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Abstract

AIM: To determine the test characteristics of commu-
nity based video capsule endoscopy (VCE) in patients
undergoing sequential VCE and double balloon enteros-
copy (DBE).

METHODS: Eighty-nine patients (34 females, 55 males,
mean age 66) who underwent both VCE and DBE from
2008-2010 were retrospectively reviewed. Lesions de-
tected at VCE were categorized. Capsule directed DBE
followed and included 44 antegrade, 11 retrograde and
34 combined antegrade and retrograde procedures. Le-
sions detected were compared utilizing the McNemar's
test.

RESULTS: Angioectasia detection with VCE was 25%
and with DBE 35% (P < 0.03) with a calculated sensi-
tivity and specificity of 58% and 93% respectively. Pol-
yps were detected by VCE in 22% and in DBE 20%, (P
= (0.6), with a sensitivity and specificity for VCE of 61%
and 87%. Small bowel diverticula were only seen in 1%
of VCE but in 12% of DBE patients (P < 0.002) with a
calculated sensitivity and specificity of VCE of 9% and
100%.

CONCLUSION: VCE would be moderately sensitive
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and specific overall with considerable variation by le-
sion. Furthermore, VCE cannot be relied upon to diag-
nose small bowel diverticula.

© 2013 Baishideng. All rights reserved.

Key words: Video capsule endoscopy; Double balloon
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Core tip: Advances in endoscopic technology have rev-
olutionized the evaluation of small intestinal disorders.
Non-invasive imaging utilizing video capsule endoscopy
(VCE) offers the potential to safely visualize the entire
small bowel with a high diagnostic yield. It is limited by
a lack of therapeutic ability, imprecise localization, fail-
ure to reach the colon in all cases and inconsistent vi-
sualization of the entire small bowel. Deep enteroscopy,
utilizing double balloon enteroscopy (DBE), enables di-
agnostic and therapeutic endoscopy of the small bowel.
Although total enteroscopy can be accomplished, it typ-
ically requires antegrade and retrograde approaches.
In most clinical situations, VCE is performed initially. By
using DBE as the criterion (gold) standard, the sensitiv-
ity and specificity of community based VCE can be as-
sessed for individual lesions, offering a more informa-
tive comparison than diagnostic yield.
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INTRODUCTION

Advances in endoscopic technology have revolutionized
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the evaluation of small intestinal disorders. Non-invasive
imaging utilizing video capsule endoscopy (VCE) offers
the potential to safely visualize the entire small bowel
with a high diagnostic yield“’zl. It is limited by a lack of
therapeutic ability, imprecise localization, failure to reach
the colon in all cases and inconsistent visualization of the
entire small bowel™. Deep enteroscopy, utilizing double
balloon enteroscopy (DBE), enables diagnostic and
therapeutic endoscopy of the small bowel. Limitations of
DBE include its invasive nature, limited availability and
the need for anesthesia'. Although total enteroscopy can
be accomplished, it typically requires antegrade and ret-
rograde approaches. The rate of total enteroscopy varies
between 11%-66%"". In most clinical situations, VCE
is performed initiallym. The results can then be used to
determine the need for deep enteroscopy as well as the
entry route (antegrade or retrograde) ™. Studies compar-
ing the relative abilities of VCE and DBE, atre based on
“diagnostic yield” which refers to the proportion of ex-
aminations in which any abnormality is detected. Two re-
cent meta-analyses of studies comparing VCE and DBE
have demonstrated comparable diagnostic yields"”. Few
studies, however, compared the individual abnormalities
detected at VCE with those subsequently confirmed at
DBE". We propose to evaluate the test characteristics of
VCE for each type of lesion by comparing the results of
community based VCE to the findings at follow up DBE
for each patient. By using DBE as the criterion (gold)
standard, the sensitivity and specificity of community
based VCE can be assessed for individual lesions, offet-
ing a more informative comparison than diagnostic yield.

