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ABSTRACT

PURPOSE In specialist care, fecal calprotectin (FCal) is a commonly used nonin-
vasive diagnostic test for ruling out inflammatory bowel disease (IBD) in children
with chronic gastrointestinal symptoms. The aim of this study was to evaluate the
diagnostic accuracy of FCal for IBD in symptomatic children in primary care.

METHODS We studied 2 prospective cohorts of children with chronic diarrhea,
recurrent abdominal pain, or both: children initially seen in primary care (primary
care cohort) and children referred to specialist care (referred cohort). FCal (index
test) was measured at baseline and compared with 1 of the 2 reference standards
for IBD: endoscopic assessment or 1-year follow-up. Physicians were blinded to FCal
results, and values greater than 50 pg/g feces were considered positive. We deter-
mined specificity in the primary care cohort and sensitivity in the referred cohort.

RESULTS None of the 114 children in the primary care cohort ultimately received
a diagnosis of IBD. The specificity of FCal in the primary care cohort was 0.87
(95% Cl, 0.80-0.92). Among the 90 children in the referred cohort, 17 (19%)
ultimately received a diagnosis of IBD. The sensitivity of FCal in the referred
cohort was 0.99 (95% Cl, 0.81-1.00).

CONCLUSIONS The findings of this study suggest that a positive FCal result in
children with chronic gastrointestinal symptoms seen in primary care is not likely
to be indicative of IBD. A negative FCal result is likely to be a true negative,
which safely rules out IBD in children in whom a primary care physician considers
referral to specialist care.

Ann Fam Med 2016;14:437-445. doi: 10.1370/afm.1949.

INTRODUCTION

rimary care physicians frequently manage recurrent abdominal pain

or diarrhea in children. These symptoms account for approximately

2% to 5% of all childhood consultations.'** Although they are typi-
cally functional in origin, it is essential that organic disease be ruled out.
Inflammatory bowel disease (IBD), that is, Crohn disease and ulcerative
colitis, is an organic disease that primary care physicians should not miss.
Delay in diagnosing IBD, and the resultant delay in receipt of appropriate
treatment, may prolong suffering and can lead to complications such as
anemia, irreversible growth failure, and delayed sexual maturation.*®

According to guidelines, primary care physicians should refer children

with chronic diarrhea, recurrent abdominal pain, or both for specialist care
if red flags are present.®” The red flags are nonspecific and discriminate

810 often

poorly between functional and organic gastrointestinal diseases,
leading to referral and extensive diagnostic testing. For children with
functional disorders, referral or extensive testing may delay appropriate
interventions and further decrease well-being.!"'?

Calprotectin is a calcium-binding protein released from neutrophils
during intestinal inflammation that can be easily measured in feces.'*'* In

specialist care, evidence shows it to be a useful, simple, noninvasive test
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that can rule out IBD in children with gastrointesti-

nal symptoms.'>""” The diagnostic accuracy of fecal
calprotectin (FCal) has not been assessed in children
evaluated in primary care, however.'”'®!? Primary and
specialist care often have different populations, case
mixes, and disease severity, which can affect the pre-
test probability of IBD and the sensitivity and specific-
ity of the FCal test. The diagnostic accuracy of FCal

in the primary care setting should therefore be clarified
before this test is recommended for routine use in pri-
mary care. We set out to study the diagnostic accuracy
of FCal for identifying IBD in children with chronic
gastrointestinal symptoms in primary care.

METHODS

Study Design

This was a prospective cohort study with a delayed-
type cross-sectional design.?® Children in the Neth-
erlands with chronic gastrointestinal symptoms were
included from July 2011 to July 2013 and had 12
months of follow-up. We studied 2 cohorts: (1) the pri-
mary care cohort consisted of consecutive children who
were seen by any of 64 primary care physicians (38
practices); (2) the referred cohort consisted of consecu-
tive children who were referred for diagnostic workup
by primary care physicians and general pediatricians to
any of 4 general hospitals or 3 academic centers, as well

as children selected from the primary care cohort based
on the presence of at least 1 red flag (Figure 1).

