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Abstract

Background: Small bowel mass lesions (SBMLs) are rare, span a range
of different histologies and phenotypes, and our understanding of them
is limited. Some lesions occur in patients with recognized polyposis syn-
dromes and others arise sporadically. The current literature regarding
SBMLs is limited to small retrospective studies, case reports, and small
case series. This large multi-center study aims to understand the various
clinical presentations, histologies and management options for SBMLs.

Methods: After obtaining Institutional Review Board (IRB) ap-
proval, electronic records were used to identify all device-assisted
enteroscopy (DAE) performed for luminal small bowel evaluation in
adult patients at three US referral centers (Duke, LSU and UMass)
from January 1, 2014, to October 1, 2020. We identified all patients
within this cohort in whom a SBML was detected. Using a focused
electronic medical record chart review, we collected patient, proce-
dure, and lesion-related data and used descriptive statistics to explore
relationships between these data and outcomes.

Results: A total of 218 patients (49 at Duke, 148 at LSU, and 21 at
UMass) in this cohort had at least one SBML found on DAE. The
most common presenting symptoms were iron-deficiency anemia/
bleeding (73.3%) and abnormal imaging (33.6%). Thirty-five percent
of patients had symptoms for more than a year prior to their diagnosis.
Most patients (71.6%) underwent video capsule endoscopy (VCE)
prior to DAE and 84% of these exams showed the lesion. The le-
sion was seen less frequently (48.9%) on computed tomography (CT)
scan performed prior to DAE. The majority of lesions were found
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on antegrade (56%) or retrograde (29.8%) double-balloon enteros-
copy (DBE). The most common lesion phenotypes were submucosal
(41.3%) and pedunculated (33%) with a much smaller number be-
ing sessile (14.7%) or obstructing/invasive (11%). They were found
equally as commonly in the jejunum (46.3%) and ileum (49.5%).
Most lesions were 10 - 20 mm in size (47%) but 22.1% were larger
than 20 mm. The most common histologies were neuroendocrine
tumors (NETs, 20.6%) and hamartomas (20.6%). Primary adeno-
carcinoma of the small bowel was rare, constituting only 5% of le-
sions. The majority of polyps (78.4%) were sporadic, compared to
21.7% associated with a polyposis or hereditary cancer syndrome,
most commonly Peutz-Jeghers syndrome (18.3%). After DAE, 37.6%
were advised to undergo surgical resection and 48% were advised to
undergo endoscopic surveillance or no further management because
of benign histology or successful endoscopic resection.

Conclusions: In this multi-center retrospective study we found that
SBMLs are more likely to be sporadic than syndromic, medium in
size and either pedunculated or submucosal. NETs and hamartomas
predominated and symptoms, most commonly anemia, can be present
for more than a year prior to diagnosis. Close to one half of lesions re-
quired either no further intervention or only endoscopic surveillance.

Keywords: Small bowel mass lesions; Device-assisted enteroscopy;
Tumors of the small intestine; Video capsule endoscopy; Iron-defi-
ciency anemia; Gastrointestinal bleeding

