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Background: Iron-deficiency anemia (IDA) is the most common cause of anemia worldwide. Current guidelines
recommend the use of small-bowel capsule endoscopy (SBCE) in IDA. Evidence of the validity of SBCE in
patients with IDA alone is still limited.

Objective: To assess the diagnostic yield (DY) of SBCE in IDA by pooling data from relevant studies.
Design: Systematic review and meta-analysis. Fixed-effects or random-effects models were used as appropriate.

Setting: Studies that estimated the DY of SCBE in IDA were identified. Two investigators independently
conducted the search and data extraction.

Patients: A total of 24 studies enrolling 1960 patients with IDA who underwent SBCE were included.

Main Outcome Measurements: Per-patient DY, with 95% confidence intervals. Subgroup analysis was also
performed.

Results: The pooled DY of SBCE in IDA, evaluated by a random-effects model, was 47% (95% CI, 42%-52%), but
there was statistically significant heterogeneity among the included studies (inconsistency index [I°] = 78.8%, P <
.0001). The pooled DY of SBCE in studies focused solely on patients with IDA (subset 1, 4 studies) was 66.6%
(95% CI, 61.0%-72.3%; I = 44.3%); conversely, that of studies not focusing only on IDA patients (subset 2, 20
studies) was 44% (95% CI, 39%-48%; I° = 64.9%). In particular, more vascular (31% vs 22.6%, P = .007),
inflammatory (17.8% vs 11.3%, P = .009), and mass/tumor (7.95% vs 2.25%, P < .0001) lesions were detected
with SBCE in patients participating in the studies in subset 1.

Limitations: Heterogeneity of studies, retrospective design, and selection bias.

Conclusions: This analysis demonstrates the validity of SBCE in the investigation of patients with IDA and
negative findings on a previous diagnostic workup, although certain factors such as heterogeneity and quality of

the included studies should be taken into account. (Gastrointest Endosc 2012;76:983-92.)

Abbreviations: CI, confidence interval; DY, diagnostic yield; FOBT, fecal
occult blood test: Hb, hemoglobin; F, inconsistency index; IDA, iron-
deficiency anemia; OGIB, obscure GI bleeding; QUADAS, Quality Assess-
ment of Diagnostic Accuracy Studies; SBCE, small-bowel capsule endoscopy.
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Obscure GI bleeding (OGIB) is defined by visible GI
bleeding (eg, melena or hematochezia), iron-deficiency
anemia (IDA), or positive results on fecal occult blood
tests (FOBTSs) in the setting of normal bidirectional endos-
copy, ie, upper GI endoscopy and colonoscopy.! Further-
more, OGIB is subdivided into occult (ie, IDA and/or
positive FOBT results) and overt OGIB. The diagnostic
workup of patients with OGIB is often challenging and
time-consuming. Nevertheless, the introduction of capsule
endoscopy has revolutionized the evaluation of these pa-
tients.?3 In fact, several studies and meta-analyses showed
that small-bowel capsule endoscopy (SBCE) is superior to
push enteroscopy and most radiological imaging tech-
niques for diagnosing clinically significant small-bowel
pathology in patients with OGIB.*> Therefore, guidelines
have been updated to include SBCE as a third step, after
negative findings on upper GI endoscopy and colonos-
copy, in the diagnostic workup of patients with OGIB.1.¢

In the setting of occult OGIB, the majority of SBCE
studies do not consider patients referred for investigation
of positive FOBT results or IDA as separate groups. More-
over, prospective SBCE studies focusing solely on IDA
patients are few and likely underpowered. Although re-
sults of retrospective studies suggest that the diagnostic
yield (DY) of SBCE in the 2 patient subgroups (positive
FOBT results and IDA) is similar, evidence of the validity
of SBCE in patients with IDA is still limited.

IDA is the most common cause of anemia worldwide,
causing significant disease-related morbidity, and has a
negative impact on well-being and health outcomes.” Fur-
thermore, it represents one of the major indications for
referral to gastroenterologists (13% of referrals).®” Even
after negative findings on a bidirectional endoscopy, ap-
proximately 30% of IDA patients lacking a diagnosis®; the
majority of those will be eventually referred for SBCE.

