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Abstract Small bowel tumors are difficult to diagnose
because of their endoscopic inaccessibility. This has been
overcome by the use of the PillcamTM SB capsule (Given
Imaging, Yoqneam, Israel). The purpose of this report is
to describe the largest series of patients with small bowel
tumors detected by capsule endoscopy. Eighty six patients
were derived from the Given Imaging clinical database on a
survey of PillcamTM SB capsule users who were diagnosed
with 87 small bowel tumors, 1 cecal tumor, and 1 gastric tu-
mor. The population consisted of 55 males and 31 females.
69% of patients were referred for capsule endoscopy for
obscure gastrointestinal bleeding (59/86 patients) and 31%
(27/86 patients) were referred for other indications includ-
ing anemia, polyposis, and abdominal pain. All patients have
histologically confirmed tumors. Eighty six patients reported
395 previous negative procedures (average of 4.6 per pa-
tient). Malignant tumors comprised 61% (54/89) and benign
39% (35/89). Of the 87 reported small bowel tumors, 4 were
identified in the duodenum, 43 tumors were identified in
the jejunum, 18 tumors were identified in the ileum, and 22
tumors were located in the mid to distal small bowel. The
most common malignant tumors were adenocarcinoma, car-
cinoids, melanomas, lymphomas, and sarcomas. The most
common benign tumors were GIST, hemangiomas, hamar-
tomas, adenomas, and granulation tissue polyps. Capsule
endoscopy is the diagnostic procedure of choice in patients
with suspected small bowel tumors.
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Introduction

Primary neoplasms of the small bowel are an uncommon and
heterogeneous group of tumors, comprising approximately
5% of all primary gastrointestinal neoplasms [1]. Although
the small bowel represents 75% of the length and over 90%
of the mucosal surface area of the alimentary tract, it is the
site of only 1–2% of malignant gastrointestinal tumors [2].
Small-bowel tumors have traditionally been difficult to di-
agnose due to their nonspecific clinical signs and symptoms,
combined with radiologic methods that have poor sensitivity
and specificity and endoscopic methods which only visualize
the proximal small bowel [3]. Endoscopic methods includ-
ing push enteroscopy and colonoscopy visualize approxi-
mately four feet beyond the ligament of Treitz and the distal
ileum. The video capsule endoscopy system (Given Imaging
Inc., Yoqneam, Israel) has the ability to record photographic
images of the entire small bowel during normal peristaltic
motion, including those areas not reached by a traditional
endoscope.

In order to provide more information for the correct diag-
nosis and better management of these tumors, we present
the largest series of patients with histologically verified
small-bowel tumors detected by wireless capsule endoscopy
(WCE).

Materials and methods

The clinical records of 86 patients with 87 small-bowel tu-
mors were derived from the Given Imaging clinical database.
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Table 1 Tumor type and distribution

Mean age Male/female
Tumor type No. (%) (range) (years) (%)

Benign neoplasm 35 (40) 59 (41–83) 63/37
Malignant neoplasm 52 (60) 60 (20–86) 63/37

In total, 125 investigators were contacted regarding submis-
sion of tumors detected by WCE. Positive responses were
received from 37 investigators. A completed questionnaire
was submitted by each contributing investigator and only
histologically confirmed small-bowel tumors were included.
Five of the 86 patients were involved in clinical trials; the
majority were private patients submitted by contributing in-
vestigators. Some investigators contributed multiple cases.
The indication for capsule endoscopy, location of tumor,
number of prior negative procedures per patient, and histo-
logical diagnoses for each tumor is reported.

Results

The percentage of benign vs. malignant tumors, as well as
age and sex distribution according to tumor type is shown
in Table 1. Malignant neoplasms accounted for 52 of the 87
lesions (60%) collected in this study. The youngest patient
was 20 years old and the oldest was 86. Malignant neoplasms
appeared more frequently in males than in females (63 vs.
37%). The mean ages of the patients were similar for benign
and malignant neoplasms (59 and 60 years, respectively), as
was the male-to-female ratio (63 vs. 37% for both).

