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EVIDENCE-BASED DIAGNOSTICS

Adult Small Bowel Obstruction

Mark R. Taylor, MD, and Nadim Lalani, MD, FRCPC

Abstract

Background: Small bowel obstruction (SBO) is a clinical condition that is often initially diagnosed and
managed in the emergency department (ED). The high rates of potential complications that are
associated with an SBO make it essential for the emergency physician (EP) to make a timely and accurate
diagnosis.

Objectives: The primary objective was to perform a systematic review and meta-analysis of the history,
physical examination, and imaging modalities associated with the diagnosis of SBO. The secondary
objectives were to identify the prevalence of SBO in prospective ED-based studies of adult abdominal
pain and to apply Pauker and Kassirer’s threshold approach to clinical decision-making to the diagnosis
and management of SBO.

Methods: MEDLINE, EMBASE, major emergency medicine (EM) textbooks, and the bibliographies of
selected articles were scanned for studies that assessed one or more components of the history, physical
examination, or diagnostic imaging modalities used for the diagnosis of SBO. The selected articles
underwent a quality assessment by two of the authors using the Quality Assessment of Diagnostic
Accuracy Studies 2 (QUADAS-2) tool. Data used to compile sensitivities and specificities were obtained
from these studies and a meta-analysis was performed on those that examined the same historical
component, physical examination technique, or diagnostic test. Separate information on the prevalence
and management of SBO was used in conjunction with the meta-analysis findings of computed
tomography (CT) to determine the test and treatment threshold.

Results: The prevalence of SBO in the ED was determined to be approximately 2% of all patients who
present with abdominal pain. Having a previous history of abdominal surgery, constipation, abnormal
bowel sounds, and/or abdominal distention on examination were the best history and physical
examination predictors of SBO. X-ray was determined to be the least useful imaging modality for the
diagnosis of SBO, with a pooled positive likelihood ratio (+LR) of 1.64 (95% confidence interval
[CI] = 1.07 to 2.52). On the other hand, CT and magnetic resonance imaging (MRI) were both quite
accurate in diagnosing SBO with +LRs of 3.6 (5- to 10-mm slices, 95% CI = 2.3 to 5.4) and 6.77 (95%
CI =213 to 21.55), respectively. Although limited to only a select number of studies, the use of
ultrasound (US) was determined to be superior to all other imaging modalities, with a +LR of 14.1 (95%
CI = 3.57 to 55.66) and a negative likelihood ratio (-LR) of 0.13 (95% CI = 0.08 to 0.20) for formal scans
and a +LR of 9.55 (95% CI = 2.16 to 42.21) and a -LR of 0.04 (95% CI = 0.01 to 0.13) for beside scans.
Using the CT results of the meta-analysis for the 5- to 10-mm slice subgroup as well as information on
intravenous (IV) contrast reactions and nasogastric (NG) intubation management, the pretest probability
threshold for further testing was determined to be 1.5%, and the pretest probability threshold for
beginning treatment was determined to be 20.7%.

Conclusions: The potentially useful aspects of the history and physical examination were limited to a
history of abdominal surgery, constipation, and the clinical examination findings of abnormal bowel
sounds and abdominal distention. CT, MRI, and US are all adequate imaging modalities to make the
diagnosis of SBO. Bedside US, which can be performed by EPs, had very good diagnostic accuracy and
has the potential to play a larger role in the ED diagnosis of SBO. More ED-focused research into this
area will be necessary to bring about this change.
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mall bowel obstruction (SBO) is a common clini-

cal condition that is often initially diagnosed and

managed by an emergency physician (EP). It is
estimated that 300,000 hospitalizations occur annually
as a result of SBO in the United States,! with approxi-
mately 70% of these patients being admitted through an
emergency department (ED).? The diagnosis of intestinal
obstruction in the ED has been estimated to be around
2% of all patients who present with the symptom of
abdominal pain,® and 15% of all patients who ultimately
get admitted to a surgical unit from the ED.! Although
presentations are highly variable, primary emergency
medicine (EM) textbooks teach the “classical” signs and
symptoms as some combination of abdominal pain,
nausea, vomiting, and abdominal distention.*®

The most common cause of SBO is adhesions from
previous abdominal surgery, which account for approx-
imately 75% of all cases.® Other common etiologies
include neoplasms, hernias, and Crohn’s disease.” The
complication risks associated with SBO are very high,
with strangulation occurring in 30% and bowel necrosis
in 15%.% Both may ultimately lead to perforation, sepsis,
and death.® Risk factors for complicated SBO included
age, comorbid illness, and a delayed diagnosis of
>24 hours.? The high rate of complications and the need
for urgent management make it essential for the EP to
make the diagnosis as early as possible.