With this review, we aimed to evaluate the DY of SBCE
in the group of patients who have undergone the proce-
dure because of unexplained IDA. This article was pre-
pared according to previously published guidelines for
meta-analyses of observational studies.®

MATERIALS AND METHODS

Data identification and study selection

A thorough and extensive recursive search of PubMed/
MEDLINE, EMBASE, Scirus, Biosis, and Scopus databases
for human studies, published between January 2001 (the
year of the introduction of capsule endoscopy in clinical
practice) and November 2011, was performed. To capture
as many articles as possible, a broad search strategy was
used (using both MeSH and non-MeSH terms, with an
“automatic explosion” and “all fields” search where appli-
cable). The following terms were searched first alone and
eventually connected either with AND: “capsule endos-
copy,” “anemia,” “bleeding, “hemorrhage,” “gastrointesti-
nal bleeding.” Furthermore, the reference list of all the

» o«

Take-home Message

e Pooled data from 1922 patients with iron-deficiency
anemia showed small-bowel capsule endoscopy to have
a per-patient diagnostic yield (DY) of 48%. Studies with
strict inclusion criteria showed a higher DY.

o Clarification of risk factors for sinister small-bowel
pathology is needed.

selected articles was manually checked for potentially suit-
able references that were not identified by the initial
search. Studies were selected based on title and abstract
(where available), by 2 of the authors (A.K. and E.R.). After
retrieving the full text of selected papers, both reviewers
independently checked whether inclusion criteria were
met; in the event of uncertainty, any discrepancies were
resolved by discussion and consensus of all of the authors.

For a study to be included in this review, the following
predefined inclusion criteria had to be met: written in
English language and published as full paper; provided
sufficient data for the authors to confirm iron-deficiency
either in part or for the entire study cohort; provided either
DY or enough data to allow us to calculate the DY of SBCE
in IDA patients. Where applicable, we defined DY as the
proportion of patients with clinically significant angioec-
tasias (P2 lesions)? or other clinically significant SBCE
findings (ie, mucosal ulcers, intraluminal bleeding, celiac
changes, mass-type lesions). Patients with “suspicious” or
“uncertain” SBCE findings (eg, PO or P1 lesions)? were not
taken into account in calculation of the DY.

Finally, we excluded those studies in which SBCE was per-
formed in patients with IDA and preexisting clinical conditions
that could potentially explain IDA (e, patients with Crohn’s
disease, celiac disease, hereditary hemorrhagic telangiectasias,
chronic renal failure, and/or cirrhosis).

For the purpose of statistical analysis, any study presenting
fewer than 10 cases of IDA was excluded.!” Duplicate publica-
tions were deleted. When 2 or more articles reported results
from the same patient cohort, either the more recent or more
complete publication was selected.

Data extraction

The 2 authors (A.K. and E.R.) extracted data from each
selected study by using a predefined form in Microsoft
Excel (Microsoft Corp, Redmond, Wash). From each pa-
per, the 2 reviewers independently abstracted the follow-
ing: (1) first author name and the year of publication; (2)
whether it was a single-center or multicenter study; (3)
country where the study was performed; (4) design (pro-
spective or retrospective); (5) whether consecutive pa-
tients were included; (6) total number of patients recrui-
ted; (7) number of patients with IDA; (8) the DY of SBCE
in patients with IDA or the number of IDA patients with
clinically significant SBCE findings (as defined by the
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study authors) for DY calculation; (9) the category/
classification of findings in patients with positive SBCE (if
available); (10) the focus of the study, differentiating be-
tween SBCE studies enrolling exclusively IDA patients
(subset 1, focused on IDA) and studies reporting the DY of
SBCE in patients with IDA, but also including patients
undergoing SBCE for other indications (subset 2, studies
not focused on IDA).

Risk of bias in individual studies

To assess the methodological quality of included stud-
ies and detect potential bias, the Quality Assessment of
Diagnostic Accuracy Studies (QUADAS) was used.!! The
QUADAS tool enables reviewers to evaluate the quality of
diagnostic accuracy studies. Because the current work is a
systematic review of DY, and not one of diagnostic test
accuracy (compared with a reference standard), several of
the QUADAS items (items 3-11) cannot be evaluated. The
aforementioned QUADAS items were noted as not appli-
cable (N/A).

Risk of bias across studies

To explore the existence of publication or other type of
bias, when detected by the inconsistency index (/%) mea-
suring the proportion of unexplained variation across
studies, a funnel plot of standard error by diagnostic yield
was produced.

Summary measures

The primary endpoint was the pooled DY of SBCE
(per patient) in IDA. Subgroup analysis was performed
according to study focus (studies focused on IDA [sub-
set 1] vs studies not focused on IDA [subset 2]). Further-
more, we summarized a detailed account of diagnoses
(where presented).

Statistical analysis

Data on the yield of SBCE were extracted, pooled, and
analyzed. Pooled results with corresponding 95% CI were
derived by using the fixed effects model (Mantel-Haenszel
method) unless significant heterogeneity was detected, in
which case, a random-effects model (DerSimonian-Laird)
was used.

We used the Q statistic of x* test and /* to estimate the
heterogeneity of individual studies contributing to the
pooled estimate. The homogeneity was to evaluate
whether the differences across the studies were greater
than expected by chance alone. P < .05 suggests the
presence of heterogeneity beyond what could be ex-
pected by chance alone. I describes the percentage of
total variation across studies because of heterogeneity
rather than chance and was also used as a measure to
quantify the amount of heterogeneity. An I* of 20% to 50%
suggests moderate and an I greater than 50% high heter-
ogeneity. Forest plots were constructed for visual display
of individual studies and pooled results.