The malignant neoplasms consisted of adenocarcinomas,
carcinoid tumors, melanomas, lymphomas, and sarcomas
(Table 2). Other lesions included three GIST tumors that
were determined to be malignant and one metastatic lung
cancer. The most common location of the malignant tumors
was in the jejunum (50%). Of note, although the specific
location of seven lesions was not specified, all were iden-
tified as “mid to distal small bowel.” Therefore, 89% of

Table 2 Malignant small-bowel tumor pathology and location

Total
number Not

Tumor type (%) Duodenum Jejunum Ileum specified

Adenocarcinoma 18 (35) 2 11 2 3
Carcinoid 17 (32) 0 7 8 2
Melanoma 5 (9) 1 3 0 1
Lymphoma 5 (9) 1 4 0 0
Sarcoma 3 (7) 0 1 1 1
Other lesion 4 (8) 0 1 3 0

Total (%) 52 4 (8) 27 (52) 14 (27) 7 (13)

Table 3 Benign small-bowel tumors pathology and location

Total # Not
Tumor type (%) Duodenum Jejunum Ileum specified

GIST 18 (51) 2 9 4 3
Hemangioma 4 (11) 0 3 0 1
Hamartoma 4 (11) 0 3 0 1
Adenoma 2 (6) 0 2 0 0
Granulation
Tissue Polyp

1 (3) 0 1 0 0

Other lesion 6 (17) 0 2 0 4

Total (%) 35 2 (6) 20 (57) 4 (11) 9 (26)

lesions were located in the jejunum or beyond. Regarding
the sarcomas detected, those found in the jejunum and ileum
were from the same patient. Benign lesions comprised 40%
(35/87) of total lesions detected. GISTs, hemangiomas, and
hamartomas were the three most common benign neoplasms
(Table 3). The majority of benign lesions with specified
location were found in the jejunum (57%). Other lesions
identified included: two lipomas, one incarcerated hernia,
one focal lymphatic cyst, one site of amyloidosis, and one
neurofibroma.

The indications for capsule endoscopy included (1) 69%
(59/86) for investigation of obscure GI bleeding (2) 21%
(18/86) for anemia (3) 8% (7/86) for abdominal pain and
(4) 2% (2/86) for history of polyposis (Table 4). Malignant
neoplasms were found in 72% of patients referred for anemia,
58% of patients referred for OGIB, and 43% of patients
referred for abdominal pain. Both patients referred for history
of polyposis were found to have benign neoplasms.

The 86 patients had undergone 395 previous negative pro-
cedures prior to WCE (average of 4.6 per patient). This in-
cluded 137 colonoscopies, 131 upper endoscopies, 40 small-
bowel follow-through radiological studies, 26 enteroscopies,
24 CT scans, 16 enteroclysis, six nuclear medicine bleed-
ing scans, six angiographies, five plain abdominal x-rays,
two Meckel’s scans, one abdominal ultrasound, and one la-
paroscopy (Table 5). Patients found by WCE to have duode-
nal tumors underwent an average of two prior negative pro-
cedures, while those with jejunal and ileal tumors underwent
an average of 5.3 and 4.1 negative procedures, respectively.
While 22 tumors were classified as “not specified” because

Table 4 Indication for wireless capsule endoscopy

Indication Malignant Benign Total (%)

OGIB 34 25 59 69
Anemia 13 5 18 21
Abdominal pain 3 4 7 8
History of polyposis 0 2 2 2

Total (%) 50 (58) 36 (42) 86 100
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Table 5 Negative procedures and location of tumor

Location of tumor

Procedure
Duodenum
(4 tumors)

Jejunum (43
tumors)

Ileum (18
tumors)

Not specified
(22 tumors)

Total no. of
each procedure

Upper endoscopy 3 77 23 28 131
Enteroscopy 0 16 7 3 26
Colonoscopy 3 81 23 30 137
SBFT 1 18 8 13 40
CT scan 1 12 6 5 24
Enteroclysis 0 11 4 1 16
Bleeding scan 0 5 0 1 6
Angiography 0 3 3 0 6
Abdominal X-ray 0 4 0 1 5
Meckel’s scan 0 1 0 1 2
Abdominal Ultrasound 0 1 0 0 1
Laparoscopy 0 1 0 0 1

Total 8 230 74 83 395
No. of negative procedures (prior to WCE)
per tumor location

2 5.3 4.1 3.8

data regarding specific anatomic location was not available,
the majority of these lesions were identified as being in the
“mid to distal” small bowel.

