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Abstract: Ultrasonography is a standard, noninvasive modality used
to evaluate patients with gastrointestinal diseases. This study assessed
the usefulness of ultrasonography in the detection of small bowel
tumors.

This study enrolled 558 consecutive patients (295 males, 263 females;
mean age 71.1 years) who underwent ultrasonography before capsule
endoscopy and/or balloon-assisted endoscopy. Ultrasonographic detection
of small bowel tumors was compared with detection by capsule endoscopy
and/or balloon-assisted endoscopy. In addition, factors affecting small bowel
tumor detection by ultrasonography and clinical characteristics of patients
with small bowel tumors undetected by ultrasonography were evaluated.

Ninety-seven tumors (52 benign, 45 malignant) detected by capsule
endoscopy and/or balloon-assisted endoscopy were retrospectively ana-
lyzed. The sensitivity and specificity of ultrasonography in the detection of
small bowel tumors were 50.5% (47/93) and 100% (465/465), respectively.
If we restricted patients to those with a tumor >20 mm in size, its detection
ratio would become higher (91.7%): the ratio of submucosal tumor
>20mm in size was 85.7% (6/7) and that of partial and circumferential
ulcerative tumors > 20 mm in size was 96.9% (31/32), respectively. Small
bowel tumors detected by ultrasonography (mean 33.2 mm) were signifi-
cantly larger than those undetected by ultrasonography (mean 8.7 mm). The
percentage of small bowel tumors located in the ileum detected by
ultrasonography (70.6%) was significantly higher than those undetected
by ultrasonography (29.4%). Of the 46 small bowel tumors undetected by
ultrasonography, 42 (91.3%) were benign tumors with good clinical
prognosis.

Ultrasonography is a useful modality for detecting larger small bowel
tumors and ulcerative lesions. Ultrasonography should be considered a first-
line modality for patients suspected of having small bowel tumors, because
most small bowel tumors undetected by ultrasonography were benign
tumors with good clinical prognosis.
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INTRODUCTION

he small bowel is the longest part of the digestive tract,

accounting for 75% of the total length and 90% of the
mucosal surface of the alimentary tract. The small bowel is not a
common site for tumor development, inasmuch as only 3—6%
of all gastrointestinal (GI) neoplasms and 1-3% of all primary
GI malignancies occur in this organ.' ™ A recent epidemiolo-
gical study, however, found that the overall incidence of
malignant small bowel tumors (SBTs) has increased markedly
in the United States.* The clinical diagnosis of SBTs has
been difficult because of the lack of specific clinical symptoms
and effective diagnostic approaches.”*=>® Primary and second-
ary SBTs are sometimes incidentally diagnosed by obscure
GI bleeding and/or acute abdominal pain.®~®

More recently, endoscopic methods, including capsule endo-
scopy (CE) and balloon-assisted endoscopy (BAE), have been
developed to evaluate diseases of the small intestine. Although
these methods have been shown to be useful in the diagnosis and
treatment of small intestinal lesions,” "' these procedures have
several limitations. CE cannot be used in patients with small
bowel strictures, nor can it be used to biopsy tissue samples,'' 3
whereas BAE is an invasive and complex procedure, with the
examination requiring substantial time to complete.'*
Ultrasonography (US) is one of the most commonly used

imaging modalities in patients with GI diseases, including
inflammatory bowel diseases and GI obstruction.">~ ' In con-
trast to other abdominal examination methods, US has several
advantages, including being radiation-free, noninvasive, and
cost-effective, as well as providing real-time scanning.”’*' To
date, however, few studies have assessed its usefulness in the
detection of SBTs.?* This study therefore compared the ability
of US to detect SBTs with detection by CE and/or BAE, as well
as evaluating the factors affecting SBT detection by US.

PATIENTS AND METHODS

Patients

This retrospective cross-sectional study of consecutive
patients suspected of SBTs was performed at Kawasaki Medical
School from January 2007 to March 2013. After routine US
evaluation of parenchymal organs, including the liver, kidneys,
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pancreas, and spleen, all patients underwent US evaluation of
the GI tract before CE and/or BAE. This study was approved by
the local ethics committee, and authorization for the use of
medical records for research purposes was confirmed before
access to these records was obtained.