MATERIALS AND METHODS

Patients

Eighty-nine patients, 34 females and 55 males with a
mean age of 66, who underwent sequential VCE and
DBE exams between 2008-2010 were retrospectively
reviewed (Table 1). The study was approved by the New
York Hospital Queens institutional review board. All
VCE studies but one were performed with the Given
Imaging Pillcam SB2" system. VCE studies were read
by both community and full-time academic gastroenter-
ologists in the New York metropolitan area. A formal
second review of VCE studies by a single expert was
not performed. Preparation for VCE was variable and
depended on the preferences of the referring physician.
Findings were not correlated with use and type of prepa-
ration. No attempt was made to correlate VCE findings
with pre-procedure preparation since the effect of prepa-
ration on diagnostic yield remains controversial'?, All
patients undergoing antegrade DBE were NPO for eight
hours prior to the exam. All patients undergoing retro-
grade DBE were prepped with a combination of 2 L. of
polyethylene glycol and Bisacody 120 mg;

DBE
DBE studies were performed with the Fujinon EN-450T5
enteroscope with a methodology described previouslym].
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Table 1 Demographics 7 (%)

Total patients 89
Male 55 (62)
Female 34 (38)
Median days from VCE to DBE 29 (8-64)
Age (range) (yr) 66 (19-93)
Antegrade DBE 44 (49)
Retrograde DBE 11 (12)
Antegrade and retrograde DBE 34 (38)

VCE: Video capsule endoscopy; DBE: Double balloon enteroscopy.

All DBE procedures were performed by one attending
(MR) and a gastroenterology fellow at New York Hospital
Queens Weill-Cornell Medical College. The approach to
DBE was guided by VCE findings. Patients with positive
VCE findings in the proximal and mid small-bowel under-
went antegrade DBE initially. If the lesion was not found,
a retrograde procedure was then performed. Patients with
lesions seen in the distal small bowel at VCE underwent a
retrograde DBE as the initial procedure. If the lesion was
not found, an antegrade procedure was then performed.
In total 44 patients underwent antegrade DBE, 11 retro-
grade DBE and 34 underwent both. Sixteen of the 34 had
complete enteroscopylS’GJ. In patients with obscure gas-
trointestinal bleeding (OGIB) and negative VCE exams,
DBE was guided by the patient’s history. A second DBE
was only performed if no lesion was found. The median
time interval between the performance of VCE and the
initial DBE was 29 d.

Descriptive statistics such as means, SD, medians and
interquartile range were used to characterize the age dis-
tribution and time between VCE and DBE. Sensitivity,
specificity, positive predictive value (PPV), and negative
predictive value (NPV), along with their corresponding
95% confidence intervals, were calculated to evaluate the
accuracy of VCE for identification of lesions using DBE
as criterion standard. McNemar’s test for paired data was
used to compare detection rates between VCE and DBE.
In addition to investigating detection rates for the over-
all presence of any lesion, separate analyses were also
performed according to the type of lesion (angioectasia,
diverticula, mass, polyps, ulcers/erosions). All analyses
were performed using SAS version 9.2 (SAS Institute,
Cary, NC). A result was considered statistically significant
at the P < 0.05 level of significance.

Statistical analysis

Abnormalities identified by VCE and DBE were cat-
egorized into 5 groups to facilitate the comparison of
VCE to DBE by lesion type. These groups include: (1)
Angioectasia; (2) Diverticula; (3) Mass; (4) Polyps; and (5)
Ulcers/Erosions.

RESULTS

Indication
Indications for VCE included OGIB (# = 78, 88%), sus-
picion of Crohn’s disease (# = 10, 11%), and suspicion
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Table 2 Diagnostic yield by lesion

VCE DBE P value
Angioectasia 25% 35% 0.03
Diverticula 1% 12% 0.002
Mass 2% 2% NA
Polyps 22% 20% 0.62
Ulcers 17% 14% 0.44
All Lesions 64% 66% 0.72

VCE: Video capsule endoscopy; DBE: Double balloon enteroscopy; NA:
Not available.

of Whipples disease (7 =1, 1%).

Diagnostic yield

The overall diagnostic yields of VCE and DBE were
64% and 66% respectively (P = 0.72). Diagnostic yield by
lesion type showed a significantly higher detection rate
for DBE in the detection of angioectasia and diverticula.
Angioectasia detection by VCE was 25% compared to
35% for DBE (P = 0.03, Table 2). By location, 35% of
angioectasias identified at VCE were in the first tertile,
43% in the second tertile and 22% in the third tertile.
The vast majority of angioectasias (11/13) seen at DBE
but not at VCE were in the proximal to mid-small bowel.
Small bowel diverticula were seen in 1% of all VCE pa-
tients compared to 12% of DBE patients (P = 0.002).
Diverticula were identified in the duodenum in 2 patients,
jejunum in 7 patients and the ileum in 4 patients. Mass le-
sions were seen in two patients with VCE and both were
confirmed at DBE. No additional mass lesions were dis-
covered by DBE. Small bowel polyps were seen in 22%
of VCE patients compared to 20% of DBE patients (P
= 0.62). Small bowel ulcers were seen in 17% of VCE
patients compared to 14% of DBE patients (P = 0.44)
(Table 2).