Publication bias was assessed by using funnel plots
(funnel plots were plotted by using the DY vs the standard
error ratio). Meta-regression analysis was used to investi-
gate possible sources of heterogeneity related to the type
of the study and the focus of the study. Statistical analysis
was performed by using the Metan!® package of STATA
version 12.1 (StataCorp, College Station, Tex).

RESULTS

Descriptive assessment and study
characteristics

A flow diagram of the process of this systematic review
is shown in Figure 1. A total of 1225 titles were initially
identified with the aforementioned search strategy. Of
those, 1156 were excluded after preliminary review of the
titles and/or abstracts, leaving 69 articles for further detailed
evaluation. A further 6 articles were identified from reference
review. Therefore, the full text of 75 articles was evaluated
further; 51 failed to meet the predefined inclusion criteria by
reporting only patients with overt OGIB and/or presenting
no clear data about IDA and/or not presenting a separate
analysis of IDA patients (n = 43), presenting per-capsule
instead of per-patient analysis (n = 2), and reporting fewer
than 10 cases of patients with IDA (n = 6).

Consequently, a total of 24 studies remained eligible for
evaluation.'?3> A total of 5237 patients were included in
these studies; of them, 1960 patients underwent SBCE for
investigation of IDA. The main characteristics of the
studies eligible for review are shown in Table 1. Five
studies were from the United States,?2:2420-28 3 studies
each were from Italy!'230.33 and Greece,!’:213! 2 studies
each from Canadal¥?3 France,!>°© and the Nether-
lands,”? and 1 study each from Australia,®® India,3?
Israel,'3 Japan,3® Norway,'® Spain,? and the United King-
dom.?> Seven of them were prospective!>20:21.28.33-35 and
17 were retrospective studies,!21410-19.22:27.29-52 Only 2
were multicenter studies.'?13 In all but 4 studies (in 3, not
reported!®2327 and 1 study?! with EndoCapsule [Olym-
pus, Tokyo, Japan]), SBCE explorations were performed
with capsule endoscopes from Given Imaging Ltd (Yo-
gneam, Israel). Four publications focused exclusively
on IDA patients (subset 1),21:39.33.35 whereas in the re-
maining 20 articles, patients with IDA represented only
a subgroup of a larger patient cohort undergoing SBCE
(subset 2).12-20.22-29,31,32,34

The QUADAS evaluation of the included studies is
shown in Table 2. Nine QUADAS items (items 3-11)
were not relevant and thus not assessed. Based on
the remaining 5 items (items 1, 2, 12-14), the studies
included were of low or moderate quality. Nine stud-
ies (39%)1213,17.20,21,27,30.33.55 provided data on mean
or median pre-SBCE hemoglobin (Hb) levels, 11
(43.5%)1213,19-22,27.50,31,33.35 reported data on mean or me-
dian patient age. Where median and interquartile range
were given instead of mean and standard deviation, ap-
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PAPERS RETRIEVED BY ON-LINE SEARCH
n=1225

. |review: 274

Reasons for exclusion (1156 papers)
-Pediatric setting: 44
-Case reports: 324
-Review / editorials / letters / meta-analysis / systematic

v

PAPERS SUITABLE FOR INCLUSION
n=69

+

PAPERS RETRIEVED BY REFERENCE SEARCH
n=6

# -Indications other than bleeding (i.e. complications,

inherited polyposis syndromes, Crohn’s disease, technical|
features, interobsever agreement, safety, prep, etc.): 396
-Studies not focused on SBCE (i.e. colon capsule, DBE,
Esophageal capsule): 103

-Language other than English: 15

Reasons for exclusion (51 papers)

-Only patients with overt bleeding or no data about
anemia/Hb level; no separate analysis of IDA patients;

A 4

PAPERS INCLUDED
n=24

v

impossible to calculate the DY in IDA patients: 43
-Per-patient analysis: 2
-Fewer than 10 IDA patients included: 6

Figure 1. Flow chart of the systematic review and study selection. DBE, double-balloon enteroscopy; DY, diagnostic yield; SBCE, small-bowel capsule

endoscopy; Hb, hemoglobin; IDA, iron-deficiency anemia.

proximation was used.?* Therefore, the pooled random-
effects estimate for Hb and age was 9.2 g/dL (95% CI, 8.7
g/dL-9.7 g/dL) and 62.2 years (95% CI, 59.0 years-65.3
years), respectively. Three series (13%)!%2922 provided
data on pre-SBCE transfusion requirements, but none on
the length of clinical history before referring patients for
SBCE. Although all studies reported that patients had un-
dergone at least 1 upper and lower GI endoscopy before
SBCE, there were no data with regard to the timing of the
procedures in relation to SBCE, whereas the exact precap-
sule diagnostic workup was reported only in 7 stud-
ies.13,10,1821,3031,33  Fyrthermore, most studies included
SBCE as the sole diagnostic modality, apart from Apostolo-
poulos et al’! and Milano et al®® (comparison with air-
double contrast enteroclysis in all patients), Laine et al®®
(comparison with small-bowel radiography), and De Le-
usse et al'® (comparison with push enteroscopy in part of
the cohort). None of the included studies reported com-
parison data of SBCE and device-assisted enteroscopy.