METHODS

Data from Medical Records

Patient characteristics investigated included age, sex, body
mass index (BMI), symptoms at the time of initial diagnosis, US
findings, CE findings, BAE findings, and final diagnosis,
including pathological findings of resected specimens.

US Procedure

Routine abdominal US was performed using the SSA-390A
system (Toshiba Medical Systems Co, Ltd, Otawara, Japan), with
3.5-MHz curved and 7.5-MHz linear array transducers, as pre-
viously described.''** Two US operators, each with > 10 years of
experience, screened the Gl tract. They were blinded to the results
of other imaging procedures but had general information about
patients’ physical findings and results of blood tests.

CE Procedure

CE was performed using an M2A/PillCamTM SB,
along with the Reporting and Processing of Images and Data
(rapid) (2-5.5) application software program (Given Imaging,
Yokneam, Israel), as described.” !

DBE Procedure

Double-balloon  endoscopy  (EN450P5, EN450TS5;
Fujifilm Inc, Tokyo, Japan), was performed using antegrade
and/or retrograde approaches, as previously described.”®
For retrograde BAE, bowel preparation was required, as for colono-
scopy. Antegrade BAE was performed after an overnight fast.
All BAE procedures were performed under conscious sedation.

Study Protocol and Evaluation

This study evaluated three parameters: the detectability of
SBTs by US compared with CE and/or BAE, factors affecting
the detection rate of US, and clinical characteristics of patients
with SBTs undetected by US. All patients underwent US before
CE and/or BAE. If the lesions detected by US were large
(>15mm) or were accompanied by massive bleeding, BAE
was performed first. All other patients underwent CE. The US
images were evaluated for the presence and features of SBTs.
CE or BAE was performed within 2 weeks of US examination.
If CE or BAE detected multiple lesions, the largest was ana-
lyzed. The size, shape, and location of lesions detected by US
were compared with the same factors on CE or BAE. Tumor size
was evaluated as the major axis length, measured on surgically
or endoscopically resected specimens, small bowel radiograms,
or endoscopic images. Tumor shapes were classified endosco-
pically as granular lateral spreading tumors, polypoid lesions,
submucosal lesions, circumscribed lesions, and circumferential
ulcerative lesions,”> and tumor location as the jejunum and
ileum. SBTs located in the epigastric and/or left hypochondrium
were defined as being in the upper jejunum, those in the
periumbilical and/or right lateral abdominal region as being
in the lower jejunum, and those in the left lower abdominal
region and/or pelvic cavity as being in the ileum. This study was
approved by the research ethics committee of Kawasaki
Medical School and Hospital (number 1299).

2 | www.md-journal.com

Benign tumors;52 (9.3%)

alignant tumors;
45 (8.1%)

No existence of SBTs;
461 (82.6%)

FIGURE 1. Numbers of SBTs detected by small bowel endoscopy.
SBTs=. small bowel tumors.

Statistical Analysis

Values expressed as mean = standard deviation (SD) were
compared using Student’s ¢ tests. The chi square test was used to
compare percentages and to assess the independence of two qual-
itative variables. In all analyses, P < 0.05 was considered to be
significant. All statistical analyses were performed using GraphPad
Prism 5 for Windows (GraphPad Software Inc, San Diego, CA).

RESULTS

Patients’ Characteristics

This study enrolled 558 consecutive patients, 295 males
and 263 females, of mean & SD age 70.1 £ 12.4 years. Of these
patients, 373 (67.2%) showed symptoms related to obscure GI
bleeding, 75 (13.4%) had abdominal pain, 46 (8.6%) had
anemia, 41 (7.3%) underwent detailed examinations, 25
(4.4%) had abdominal obstruction suggesting bowel stenosis,
and 44 (7.8%) had other symptoms. There were some overlaps
among symptoms.