The medical ethics committee of the University
Medical Centre Groningen approved the study. Writ-
ten informed consent was provided by the parents of
all children and by all children aged 12 years or older.
The study design has been described in more detail
elsewhere !

Participants

Children aged 4 to 18 years who sought care for
chronic diarrhea, recurrent abdominal pain, or both
were eligible. Chronic diarrhea was defined as soft to
watery stool (score of 5, 6, or 7 on the Bristol stool
chart??) for at least 2 weeks or at least 2 episodes in the
past 6 months. Recurrent abdominal pain was defined
as at least 2 episodes of abdominal pain or discomfort
in the past 6 months. Children were excluded if they
had a previous diagnosis of chronic organic gastroin-
testinal disease; an evaluation with endoscopy or FCal
for gastrointestinal symptoms in 6 months before this
study; or difficulty in understanding questionnaires.
Furthermore, we excluded children with long-term
use (>3 months) of antibiotics, nonsteroidal anti-
inflammatory drugs, or oral corticosteroids in the past
6 months, as well as those aged younger than 4 years,
because previous studies have demonstrated elevated

calprotectin concentrations in these groups.?32*

Figure 1. Patient flow in the study.

Primary care

131 assessed for eligibility

Y

A

114 included in study

Excluded

No chronic diarrhea or recurrent abdominal
pain (O in primary care; 9 in specialist care)

Declined participation (17 in primary care; _
15 in specialist care) =

No informed consent (O in primary care;
7 in specialist care)

Specialist care

97 assessed for eligibility

Y
66 included in study

Y Y

\ 4 Y

90 nonreferred

24 with red flags referred by primary care physician

41 referred by pri- 25 referred by gen-

mary care physician eral pediatrician

\ 4

Primary care cohort
103 analyzed for specificity in nonimputed data set
114 analyzed for specificity in imputed data set
Missing
10 had no stool sample at baseline
1 had no stool sample or diagnosis

Referred cohort
85 analyzed for sensitivity in nonimputed data set
90 analyzed for sensitivity in imputed data set
Missing
4 had no stool sample at baseline
1 had no stool sample or diagnosis

Note: The group of children who were mainly seen in primary care and selected for referral to specialist care based on >1 red flags were evaluated in both analyses.
Fecal calprotectin was not measured in 14 children because no stool sample was collected (9 children), the sample was not stored (2 children), or the sample of feces
was too small (3 children). Two children with no stool sample were evaluated in both analyses.
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Baseline Evaluation

All participating physicians assessed children for the
presence of 10 red flags suggestive of IBD using a struc-
tured evaluation form. These red flags consisted of 6
alarm symptoms and 4 blood markers (Table 1).2°%”
Feces were tested for pathogens—Salmonella enterica,
Campylobacter jejuni, Shigella spp/enteroinvasive Escherichia
coli (EIEC), and Shiga toxin—producing Escherichia coli
(STEC)—and for parasites— Giardia lamblia, Cryptospo-
ridium spp, Dientamoeba fragilis, and Entamoeba histolytica—
using real-time polymerase chain reaction.

Patient Flow

All children in the primary care cohort were evalu-
ated by their primary care physician. Children were
selected for further diagnostic workup based on the
presence of at least 1 red flag. Children in the referred
cohort were evaluated by a pediatric gastroenterolo-
gist, who decided whether the child required endo-
scopic evaluation. All children were followed up for 1
year, during which time the attending physician was
free to refer a child for further diagnostic workup.

At 1 year, the physician did a structured physical
examination of all children with persisting gastroin-
testinal symptoms who had not received a diagnosis
of IBD. Children with at least 1 red flag at this time
were seen by a pediatric gastroenterologist for further
evaluation. The attending physicians of children lost
to follow-up were contacted after 1 year to provide
updated information on persisting symptoms and addi-
tional diagnoses.