Discussion

Primary neoplasms of the small bowel are a rare group of tu-
mors with a reported incidence of 3–6% among all tumors of
the gastrointestinal tract and 1–3% among malignant lesions
[4]. This low incidence is accompanied by a lack of accuracy
of radiographic investigations and relative inaccessibility of
the distal small bowel for endoscopic investigations. The
result is a significant delay in diagnosis. In fact, the mean
symptom to diagnosis interval has been reported to be more
than 6 months [5].

Small-bowel disorders are among the most difficult to
evaluate endoscopically because of the long length and mul-
tiple complex looped configuration of the small bowel. Al-
though endoscopy has replaced barium studies as the primary
means of assessing the upper GI tract and the colonic mu-
cosa, radiographic studies have remained the primary method
of evaluating the small bowel, especially the distal small
bowel. Enteroclysis has been reported to be more accurate
than barium small-bowel follow-through examinations and
is reported to have a diagnostic yield in patients with small-
bowel tumors (around 90%). However, this figure is limited
to centers of excellence and is not applicable to the usual
exam. Furthermore, enteroclysis requires a skilled radiolo-
gist, causes patient discomfort, necessitates light sedation,
involves more patient radiation, and is expensive and time-
consuming [6].

Endoscopy has the advantage of visualizing subtle mu-
cosal changes such as vascular abnormalities that do not al-
ter the mucosal surface and are thus undetectable on contrast
studies. There have been two non-surgical endoscopic eval-
uations of the small bowel available, push enteroscopy and
sonde-type enteroscopy. Push enteroscopy is a procedure in
which a long endoscope is passed orally and pushed beyond
the ligament of Treitz. With standard enteroscopes it is possi-
ble to intubate the jejunum approximately 60 cm beyond the
ligament of Treitz, whereas we have shown that with dedi-
cated small-bowel enteroscopy, we averaged 120 cm beyond
the ligament of Treitz [7]. Push-type enteroscopy, unlike ra-
diological procedures, permits the operator to collect biopsy
specimens and perform endotherapy. Sonde enteroscopy is
performed by placing an enteroscope transnasally into the
stomach, advancing it through the pylorus with a gastro-
scope passed through the mouth, and allowing peristalsis to
carry the endoscope distally. Passage time averages 8 h, and
endoscopic examination of the small intestine is performed
on instrument withdrawal. Although sonde enteroscopy has
the potential to examine the entire small bowel, in up to
75% of patients the distal ileum is not reached. It is also
uncomfortable, time consuming, has only diagnostic poten-
tial, and does not allow for collection of biopsy specimens
[8]. For these reasons, sonde-type enteroscopy is currently
rarely performed. Intraoperative endoscopy, although often
successful, is associated with a higher complication rate and
longer hospital stay for patients with a positive or negative
examination [9].

A significant advantage of wireless capsule endoscopy is
its ability to detect small-bowel abnormalities not reached by
traditional endoscopy. Indeed, the overall sensitivity of WCE
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in detecting small-bowel lesions has been found to be signifi-
cantly superior compared with push enteroscopy [10]. In our
series, 89% of lesions were located in the mid to distal small
bowel, areas beyond the reach of an enteroscope. The fact
that only four of 87 tumors detected by WCE were located in
the duodenum likely represents the high yield of traditional
endoscopic methods for tumors located within reach of a
conventional endoscope. Furthermore and of note, wireless
capsule endoscopy has also been found to have diagnostic su-
periority over barium follow-through, which has traditionally
been the primary examination for evaluation of small-bowel
disease [11]. Double-balloon enteroscopy (DBE) represents
a new technology that is currently in its infancy. In theory, it
enables total bowel visualization and may be a confirmatory
test of a non-diagnostic or negative WCE. In a recent compar-
ison of capsule endoscopy and double-balloon enteroscopy
in patients with suspected small-bowel bleeding, Nakamura
and colleagues found that WCE yielded superior access to
the entire small intestine (90.6 vs. 62.5%, P < 0.05). How-
ever, the diagnostic rate between the two modalities was
not significantly different (59.4 vs. 42.9%, P = 0.30) [12].
Furthermore, DBE allowed for histological diagnosis and/or
treatment in some of the lesions. Their research suggests that
WCE and DBE should be employed as complimentary pro-
cedures, with WCE used for initial diagnosis and DBE for
histo-pathological diagnosis or treatment after detection of
the bleeding site by WCE.

