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Abstract
Background: Recent data imply young patients (age �50 years) undergoing small-bowel (SB) capsule endoscopy (CE) for

iron deficiency anaemia (IDA) show higher diagnostic yield (DY) for sinister pathology. We aimed to investigate DY of CE in a

large cohort of young IDA patients, and evaluate factors predicting significant SB pathology.
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Guimarães, Portugal
6Department of Gastroenterology, Skåne University Hospital, Malmö, Lund
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Materials and methods: This was a retrospective, multicentre study (2010–2015) in consecutive, young patients (�50 years)

from 18 centres/12 countries, with negative bidirectional gastrointestinal (GI) endoscopy undergoing SBCE for IDA. Exclusion

criteria: previous/ongoing obscure-overt GI bleeding; age <19 or >50 years; comorbidities associated with IDA. Data

retrieved: SBCE indications; prior investigations; medications; SBCE findings; final diagnosis. Clinical and laboratory data

were analysed by multivariate logistic regression.

Results: Data on 389 young IDA patients were retrieved. In total, 169 (43.4%) were excluded due to incomplete clinical data;

data from 220 (122F/98M; mean age 40.5� 8.6 years) patients were analysed. Some 71 patients had at least one clinically

significant SBCE finding (DY: 32.3%). They were divided into two groups: neoplastic pathology (10/220; 4.5%), and non-

neoplastic but clinically significant pathology (61/220; 27.7%). The most common significant but non-neoplastic pathologies

were angioectasias (22/61) and Crohn’s disease (15/61). On multivariate analysis, weight loss and lower mean corpuscular

volume(MCV) were associated with significant SB pathology (OR: 3.87; 95%CI: 1.3–11.3; p¼ 0.01; and OR: 0.96; 95%CI: 0.92–

0.99; p¼ 0.03; respectively). Our model also demonstrates association between use of antiplatelets and significant SB

pathology, although due to the small number of patients, definitive conclusions cannot be drawn.

Conclusion: In IDA patients �50 years with negative bidirectional GI endoscopy, overall DY of SBCE for clinically significant

findings was 32.3%. Some 5% of our cohort was diagnosed with SB neoplasia; lower MCV or weight loss were associated

with higher DY for SB pathology.
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Background

In the developed world, iron deficiency anaemia (IDA)
is estimated to affect about 5–10% of premenopausal
women and 2–5% of men and postmenopausal
women.1,2 Therefore, IDA accounts for up to 13% of
gastrointestinal (GI) referrals, representing a significant
burden of GI disease.3,4 Despite an increased uptake of
bidirectional GI endoscopy in the diagnostic evaluation
of IDA,3 30–50% of patients remain undiagnosed.4 In
these patients, recent guidelines based on moderate to
weak evidence3 suggest initial treatment with iron sup-
plementation. Although current guidelines do not rec-
ommend further direct visualisation of the small bowel
(SB), unless there are symptoms suggestive of SB dis-
ease or refractory IDA, anecdotally it is now routine to
perform SB capsule endoscopy (SBCE) in patients fol-
lowing negative bidirectional endoscopy.

Small-bowel tumours (or malignancy) have a preva-
lence of 3–9% in patients undergoing SB evaluation5,6

and although uncommon, they are of particular
importance due to their poor prognosis. Furthermore,
an increasing incidence of SB malignancy has been
documented over the past few decades.7,8 Previous
SBCE studies have shown that the aetiology of GI
blood loss differs with patient demographics. Young
patients are more likely to bleed from SB malignancies,
Dieulafoy lesions, Meckel’s diverticula, polyps or
Crohn’s disease (CD). Conversely, those older than
40 are more likely to have angioectasias or non-
steroidal anti-inflammatory drug (NSAIDs)-induced

ulceration.9–11 Therefore, due to current guidelines,
younger patients may be at risk of delayed diagnosis,
which could adversely impact outcomes.12

Young patients represent a small proportion of
patients undergoing SBCE. Moreover, to the best of
our knowledge, only a couple of studies focusing on
young IDA patients undergoing SB evaluation are
available to date.10,11 With this retrospective study,
we aimed to estimate the diagnostic yield (DY) of
SBCE for SB pathology – in particular, the prevalence
of SB neoplasia – in a large cohort of young patients
(age� 50 years) with IDA and negative bidirectional GI
endoscopy. We also aimed to assess possible predictive
factors associated with the occurrence of significant SB
pathologies.

