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Abstract

Background: Timely diagnosis of small bowel obstruction (SBO) is essential to prevent complications. While computed
tomography (CT) is the gold standard for diagnosing SBO due to its high sensitivity and specificity, it has notable limitations,
including radiation exposure, high cost, delayed diagnosis, and limited accessibility. Recently, ultrasound has gained attention as a
potential alternative in emergency departments (ED) because it is radiation-free, cost-effective, and accessible. This multi-center study
seeks to assess the diagnostic accuracy of ultrasound in identifying SBO among patients presenting to the ED.

Methods: This multicenter cross-sectional study included 100 patients with suspected SBO, examined by a trained ED physician
using ultrasound and confirmed by CT. Ultrasound findings evaluated were excessive gas, bowel wall thickening, interloop free fluid,
lumen diameter >2.5 cm, and decreased peristalsis. Sensitivity, specificity, and likelihood ratios were calculated for each finding.

Results: We found that the most efficient parameters were lumen size greater than 2.5 cm (efficacy: 73%, 95%CI: 63% - 81%), and
a decrease in peristalsis (efficacy: 73%, 95%CI: 63% - 81%), The most specific parameters were excessive gas (specificity: 89%,
95%CI: 75% - 97%) and thickening of the bowel wall (specificity: 82%, 95%CI: 66% - 92%). The most sensitive parameters were
interloop free fluid (sensitivity: 77%, 95%CI: 65% - 87%) and lumen diameter > 2.5 cm (sensitivity: 77%, 95%Cl: 65% - 87%) among
other diagnostic findings.

Conclusion: Ultrasound may be a useful diagnostic tool for SBO in the ED, offering a potentially efficient and accessible option for
diagnosis.
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Introduction
Small bowel obstruction (SBO) is a major issue in  tents in the small intestine. It stands as a prevalent surgical
emergency medicine. It disrupts the normal flow of con-  emergency, contributing to substantial morbidity and mor-
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Small bowel obstruction (SBO) is a common surgical emergency with
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accuracy, particularly for detecting dilated bowel loops and abnormal
peristalsis, though its effectiveness depends on operator experience.

—What this article adds:

This multicenter study confirms ultrasound’s utility for SBO diagnosis
by emergency physicians, identifying lumen diameter >2.5 cm and
reduced peristalsis as highly efficient diagnostic criteria (73%
efficacy). It highlights excessive gas and bowel wall thickening as
specific findings, and interloop free fluid as sensitive. The study
suggests optimal diagnostic accuracy with at least three ultrasound
findings, supporting its role as a bedside screening tool, though
operator training and confirmatory CT are essential.
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tality worldwide (1, 2). With symptoms such as abdominal
pain, vomiting, bloating, and constipation, SBO poses
diagnostic dilemmas, often leading to delayed intervention
and adverse outcomes (3).

Typically, diagnosing SBO has depended on imaging
methods such as plain radiography, computed tomography
(CT), and magnetic resonance imaging (MRI) (4, 5).

While CT stands as the gold standard due to its high
sensitivity and specificity, limitations such as radiation
exposure, cost, and accessibility hinder its widespread use,
particularly in certain patient populations and resource-
constrained settings (6, 7). MRI, albeit offering compara-
ble accuracy, faces challenges related to time consumption
and availability, especially in acute settings (8).

Recently, there has been increasing interest in using ul-
trasound as a diagnostic tool for SBO at the point of care.
This interest is particularly strong in emergency depart-
ments where quick assessments are crucial (9). However,
its diagnostic accuracy varies with operator skill and train-
ing, necessitating adequate experience to optimize its utili-
ty. Ultrasound presents several advantages, including its
real-time nature, cost-effectiveness, and lack of radiation
exposure, making it an attractive alternative to conven-
tional imaging methods (10). Previous meta-analyses have
suggested promising diagnostic accuracy for ultrasound in
SBO detection, albeit with limitations in study size and
setting heterogeneity (11).