Clinical Characteristics of SBTs Detected by CE
and/or BAE

SBTs were detected by CE and/or BAE in 93 (16.7%)
patients (Figure 1), Benign SBTs were observed in 52 patients
(9.3%, mean size; 16.9 £ 1.7mm), including 24 (46.2%) with
lymphangiomas; 6 (11.5%) with hamartomatous polyps; 2 (3.8%)
with inflammatory fibroid polyps; 1 each (1.9%) with a lipoma, a
pyogenic granuloma, and an adenoma; and 17 (32.7%) with other
lesions. Malignant SBTs were detected in 45 patients (8.1%,
mean size; 36.2 + 0.4 mm), including 31 (68.9%) with malignant
lymphomas, 6 (13.3%) with adenocarcinomas, 4 (8.9%) with
gastrointestinal stromal tumors (GISTs), 3 (6.7%) with metastatic
tumors, and 1 (2.2%) with a carcinoid tumor.

Tumor Detectability on US Compared with CE
and/or BAE

Table 1 shows the detectability of SBTs by US and by CE
and/or BAE. US detected SBTs in 51 patients (9.1%), but failed
to detect SBTs detected by CE and/or BAE in 46 patients
(8.2%), whereas 461 patients (82.6%) were diagnosed as
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TABLE 1. Detectability of SBTs by US Compared with CE
and/or BAE

SBTs detected by CE and/or BAE

US Detected Undetected Total
Detected 51 0 51
Undetected 46 461 507
Total 97 461 558

Sensitivity, 53.1%; specificity, 100%; positive predictive value,
100%; negative predictive value, 90.9%.

BAE =balloon-assisted endoscopy, CE =capsule
SBTs =small bowel tumors, US = ultrasonography.

endoscopy,

negative by both US and CE and/or BAE. The sensitivity,
specificity, positive predictive value (PPV), and negative pre-
dictive value (NPV) of US in the detection of SBTs were 53.1%,
100%, 100%, and 90.9%, respectively.

US Detectability of SBTs by Shape and Size

The ability of US to detect SBTs by their shape and size is
shown in Figure 2. Only one (2.6%) of 39 tumors <10mm was
detected by US, compared with 44 (91.7%) of 48 tumors
>20mm. Of the 33 partial ulcerative and circumferential
tumors, 32 (96.9%) could be detected by US, compared with
only 1 (3.0%) of 33 polypoid lesions and granular lateral
spreading lesions <10mm in size. If we restricted patients to
those with a tumor >20 mm in size, its detection ratio would
become higher (91.7%): the ratio of submucosal tumor >20 mm in
size was 85.7% (6/7) and that of partial and circumferential
ulcerative tumors >20 mm in size was 96.9% (31/32), respectively.

Factors Affecting US Detection Rate
Table 2 shows the factors affecting US detection rate among
patients with SBTs. Tumors detected by US were significantly

larger than those undetected by US (33.2+£163mm vs
8.7+£8.6mm, P=0.00015). Tumor location also differed
significantly in these 2 groups (P = 0.014), with localization in
the ileum being significantly more common for SBTs detected
than undetected by US. The sex, age, and BMI (P =0.56) of
patients with tumors detected and undetected by US did not
differ significantly. Typical SBTs detected by US are shown in
Figures 3 and 4, and typical SBTs undetected by US are shown in
Figure 5.

Clinical Characteristics of Patients with SBTs
Undetected by US

Of the 52 patients with SBTs undetected by US, 42
(80.8%) had benign tumors (Figure 6). In contrast, of the 45
patients with malignant tumors, only 4 (8.9%) were undetected
by US, including 2 patients with follicular lymphoma and 1 each
with diffuse large B cell lymphoma and GIST. Three of these
tumors were located in the duodenum and upper jejunum and 2
patients had small, multiple lesions (Table 3).

DISCUSSION

This study compared the detectability of SBTs by US with
detectability by CE and/or BAE, finding that US had a sensi-
tivity of 53.1% and a specificity of 100%. The US detection rate
of SBTs >20mm in longest diameter was 91.7% (44/48).
Moreover, >90% of SBTs undetected by US were benign
tumors, which have been generally regarded as having a good
clinical course. These findings suggested that US examination
may be a useful first-line modality for patients suspected of
having SBTs.