Introduction

Although the small bowel constitutes the majority of the gas-
trointestinal (GI) tract, it accounts for only 3-6% of GI mass le-
sions or tumors and 0.6% of all new cancer cases in the United
States each year [1, 2]. Small bowel mass lesions (SBMLs)
span a range of histologies from benign to malignant and
phenotypes from pedunculated polyps to submucosal masses
[2]. Some lesions occur in patients with recognized polypo-
sis syndromes and others arise sporadically [1]. Depending on
their location, size, and histopathologic features these tumors
can have widely variable and often insidious clinical presen-
tations [1]. Therefore, the timely and accurate diagnosis and
localization of SBMLs is crucial. Nevertheless, the diagnosis
of SBMLs is difficult owing to their low incidence, nonspe-
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cific clinical presentation, and location beyond the reach of
standard endoscopic evaluation [1, 3]. Indeed, up until the past
two decades, these lesions were typically only diagnosed with
surgical laparotomy [4, 5]. Since its approval in 2001, video
capsule endoscopy (VCE) has played a significant role in de-
tecting SBMLs in patients presenting with a variety of com-
plaints ranging from occult GI bleeding to abdominal pain and
weight loss. As it typically allows for inspection of the entire
small bowel and has a diagnostic yield as high as 91% for de-
tecting SBMLs, the incidence of detected SBMLs increased
from 11.8 cases per million in 1973 to 22.7 cases per million
in 2004 [3-9]. Though VCE has become the preferred first-line
method for luminal small bowel evaluation, it is limited by
its inability to provide a tissue diagnosis [1, 3, 8, 10]. To this
end, the introduction of device-assisted enteroscopy (DAE)
in 2000 provided a non-surgical, endoscopic modality that al-
lowed for the direct examination of the entire small bowel [11,
12]. Currently, there are three main DAE modalities: double-
balloon enteroscopy (DBE), single-balloon enteroscopy (SBE)
and spiral enteroscopy (SE). DAE not only enables the direct
visualization of the entire small bowel lumen, but also allows
for the controlled sampling or complete removal of SBMLs [1,
8]. We recently published a large multi-center study on the use,
risk, and yield of DAE across all three modalities that showed
an overall diagnostic yield of 76.3% and 14% of the cohort had
a SBML [8]. Other studies have shown the diagnostic yield of
DBE for small bowel polyps to be as high as 100% [10].

The current literature regarding SBMLs is limited to small
retrospective studies, case reports, and small case series. Here
we present a large, retrospective, multi-center US study of 218
patients with SBMLs aiming to determine important clinical
features of SBMLs including their most common presenting
symptoms and how long those exist prior to diagnosis; their
most common phenotypic features and histologies and wheth-
er they occur more commonly sporadically or in association
with hereditary polyposis syndromes. We also sought to deter-
mine the efficacy of other diagnostic modalities at diagnosing
SBMLs prior to DAE and to understand the optimal manage-
ment approach after detection.

Materials and Methods

Study design and patient population

After obtaining Institutional Review Board (IRB) approval,
electronic records were used to identify all DAEs performed
for luminal small bowel evaluation in adult patients at three
US referral centers (Duke, LSU and UMass) from January 1,
2014, to October 1, 2020. We identified all patients within this
cohort in whom a SBML was detected. Using a focused elec-
tronic medical record chart review, we collected patient, pro-
cedure, and lesion-related data.

Statistical analysis

Patient, procedure, and lesion characteristics were summarized
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using frequency and percent for categorical variables, and me-
dian, first and third quartile for continuous characteristics. As-
sociations between patient characteristics and histology types
were assessed using Kruskall Wallis, Chi-square, or Fisher’s
exact test, as appropriate. All analyses were conducted using
SAS Software, version 9.4 (SAS Institute, Cary, NC).

Ethical approval

This retrospective chart review study involving human partici-
pants was in accordance with the ethical standards of the in-
stitutional and national research committee and with the 1964
Helsinki Declaration and its later amendments or comparable
ethical standards. The Human Investigation Committee (IRB)
of Duke University approved this study on January 25, 2021.

Results

Patient characteristics and presenting symptoms

A total of 218 patients had a SBML detected on DAE at one of
the three participating sites within our study period. The me-
dian age of patients with a SBML was 63 years old (range 18
- 89) and 54.1% were male (Table 1). The majority of patients
(82.5%) had no family history of GI cancer and the majority
of SBMLs (78.4%) were sporadic. Forty-six patients (21.2%)
had a known hereditary cancer or polyposis syndrome, most
commonly Peutz-Jeghers syndrome (PJS) (87.0%). Most pa-
tients were Caucasian (68.4%), non-smokers (66.1%) with a
body mass index (BMI) between 25 and 39.9 kg/m? (61.0%)
at the time of diagnosis. Thirty-four point four percent of pa-
tients had symptoms for over 1 year at the time of presentation.
Regardless of its histology, the majority of lesions presented
with iron-deficiency anemia (IDA)/GI bleeding (73.4%) and/
or abnormal imaging (including VCE) (33.5%). Lesions rarely
(3.3%) presented with obstruction and other symptoms includ-
ing abdominal pain (12%), diarrhea (11.1%), and weight loss
(3.7%) were uncommon (Table 2).