Materials and methods

This was a retrospective study. High-volume SBCE
providers (>100 CE cases/ year) were invited to con-
tribute data on consecutive patients undergoing SBCE
between 2010 and 2015. Inclusion criteria were age 19–
50 (inclusive), presenting with IDA based on the World
Health Organization criteria (Hb <13 g/dl in men and
<12 g/dl in women, with evidence of iron deficiency:
mean corpuscular volume (MCV) <80 or ferritin
<12–15mg/l), and negative upper and lower GI endos-
copy evaluation. Exclusion criteria were previous (or
ongoing) obscure-overt GI bleeding (to homogenise
the included patients), patients referred for SBCE for
indications other than IDA, or presence of any
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comorbidity that could also cause IDA (e.g. known
inflammatory bowel disease, coeliac disease, end-stage
renal failure, prosthetic heart valve). We only
included women with recent complete gynaecological
evaluation to exclude any cause of excessive gynaeco-
logical blood loss.

Structured data collection questionnaires were sent
to all participating centres. We collected data on patient
demographics (age, gender), medical history including
weight loss and comorbidities, indications for
SBCE, investigations performed before SBCE
(haemoglobin(Hb) at time of SBCE and lowest rec-
orded value if available, MCV, GI endoscopies/cross-
sectional imaging, duodenal biopsies/coeliac serology),
medications (NSAIDs, antiplatelet agents, warfarin/
heparin), findings, final diagnosis and outcomes (if
known or if followed-up within the study period).
SBCE videos were analysed by local SBCE readers as
part of standard clinical care; no further central CE
reading was performed. Local investigators were
asked to categorise findings according to their clinical
relevance using the Saurin score;13 SBCE were deemed
positive when containing at least one P2 SB finding,
that is, a finding which could explain symptoms and/
or guide further workup. For the purpose of further
analysis, P2 CE findings were eventually categorised
as neoplastic or non-neoplastic but clinically signifi-
cant. In order to allow for variations in practice
between participating centres and to accommodate
missing data, a minimum data set was defined for inclu-
sion: patients had to have had Hb at time of SBCE,
MCV, negative bidirectional GI endoscopies and CE
results.

Continuous variables are presented as means (SD) or
medians (IQR), as appropriate. Categorical variables
are presented as numbers (%). Due to the number of
variables, CE findings were analysed by multivariate
logistic regression using five multiple imputed datasets
to adjust for missing values of ferritin and lowest rec-
orded Hb in some patients. This allowed maximal use
of our data while minimising bias from missing
values.14,15 Further variable selection was done using
backwards elimination. For model comparison, the
log likelihood test was used, with a p-value of 0.157
deemed to be of statistical significance.16,17

All patient identifiable data were anonymised during
collection. No specific ethical approval needed to be
obtained as all data were collected during routine
patient care.

Results

Cases were collected from 18 centres in 12 countries.
Data on 389 patients (262 F/127 M; mean age
39.4� 9.3 years) were scrutinised. In total, 220 patients

(122 F/98 M; mean age 40.5� 8.6 years) had sufficient
data for inclusion in the final analysis, as defined by the
minimum data set (Figure 1). The patients’ clinical
characteristics are summarised in Table 1. At presenta-
tion, the mean Hb for our patient group was
9.27� 2.36 g/dl, mean MCV was 71.54� 9.59 fl and
mean ferritin was 13.16� 29.65mg/l.

Among the 220 patients, 71 had a positive CE (DY
71/220; 32.3%). Subsequently, patients with positive
CE were divided according to final diagnosis into two
groups (Figure 2): patients with neoplastic SB path-
ology (10/220; 4.5%), and non-neoplastic albeit clinic-
ally significant CE findings (61/220; 27.7%). The most
common non-neoplastic but significant findings were
SB angioectasias (22/61) and SB Crohn’s disease (15/
61) (Table 2). In total, 17 patients reported weight loss
at presentation. Two of this group eventually had neo-
plastic pathology and nine had non-neoplastic but sig-
nificant findings, that is, 2/10 (20%) of patients with
neoplasia presented with weight loss, compared with
9/61 (14.8%) of patients with non-neoplastic findings
and 6/149 (4%) of patients with normal or insignificant
findings. In the patients with neoplasia, 6/10 had under-
gone computed tomography (CT) or magnetic reson-
ance (MR) imaging prior to CE with no pathology yield
(hence the investigation with CE). Some 22/61 of
patients with significant non-neoplastic pathology,
and 40/149 of patients with normal CE, had had pre-
vious CT or MR imaging.