Given the pivotal role of emergency physicians in the
initial evaluation and management of SBO, there arises a
pertinent need to ascertain the diagnostic accuracy of ul-
trasound performed by non-radiologists in this context.
Therefore, we conducted a multi-center study to thorough-
ly evaluate how accurate ultrasound is in patients suspect-
ed of having SBO. Through this study, we aim to provide
valuable insights into the role of ultrasound in diagnosing
SBO, which could improve patient outcomes and resource
use in emergency care.

The main objective of this study was to assess the diag-
nostic and staging accuracy of ultrasound in the detection
of SBO and to evaluate the efficacy, sensitivity, and speci-
ficity of different ultrasound abnormal findings.

Methods

Study design

In this multicenter cross-sectional study, we examined
100 patients suspected of having SBO. These patients
showed obstructive symptoms like vomiting, nausea, and
constipation. This examination took place between August
2018 and August 2019, conducted by trained emergency
medicine physicians using ultrasound. We chose a cross-
sectional design because it allows for the assessment of
diagnostic accuracy at a single point in time, which is
suitable for evaluating the performance of a diagnostic test
like ultrasound. A prospective cohort approach would be
more appropriate for studying the natural history or out-
comes of SBO, which was not the primary aim of this
study. A non-probability convenience sampling strategy
was employed, with suspicious cases included when
trained physicians and research associates were available.
Subsequently, the patient was referred to a surgeon for
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further consultation. Surgeons were instructed to examine
the patient and identify any signs or symptoms indicative
of SBO through imaging (CT-Scan) and other diagnostic
techniques, and to provide a final diagnosis. This study
was conducted on patients admitted to all emergency de-
partments of Iran University of Medical Sciences hospi-
tals, including Rasoul Akram Hospital, Haft-e-Tir Hospi-
tal, and Firoozgar Hospital. The present study was ap-
proved by the ethics and research committees of the par-
ticipating hospital in accordance with the relevant ethical
standards. (IR JUMS.FMD.REC.1397.309)

Ultrasound technique

Patients suspected of having SBO who were admitted to
the emergency departments underwent abdominal ultra-
sound while lying on their backs. We used a 3.5 MHz
transducer for a general overview of the abdomen. In ad-
dition, we performed a focused examination with a linear
probe (7.5 MHz) when patients reported a specific area of
tenderness. We checked all abdominal and pelvic quad-
rants for free fluid and conducted a thorough evaluation of
the entire abdomen. Two individuals (S. Karimi and R.
Mosaddegh) received three months of training in ultra-
sound under the supervision of an emergency medicine
specialist (M. Chardoli) with ten years of experience. This
training length was based on previous studies that sug-
gested emergency doctors can gain competence in point-
of-care ultrasound for SBO after similar training periods.
The training included lectures on ultrasound criteria for
SBO, hands-on practice with at least 50 supervised scans,
and an assessment of competence using a standardized
checklist that focused on five diagnostic findings. We
diagnosed obstruction through the following five findings:

1.Excessive gas

2.Thickening of bowel wall

3.Interloop free fluid

4.Lumen size greater than 2.5 cm

5.Decrease of peristalsis

Note that for each patient, the number of positive ultra-
sonography signs has been documented.

In cases where ultrasound findings contradicted CT re-
sults, discrepancies were resolved through clinical follow-
up (e.g., symptom progression) or surgical findings when
available, ensuring alignment with the final diagnosis.

Statistical analysis

A power calculation indicated that with 100 patients, the
study had 80% power to detect a sensitivity of 80% with a
precision of +10%, assuming a lower SBO prevalence
than 50%. This sample size is appropriate for preliminary
analysis, given the expected prevalence in primary clinical
assessment. Patients were approached for inclusion in the
study if they presented with symptoms suggestive of SBO,
such as abdominal pain, vomiting, bloating, or constipa-
tion. Informed consent was obtained from all participants
after explaining the study's purpose, procedures, and po-
tential risks. Patients were recruited during times when
trained ultrasound operators and research associates were
available. The sensitivity, specificity, PPV, NPP, efficacy,
and LR were calculated. The level of significance was set
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at P < 0.05. All the analyses were conducted using the
Statistical Package for the Social Sciences (SPSS) soft-
ware version 19 (SPSS, Chicago, IL).