Imaging and endoscopy findings

All of the patients in this study were initially evaluated with at
least one of the imaging and/or endoscopic modalities listed in
Table 3 prior to undergoing the DAE that ultimately diagnosed
the SBML. Most patients (71.6%) were evaluated with VCE and
when compared to the other initial diagnostic modalities, VCE
had the highest rates of SBML detection (84.6%). Cross-section-
al imaging was employed less frequently prior to DAE and the
rates of lesion detection of computed tomography (CT), com-
puted tomography enterography (CTE) and magnetic resonance
enterography (MRE) were 49%, 67% and 50% respectively. The
majority of lesions were ultimately found on antegrade (56.0%)
or retrograde (29.8%) DBE and SE and SBE were utilized much
less often in these evaluations. Lesions detected on DAE fre-
quently correlated with initial imaging or VCE findings (84%
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Table 1. Patient Characteristics

All patients (n = 218)

Frequency (%)
Age, years (median (Q1, Q3)) 63 (47,71)
Gender
Female 100 (45.9)
Male 118 (54.1)
BMI at diagnosis (kg/m?)
<185 4 (1.8)
18.5-24.9 51(23.4)
25-29.9 64 (29.4)
30-39.9 69 (31.7)
> 40 19 (8.7)
Unknown 11 (5.0)
Race
Caucasian 149 (68.3)
African American 50 (22.9)
Other 8(3.7)
Unknown 11 (5.0)
Family history GI malignancies
Yes 38 (17.4)
Colorectal cancer 29 (13.3)
Gastric cancer 5(2.3)
Small bowel cancer 6(2.8)
Pancreatic cancer 2(0.9)
Multi-site GI cancer 1(0.5)
No 180 (82.6)
History of hereditary cancer or polyposis syndrome
No 171 (78.4)
Peutz-Jeghers syndrome 40 (18.3)
Familial adenomatous polyposis 3(1.4)
Other 3(1.4)
Unknown 1 (0.46)
Tobacco use
Former 51(23.4)
Current 17 (7.8)
No 144 (66.1)
Unknown 5(2.3)

Values are n (%) unless otherwise specified. BMI: body mass index; Gl: gastrointestinal.

vs. 61% vs. 49% for VCE, CTE, and CT, respectively).

Lesion characteristics

As expected in a study involving lesions diagnosed by DAE, the
vast majority (95.8%) of SBML’s were found in the mid-to-distal

small bowel with jejunal and ileal lesions being close to equal.
Almost half of all lesions (47%) were 1 - 2 cm in size and the
most common lesion phenotypes were submucosal (41.3%) and
pedunculated (33.0%). Benign and malignant epithelial polyps/
tumors constituted 37.2% and 28.4% of all histologies, respec-
tively. More specifically, when further subclassified, neuroendo-
crine tumors (NETs, 20.6%) and hamartomas (20.6%) were the
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Table 2. Presenting Symptoms

All patients (n = 218)

Frequency (%)

Presenting symptoms

Iron-deficiency anemia/bleeding 160 (73.4)
Abnormal imaging study 73 (33.5)
Abdominal pain 27 (12.4)
Diarrhea 24 (11.0)
Weight loss 8(3.7)
Bowel obstruction 7(3.2)
Constitutional symptoms 4 (1.8)

Other 31(14.2)

Duration of presenting symptoms (months)
<1 18 (8.3)

1-6 55(25.7)
6-12 17 (7.8)
>12 75 (34.4)
Unknown 52 (23.9)
Values are n (%) unless otherwise specified.
Table 3. Prior Diagnostic Studies and Correlation With DAE Findings
All patients (n = 218)