All possible predictive factors included were sub-
jected to variable selection to identify the best pre-
dictors of significant SB pathology (both neoplastic
and non-neoplastic). These were: ferritin, MCV, pres-
ence of weight loss and use of antiplatelet pharmaco-
logic agents (see supplementary material). On
multivariate analysis (Table 3), lower MCV was asso-
ciated with clinically significant SB pathology (OR

389 patients collected

169 excluded (43.4%)

Final analysis: 220 patients

(122 F/98 M; mean age 40.5±8.6 years)

(262 F/127 M; mean age 39.4±9.3 years)

Missing data: bidirectional GI endoscopy
results, information on Hb/MCV at time

of diagnosis/referral, gynaecological
examination (where appropriate),

negative coeliac serology and/or biopsies
to rule out coeliac disease

Figure 1. Patient selection in our study.
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0.96; 95%CI 0.92–0.99; p¼ 0.03), that is, the odds of
diagnosing significant SB pathology in CE were
increased 4% for every unit of decrease in MCV.
Furthermore, the presence of weight loss at clinical
presentation increased the odds of significant SB path-
ology 3.85 times (OR 3.85; 95%CI 1.31–11.13;
p¼ 0.01). Lastly, our model suggests a possible associ-
ation between the use of antiplatelet medications and
the presence of significant findings (OR 3.74; 95%CI
0.765–18.313; p¼ 0.10); however, due to the small
number of patients receiving this specific pharmaco-
logical treatment, no valid conclusion can be drawn.

In our cohort, 136/220 patients had resolution of
IDA on follow-up (which was variable between cen-
tres). At the time of writing, 18/220 were lost to
follow-up. Table 4 details outcomes for our patient
group following CE. Seven of the 10 patients
diagnosed with neoplasia had resolution of IDA fol-
lowing surgical management. Of the three in whom
IDA did not resolve, two were diagnosed with adeno-
carcinoma and one had been diagnosed with a
hamartoma.

In the group of patients with non-neoplastic but clin-
ically significant pathology, 44/61 (72.1%) had IDA
resolution on follow-up. Eighteen of these 44 patients
required further GI endoscopy (upper gastrointestinal
endoscopy, ileocolonoscopy, repeat CE and/or deep
enteroscopy including push enteroscopy and double-
balloon enteroscopy). Five patients required surgical
management: two underwent resection of Meckel’s
diverticula, one required surgery for removal of the
retained capsule, one had haemorrhoids banded and
one underwent SB resection for CD. Thirteen out of
44 patients were managed conservatively; 10 had
angioectasias, two had nonspecific SB inflammation
and one had pinworms. Thirteen out of 61 patients
with non-neoplastic but clinically significant pathology
(21.3%) did not have resolution of IDA on follow-up.
Seven of these 13 patients had angiodysplasias. In this
group, 9/13 had undergone further SB evaluation by
deep enteroscopy.

Of the patients with no significant pathology on CE,
85/149 (57.0%) had resolution of IDA on follow-up; 82
of these patients were managed conservatively; two

Table 1. Characteristics of our patient group (n¼ 220).

Demographic details

Gender 122 F/98 M

Age (mean� SD), years 40.5� 8.6

Past medical history

Gastrointestinal disease n (%) 38 (17.3%)

Cardiovascular disease n (%) 25 (11.4%)

Previous malignancy n (%) 5 (2.3%)

Renal disease n (%) 2 (0.9%)

Other past medical history n (%)

e.g. diabetes, rheumatological conditions

65 (29.5%)

Family history of GI malignancy n (%) 23 (10.5%)

Characteristics at presentation

Patients presenting with weight loss n (%) 17 (7.7%)

Hb at presentation (mean� SD) 9.27� 2.36 g/dL

Lowest Hb recorded (n¼ 193) (mean� SD) 8.53� 2.2 g/dL

MCV at presentation (mean� SD) 71.54� 9.59 fL

Ferritin at presentation (n¼ 181) (mean� SD) 13.16� 29.65 mg/L

Relevant medications n (%) None: 201 (91.4%)

Yes: 19 (8.6%)

Antiplatelet medications (aspirin/clopidogrel): 7

NSAIDs: 7

Anticoagulants: 5

More than 1 medication: 2

Prior imaging investigations

Patients previously investigated with CT abdomen n (median; range) 60 (1; 1–3)

Patients previously investigated with MRE n (median; range) 15 (1; 1–3)

The number of patients is specified where data was not available for all patients.