The sensitivity, specificity, PPV, and NPV rates of US in
the detection of SBTs were found to be 53.1%, 100%, 100%,
and 90.9%, respectively. In comparison, 2 previous studies
reported sensitivity rates of US 26.4% and 72.0%.%*** These
discrepancies may have been due to differences in patient
populations, reference diagnostic modalities, or experience of
the US operator. In this study, each US operator had >10 years
of experience. US examination of the GI tract in our institution

Size of tumor (mm)

Detection
<10 10-19 20-29 30-39 40¢< rate (%)
Granular lateral 3/7
spreading lesion ®0000 ® (42.8)
__________ s N e
polypoidlesion 000000 2@®00 9000 00 ® by
000000 (22.0)
_____________ oo NN 4 USUEE 00  E—
Submucosal tumor 80000 @000 e0eeO o (1] S/
(47.1)
Partial ulcerative 12/13
HiFE (] 20000 0000 000 (92.3%)
Circumferential 00000 90000® 19/19
ulcerative tumor oee6e ] 000 (100)
Detection 1/39 6/10 17/20 12/13 15/15 51/97
rate (%) (2.6) (60.0) (85.0) (92.3) (100) (52.6)

@ ; detectableby US

O ; undetectable by US

FIGURE 2. Rate of US detection of SBTs as a function of tumor shape and size. SBTs= small bowel tumors, US = ultrasonography.
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TABLE 2. Factors Affecting US Detection Rate

Detected Undetected
by US by US P value

Tumor size (mm) 3324163 8.7+8.6 0.00015
Tumor location (N)

Jejunum 35 (68.6%) 41 (89.1%) 0.014

Tleum 16 (31.4%) 5 (10.9%)

BMI (kg/m?) 20.3+12.9 213435 0.56"

Sex (M/F) 24/17 20/25 0.20"

Age 63.5+15.6 62.8+17.6 0.78"

?MI = body mass index, F = female, M = male, US = ultrasonography.
N=86.

= TOSHIBA SSA-700A
7.0MHz liner

FIGURE 3. Results in a patient with SBT of the jejunum detected
by both US and BAE. Tumor size was 30 x 22mm, and the
histological diagnosis was diffuse large B cell lymphoma. (A) US
results, showing a very low echoic round mass lesion in the
periumbilical region. (B) BAE results, confirming the presence
of a partial ulcerative mass in the distal jejunum. BAE=
balloon-assisted endoscopy, SBTs= small bowel tumors,
US = ultrasonography.
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FIGURE 4. Results in a patient with SBT of the jejunum detected
by both US and BAE. Tumor size was 15x13mm, and the
histological diagnosis was jejunal cancer. (A) US results, showing
a low-echoic mass surrounding the entire circumference of the
small intestinal wall in the epigastric region. (B) BAE results,
confirming the presence of a circumferential ulcerative mass in
the upper jejunum. BAE=balloon-assisted endoscopy, SBTs=
small bowel tumors, US = ultrasonography.

has become routine, with all operators having >10 years of
experience.'>'®*1** Moreover, many US operators in other
hospitals throughout Japan have >10 years of experience.

This study found that the overall rate of detection of SBTs
>20 mm on US was 91.7% (44/48). Moreover, US successfully
detected all circumferential tumors and 12 of 13 (92.3%) gartial
ulcerative tumors, higher rates than previously observed.** The
severe obstruction associated with large-sized SBTs is a risk
factor for capsule retention. Moreover, patients with a severe
condition may be contraindicated for BAE because of its
invasiveness. US examination may be an alternative, because
of its noninvasiveness. In contrast, the US detection rate of
SBTs <20mm was only 14.3% (7/49), suggesting that US
examination may be unsuitable for small-sized SBTs, although
such patients could undergo CE and/or BAE.

The diagnostic quality of US examinations depends on
several factors, including the resolution of the equipment, the
experience of the operator, artifacts produced by intestinal gas,
and the patient’s body habitus, including BMI and the thickness of
the fatty layer of the anterior abdominal wall > ! Unexpectedly,

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 5. Endoscopic images of SBTs undetected by US. Few
polypoid lesions or superficial abnormalities were detected by
US. (A) Small polypoid lesion in the jejunum. (B) Follicular lym-
phoma in the upper jejunum. SBTs= small bowel tumors,
US = ultrasonography.