Confirmatory Diagnosis
IBD was diagnosed by esophagogastroduodenoscopy,
ileocolonoscopy, and histopathologic examination

according to the Porto criteria.® A negative endoscopy
was defined as the absence of endoscopic and histo-
pathologic findings of IBD. Children were considered
not to have IBD if, after 12 months, the attending phy-
sician found no red flags or the pediatric gastroenter-
ologist decided that red flags were not related to IBD.

Index Test

We used as the index test an FCal test with a low-

est sensitivity of 19.5 ng/g feces and a cutoff point of
greater than 50 pg/g feces according to the manufac-
turer. Stool samples collected at baseline were stored at
—80°C and analyzed by a commercially available quan-
titative enzyme-linked immunosorbent assay (PhiCal
test, Calpro AS) at the end of the data collection period
(September 2014) in the department of clinical chemis-
try at Erasmus Medical Center. All physicians, patholo-
gists, researchers, and patients were blinded to the
outcome of the FCal test and were not allowed to apply
for another FCal test during the data collection period.
The laboratory staff evaluating FCal were blinded to
the children’s clinical characteristics and diagnoses.

Statistical Analysis

Very few children seen in primary care with chronic
gastrointestinal symptoms have IBD. When introduc-
ing new tests in these children, it is important that
false-positive outcomes are minimized to avoid refer-
rals for endoscopies. We therefore estimated specificity
with adequate precision of FCal measurements in the
primary care cohort. Given an expected specificity
of 93%,'82839 3 95% CI and precision of 5%, an IBD
prevalence of 5%, and a loss to follow-up of 10%, we
needed to include 118 children in the primary care
cohort.

Table 1. Definitions of Red Flags in Inflammatory Bowel Disease

Definition of Positive Finding

Red Flag Method of Ascertainment
Alarm symptoms

Involuntary weight loss History

Rectal blood loss History

Family history of 1BD History

Growth failure
Extraintestinal symptoms

History and physical examination
Physical examination

Perianal lesions Physical examination
Blood markers

Hemoglobin Local laboratory

Creactive protein
Erythrocyte sedimentation rate
Platelet count

Local laboratory
Local laboratory
Local laboratory

Involuntary decrease in weight of >1 kg

Rectal blood loss with defecation without constipation according to
Rome III criteria

Affected first-degree relative(s)
Target height range > -1 standard deviation score

Eyes (episcleritis, scleritis, uveitis), skin (erythema nodosum, pyoderma
gangrenosum, psoriasis), mouth ulcers, finger clubbing, arthritis

Skin tags, hemorrhoids, fissures, fistulas, abscesses

Age 4-12 y: <7.1 mmol/L; age 12-18 y: boys <8.1 mmol/L, girls
<7.4 mmol/L?»

>10 mg/L?®
>20 mm/h?®
>450 x 10%/L%

IBD = inflammatory bowel disease.
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The likelihood of IBD increases in children in
whom the primary care physician considers a refer-
ral. In this group, it is important not to miss a case
of IBD, and a low false-negative rate is preferred. We
therefore estimated sensitivity with adequate precision
of FCal measurement in the referred cohort. Given an
expected sensitivity of 95%,'%2%3° a2 95% CI and preci-
sion of +10%, an IBD prevalence of 20%, and a loss to
follow-up of 10%, we needed to include 100 children
in the referred cohort.?!

For secondary outcomes, we calculated specificity,
posttest probability, and area under the receiver oper-
ating characteristic curve (AUC) with the 95% Cl in
the referred cohort. We also determined the effect of
applying different FCal cutoff values (>50 pg/g, >100
ng/g, >250 pg/g)'*
of referrals, and missed diagnoses of IBD.

on the test characteristics, number

We assumed that children included in specialist
care were comparable to those with at least 1 red flag
from the primary care cohort. To test this assump-
tion, we compared the characteristics of these groups.
In order to evaluate spectrum bias (whereby the test
setting affects the test performance), we performed
subgroup analyses in the referred cohort, comparing
children who were referred by a primary care physi-
cian with those referred by a general pediatrician. To
evaluate the likelihood of differential verification bias,3?
we separately calculated the test characteristics for
both endoscopy and 12-month follow-up.