Results

One hundred patients suspected of having SBO were in-
cluded in this study and received an ultrasound examina-
tion. The mean age of the patients was 64.4+14.56 years,
with 55 being male and 45 being female. After evaluating
the patients with a gold standard test (CT scan) for a final
diagnosis, 20% of the patients were diagnosed with SBO
and 22% of them were diagnosed with partial SBO, in
total 62 patients were diagnosed with an obstructive dis-
ease, while the others did not show signs of obstruction
disease.

Ultrasound findings revealed excessive gas in 14 pa-
tients (10 of whom had obstruction), thickening of the
bowel wall in 39 patients (32 of whom had obstruction),
inter loop free fluid in 62 patients (48 of whom had ob-
struction), lumen diameter > 2.5 cm in 61 patients (48 had
obstruction), and a decrease in peristalsis in 59 patients
(47 of whom had obstruction). The most efficient parame-
ters were lumen size greater than 2.5 cm (efficacy: 73%,
95%CI: 63% - 81%), and a decrease in peristalsis (effica-
cy: 73%, 95%CI: 63% - 81%), The most specific parame-
ters were excessive gas (specificity: 89%, 95%CI: 75% -
97%) and thickening of the bowel wall (specificity: 82%,
95%CI: 66% - 92%). The most sensitive parameters were
interloop free fluid (sensitivity: 77%, 95%CI: 65% - 87%)
and lumen diameter > 2.5 cm (sensitivity: 77%, 95%CI:
65% - 87%) among other diagnostic findings (Table 1).

Ultrasound revealed no abnormalities in 14 patients,
while 19 patients had one abnormality, 20 had two, and 12
had four abnormalities. We then calculated the diagnostic
efficacy indices for this procedure. The area under the
ROC curve for a single abnormality or more was 0.81
(95% CI=0.72-0.90; P<0.001). This AUC is comparable
to that reported in previous studies, which have found
AUCs ranging from 0.75 to 0.85 for ultrasound in diag-
nosing SBO. We measured sensitivity, specificity, PPV,
NPV, positive and negative likelihood ratios, efficacy, and
kappa based on the number of abnormal findings in ultra-
sound. A sensitivity analysis showed that as the number of
abnormal findings increased from one to four, sensitivity
decreased (98% to 50%) while specificity increased (34%
to 89%), reflecting a trade-off in diagnostic performance.

Table 1. Diagnostic Accuracy of Ultrasound Findings for SBO

This suggests that requiring more findings enhances speci-
ficity but may miss early or subtle cases. There was no
significant difference in efficacy, with the number of ab-
normal findings averaging 74% (95%CI: 64%-82%), ex-
cept for cases with at least four abnormal findings, where
it dropped to 65% (95%CI: 55%-74%) (Table 2).

Discussion

This study investigated the diagnostic efficacy of ultra-
sound in detecting SBO in patients presenting with ab-
dominal symptoms. The results demonstrated that ultra-
sound can accurately detect SBO-related abnormalities
with varying sensitivity, specificity, and overall diagnostic
efficacy. Our findings indicate that a lumen diameter of
>2.5 cm and a reduction in peristalsis, which are estab-
lished as diagnostic criteria for bowel obstruction (12),
exhibit acceptable sensitivity and specificity. However,
we observed that excessive gas demonstrated a higher
specificity than other criteria, thereby reinforcing the po-
tential utility of the diagnosis of SBO. In this study, we
also evaluated the sensitivity and specificity of the number
of ultrasound findings. Our findings indicate that at least
three findings are the optimal number for achieving high
sensitivity, specificity, and efficiency.