Test characteristics of VCE

Comparison of VCE and DBE findings by lesion type:
(1) Angioectasia: Angioectasias were found by both VCE
and DBE in 18 patients. They were found only in VCE
in 4 patients and in DBE alone in 13 patients; and (2) Di-
verticula: Small bowel diverticula were seen in both VCE
and DBE in only 1 patient but were seen at DBE in 10
additional patients (Figure 1).

Two masses wete seen by both VCE and DBE. Pol-
yps wete found by both VCE and DBE in eleven pa-
tients, at VCE and not DBE in 9 patients, and were seen
at DBE and not VCE in 7 patients. Ulcers were found in
both VCE and DBE in 6 patients, at VCE but not DBE
in 9 patients, and were seen at DBE and not VCE in 6
patients (Table 3).

The sensitivity and specificity of VCE using DBE
as the criterion standard varied by lesion type (Figure 2).
Overall, the sensitivity of VCE was 65% and the speci-
ficity was 66%. VCE was most sensitive and specific for
masses (100%). It was moderately sensitive (58%) but
highly specific (93%) for angioectasia. The sensitivity for
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Figure 1 Small bowel diverticula.

ulcers/erosions was 50% and the specificity was 88%.
For polyps, the sensitivity and specificity was 61% and
87%. Importantly, VCE had very low sensitivity for de-
tecting diverticulosis (9%) (Figure 2, Table 3).

The positive and NPV of VCE by lesion were; An-
gloectasia 82% and 81% respectively; Diverticula 100%
and 89% respectively; Mass 100% positive and NPV; Pol-
yps 55.0% and 90% respectively; Ulcers/erosions 40%
and 92% respectively (Figure 3, Table 3).

DISCUSSION

In our study of patients undergoing sequential VCE and
DBE, the overall diagnostic yield of these two proce-
dures was equivalent. This is consistent with prior stud-
ies!"”. However, when diagnostic yield was compared
by lesion type, we found significant differences between
VCE and DBE. DBE had a higher diagnostic yield for
both diverticula and angioectasia.

Duodenal diverticula are reported in 5% of upper
abdominal radiographs and up to 25% in patients un-
dergoing ERCP or at autopsy[14]. Small bowel diverticula
are less common but have been found in 0.5% to 5% of
radiographs and autopsies'™'”. In our study, 11 patients
(12%) who were referred for DBE were found to have
diverticula. However, only 1 of 11 was detected on VCE.
The failure of VCE to diagnose small bowel diverticula
has been noted previously. In 2008, Hussain ez al"” re-
ported finding multiple diverticula in a patient undergo-
ing DBE, which was not detected by VCE. In 2009, Fu-
kumoto ¢z al" reported finding an ileal diverticulum on
DBE that was missed by VCE. Marmo ¢ a/"” reported
two missed jejunal diverticula that were later seen on sub-
sequent DBE. Similarly, Arakawa ez al™ reported 2 cases
of diverticulosis of the small bowel that were missed
at previous VCE. In this larger series, the sensitivity of
VCE for detecting diverticula was only 9%, confirming
that VCE cannot be relied upon to make this diagnosis.

The diagnostic yield for angioectasia at DBE was
significantly higher than VCE (35% #s 25%). Differences
in angioectasia detection by VCE and DBE have been
reported. Some studies found a higher detection rate at
VCE while others found a higher rate at DBE. Fukumoto
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Table 3 Test characteristics of video capsule endoscopy using double balloon enteroscopy as the Criterion Standard

Lesions VCE+/DBE+ VCE+/DBE+ VCE+/DBE+ VCE+/DBE+ Sensitivity of VCE Specificity of VCE PPV NPV
Angioectasia 18 4 13 54 58% 93% 82% 81%
Diverticula 1 0 10 78 9% 100% 100% 89%
Mass 2 0 0 87 100% 100% 100% 100%
Polyps 11 9 7 62 61% 87% 55% 90%
Ulcers/ erosions 6 9 6 68 50% 88% 40% 92%

VCE: Video capsule endoscopy; DBE: Double balloon enteroscopy; PPV: Positive predictive value; NPV: Negative predictive value.
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Figure 2 Sensitivity and specificity of video capsule endoscopy.

et al" described 2 patients that had angioectasia at VCE
that were missed at subsequent DBE. Similarly, Ara-
kawa reported 3 cases with missed angioectasia at DBE.
Both studies attributed the missed lesions to incomplete
DBE"*", Angioectasia detected at DBE but not at VCE
has also been described. Arakawa and Marmo each re-
ported 2 VCE-negative DBE-positive cases' . None
of these studies, however, assessed the test character-
istics of VCE using DBE as the criterion standard. In
our study, we found that VCE is highly specific but only
moderately sensitive for detecting angioectasia (93% and
58% respectively). Since DBE detects a greater number
of angioectasia, a negative capsule should not be viewed
as conclusive. However, since not all red spots identified
at DBE are true angioectasia, the clinical significance of
the detection rate differences between VCE and DBE
remains uncertain.