Endoscopy Overall (n =218) Positive finding® ®
EGD 136 (62.4) -
Ileo-colonoscopy 126 (57.8) 2 (1.6)
Push enteroscopy 21 (9.6) 6 (28.6)
VCE 156 (71.6) 131 (84.0)
Antegrade DAE 10 (4.6) -¢
Retrograde DAE 2(0.9) -

Radiology
CT 45 (20.6) 22 (49)
CTE 18 (8.3) 11 (61)
MRI/MRE 2(0.9) 0 (0)
Unknown 19 (8.7) -

DAE modality used to find lesion All patients (n =218)

Antegrade DBE 122 (56.0)
Retrograde DBE 65 (29.8)
Antegrade SBE 11 (5.0)
Retrograde SBE 1(0.5)
Antegrade SE 19 (8.7)

Values are n (%) unless otherwise specified. 2Positive finding that correlated to final DAE findings/location. °N = 176 due to information on 42
patients missing or unknown. ®Missing information. DAE: device-assisted enteroscopy; EGD: esophagogastroduodenoscopy; VCE: video capsule
endoscopy; CT: computed tomography; CTE: computed tomography enterography; MRI: magnetic resonance imaging; MRE magnetic resonance
enterography; DBE: double-balloon enteroscopy; SBE: single-balloon enteroscopy; SE: spiral enteroscopy.
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Table 4. Lesion Characteristics

All patients (n = 218)

Frequency (%)
Lesion location
Duodenum 30 (13.8)
Jejunum 101 (46.3)
Ileum 108 (49.5)
Multi-site 7(3.2)
Small bowel (unspecified) 0 (0)
Lesion size (mm)
1-5 6(2.8)
5-10 61 (28.0)
10-20 102 (46.8)
> 20 48 (22.0)
Missing 1(0.5)
Lesion phenotype
Submucosal 90 (41.3)
Mucosal: sessile 32 (14.7)
Mucosal: pedunculated 72 (33)
Obstructing/invasive 24 (11)
Lesion histology
Benign epithelial® 81(37.2)
Malignant epithelial® 62 (28.4)
Mesenchymal® 35(16.1)
Lymphoproliferatived 3(1.4)
Inflammatory 17 (7.8)
Normal small bowel tissue 6 (2.8)
Vascular 13 (6.0)
Missing 1(0.5)

Values are n (%) unless otherwise specified. 2Indicates benign epithelial tumors (e.g., adenoma, hamartoma, Brunner gland lesions). PIndicates
malignant epithelial tumors (e.g., carcinoid and adenocarcinoma). ¢Indicates mesenchymal tumors (e.g., lipoma, liposarcoma, GIST, leiomyoma,
hemangioma, etc.) dIndicates lymphoproliferative disorders (e.g., B-cell and T-cell ymphomas). GIST: gastrointestinal stromal tumor.

most common histologies. Patients with hamartomas were diag-
nosed at a significantly younger median age, 36.5, than patients
with NETs, 65.5 (P < 0.001). African-American patients were
significantly less likely to have hamartomas, 9%, than SBML’s of
other histologies, 23-43% (P < 0.002) (Tables 4, 5 and Figs. 1-3).

Post-DAE lesion management

Thirty-seven point six percent of patients in this study were re-
ferred for surgical resection after diagnostic DAE. No further
management was recommended for 26.1% of patients because
the lesion was benign or completely resected endoscopically.
Twenty-two point five percent of patients were advised to under-
go endoscopic surveillance. Only 6.9% of patients were referred
to medical oncology. The most common DAE interventions were
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tattooing (66.1%) followed by biopsy (61.1%) and endoscopic
resection (38.4%). Among 218 patients there were only two re-
ported DAE-related complications (0.92%), one perforation and
one case of post-procedure bleeding. Both complications oc-
curred during removal of large hamartomas in patients with PJS.
One perforation occurred when a 1-cm ileal hamartoma on a thin
stalk was removed with a hot snare without first utilizing a saline
lift. The second complication was post-polypectomy bleeding
after removal of several large proximal hamartomas in another
patient. At the time of our retrospective chart review, 83% of pa-
tients included in this study were still alive (Tables 6, 7).