DY of video capsule endoscopy in IDA

There was statistically significant heterogeneity among
the 24 included studies (I = 78.8%, P < .0001). The pooled
DY of SBCE in IDA, evaluated by a random-effects model,
was 47% (95% CI, 42%-52%). Using meta-regression tech-
niques,?” we found no evidence of an effect in the design of
the studies (P = .899). Subset 1, ie, studies focused on IDA
(n = 4/24; 16.6%),>1:39:3335 included 264 patients (264/1960;
13.47%) patients. In this subset, the pooled DY was 66.6%

(95% CI, 61.0%-72.3%), and the F* was 44.3% (P = .145),
indicating that there was only a moderate degree of hetero-
geneity across the studies (Fig. 2).

Conversely, subset 2 (ie, studies not focused only on
IDA [n = 20/24; 83.9%))!%20.22:2931.323% collectively in-
cluded 1696 patients (1696/1960; 86.5%); I* (64.9%, P <
.0001) showed high/significant heterogeneity among
these studies. Therefore, by using a random-effects model,
the pooled diagnostic yield was 44% (95% CI, 39%-48%)
(Fig. 2). A plot of the DY versus standard error (Fig. 3)
confirms that the studies focused on IDA, and the studies
not focused on IDA present a different distribution.?” Het-
erogeneity between subsets 1 and 2 (P < .001) indicates a
difference between the 2 study subsets, although this re-
sult should be interpreted with caution because there was
a considerable amount of heterogeneity within the studies
not purely focused on IDA (subset 2) (Fig. 4).3%37

Clear categorization/classification (breakdown) of sig-
nificant findings from patients with positive SBCE findings
was reported in 13 articles,#14.21,22.242830.33.35 including a
total of 1194 patients with IDA. Of those, 638 (53.4%) had
positive findings on SBCE. The DY breakdown revealed
that significant angioectasias (vascular P2 lesions) were
identified in 293 of 638 (45.9% positive findings), inflam-
matory lesions in 126 of 638 (19.7% positive findings), and
polyp/mass lesions in 42 of 638 (6.6% positive findings on
SBCE) (Table 3). Finally, 177 of 638 (27.7%) positive find-
ings (ie, intraluminal bleeding, celiac disease, or other)
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TABLE 1. Main characteristics of studies selected for meta-analysis
No. of Total no. of IDA

Authors Design Consecutive Country centers patients patients DY, no. (%)
Pennazio et al, 200412 Retrospective Yes Italy Multicenter 100 43 19 (44.2)
Fireman et al, 20043 Retrospective Yes Israel Multicenter 160 70 37 (52.8)
Enns et al, 20044 Retrospective Yes Canada Single center 209 14 7 (50)
Ben Soussan et al, 2004'> Prospective Yes France Single center 35 18 7 (38.8)
De Leusse et al, 2005'° Retrospective Yes France Single center 64 20 6 (30)
Kalantzis et al, 20057 Retrospective Yes Greece Single center 193 64 27 (42.2)
Qvigstaad et al, 20068 Retrospective Yes Norway Single center 167 40 11 (27.5)
van Tuyl et al, 2006 Retrospective Yes Netherlands  Single center 250 150 49 (32.6)
Estevez et al, 2006%° Prospective Yes Spain Single center 100 48 30 (62.5)
Apostolopoulos et al, 20062'* Prospective Yes Greece Single center 51 51 29 (56.9)
Carey et al, 200722 Retrospective Yes USA Single center 260 134 62 (46.3)
Chami et al, 200723 Retrospective Yes Canada Single center 70 12 4(33.3)
Muhammad et al, 200924 Retrospective Yes USA Single center 652 231 127 (55)
Sidhu et al, 20092° Retrospective Yes UK Single center 427 316 152 (48.1)
Kim et al, 200926 Retrospective Yes USA Single center 193 25 12 (48)
Sheibani et al, 201027 Retrospective Yes USA Single center 82 57 35(61.4)
Laine et al, 201028 Prospective Yes USA Single center 66 40 13 (32.5)
van Turenhout et al, 20102° Retrospective Yes Netherlands  Single center 592 240 106 (44.2)
Riccioni et al, 201039 Retrospective Yes Italy Single center 650 138 91 (65.9)
Katsinelos et al, 20113" Retrospective Yes Greece Single center 63 38 13 (34.2)
Goenka et al, 201132 Retrospective Yes India Single center 505 96 35 (36.5)
Milano et al, 201133* Prospective Yes Italy Single center 189 45 35(77.7)
Efthymiou et al, 201134 Prospective Yes Australia Single center 68 40 15 (37.5)
Yamada et al, 20113°* Prospective Yes Japan Single center 91 30 19 (63.3)

DY, Diagnostic yield; IDA, iron-deficiency anemia.