We conducted a missing value analysis to rule out
missing not at random (MNAR) as a possible explana-
tion for missing data from the variables of FCal and
diagnosis. The missing data were replaced based on a
multiple imputation procedure (conditional specifica-
tion, predictive mean matching,® 20 iterations, and 20
data sets). The patient characteristics, all symptoms,
all diagnostic tests, setting, endoscopy performed, and
whether IBD was diagnosed were included as predic-
tors. We used the Rubin rule to calculate the pooled
AUC 3* Results of the analyses on the nonimputed and
imputed data sets were compared to assess the effect of
multiple imputations on diagnostic accuracy. Statistical
analyses were performed with IBM SPSS for Windows,
version 20.0 (IBM Corp).

RESULTS

Participants

The primary care cohort had 114 children, and the
referred cohort had 90 children (24 with red flags from
primary care plus 66 from specialist care) (Figure 1).
Table 2 shows that the 66 children from specialist care
more often had weight loss, extra-intestinal symptoms,
and decreased hemoglobin levels compared with the

24 children with red flags from primary care. The 25
children who were referred to the pediatric gastroen-
terologist by a general pediatrician showed a higher
IBD prevalence than the 65 children who were referred
by their primary care physician (12 vs 5 cases).

Diagnoses

None of the children in the primary care cohort
received a diagnosis of IBD (Table 3). The final diag-
nosis was based on 12 months' follow-up in 111 chil-
dren and endoscopy in 2 children. Of the 90 children
in the referred cohort, 29 (32%) underwent endoscopic
evaluation, and 17 (19%) ultimately received a diagno-

sis of IBD.

Fecal Calprotectin

The median intervals from stool collection to endos-
copy were 4 days and 8 days for children with IBD
and without IBD, respectively; however, 11 of the

27 children (2 had missing samples) who underwent
endoscopy experienced a delay of more than 1 month.
Two children in the primary care cohort had similar
calprotectin values in samples collected at baseline and
shortly before endoscopy. In total, values were missing
for 11 children (9.6%) in the primary care cohort and 5
(5.5%) in the referred cohort.

The contingency tables and test characteristics for
FCal by follow-up or endoscopy are presented in Fig-
ure 2 for the nonimputed data set. The outcomes were
comparable for all parameters in the imputed and non-
imputed data sets. In the imputed data set, the specific-
ity of FCal for IBD in the primary care cohort was 0.87
(95% CI, 0.80-0.92). Six of the 24 children with red
flags and 9 of the 90 children without red flags had a
positive calprotectin value. In the referred cohort, the
sensitivity was 0.99 (95% CI, 0.81-1.00). The AUC of
FCal in referred children cohort was 0.98 (95% CI,
0.96-1.00).

In subgroup analyses, the sensitivities of the test
in children referred to specialist care by their primary
care physician and by a general pediatrician were 0.98
(95% CI0.58-1.00) and 1.00 (95% CI. 0.76-1.00),
respectively. An increase in the cutoff value for FCal
from 50 pg/g to 250 pg/g feces in the referred cohort
would lead to an extra 14% reduction in referrals for
diagnostic workup for IBD, but would also increase the
percentage of missed IBD diagnoses from 0% to 18%

(Table 4).

DISCUSSION

This is the first study to evaluate the test character-
istics of FCal as a marker for IBD in children seen for
chronic gastrointestinal symptoms in primary care.
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None of the children in the primary care cohort
ultimately received a diagnosis of IBD, suggesting
that children with chronic gastrointestinal symptoms
should not be referred directly for evaluation of IBD.
Current guidelines recommend referral for diagnostic
workup based on the presence of red flags. In our pri-
mary care cohort, referrals based on red flags would
have resulted in a higher false-positive referral rate for
IBD compared with referrals based on FCal exceeding
50 pg/g feces. To date, however, there is insufficient
evidence to recommend FCal as a tool to guide deci-
sions about referral for diagnostic workup of all chil-
dren with chronic gastrointestinal symptoms seen in
primary care.