Discussion

Small bowel neoplasm is rare, comprising only 3-6% of all GI
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Table 5. Descriptive Characteristics by Histology

Carcinoid/NET (N=45) Hamartoma (N = 45) Hyperplastic (N =22)  Total (N =217)* P value
Gender 0.6902
Male 26 (57.8%) 21 (46.7%) 13 (59.1%) 117 (53.9%)
Female 19 (42.2%) 24 (53.3%) 9 (40.9%) 100 (46.1%)
Age <0.001°
N 45 42 22 212
Mean (SD) 61.13 (13.59) 40.33 (17.89) 63.32 (12.27) 58.94 (17.25)
Median 64 36.5 65.5 63
Q1,Q3 49.00, 69.00 27.00, 52.00 58.00, 71.00 47.00, 71.00
Range 25.00 - 86.00 14.00 - 87.00 32.00 - 78.00 14.00 - 89.00
BMI at diagnosis 0.0132
Missing 2 7 1 11
<185 1 (2.3%) 0 (0.0%) 0 (0.0%) 4 (1.9%)
18.5-24.9 7 (16.3%) 19 (50.0%) 6 (28.6%) 51 (24.8%)
25-299 16 (37.2%) 7 (18.4%) 2 (9.5%) 64 (31.1%)
30-39.9 16 (37.2%) 9 (23.7%) 11 (52.4%) 69 (33.5%)
> 40 3 (7.0%) 3 (7.9%) 2 (9.5%) 18 (8.7%)
Ethnicity 0.002¢
Missing 2 (0.92%) 2 (0.92%) 1 (0.46%)
Caucasian 26 (60.5%) 36 (83.7%) 12 (57.1%) 148 (71.8%)
African American 14 (32.6%) 4(9.3%) 9 (42.9%) 50 (24.3%)
Hispanic 0 (0.0%) 3 (7.0%) 0 (0.0%) 4 (1.9%)
Native American 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (0.5%)
Other 3 (7.0%) 0 (0.0%) 0 (0.0%) 3 (1.5%)
Polyposis syndrome <0.001¢
Any history 0 (0.0%) 39 (86.7%) 1 (4.5%) 47 (21.7%)
No history 45 (100.0%) 6 (13.3%) 21 (95.5%) 170 (78.3%)
FH of GI malignancies 0.010¢
Any history 9 (20.0%) 14 (31.1%) 5(22.7%) 38 (17.5%)
No history 36 (80.0%) 31 (68.9%) 17 (77.3%) 179 (82.5%)

aChi-square test. PKruskal-Wallis test. °Fisher exact test. 2Note one patient did not have any histologies indicated and is excluded from this table.
Furthermore, descriptive characteristics of the three most common histologies are represented in this table. FH: family history; Gl: gastrointestinal;

SD: standard deviation.

tumors, often has a nonspecific presentation and is generally
difficult to diagnose [3, 13, 14]. The advent and clinical adop-
tion of VCE and DAE have dramatically improved our ability to
detect, diagnose, and ultimately manage both benign and malig-
nant SBMLs [3, 5, 8, 11, 15]. Owing to the fact that VCE and
DAE now allow for evaluation of the entire small bowel, the
incidence of malignant small bowel tumors has increased from
1-2% up to 4-9% [15-17]. There have been several recent stud-
ies highlighting the significant role of DAE, particularly DBE,
plays in the diagnosis and management of SBMLs with decisive
management only being possible after the lesion is reached and
classified with DAE [15, 16, 18-20].