BMI was not associated with the rate of SBT detection by US.
Because of the retrospective nature of this study, the thickness of
the fatty layer of the anterior abdominal wall could not be
investigated. The enrolled patients tended to have low BMI,
which may explain the lack of difference between the 2 groups.
However, other studies have reported that BMI was unrelated to
SBT detectability by US.>*3?

US and computed tomography (CT) showed similar rates
of detection of acute appendicitis and colonic diverticulitis

Malignant tumors; 4 (8.7%)

DLBL 1 case
Follicular lymphoma 2 cases
GIST 1 case

Benign tumors;
42 (91.3%)

FIGURE 6. Descriptions of patients with SBTs undetected by US
examination. SBTs= small bowel tumors, US = ultrasonography.

(CT).>**% In this study, ileocecal SBTs had a higher rate of
detection than lesions in other locations. Anatomically, ileoce-
cal lesions are located more superficially in the abdominal
cavity, making these SBTs easier to detect by US than lesions
in other locations.

SBTs detected by US were significantly larger than those
undetected by US in this study, providing further evidence that
small-sized SBTs are difficult to detect by US. Our study
showed that US was able to detect only 2.6% of SBTs
<10 mm in size, similar to a study reporting that US was unable
to detect any SBTs <10 mm in size.** US was also unable to
detect 4 SBTs >30mm, 3 of which were located in the
duodenum and/or upper jejunum and 1 on the deep side of
the pelvic cavity, suggesting that the latter may be difficult to
detect by US. However, >90% of SBTs undetected by US were
benign tumors with good clinical prognosis. Further studies are
necessary to confirm this finding.

This study had several limitations. First, the detection rate
of SBTs in asymptomatic patients has been unclear, although
we have had experience detecting SBTs incidentally during
routine US examination. However, it is difficult to determine
this rate, because many asymptomatic patients are not evalu-
ated. Second, the correlation between US operator experience
and the rate of SBT detection is unclear, although several
studies have shown that operator experience was associated
with the rate of detection of GI diseases.*® *® Third, this study
excluded patients unable to undergo CE and/or BAE after US
examination because of severe general condition. Inclusion of
these patients may have increased the sensitivity and specificity
of US. Fourth, SBT detectability by US examination was not
compared with detectability by CT and/or magnetic resonance

TABLE 3. Descriptions of Individual Patients with Malignant SBTs Undetected by US

Gender Age (y) Histological Diagnosis Size (mm) Location

F 85 DLBL 25 Ileum

F 59 FL 5 (multiple) Duodenum (third portion) to jejunum
F 58 FL 5 (multiple) Duodenum (third portion) to jejunum
F 67 GIST 20 Duodenum (third portion)

DLBL = diffuse large B cell lymphoma, F =female, FL = Follicular lymphoma, GIST = gastrointestinal stromal tumor, SBTs = small bowel

tumors, US = ultrasonography.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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imaging (MRI). Several reports have evaluated the advantages
and disadvantages of CT and MRI for the diagnosis of
SBTs.>%*? Finally, the number of included patients was rela-
tively small, indicating the need for studies in larger numbers of
patients with SBTs.

SUMMARY

CE and BAE are considered useful diagnostic modalities in
patients suspected of having SBTs. However, these examin-
ations have several disadvantages, including their cost and
invasiveness. Moreover, they may be impossible to perform
in patients with poor performance status and/or severe bowel
obstructions. In contrast, US is cost effective, noninvasive, and
easy to use® and can performed in all patients. This study
showed that 91.1% (41/45) of malignant SBTs could be
detected by US and that most SBTs undetected by US were
benign tumors with good clinical prognosis. US examination
may be a useful first-line diagnostic modality in patients
suspected of SBTs. Additional studies in larger numbers of
patients are needed to confirm these findings.

ACKNOWLEDGEMENTS

The authors thank the staff members of the Division of
Gastroenterology, Department of Medicine, and the Division of
Endoscopy and Ultrasonography Department of Clinical Pathol-
ogy and Laboratory Medicine, Kawasaki Medical School Hospi-
tal. Author’s specific contributions: MF participated in the
performance of the study and in writing the paper. NM partici-
pated in study design and performance and in writing the paper.
AK and JH participated in study design and performance, and in
reviewing the paper. KH, TM, MO, RK, and TA participated in the
performance of the study and in reviewing the paper. KH partici-
pated in the study design and in reviewing the paper.