FCal showed high sensitivity (0.99; 95% CI, 0.81-
1.00) in the referred cohort. Therefore, a negative FCal
result may safely rule out IBD and thereby reduce the
number of referrals for evaluation of IBD in children

whom the primary care physician considers a referral.
Nevertheless, the 95% Cls of the false-negative rates
are large because of the relatively small numbers of
children with IBD included in our study and should
be interpreted with caution. In this study we focused
on IBD, but from the point of view of the primary care
physician, it is important to determine whether the
symptoms are related to any organic disease. In addi-
tion to 17 children with IBD, 3 children were found to
have other organic diseases (1 had celiac disease, 1 had
reflux esophagitis, and 1 had a solitary rectal ulcer).
Children with celiac disease and reflux esophagitis had
normal FCal levels and would have been missed if a
referral had been solely based on the results of this test.
Cutoff points might need to be higher in primary
care to maintain a high negative predictive value.®
Although we found that an increase of the threshold
from 50 pg/g to 250 pg/g feces reduced referrals by

Table 2. Baseline Characteristics of the Primary Care Cohort and the Referred Cohort
Referred Cohort
Main Analysis Referred Cohort by Origin by Referral
Primary Care Referred by Referred
Primary Referred Patients With Specialist Primary Care by General
Care Cohort Cohort Red Flag(s) Care Patients Physician Pediatrician
Characteristic (n=114) (n=90) (n=24) (n=66) (n=65)° (n=25)
Male, No. (%) 38 (33) 37 (41) 8 (33) 29 (44) 29 (45) 8 (32)
Age, median (IQR), y 9 (6-12) 11 (7-15) 9 (6-14) 12 (7-15) 10 (7-14) 14 (10-15.5)
Presenting symptoms
Recurrent abdominal pain, No. (%) 88 (77) 58 (64) 16 (67) 42 (64) 38 (59) 20 (80)
Chronic diarrhea, No. (%) 74 (65) 62 (69) 17 (71) 45 (68) 40 (62) 22 (88)
Involuntary weight loss, No. (%) 5 (4) 23 (26) 1(4) 22 (33) 10 (15) 13 (52)
Rectal blood loss, No. (%) 7 (6) 27 (30) 6 (25) 21 (32) 13 (20) 14 (56)
Family history of IBD, No. (%) 5 (4) 11 (12) 5(21) 6 (9) 9 (14)¢ 2 (8)
Growth failure, No. (%) 4 (3) 6(7) 3 (13) 3 (5) 6 (9) 0(0)
Extraintestinal symptoms, No. (%) 0(0) 13 (14) 0(0) 13 (20) 4 (6) 9 (36)
Perianal lesions, No. (%) 7 (6) 13 (14) 7 (29) 6 (9) 9 (14) 4 (17)¢
Positive blood markers, n/N (%)
Hemoglobinf 17111 (1) 11/86 (13) 1/24 (4) 10/62 (16) 5/61 (8) 6/25 (24)
CRP (>10 mg/L) 2/110 (2) 10/76 (13) 2124 (8) 8/52 (15) 5/56 (9) 5/20 (25)
ESR (>20 mm/h) 5/111 (5) 16/83 (19) 5/24 (21) 11/59 (19) 8/59 (14) 8/24 (33)
Platelet count (>450 x 10%/L) 4/111 (4) 7186 (8) 2/24 (8) 5/62 (8) 4/61 (7) 3/25 (12)
Anti-tissue transglutaminase,® n/N 0/100 0/72 0/21 0/51 0/55 0/18
>1 Red flag," No. (%) 29 (25) 68 (76) 24 (100) 44 (67) 43 (66) 25 (100)
Endoscopy, No. (%) 2(2) 29 (32) 2 (8) 27 (41) 9 (14) 20 (80)
IBD, No. (%) 0 (0) 17 (19) 0 (0) 17 (26) 5/64 (8) 12 (48)
CRP = Creactive protein; ESR = erythrocyte sedimentation rate; IBD = inflammatory bowel disease; IQR = interquartile range.
2Five children with red flags were ultimately not seen by a pediatric gastroenterologist: 3 declined because of reduced symptoms, 2 were lost to follow-up.
b Including primary care physicians who did not participate in this study.
<Three children had no further weight loss after 3 weeks.
9 Denominator is 64.
¢ Denominator is 24.
fAge and sex specific: aged 4-12 years <7.1 mmol/L; aged 12-18 years: boys <8.1 mmol/L, girls <7.4 mmol/L.
9 Twenty-five children had IgA deficiency.
" Growth failure, involuntary weight loss, rectal blood loss, family history of IBD, extraintestinal symptoms, perianal lesions, positive blood markers (hemoglobin, CRP, ESR,
platelet count).