The majority (69%) of patients in our series were referred
for capsule endoscopy for investigation of obscure gastroin-
testinal bleeding. Although the diagnostic yield of entero-
clysis in patients with small-bowel tumors and Crohn’s dis-
ease is around 90%, in unexplained GI bleeding it is poor,
ranging from 10 to 20% [6]. Angiography and radionuclide
scanning are sensitive only in the presence of active bleeding
[13]. Investigation of obscure GI bleeding therefore repre-
sents an area where WCE has clearly demonstrated its ben-
efits over other available methods.

Other indications for capsule endoscopy in our sample in-
cluded investigation of anemia (21%), abdominal pain (8%),
and history of polyposis (2%). That small-bowel tumors were
discovered in patients referred for chronic abdominal pain
suggests that capsule endoscopy should also be considered
in these patients, irrespective of normal findings on conven-
tional endoscopic and radiographic investigations.

The percentage of benign to malignant tumors in our
sample detected by WCE (39.3 vs. 60.7%) correlates with
published surgical series of small-bowel tumors in which
malignant tumors predominate in 60–75% of cases [1]. As
described above, the most common type of malignant tumor
was adenocarcinoma (35%), followed by carcinoid (31%),
metastatic melanoma (9%), lymphoma (9%), and sarcoma
(7%). This distribution correlates well with other series of
malignant small-bowel tumors [14]. Benign lesions included

GIST (51%), hemangioma and hamartoma (11% each), and
adenomas (6%).

Other series of patients with small-bowel tumors found
by WCE have been described. Bailey, Debinski, and
Appleyard, et al. reported on the diagnosis and outcomes
in 26 patients with SBTs detected by capsule endoscopy in
three Australian centers [15]. In their series, 26 patients were
diagnosed with 27 tumors. Prior radiologic investigations in-
cluding small-bowel series and CT scans were performed and
interpreted as normal in 23 out of 26 patients. The mean age
(57 years), the predominant indication of obscure GI bleed-
ing (21/26 patients or 80%), and the percentage of malignant
tumors (18/27 tumors or 66%) correlate well with our data.
Furthermore, malignant tumors included adenocarcinomas,
carcinoids, metastatic melanomas, and GISTs, similar to the
tumor types in our series.

To our knowledge, this report represents the largest series
of small-bowel tumors detected by capsule endoscopy. Stan-
dard endoscopic and radiologic methods failed to suggest
the correct diagnosis in all of the 86 patients. The average
number of negative procedures prior to WCE was 4.6 per
patient. Possible explanations for this phenomenon include
radiologic misinterpretation and/or false negative examina-
tions. Furthermore, four tumors detected by WCE were ac-
tually located in the duodenum and therefore may have been
within reach of an upper intestinal endoscope. That capsule
endoscopy is helpful in locating lesions likely missed by
traditional upper endoscopy has been documented in prior
studies of capsule endoscopy [10].

This report is not without its limitations. Specifically,
while we have information regarding the tumors detected
by WCE, we do not have any follow-up data at this time and
are therefore unable to draw any conclusions regarding the
importance of early versus late detection. The available liter-
ature regarding small-bowel tumors suggests that the failure
to obtain a proper diagnostic test and/or misinterpretation
of results contributes to an average delay in diagnosis of
6–8 months [16]. For patients with malignant small-bowel
tumors, late detection and inaccurate diagnosis not only con-
tribute to the advanced stage at the time of surgery, but also
to a 50% rate of metastasis at presentation, and thus to an
overall poor prognosis [17–19]. At this time, we can only
speculate that routine use of wireless capsule endoscopy
in the diagnostic algorithm for obscure GI bleeding, iron
deficiency anemia, and abdominal pain will lead to earlier
diagnosis, and therefore improvement in the overall progno-
sis for malignant small-bowel tumors. However, prospective
trials with long-term follow-up are necessary to validate this
theory.

In summary, wireless capsule endoscopy is a new, non-
invasive diagnostic technique that visualizes the small intes-
tine and identifies lesions in parts of the small bowel not
reached by traditional endoscopy. The sensitivity of WCE
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compares favorably with both push enteroscopy and small-
bowel follow-through, especially with regard to obscure GI
bleeding, the most common indication for capsule endoscopy
in our series of patients. Thus we conclude that capsule en-
doscopy is the diagnostic procedure of choice in patients
with suspected small-bowel tumors who may present with
occult GI bleeding, anemia, or abdominal pain.
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