REFERENCES

1. Pennazio M, Rondonotti E, de Franchis R. Capsule endoscopy in
neoplastic diseases. World J Gastroenterol. 2008;14:5245-5253.

2. Miao F, Wang ML, Tang YH. New progress in CT and MRI
examination and diagnosis of small intestinal tumors. World J
Gastrointest Oncol. 2010;2:222-228.

3. Cheung DY, Choi MG. Current advance in small bowel tumors. Clin
Endosc. 2011;44:13-21.

4. Bilimoria KY, Bentrem DJ, Wayne JD, et al. Small bowel cancer in
the United States: changes in epidemiology, treatment, and survival
over the last 20 years. Ann Surg. 2009;249:63-71.

5. Honda W, Ohmiya N, Hirooka Y, et al. Enteroscopic and radiologic
diagnoses, treatment, and prognoses of small-bowel tumors. Gastro-
intest Endosc. 2012;76:344-354.

6. Memmi N, Cipe G, Bektasoglu H, et al. Perforated gastrointestinal
stromal tumor in the jejunum: A rare cause of acute abdomen. Oncol
Lert. 2012;4:1244-1246.

7. Manabe N, Tanaka S, Fukumoto A, et al. Double-balloon entero-
scopy in patients with GI bleeding of obscure origin. Gastrointest
Endosc. 2006,64:135-140.

8. Fujita M, Manabe N, Honda K, et al. Long-term outcome after
double-balloon endoscopy in patients with obscure gastrointestinal
bleeding. Digestion. 2010;82:173-178.

9. Shiotani A, Haruma K, Nishi R, et al. Randomized, double-blind,
pilot study of geranylgeranylacetone versus placebo in patients
taking low-dose enteric-coated aspirin. Low-dose aspirin-induced
small bowel damage. Scand J Gastroenterol. 2010;45:292-298.

6 | www.md-journal.com

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

. Shiotani A, Honda K, Murao T, et al. Combination of low-dose
aspirin and thienopyridine exacerbates small bowel injury. Scand J
Gastroenterol. 2011;46:281-286.

. Shiotani A, Hata J, Manabe N, et al. Clinical relevance of patency
capsule combined with abdominal ultrasonography to detect small
bowel strictures. Eur J Gastroenterol Hepatol. 2014;26:1434—-1438.

. Rondonotti E, Villa F, Mulder CJ, et al. Small bowel capsule
endoscopy in 2007: indications, risks and limitations. World J
Gastroenterol. 2007;13:6140-6149.

. Nakamura T, Terano A. Capsule endoscopy: past, present, and
future. J Gastroenterol. 2008;43:93-99.

. Rondonotti E, Sunada K, Yano T, et al. Double-balloon endoscopy in
clinical practice: where are we now? Dig Endosc. 2012;24:209-219.

. Hata J, Haruma K, Suenaga K, et al. Ultrasonographic assessment of
inflammatory bowel disease. Am J Gastroenterol. 1992;87:443—447.

. Hata J, Haruma K, Yamanaka H, et al. Ultrasonographic evaluation
of the bowel wall in inflammatory bowel disease: comparison of in
vivo and in vitro studies. Abdom Imaging. 1994;19:395-399.

. Lim JH, Ko YT, Lee DH, et al. Determining the site and causes of
colonic obstruction with sonography. Am J Roentgenol.
1994;163:1113-1117.

. Jackson PG, Raiji MT. Evaluation and management of intestinal
obstruction. Am Fam Physician. 2011;83:159-165.

. Hucl T. Acute GI obstruction. Best Pract Res Clin Gastroenterol.
2013;27:691-707.

O’Malley ME, Wilson SR. US of gastrointestinal tract abnormalities
with CT correlation. Radiographics. 2003;23:59-72.

Manabe N, Hata J, Haruma K, et al. Active gastrointestinal bleeding:
evaluation with contrast-enhanced ultrasonography. Abdom Imaging.
2010;35:637-642.

Fukumoto A, Tanaka S, Imagawa H, et al. Usefulness and
limitations of transabdominal ultrasonography for detecting small-
bowel tumors. Scand J Gastroenterol. 2009;44:332-338.