The use of convenience sampling may have introduced
selection bias, potentially overrepresenting patients with
more severe or typical SBO presentations. This could lead
to spectrum bias, where diagnostic accuracy is overesti-
mated compared to a broader population with varied dis-
ease severity. Consequently, the external validity of our
findings may be limited, particularly in settings with dif-
ferent patient demographics or disease prevalence. Future
studies should employ random sampling to mitigate this
limitation.

Our findings align with previous studies highlighting
the diagnostic utility of ultrasound in SBO. In a study
conducted by Dickman et al., it was determined that the
identification of dilated bowel is a crucial aspect of diag-
nosing SBO. The accuracy of this diagnosis is further en-
hanced when abnormal peristalsis is also taken into ac-
count (13). Barzegari and colleagues demonstrated that
the dilated bowel wall exhibited the highest specificity
and that decreased bowel peristalsis demonstrated the
highest sensitivity among the diagnostic criteria for SBO
(14). Tamburrini et al. asserted that the most critical so-
nographic indicator is the presence of dilated bowel loops,

Ultrasound Finding

Sensitivity (95% CI)

Specificity (95% CI) Efficacy (95% CI)

Excessive gas

Thickening of the bowel wall
Interloop free fluid

Lumen diameter > 2.5 cm
Decrease in peristalsis

16% (8% - 27%)
52% (39% - 64%)
77% (65% - 87%)
77% (65% - 87%)
76% (63% - 86%)

89% (75% - 97%)
82% (66% - 92%)
39% (24% - 56%)
66% (49% - 80%)
68% (51% - 82%)

43% (33% - 53%)
63% (53% - 72%)
61% (51% - 70%)
73% (63% - 81%)
73% (63% - 81%)

Table 2. Diagnostic Accuracy Based on Number of Positive Ultrasound Findings

Number of Positive Findings Sensitivity (95% CI)

Specificity (95% CI) Efficacy (95% CI)

At least 1 98% (91% - 100%) 34% (20% - 51%) 74% (64% - 82%)
At least 2 85% (74% - 93%) 58% (41% - 74%) T4% (64% - 82%)
At least 3 65% (52% - 76%) 79% (63% - 90%) 71% (61% - 80%)
At least 4 50% (37% - 63%) 89% (75% - 97%) 65% (55% - T4%)
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and that diagnosis cannot be made on the basis of peristal-
sis activity alone (15). In several studies, the primary di-
agnostic criteria were dilated bowel wall and abnormal
peristalsis. Other criteria, like free fluid, were employed as
staging criteria (16-18).

The cutoff diameter of bowel dilation plays a critical
role in diagnosing SBO via ultrasound, although there is
no standard consensus on an ideal threshold. Most studies
use a cutoff of >25 mm for SBO (19-22), which balances
sensitivity and specificity while maintaining diagnostic
accuracy. However, this threshold may result in false posi-
tives, as some research suggests. Increasing the cutoff to
30 mm improves specificity but may reduce sensitivity,
which is vital for ultrasound's role as a screening tool. On
the other hand, reducing the threshold to 20 mm maximiz-
es sensitivity, which is particularly useful in initial evalua-
tions where excluding SBO is critical (23).

The diagnostic accuracy reported here reflects operators
with three months of training, which may not generalize to
physicians with less or more experience. Ultrasound’s
operator-dependent nature suggests that accuracy could
improve with greater expertise, as seen in prior studies
(24-26). While we could not compare operators with vary-
ing experience due to the study’s design, this limitation
highlights the need for standardized training protocols and
further research into experience-related variability. For
broader application, especially by less-experienced physi-
cians, dedicated training and ongoing quality assurance
are essential to ensure effective and reliable ultrasound
use in diagnosing SBO. It is crucial to rely on expertise in
order to fully realize the advantages of ultrasound over
other imaging modalities used to diagnose SBO.