CT: computed tomography; GI: gastrointestinal; Hb: haemoglobin; MCV: mean corpuscular volume; MRE: magnetic resonance enterography; NSAIDs:

non-steroidal anti-inflammatory drugs; SD: standard deviation
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underwent further ileocolonoscopy and one had a nega-
tive Meckel’s scan.

Discussion

A significant proportion of patients with IDA (approxi-
mately 30%) remain undiagnosed following

bidirectional GI endoscopy, prompting SB evaluation.3

Our data are in agreement with existing studies on the
epidemiology of SB blood loss and show that younger
patients, presenting with IDA, are at higher risk of SB
neoplasia compared with older patients. Zhang et al.
found that SB angioectasias, while the most common
cause of occult GI bleeding in patients >65 accounting
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Figure 2. Breakdown of capsule endoscopy findings in our group of patients.

AVMs: arteriovenous malformations/angioectasias; CD: Crohn’s Disease; SBCE: small bowel capsule endoscopy.

Table 2. CE small bowel findings in our group of patients.

Type of findings

Number of patients (%)

Details below

Neoplastic 10 (4.5%)

Malignant neoplasia: 4 adenocarcinoma, 3 GIST, 1 lymphoma

Benign neoplasia: 1 Vanek tumour, 1 hamartoma

Non-neoplastic (clinically significant) 61 (27.7%)

22 angioectasias, 15 Crohn’s Disease, 5 nonspecific inflammation, 5 ulcers, 5 NSAID

enteropathy, 9 others (2 Meckel’s, 1 inflammation due to rheumatoid arthritis,

1 coeliac, 1 strictures, 1 Dieulafoy lesion, 1 hereditary haemorrhagic telangi-

ectasia, 1 pinworms, 1 mucosal bulge)

Normal/minimal and not clinically

significant

149 (67.7%)

91 normal, 58 minor/insignificant findings (e.g. lymphangiectasias, red spots)
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for 54% of cases, were present in only 9% of patients
40 years old or less.18 Likewise, only 10% (22/220) of
patients in our cohort were found to have SB angioec-
tasias. In contrast, about 5% of our patients had SB
neoplasia, similar to the estimated population preva-
lence of 3–9%.5,6 Previously, we reported that sinister
or significant pathology appears in 25% of patients
below 40 years old but only 7.5% of patients over
40 years.10

A study by Sidhu et al. demonstrated angioectasias
in 10% of patients younger than 50 years old who
underwent CE for IDA, and SB tumours in 3% of
the same patient cohort.11 Interestingly, SB

angioectasias are known to occur more frequently
alongside other comorbidities including cardiovascular
disease, chronic kidney disease and/or chronic respira-
tory conditions; consequently, SB angioectasias may be
less common in younger, fitter patients such as our
group.19 Therefore, this large multicentre study under-
scores the importance of having a high index of suspi-
cion in young patients presenting with IDA.

Small-bowel neoplasia was the diagnosis we con-
sidered the most significant in our patient group. Of
the 10 patients from our cohort diagnosed with neopla-
sia, eight had malignant histopathology. According to
US and UK data, carcinoid tumours and adenocarcin-
omas are the most common SB neoplasias.7,8 The UK
data also show an increasing incidence of SB tumours
since the 1980s.8 The prognosis of SB malignancy
remains poor; for example, SB adenocarcinoma still
has a 5-year survival of less than 30%.7 This could be
due to factors such as location of the malignancy –
significant proportions of these SB tumours were
located in the ileum, thus out of reach of conventional
endoscopy8 – and the resulting diagnostic delay.20

Modlin et al. found patients with SB carcinoid tumours
were more likely to have disseminated disease at diag-
nosis compared with gastric carcinoids. The same study
showed minimal change in survival rates for carcinoid
tumours over the past 50 years, implying failure to
identify these lesions in a timely manner, or a lack of
information to guide effective treatment.21

Table 4. Outcomes in our patient group following CE.