SBMLs typically present with nonspecific symptoms
and most commonly arise in patients without polyposis or
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a family history of GI malignancy and diligence is needed
when evaluating patients with persistent anemia or other in-
sidious symptoms. We recommend using VCE as the best in-
itial step when small bowel pathology is suspected. Though
it can sometimes be challenging to distinguish true lesions,
particularly when they are submucosal, from folds temporar-
ily augmented by peristalsis or innocent bulges from extrin-
sic compression from other organs or loops of adjacent small
bowel, scoring systems have been developed to assist in
making this important distinction [3, 4, 21, 22]. VCE is bet-
ter at identifying SBMLs than cross-sectional imaging and if
a SBML is found, it can help guide the optimal direction of
approach for subsequent DAE. Since most SBMLs are poly-
poid or submucosal, concern for capsule retention should not
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Figure 1. Lesion histology frequency (%). GIST: gastrointestinal stromal tumor; NET: neuroendocrine tumor; Gl: gastrointestinal.
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Figure 2. Representative endoscopic images of different small bowel mass lesions detected on device-assisted enteroscopic
exams. NET: neuroendocrine tumor; GIST: gastrointestinal stromal tumor.

steer providers away from VCE, even when the suspicion for
a SBML is high. Although DAE, especially DBE, remains a
limited resource that is often only available in select academic
centers, if a SBML is detected on VCE or cross-sectional im-
aging, we suggest trying to reach the lesion for direct assess-
ment with DAE. To this end, any one of the three DAE mo-
dalities may be used for the direct visualization and assessment

of the lesion in question. Our recent large, multi-center report
published in 2021 revealed a high diagnostic yield (76.3%)
and very low complication rate with no significant difference
across all three DAE modalities [8]. Other studies have also
shown no clinically significant variances when the different
DAE modalities were compared head to head, though DBE has
routinely been shown to achieve deeper depths of insertion and

Figure 3. Representative biopsy histologic slides of the two most common small bowel mass lesion pathologies diagnosed on
device-assisted enteroscopic exams in our study. The slide to the left shows a well-differentiated NET. The slide to the right shows

a hamartoma. NET: neuroendocrine tumor.
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Table 6. Post-DAE Lesion Management

All patients (n = 218)

Frequency (%)
Endoscopic surveillance 49 (22.5)
Surgical resection 82 (37.6)
Medical oncology 15 (6.9)
Unknown 23 (10.6)
No further management 57 (26.1)
Other 3(1.4)

Values are n (%) unless otherwise specified. DAE: device-assisted enteroscopy.

so more distal lesions may require this to be accessed [8, 21-
26]. If the lesion is mucosal, DAE can potentially obviate the
need for surgery by enabling definitive endoscopic resection or
biopsy to confirm benign histology. If the lesion is submucosal
or appears malignant, DAE can help guide operative manage-
ment by providing a histologic diagnosis through biopsy and
marking its location with a tattoo prior to subsequent surgical
resection. If DAE is unavailable or VCE findings suggest that
definitive endoscopic management will not be possible and
there is an experienced surgeon willing to partner in the pa-
tient’s management, exploratory laparoscopy/laparotomy with
intraoperative enteroscopy is still an appropriate alternative for
managing these lesions, particularly if there is the potential for
local metastases.

We acknowledge the limitations of this study. It was retro-
spective and involved three referral centers with no prospec-
tive protocol on how and when to utilize DAE in the man-
agement of these patients. Histology of biopsies and resected
specimens were read by different pathologists across the dif-
ferent institutions and not centrally re-interpreted. Many of
the patients were referred to our institutions specifically for
DAE and so their antecedent course was not always clear.
And because our cohort was drawn entirely from patients di-
agnosed by DAE, we did not analyze SBML that fell within
reach of conventional upper or lower endoscopy.

Conclusions

In this present study we present a large cohort of patients

Table 7. DAE Intervention

with SBMLs diagnosed and managed with DAE across
three tertiary referral centers. The vast majority of lesions
(78.4%) were sporadic and hamartomas and NETs were the
most common types of lesions found. Lipomas, inflamma-
tory polyps, and hyperplastic polyps were all more common
than primary adenocarcinoma of the small bowel which re-
mains very rare. SBMLs most typically present in the sixth
decade of life with anemia or GI bleeding and there can be
a long lapse between symptom onset and diagnosis. Most
patients undergo precursor evaluation and among the mo-
dalities used, VCE was superior to cross-sectional imaging
at identifying SBMLs. If SBMLs are detected, DAE can en-
able definitive endoscopic management or important preop-
erative guidance.
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