ANNALS OF FAMILY MEDICINE + WWW.ANNFAMMED.ORG *+ VOL. 14, NO. 5 + SEPTEMBER/OCTOBER 2016

~ g



WWW.ANNFAMMED.ORG
WWW.ANNFAMMED.ORG

FECAL CALPROTECTIN

Table 3. Prevalence of Symptoms, Blood Marker Positivity, and FCal Positivity by Final Diagnosis

Symptom Blood Marker  FCal >50 pglg, Range of FCal,
Diagnosis No. (%) Positive,® No. Positive,® No. No. Holg
Primary care cohort
Functional gastrointestinal disorder 108 (95) 24 9 12 20-257
Gastroenteritis® 5 (45) 0 0 1 20-88
Declined endoscopy 1(1) 1 0 - -
Referred cohort
IBD
Crohn disease 7 (8) 7 7 6 152-2,823
Ulcerative colitis 8 (9) 7 4 8 53-916
IBD unclassified 2(2) 2 1 79-778
Non-IBD
Functional gastrointestinal disorder 66 (73) 40 12 10 20-185
Gastroenteritis 3(3) 1 0 0 20-45
Reflux esophagitis 1(1) 0 0 0 22
Celiac disease 1(1) 1 0 0 20
Solitary rectal ulcer 1(1) 1 0 1 299

FCal = fecal calprotectin; IBD = inflammatory bowel disease.

2 Presence of 1 or more of the following: growth failure, involuntary weight loss, rectal blood loss, extraintestinal symptoms, perianal lesions, family history of IBD.
bHemoglobin (4-12 years old <7.1 mmol/L; 12-18 years old: boys <8.1 mmol/L, girls <7.4 mmol/L), Creactive protein (>10 mg/L), erythrocyte sedimentation rate
(>20 mm/h), platelet count(>450 x 10°/L).

<Due to Salmonella enterica (O cases included by primary care physician; 2 cases included by pediatrician), Shiga toxin—producing Escherichia coli (STEC) (1 and 0), and
Giardia lamblia (4 and 1).

Note: One child declined endoscopy and evaluation of red flags at 12 months’ follow-up, so the diagnosis was unknown. Nine children without IBD, including 1 child
with a solitary rectal ulcer, underwent upper and lower endoscopy, including ileal intubation. The remaining 3 children did not undergo complete endoscopic evalua-
tion for various reasons: the colonoscopy was prematurely terminated because of mucosal bleeding in 1 child with a functional gastrointestinal disorder, but was not
repeated because symptoms subsided; 1 child with a functional gastrointestinal disorder underwent colonoscopy only, but not esophagogastroduodenoscopy; and 1

child received a diagnosis of celiac disease by esophagogastroduodenoscopy only.