The diagnostic yield for polyp detection at VCE and
DBE was statistically equivalent (22% and 20% respec-
tively). However, using DBE as the criterion standard, the
actual sensitivity of VCE was only 61% and the specific-
ity was 87%. The low sensitivity implies that a significant
number of lesions were missed at VCE. Alternatively
some lesions thought to be polyps at VCE that were not
confirmed at DBE may have been due to over interpreta-
tion of bulges and folds at VCE. The limitation of DBE
however, was a lack of complete enteroscopy in all pa-
tients. Our approach of VCE directed deep enteroscopy

(4 9

TR
JBaishideng®

WIJGE | www.wjgnet.com

100 - m PPV
O NPV
75
©
% 50 +
3
(9]
25 ¢
0 0 Q ) H o
PO e
i & N &
O > &
ha 0\(,@

Figure 3 Positive and negative predictive value of capsule. PPV: Positive
predictive value; NPV: Negative predictive value.

is consistent with standard practicem. Nevertheless, these
findings illustrate the limitation of relying on diagnostic
yield as an overall measure of test accuracy. The same
findings holds true for ulcers and erosions.

The limitations of our study include its retrospective
design, interobserver vatiability in community based VCE
interpretation™
oscopy rather than attempting complete enteroscopy in
all patients and the likelihood of false positive and false
negative results at DBE. Correlation of VCE findings
with pre-procedure preparation was not assessed since
the effect of preparation on diagnostic yield remains con-
troversial"'7. Despite these limitations, we believe this
data is significant and reflects the actual clinical practice
of referring patients to specialized centers for deep en-
teroscopy based on the findings of community read VCE
studies. Thus, the test characteristics described in this
study may be unique to patients undergoing community
based VCE followed by expert DBE and may not reflect
the test characteristics of VCE in patients undergoing
both studies at a tertiary care referral center. However,
our study is reflective of real world practice and adds
to our understanding of the benefits and limitations of
these modalities.

In summary, our results suggest that comparing the
diagnostic yield of VCE and DBE as a measure of test
accuracy is misleading, By assessing the test characteris-

| reliance on capsule directed deep enter-
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tics of VCE utilizing deep enteroscopy as the criterion
standard, we have demonstrated that VCE is moderately
sensitive and specific in the diagnosis of patients with
small bowel disease. VCE cannot, however, be relied
upon to rule out small bowel diverticula. Furthermore,

based on our findings, the currently accepted algorithm
for the evaluation of patients with obscure bleedingml

which currently recommends observation alone in pa-
tients with a negative VCE should be reconsidered.

COMMENTS

Background

Studies comparing video capsule endoscopy (VCE) and deep enteroscopy
have shown equivalent diagnostic yields. Although both procedures yield similar
numbers of abnormalities, the accuracy of VCE by lesion type utilizing double
balloon enteroscopy (DBE) as the criterion standard has not been well defined.

Research frontiers

The aim of this study is to determine the test characteristics of community
based VCE in patients undergoing subsequent DBE and define the accuracy of
V/CE by individual lesion type.

Innovations and breakthroughs

The results of this study show that the detection rates for DBE and VCE were
equivalent overall (66% vs 64%). However, detection rates were not equivalent
when comparing individual lesions. DBE had a significantly greater detection
rate for AVM's (35% vs 25%, P = 0.03) and diverticulosis (12% vs 1%, P = 0.002).
The sensitivity and specificity of VCE varies by lesion type.

Applications

VCE and DBE are complimentary procedures. In the community setting, VCE
is typically performed initially in patients with obscure gastrointestinal bleed-
ing and will help guide subsequent DBE. However, VCE has a low sensitivity
for certain lesions, especially small bowel diverticula. Therefore, patients with
negative VCE and obscure bleeding should undergo subsequent deep enteros-
copy.

Terminology

Diagnostic yield refers to the number of positive findings in each exam.

Peer review

The manuscript is very valuable presenting a comparison of VCE with DBE in
real life setting. Although the review is retrospective it offers a lot of new infor-
mation mostly for the daily endoscopy practice.
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