Cittadini G, Giasotto V, Garlaschi G, et al. Transabdominal
ultrasonography of the small bowel after oral administration of a
non-absorbable anechoic solution: comparison with barium entero-
clysis. Clin Radiol. 2001;56:225-230.

Hata J, Kamada T, Haruma K, et al. Evaluation of bowel ischemia
with contrast-enhanced US: initial experience. Radiology.
2005;236:712-715.

Kuzmich S, Howlett DC, Andi A, et al. Transabdominal sonography
in assessment of the bowel in adults. Am J Roentgenol.
2009;192:197-212.

Vogel HJ, Schipper J, Hermans J. Abdominal ultrasonography:
improved image quality with the combined use of a diet and
laxatives. J Clin Ultrasound. 1990;18:627-630.

Suramo I, Paivansalo M, Vuoria P. Shadowing and reverberation
artifacts in abdominal ultrasonography. Eur J Radiol.
1985;5:147-151.

Windler EE, Lempp FL. US of the upper abdomen: factors
influencing image quality. Radiology. 1985;157:513-515.

Kremkau FW, Taylor KJ. Artifacts in ultrasound imaging. J
Ultrasound Med. 1986;5:227-237.

Pinto PN, Chojniak R, Cohen MP, et al. Comparison of three types
of preparations for abdominal sonography. J Clin Ultrasound.
2011;39:203-208.

Kralik R, Trnovsky P, Kopacova M. Transabdominal ultrasonogra-
phy of the small bowel. Gastroenterol Res Pract. 2013;2013:896704.
Ray AA, Ghiculete D, Pace KT, et al. Limitations to ultrasound in
the detection and measurement of urinary tract calculi. Urology.
2010;76:295-300.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.



Medicine * Volume 94, Number 40, October 2015

Ultrasonography for Small Bowel Tumors

33. Koseekriniramol V, Kaewlai R. Abdominal wall thickness is not

useful to predict appendix visualization on sonography in adult
patients with suspected appendicitis. J Clin Ultrasound.
2015;43:269-276.

34. Ripolles T, Concepcion L, Martinez-Perez MJ, et al. Appendicular
involvement in perforated sigmoid disease: US and CT findings. Eur

Radiol. 1999;9:697-700.

35. Pradel JA, Adell JF, Taourel P, et al. Acute colonic diverticulitis:

prospective comparative evaluation with US and CT. Radiology.
1997;205:503-512.

36. Hertzberg BS, Kliewer MA, Bowie JD, et al. Physician training

requirements in sonography: how many cases are needed for
competence? Am J Roentgenol. 2000;174:1221-1227.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

37.

38.

39.

40.

Davis DP, Campbell CJ, Poste JC, et al. The association between
operator confidence and accuracy of ultrasonography performed by
novice emergency physicians. J Emerg Med.

2005;29:259-264.

Jang T, Naunheim R, Sineff S, et al. Operator confidence correlates

with more accurate abdominal ultrasounds by emergency medicine
residents. J Emerg Med. 2007;33:175-179.

Kamaoui I, De-Luca V, Ficarelli S, et al. Value of CT enteroclysis
in suspected small-bowel carcinoid tumors. Am J Roentgenol.
2010;194:629-633.

Pilleul F, Penigaud M, Milot L, et al. Possible small-bowel
neoplasms: contrast-enhanced and water-enhanced multidetector CT
enteroclysis. Radiology. 2006;241:796-801.

www.md-journal.com | 7



	Usefulness of Ultrasonography for Diagnosis of �Small Bowel™Tumors
	INTRODUCTION
	PATIENTS AND METHODS
	Patients

	METHODS
	Data from Medical Records
	US Procedure
	CE Procedure
	DBE Procedure
	Study Protocol and Evaluation
	Statistical Analysis

	RESULTS
	Patients’ Characteristics
	Clinical Characteristics of SBTs Detected by CE and/or BAE
	Tumor Detectability on US Compared with CE and/or BAE
	US Detectability of SBTs by Shape and Size
	Factors Affecting US Detection Rate
	Clinical Characteristics of Patients with SBTs Undetected by US

	DISCUSSION
	SUMMARY
	Acknowledgements