14% (with a drop from 32% to 18% referred), this
threshold also led to false-negative results and missed
cases of IBD (with an increase from 0% to 18% cases
missed) in the referred cohort. A pragmatic approach
may be to monitor children with an initial calprotectin
value between 50 pg/g and 250 pg/g feces. Children
whose symptoms persist and whose calprotectin val-
ues remain high can still be referred later. A similar
approach has been suggested for adults in primary
care, where it was suggested that patients with irritable
bowel syndrome and an initial FCal value between 50
ng/g and 150 pg/g feces who have persistent symptoms
without treatment should be retested after 3 months.?
The specificity of 0.87 that we identified in the
primary care cohort is higher than that reported
in studies performed in specialist care, where the
pooled specificity ranged between 0.68 and 0.76.
We expected lower specificities because the patient
mix was thought to be more diverse in primary care

15-17

and because calprotectin concentrations increase in
conditions such as gastroenteritis.3>* Moreover, in the
referred cohort, the specificity of FCal was lower in
children who underwent endoscopy (0.67) than in
those who received clinical follow-up (0.87). The
higher specificity might be explained by higher num-

bers of children with functional disease in the primary
care cohort and in children with clinical follow-up in
the referred cohort. Consequently, the test setting (pri-
mary vs specialist care) might affect the specificity of
FCal (spectrum bias).

We found a sensitivity of 0.99 in the referred
cohort, which is comparable to that reported in other
studies performed in specialist care (IBD prevalence
of about 60%), where the pooled sensitivity ranged
between 0.92 and 0.98.°""7 The reported sensitivity of
FCal in this study might be an overestimation of that
in children in whom a primary care physician consid-
ers a referral for diagnostic workup. In the subgroup
of children referred by a primary care physician (IBD
prevalence of 8%), the sensitivity was comparable
to that in children referred by a general pediatrician
(IBD prevalence of 48%) (0.98 vs 1.00). We therefore
assume that spectrum bias did not substantially affect
the sensitivity of FCal. Lack of spectrum bias might be
explained by the fact that the intestinal inflammation
caused by IBD is usually severe enough to increase the
calprotectin value to more than 50 pg/g feces, even in
the early stages of the disease. A meta-analysis showed
that sensitivity remains stable over a range of preva-
lences and is not substantially influenced by spectrum
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Figure 2. Flow charts and contingency tables for the calculation.
of diagnostic accuracy in the primary care cohort and referred cohort,
using the nonimputed data set.

Referred cohort

85 selected with chronic GI symp-
toms referred to specialist care
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103 with chronic GI symp-
toms in primary care
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Specificity: 0.87 (95% Cl, 0.80-0.92) Sensitivity: 1.00 (95% Cl, 0.81-1.00)
Specificity: 0.84 (95% Cl, 0.74-0.91)
PPV: 0.59 (95% Cl, 0.41-0.75)

NPV: 1.00 (95% Cl, 0.94-1.00)

NPV = negative predictive value.

Note: The left flow chart shows the specificity of FCal (>50 pg/g) for IBD in the primary care cohort (11 missing
values). Specificity of standard follow-up and endoscopy were 0.88 (95% Cl, 0.80-0.93) and 0.50 (95% Cl, 0.09-
0.91), respectively. The right flow chart shows the test characteristics of FCal (>50 ug/g) for IBD in the referred
cohort (5 missing values). Sensitivity of the reference standards of follow-up and endoscopy were 1.00 (95% Cl,
0.34-1.00) and 1.00 (95% Cl, 0.78-1.00), respectively; values for specificity were 0.87 (95% Cl, 0.76-0.93) and
0.67 (95% Cl, 0.35-0.88), respectively.