*Studies in subset 1 (focusing on IDA patients).

either did not fit in any of the aforementioned categories
or no other information was given.

DISCUSSION

IDA remains one of the most common reasons for
referral to gastroenterology services.®” National and inter-
national guidelines recommend that patients with con-
firmed IDA should undergo evaluation with bidirectional
endoscopy, whereas investigation of the small bowel is
generally indicated for recurrent or refractory and/or
transfusion-dependent IDA.1 Recent studies established
that reduced Hb (<9 g/dL) and ferritin (<50 ug/L) levels
are associated with a higher risk of relevant GI pathol-

ogy. 1041 Understandably, in this clinical setting, exclusion
of underlying GI cancer is paramount. Nevertheless, even
after bidirectional endoscopy, approximately 30% of pa-
tients remain undiagnosed, and this group represents the
most likely candidates for SBCE.® Although the value of
SBCE has already been proven in patients with OGIB
(including several patients with IDA), data specifically
regarding the use of SBCE in patients with IDA alone are
limited and of variable quality.?

For this reason, we decided to undertake a systematic
review of all studies published to date to evaluate the DY
of SBCE in this subset of patients. Our literature search
generated 2 subsets of studies: (1) those specifically de-
signed to evaluate the role of SBCE in patients with IDA
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Authors Item 1* Item 2t
Pennazio et al, 2004'2 Yes Yes
Fireman et al, 200413 Yes Yes
Enns et al, 20044 Yes Yes
Ben Soussan et al, 2004'> Yes Yes
De Leusse et al, 20056 Yes Yes
Kalantzis et al, 2005 Yes Yes
Qvigstaad et al, 20068 Yes Yes
van Tuyl et al, 2006'° Yes Yes
Estevez et al, 20062° Yes Yes
Apostolopoulos et al, 20062'* Yes Yes
Carey et al, 200772 Yes Unclear
Chami et al, 200723 Yes Yes
Muhammad et al, 200924 Yes Yes
Sidhu et al, 2009% Yes Yes
Kim et al, 200926 Yes Yes
Sheibani et al, 2010%7 Yes Yes
Laine et al, 201028 Yes Yes
van Turenhout et al, 2010%° Yes Yes
Riccioni et al, 20103% Yes Yes
Katsinelos et al, 20113" Yes Yes
Goenka et al, 201132 Yes Yes
Milano et al, 201133# Yes Yes
Efthymiou et al, 201134# Yes Yes
Yamada et al, 20113%# Yes Yes

TABLE 2. QUADAS (relevant items) grading of studies selected for meta-analysis

Items 3-11¢ Item 12§ Item 13| Item 14
N/A Yes Unclear Yes
N/A Yes No Unclear
N/A Yes Yes Yes
N/A Yes Yes Yes
N/A Yes No Yes
N/A Yes Yes Unclear
N/A Yes Unclear Yes
N/A Yes Unclear Unclear
N/A Yes Yes Yes
N/A Yes No Yes
N/A Yes Yes Unclear
N/A Yes No Yes
N/A Yes No Yes
N/A Yes No Unclear
N/A Yes Yes Yes
N/A Yes Unclear Yes
N/A Yes No Unclear
N/A Yes Unclear Yes
N/A Yes Unclear Unclear
N/A Yes Unclear Unclear
N/A Yes Yes Yes
N/A Yes No Yes
N/A Yes Unclear Unclear
N/A Yes Yes Unclear

QUADAS, Quality Assessment of Diagnostic Accuracy Studies; N/A, not applicable.
tltem 2: Were selection criteria clearly described?
practice?

[Iitem 14: Were withdrawals from the study explained?
#Studies in subset 1 (focusing on IDA patients).

*Item 1: Was the spectrum of participants representative of the patients who will undergo the procedure in practice?
+ltem 12: Were the same clinical data available when the procedure results were interpreted as would be available when the procedure is used in clinical

§ltem 13: Were interpretable, indeterminate, or intermediate procedure results reported?

and (2) those that investigated patients with a range of
clinical indications including IDA. These 2 subsets have
several key differences. The former subset?!:3%:333% has the
methodological advantage of strict inclusion criteria and,
although slightly different among studies, a clear definition
of IDA (with Hb and ferritin thresholds). Conversely, the
latter subset (20 studies, 1658 patients)!>20:22-29.31.32.34 g
more heterogeneous, and the term obscure/occult bleed-
ing was often used as a synonym for chronic IDA. There-
fore, although we elected to pool all data to increase the
study population size and statistical power, we analyzed

separately studies that focused solely on IDA patients to
present a more homogeneous data subset.