Group

(n¼ patients where

information

on follow-up was

available)

Resolution of IDA No Resolution

Active treatment

Conservative

management only Active treatment

Conservative

management only

Neoplastic pathology

(n¼ 10)

7: all surgical management – 2: further enteroscopy

(1 for retrieval of

retained capsule, 1

for biopsy)

1: surgical resection

–

Non-neoplastic but

significant pathology

(n¼ 57)

14: treatment for CD

10: further enteroscopy

4: repeat ileocolonoscopy

2: repeat CE

1: repeat UGIE

5: surgical management

13 9: further SB evaluation

with deep

enteroscopy

5

No significant

pathology

(n¼ 135)

2: repeat ileocolonoscopy

1: Meckel’s scan

82 2: further SB evaluation

1: repeat CE

1: repeat UGIE and

ileocolonoscopy

45

CD: Crohn’s disease; CE: capsule endoscopy; SB: small bowel; UGIE: upper gastrointestinal endoscopy

Supplementary material. Variable selection from all predictive factors analysed.

Table 3. Final model with predictive factors.

Variables in

initial model OR SE(logOR) Pr(>jtj) 95% CI

(Intercept) 2.226 1.26 0.530 0.188–26.301

Weight loss (Y/N) 3.857 0.55 0.010 1.313–11.336

Initial MCV 0.961 0.02 0.030 0.924–0.999

Antiplatelet use 3.743 0.81 0.100 0.765–18.313

NSAID use 2.586 0.94 0.310 0.410–16.320

Lowest Hb 1.150 0.09 0.120 0.964–1.372

CI: confidence interval; Df: degrees of freedom; Hb: haemoglobin; MCV:

mean corpuscular volume; NSAID: non-steroidal anti-inflammatory drug;

OR: odds ratio; SE: standard error
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Notably, only a small proportion of patients in our
group had weight loss as a symptom at the time of
presentation, and only two out of 10 patients with neo-
plastic pathology experienced weight loss. This empha-
sises the minimal or nonspecific symptoms which SB
malignancies initially present with.5 On the other
hand, a larger proportion (20%) of the group with neo-
plastic diagnoses reported weight loss compared with
patients with significant non-neoplastic pathology
(14.8%) and those with normal CE results (4%).
These differences suggest that young patients present-
ing with weight loss should be investigated more exten-
sively and earlier.

To the best of our knowledge, there are few studies
attempting to quantitatively correlate risk of significant
SB findings with red cell indices as markers of IDA. As
MCV decreased for our group of patients, there
appeared to be a proportionate increase in the likelihood
of SB tumours. In anaemic patients the probability of
IDA increases with decreasing MCV.22 This could be
related to the duration of IDA, or because the anaemia
had failed to resolve over a period of time thus indicating
ongoing or progressive pathology. For such patients
with more severe IDA, the current UK guidelines sug-
gesting 1–3 months of empiric oral iron replacement
therapy following negative bidirectional endoscopy
may cause further diagnostic delay.

There is a lack of data on the outcomes for patients
with unexplained IDA, and existing studies imply that
the current management of IDA alone is often incom-
plete or inadequate.23 Our study has attempted to
address some of these gaps so as to improve patient care.

Limitations of this study include its retrospective
study design, meaning that clinical data were incom-
plete for several patients (almost half in our cohort).
This could have led to some overestimation of our
results. We have attempted to minimise this possible
effect using multivariate analysis as detailed.
Secondly, many of our centres were high-volume or
tertiary referral centres, which would therefore have
taken a disproportionate number of complex patients
or those suspected of having sinister pathology. Finally,
our study used MCV as a marker of iron deficiency in
anaemic patients, although drawbacks exist to the use
of MCV to quantify iron deficiency. Other red cell indi-
ces such as mean cell haemoglobin (MCH) (i.e. markers
of hypochromia rather than microcytosis) may correl-
ate better with severity of IDA than MCV.24 Current
guidelines state that MCV alone is not enough to make
a diagnosis of IDA and other parameters, namely fer-
ritin, should be used to assess iron status,22 as ferritin
correlates well with total body iron stores and is a
better marker of iron deficiency; low MCV occurs
only in the later stages of iron deficiency.25 Data on
ferritin were not available for all the patients in our

group, and MCV was used in this study due to its wide-
spread use and availability. Both markers are less reli-
able in elderly and/or hospitalised patient populations,
and in several other comorbidities, for example inflam-
mation and anaemia of chronic disease,26 but may be
more reliable in the younger group that overall has a
lower rate of comorbidities.

Conclusion

In patients �50 years old presenting with IDA, the
overall diagnostic yield of SBCE for significant SB find-
ings was 32.3%. Around 5% in our group were diag-
nosed with SB neoplasia. In this cohort, lower MCV
and weight loss were associated with higher risk of a
diagnosis of significant SB findings. We propose
that in young patients with certain clinical features
such as low MCV and weight loss, CE should be
prioritised.
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