FCal = fecal calprotectin; Gl = gastrointestinal; IBD = inflammatory bowel disease; PPV = positive predictive value;

Table 4. Test Characteristics at Increasing Calprotectin Cutoff Levels
in the Referred Cohort Using the Imputed Data Set (n = 90)

Fecal Calprotectin Cutoff

Test Characteristic >50 pglg >100 pglg >250 pglg

Sensitivity (95% Cl)
Specificity (95% ClI)
PPV (95% Cl)
NPV (95% Cl)

Referrals avoided, No. (%)*

0.99 (0.81-1.00)

0.84 (0.74-0.91)

0.60 (0.42-0.76)

1.00 (0.94-1.00)
61 (68)

0.87 (0.65-0.96)
0.93 (0.84-0.97)
0.74 (0.53-0.88)
0.97 (0.89-0.99)

0.81 (0.58-0.93)

0.98 (0.92-0.99)

0.92 (0.69-0.98)

0.96 (0.88-0.98)
74 (82)

69 (77)
Missed cases of IBD, No. (%)° 0 (0) 2 (12) 3 (18)

NPV = negative predictive value; PPV = positive predictive value; IBD = inflammatory bowel disease.

2 Denominator is the 90 children in the referred cohort.
b Denominator is the 17 children in the referred cohort ultimately given a diagnosis of IBD.

Note: Pretest probability of IBD in this sample was 19%.

bias.?” A normal FCal level thus could be used to pre-
vent a referral of children with functional symptoms
to specialist care.

Ideally, a study of FCal
would include consecutive chil-
dren with symptoms suggestive
of IBD initially evaluated in
primary care. This design would
be extremely time consuming
and costly, however. In order to
reflect daily, real-world practice,
we included a cohort of chil-
dren in whom the primary care
physician considered a refer-
ral for diagnostic workup for
chronic gastrointestinal symp-
toms. We assumed that the chil-
dren first seen in specialist care
were comparable to the selected
children with red flags seen in
the primary care cohort. We are
confident that this assumption
is valid as there were only a few
differences in characteristics
between these groups. Children
referred by a primary care phy-
sician had a lower probability
of IBD (8%) than those referred
by a general pediatrician (48%),
however. These findings are
consistent with what one might
expect in the Dutch health care
system, where children can
consult a pediatrician only after
obtaining a referral from their
primary care physician, and a
pediatric gastroenterologist can
be consulted only after a refer-
ral from a primary care physi-
cian or general pediatrician.
Comparable health care systems
exist in the United Kingdom,
Scandinavia, Canada, New Zea-
land, and Australia.?®

Not all patients received
the same reference standard
test, which may cause dif-
ferential verification bias.3?

As it is unethical to perform
endoscopy in children with

a low likelihood of organic
gastrointestinal disease, these
children received follow-up
evaluations over 1 year. An

important aspect for deciding whether the verification
leads to biased estimates of accuracy is the length of
the follow-up period. We are confident that we identi-
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fied all children with IBD, because of the extremely
low probability that a child without red flags or indi-
cation for endoscopy during 1 year of follow-up has
the disease.’* We did not identify new cases of IBD at
the end of the follow-up period, even among children
who developed red flags. Only 2 children ultimately
received a diagnosis of IBD within the follow-up period
(both at 6 months). The use of follow-up in children

in whom endoscopy is not considered ethical does

not correspond very well with the ideal situation that
arises when the diagnosis of all cases is determined by
endoscopy. Following children during 1 year is the best
option given the reality of clinical care, however.?

To recommend a test in a new setting, the diagnos-
tic value of that test needs to be investigated in that
setting.*® We found that, in selected children in whom
a primary care physician considers a referral, FCal has
satisfactory discriminatory power between children
with and without IBD. Of greater clinical relevance,
however, is whether FCal can add to the diagnostic
information that is readily available from a thorough
history and physical examination.*' Moreover, the
added value of commonly used blood markers should
be compared with the added value of FCal. Further
research is therefore needed to determine whether
FCal should be incorporated into the routine diagnos-
tic evaluation of pediatric patients with chronic gastro-
intestinal symptoms and red flags in primary care. In
addition, research should be performed to evaluate the
cost-effectiveness of FCal in primary care.

To read or post commentaries in response to this article, see it
online at http://lwww.annfammed.org/content/14/5/437.

Key words: inflammatory bowel disease; calprotectin; child; sensitivity
and specificity; primary health care; practice-based research
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