The pooled SBCE DY for detection of definite small-
bowel findings was 46%. By using meta-regression tech-
niques, we found no evidence that study design influ-
enced findings (P = .899). Conversely, when studies that
presented data exclusively from patients with IDA were
pooled together (subset 1), the DY was 66.6% (95% CI,
61.0%-72.3%), whereas pooled data from studies present-
ing results from larger patient cohorts (subset 2, including
subgroups of patients with IDA) undergoing SBCE
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Number %

Author, of IDA Positive Weight
year Design Patients SBCE DY (95% Cl) (I-v)
Sub-set 1 studies :
Apostologoulos, 2006, [21] Prospective 51 29 —— 0.57 (0.43,0.70 2.51
Riccioni, 2010, [30! Retrospective 138 91 | 0.66 (0.58, 0.74 742
Milano, 2011, [33 Prospective 45 35 , —=—  0.78(0.66,0.90 3.4
Yamada, 2011, [35] Prospective 30 19 —— 0.63 (0.46, 0.81 1.56
|-V Subtotal (Il-squared =443%p=.145) LS 0.67 (0.61,0.72 14.63
D+L Subtota | 0.66 (0.58, 0.75
Sub-set 2 studies i !
Pennazio, 2004, [12] Retrospective 43 19 — 0.44 (0.29, 0.59, 2.10
Fireman, 2004, [13] Retrospective 70 37 —_ 0.53(0.41, 0.65 3.39
Enns, 2004, [1 Retrospective 14 7 —_—— 0.50(0.24, 0.76, 0.68
Ben Soussan, 2004, []15] Prospective 18 7 —_—— 0.39(0.16,0.61 0.91
De Leusse, 2005, [16 Retrospective 20 6 —_— 0.30(0.10, 0.50 1.15
Kalantzis, 2005_[17] Retrospective 64 27 —— 0.42 (0.30, 0.54 317
QV|g|§taad,2003, 98] Retrospective 40 11 —_— 0.28(0.14,0.41 2.42
van Tuyl, 200 Retrospective 150 49 - 0.33 (0.25, 0.40 8.23
Estevez, 2006, [20] Prospective 48 30 — 0.63 (0.49, 0.76, 247
Carey, 2007, [22 Retrospective 134 62 -- 0.46 (0.38,0.55 6.50
Chari, 2007, [2 Retrospective 12 4 ' 0.33 (0.07, 0.60 0.65
Muhammad, 2009, [24] Retrospective 231 127 - 0.5510.49,0.61 11.26
Sidhu, 2009, [25] Retrospective 316 152 E 3 0.48 (0.43, 0.54 15.28
Kim, 2009, [26] Retrospective 25 12 —_— 0.48 (0.28, 0.68; 121
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van Turenhout, 2010, [29] Retrospective 240 106 Sl 0.44 (0.38, 0.50 11.75
Katsinelos, 2011, [31f Retrospective 38 13 —a— 0.34(0.19,0.49 2.04
Goenka, 2011, [32, Retrospective 96 35 —a— 0.36 (0.27, 0.46 5.00
Efthvmiou, 2011, [34] Prospective 40 15 —_—— 0.38(0.22,0.53 2.06
I-V Subtotal ﬁl-squared =64.9%, p =.000) O 0.45(0.43,0.47 85.37
D+L Subtota < 0.44 (0.39, 0.48
Heterogeneity betweengroups: p=.000 1
|-V Overall Hl-squared =78.8%, p =.000) & 0.48 {0 46, 0.503 100.00
D+L Overal 0.47 (0.42, 0.52

T T

0 1

Figure 2. Forest plot of diagnostic yield (DY) given as separate study subsets (subset 1, studies focusing solely on IDA patients in the first part of the
figure) and cumulative (at the bottom of the figure). D+L, the random-effects meta-analysis estimate; IDA, iron-deficiency anemia; I-V, fixed effect

meta-analysis estimate; SBCE, small-bowel capsule endoscopy.
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Figure 3. Funnel plot of studies not focused on iron-deficiency anemia
(subset 2). There are some studies outside the pseudo 95% confidence
limits indicating the presence of heterogeneity and selection bias. There
is also asymmetry caused by a lack of small studies with high diagnostic
yield (DY). SE, standard error.

showed a DY of 44% (95% CI, 39%-48%). This may simply
reflect a more rigorous patient selection in the former
group because 3 of 4 studies focusing solely on IDA
patients were prospective with more clearly defined inclu-
sion criteria and evidence of only moderate heterogeneity
(I* = 44.3%). Furthermore, the possibility of patient selec-
tion bias should be considered because studies focused on
IDA are more likely to include patients with more severe
anemia. Interestingly, these data compare favorably with
those obtained in patients undergoing SBCE because of
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Figure 4. Plot of the diagnostic yield (DY) versus standard error (SE)
presented by study subsets (focusing on iron-deficiency anemia [IDA]
patients or not). Triangle, studies focusing on IDA; circles, studies not
focusing on IDA. It is obvious that subset 1 studies (ie, those focusing
exclusively on IDA patients) have a higher DY.

