional
disease. We suggest that the manufacturer’s FC cut-off
of 50 mg/g of stool is too low for utilisation in clinical
practice and often results in unnecessary, invasive
investigations. Repeat FC testing and clinical assess-
ment may represent a more pragmatic approach in
this patient cohort.

Significance of this study

What is already known on this subject?
Faecal calprotectin (FC) is increasingly used by clinicians
to differentiate Inflammatory Bowel Disease (IBD) from
Irritable Bowel Syndrome (IBS) but false positives are
common.

What this study adds?
In young patients without ‘alarm features’, the diagnostic
yield of investigating a mildly elevated FC (100–200 μg/g)
is low with a high negative predictive value for significant
organic disease.

How it might impact on clinical practice in the fore-
seeable future?
Current, manufacturer advised, reference ranges for FC
assays may be too low for utilisation in clinical practice.
By increasing the threshold for further investigation and/
or using serial measurements, unnecessary investigations
may be avoided.
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