Ultrasound offers distinctive advantages and certain
limitations in comparison to other imaging modalities for
the diagnosis of SBO. In contrast to CT scans, ultrasound
is a non-invasive technique that does not involve radiation
exposure and can be performed rapidly at the bedside.
This makes it particularly beneficial for critically ill pa-
tients, children, pregnant women, or patients with contra-
indications to CT, such as renal insufficiency or contrast
allergies (18). Ultrasound is also more cost-effective than
CT and beneficial in low-resource settings where CT may
not be available (26). While CT generally provides higher
sensitivity and specificity, ultrasound’s ease of use and
ability to differentiate dilated, fluid-filled loops of bowel
from aerated bowel allows for accurate SBO diagnosis,
especially when performed by experienced operators.
However, ultrasound's diagnostic accuracy heavily de-
pends on operator experience, and less-experienced users
may find it challenging to interpret certain cases accurate-
ly (27).

The sample size of 100 patients in this study provides a
solid foundation for preliminary analysis. However, to
robustly confirm these findings across various patient
populations and clinical settings, larger, multi-center stud-
ies are necessary. While the result of our study achieved
an average diagnostic efficacy of 74%, it remains lower
than that reported in some literature (19, 23), possibly due
to methodological differences in operator experience,
equipment, or diagnostic criteria. The use of a single oper-
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ator also introduces a potential bias, as inter-operator vari-
ability can significantly affect ultrasound results. Future
studies should focus on investigating the predictive value
of ultrasound over time and its impact on clinical out-
comes, such as morbidity, length of hospital stay, and
need for surgical intervention. Lastly, it would be benefi-
cial to assess the training and experience required for op-
timal ultrasound efficacy, as proficiency levels may vary
widely among clinicians.

The wide confidence intervals (e.g., sensitivity of inter-
loop free fluid: 77%, 95% CI: 65%-87%) indicate impre-
cision, likely due to the modest sample size. This reduces
the reliability of ultrasound as a standalone diagnostic
tool, suggesting it may be better suited as a screening mo-
dality where high sensitivity is prioritized over precision
in specificity.

False negatives pose a risk of missed SBO diagnoses,
potentially delaying surgery and leading to complications
such as bowel ischemia or perforation. Conversely, false
positives may result in unnecessary imaging or interven-
tions, increasing patient burden. These errors underscore
the need to integrate ultrasound with clinical judgment
and, where indicated, confirmatory CT.

Factors such as patient BMI or prior abdominal surger-
ies could influence ultrasound accuracy by affecting im-
age quality or disease presentation. Due to our modest
sample size, subgroup analysis was not feasible, but such
analyses could reveal variability in diagnostic perfor-
mance and are recommended for future studies with larger
cohorts.

Combining ultrasound with clinical examination (e.g.,
abdominal tenderness) or bedside tests (e.g., lactate levels)
could enhance diagnostic accuracy. For instance, integrat-
ing ultrasound findings with a clinical decision rule might
improve specificity, reducing false positives and guiding
more selective use of CT. This approach warrants further
investigation.

Limitations

This study has several limitations. First, the use of con-
venience sampling may limit the generalizability of our
findings due to potential selection bias. Second, the ultra-
sound examinations were performed by operators with
only three months of training, which may not be sufficient
for optimal diagnostic accuracy. Third, we did not assess
interobserver agreement, which could provide insights
into the reliability of the ultrasound findings. Fourth, we
did not adjust for potential confounders in our analysis,
which could affect the diagnostic accuracy estimates. Fu-
ture studies should address these limitations to provide
more robust evidence on the diagnostic accuracy of ultra-
sound for SBO.

Conclusion

This study supports ultrasound’s effectiveness in diag-
nosing SBO through criteria like lumen diameter >2.5 cm
and reduced peristalsis. Accuracy improves with experi-
enced operators and at least three positive findings. While
less precise than CT, ultrasound offers a non-invasive,
bedside screening tool to guide initial management, par-
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ticularly in resource-limited settings, with CT reserved for
definitive diagnosis.
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