OGIB and represent the spectrum of findings identified by
SBCE in patients with IDA. Among the 24 selected studies,
only 131214.21.2224-2830.35.35 gave a detailed breakdown of
definite findings for patients with positive SBCE results.
This group of studies collectively included 1194 IDA pa-
tients (1194/1960 [60.9%]; I* = 73.0%, P < .0001) showed
high/significant heterogeneity among these studies, albeit
less pronounced than in the whole cohort. Therefore, by
using a random-effects model, the pooled DY was 54% (95%
CI, 49%-60%) (Fig. 5). Common positive findings were siz-
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TABLE 3. Breakdown of DY in the studies with details in reported findings
DY breakdown
DY definitive Vascular Inflammatory Tumor/mass Other
All patients findings, lesions, lesions, no. lesions, no. significant or
Authors (with IDA) no. (%) no. (%) (%) (%) N/S, no. (%)
Pennazio et al, 20042 43 19 (44.2) 4(9.3) 9 (20.9) 0(0) 6(13.9)
Fireman et al, 20043 70 37 (52.8) 18 (25.7) 11 (15.7) 0(0) 8(11.4)
Enns et al, 2004’4 14 7 (50) 2 (14.3) 3(21.4) 2(14.3) 0 (0)
Apostolopoulos et al, 20062'* 51 29 (56.9) 12 (23.5) 13 (25.5) 4(7.8) 0 (0)
Carey et al, 2007%? 134 62 (46.3) 35 (26.1) 16 (11.9) 4(2.9) 7(5.2)
Muhammad et al, 2009%* 231 127 (55) 35(15.1) N/R 0 (0) 92 (39.8)
Sidhu et al, 20092° 316 152 (48.1) 84 (26.6) 25(7.9) 10 (3.2) 33(10.4)
Kim et al, 200926 25 12 (48) 8(32) 2(8) 0(0) 2(8)
Sheibani et al, 2010%7 57 35(61.4) 21 (36.8) 4(7) 5(8.7) 5(8.7)
Laine et al, 201028 40 13 (32.5) 4 (10) 9(22.5) 0(0) 0(0)
Riccioni et al, 20103%* 138 91 (65.9) 51 (36.9) 18 (13) 9 (6.5) 13 (9.4)
Milano et al, 201133* 45 35(77.7) 13 (28.8) 9 (20) 6(13.3) 7 (15.5)
Yamada et al, 20113°* 30 19 (63.3) 6 (20) 7 (23.3) 2(6.7) 4(13.3)
Total* 1194 638 (53.4) 293 (24.5) 126 (10.5) 42 (3.5) 177 (14.8)
DY, Diagnostic yield; IDA, iron-deficiency anemia; N/R, not reported.
*Studies in subset 1 (focusing on IDA patients).
Number %
Author, of IDA Positive Inflammatory Tumor/Mass Weight
year Design Patients SBCE Angioectasias lesions lesions DY (95% ClI) (-v)
Sub-set 1 studies '
Apostolopoulos, 2006, [21] Prospective 51 29 0.4 045 0.14 —_- 0.57(0.43,0.70) 4.7
Yamada, 2011, [35] Prospective 30 19 032 0.37 0.11 —-—+— 0.63(0.46,081) 259
Riccioni, 2010, [30] Retrospective 138 91 0.56 0.20 0.10 & 066(0.58,074) 1233
Milano, 2011, [33] Prospective 45 35 037 0.26 0.17 | —— 0.78(0.66,090) 5.22
|-V Subtotal (I-squared = 44.3% p = .145) ! $  067(061,072) 2431
D+L Subtotal :<> 0.66 (0.58, 0.75)
Sub-set 2 studies i
Laine, 2010, [28] Prospective 40 13 0.31 0.69 0.00 —— 0.32(0.18,0.47) 3.66
Pennazio, 2004, [12] Retrospective 43 19 0.21 0.47 0.00 —t 044 (0.29,0.59) 3.50
Carey, 2007, [22] Retrospective 134 62 0.56 0.26 0.06 - 0.46 (0.38,0.55) 10.81
Kim, 2009, [26] Retrospective 25 12 0.67 0.17 0.00 —— 0.48(0.28,0.68) 201
Sidhu, 2009, [25] Retrospective 316 152 0.55 0.16 0.07 " 048 (0.43,0.54)  25.40
Enns, 2004, [14] Retrospective 14 7 0.29 043 0.29 ——  050(0.24,076) 1.12
Fireman, 2004, [13] Retrospective 70 37 049 0.30 0.00 ——— 0.53 (0.41,065) 5.64
Muhammad, 2009, [24] Retrospective 231 127 0.39 0.00 = 0.55(0.49,0.61) 18.72
Sheibani, 2010, [27] Retrospective 57 35 0.60 0.1 0.14 4e— 061(049,074) 483
I-V Subtotal (I-squared = 38.8%, p =.109) 0! 0.50 (0.47,0.53) 75.69
D+L Subtotal Q 0.49 (0.45, 0.54)
Heterogeneity between groups: p =.000 i
I-V Overall (I-squared =73.0%, p =.000) 4] 0.54(0.51,0.57)  100.00
D+L Overall & 0.54(0.49, 0.60)

1

Figure 5. Forest plot of diagnostic yield (DY) given as separate study subsets (subset 1, studies focusing solely on IDA patients in the first part of the
figure) and cumulative (at the bottom of the figure); subgroup analysis per findings category. D+L, random-effects meta-analysis estimate; DY,

diagnostic yield; IDA, iron-deficiency anemia; I-V, fixed-effects meta-analysis estimate.
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able (ie, P2) angioectasias (293; 45.9% of positive DY), in-
flammatory lesions (126; 19.7% of positive DY) and tumor/
mass-type lesions (42; 6.6% of positive DY) (Table 3).

Moreover, only 3 studies reported data on the use of
medication,'®2>3> such as aspirin, clopidogrel, and warfa-
rin, which have been shown able to have an impact on the
DY of SBCE. Furthermore, 3 of 4 studies in subset 121:30:33
used the ingestion of the aforementioned medications as
an exclusion criterion. Therefore, we believe that a formal
subanalysis is not possible. Of note, many of the included
studies are retrospective, lacking a clear picture of the
severity of IDA (in fact, only 9 studies provided the Hb
level at the time of SBCE).1213.17,20.21,27.30.33,35 Moreover,
most investigators did not use a validated or widely ac-
cepted classification of small-bowel lesions”% and do not
report the location/topography of small-bowel lesions.
Last, but not least, limited information on follow-up data
may affect results.

In view of these limitations and to reduce doubt in
terms of diagnosis, analysis was performed only on vas-
cular lesions defined as clinically significant (or P2), irre-
spective of their number. Likewise, we decided to include
all significant (as defined by studies’ authors) small-bowel
inflammatory lesions. Furthermore, our definition of DY
did not include a further diagnostic/therapeutic workup or
the impact of the procedure on long-term outcomes of
patients (ie, mortality, anemia recurrence, and need for
further transfusions or hospitalization). Finally, although
we used a modified version of QUADAS as an assessment
tool of study quality, we accept that it has been structured
as a tool for diagnostic accuracy studies; despite that, we
believe that it has provided relevant information for this
review.

In conclusion, this analysis confirms the validity of
SBCE in detecting pathology in patients with IDA (pooled
DY of SBCE, evaluated by a random-effects model [48%)),
when a previous diagnostic workup is negative. Careful
patient selection leads, as expected, to a higher DY. In
particular, more vascular (31% vs 22.6%, P = .007), inflam-
matory (17.8% vs 11.3%, P = .009), and mass/tumor
(7.95% vs 2.25%, P < .0001) lesions were detected with
SBCE in patients participating in studies including solely
IDA patients.

Overall, clinically significant small-bowel angioectasias
account for almost 50% of the SBCE DY. In an era of
increasing use of antiplatelets/anticoagulants and expand-
ing cardiology interventions, this information has potential
clinical implications. At present, there is enough evidence
to suggest that small-bowel angioectasias are more com-
mon with increasing age.3*+2

Overall, only 6.6% of small-bowel lesions are caused by
mass/tumor (hence, sinister). Furthermore, although sin-
ister pathology in the colon is more common with increas-
ing age,®% this does not hold true for the small-bowel,
where cancerous lesions are much less common with
increased age In contrast, there is emerging evidence that

sinister pathology such as Crohn’s disease and masses/
tumors appear to be more common in the younger age
group; hence, the presence of IDA in that group should
not be ignored as recent data suggest.343

However, this analysis cannot address this issue, and
further large, high-quality studies with appropriately se-
lected IDA patients (following clearly predefined criteria
and specific diagnostic workup) that take into account
long-term outcomes are still needed to firmly establish risk
factors for the detection of sinister pathology with SBCE in
this group and ultimately the exact role of SBCE in the
diagnostic algorithm of patients with TDA.
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