There are several diagnostic tests available to assist in
making the diagnosis of SBO. These include plain radio-
graphs, ultrasonography (US), computed tomography
(CT), and magnetic resonance imaging (MRI). There are
currently no serum markers that are predictive of non-
complicated SBO, limiting any potential usefulness in
the ED decision-making process.'® Patients with stran-
gulated bowel obstruction were not the focus of this
meta-analysis, but often present with metabolic acido-
sis'? and elevation of other potential serum markers that
are not readily available to the EP, such as intestinal
fatty acid—binding protein.'?

An effective way to make the diagnosis of SBO in the
ED as quickly as possible is with the use of likelihood
ratios (LRs) as described by Hayden et al.'®> Diagnosis is
made from determining a pretest probability based on
the history and physical examination and from a LR of
the specific diagnostic test used. Historically, this infor-
mation could have been plotted on the Fagan nomo-
gram to determine a posttest probability of having the
condition.'* Readily available and easy-to-use applica-
tions such as PEPID (www.pepid.com) and MedCalc
(www.medcalc.org) have replaced the Fagan nomogram
as quick alternatives for the EP to accomplish this task.
Although this approach can be very useful, it ultimately
depends on the EP’s ability to determine an accurate
pretest probability and to have clinically relevant LRs
available for the diagnostic tests that are ordered.
Unfortunately, there are few EM-specific resources that
assist in this task. Core EM textbooks do not provide
summarized quantitative data in regard to history, phys-
ical examination, and diagnostic test LRs for SBO and
instead rely on single study findings at best.*® To the
best of our knowledge, no EM-specific systematic
reviews for the diagnosis of SBO exist. Of the non-EM
reviews that have been written regarding SBO, includ-
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ing those from the surgical literature, none provide a
comprehensive diagnostic meta-analysis with pooled
estimates for history and physical examination as well
as diagnostic studies.'® 18

The primary objective of this meta-analysis was to
provide the EP with evidence-based reliability and
pooled diagnostic accuracy estimates for history, physi-
cal examination, and imaging for SBO in ED settings.
This information can then be used to develop pre- and
posttest probability of SBO to facilitate Bayesian deci-
sion-making and hopefully improve diagnostic accuracy
and efficiency. The second objective is to use the
method described by Pauker and Kassirer!® to
determine a test-treatment threshold for SBO to assist
the EP in deciding when to begin treatment for SBO
versus getting further testing to confirm the diagnosis.
Treatment in this case involves conservative manage-
ment with intravenous (IV) fluids and nasogastric (NG)
intubation.

METHODS

Search Strategy

One investigator (MRT) searched the medical literature
using both OVID MEDLINE and EMBASE during the
time periods of 1946 to November 2011 and 1947 to
November 2011, respectively. The Medical Subject
Headings (MeSH) term intestinal obstruction was com-
bined individually using “and” with the MeSH terms
emergency medicine, history, physical examination, sen-
sitivity and specificity, diagnostic tests, and diagnostic
imaging. The “explode” option was used for the OVID
MEDLINE search. Results were limited to “humans” and
“English language studies.” An additional OVID MED-
LINE search was used with the above terms along with
the search limitations of “Clinical Prediction Guidelines”
(best balance of sensitivity and specificity—a MEDLINE
clinical query option used to retrieve the largest number
of high-quality studies).?’ To identify the risk of IV con-
trast allergic reactions from CT for the test-treatment
threshold, the MeSH terms IV contrast and hypersensi-
tivity were used in a MEDLINE search. Conversely, the
MeSH term gastrointestinal intubation was searched
with the limit of “therapy (best balance of sensitivity
and specificity)” to determine the risks and benefits of
NG insertion. References from selected articles, the
Cochrane database of systematic reviews, and core text-
books of EM*® were searched for relevant studies. This
expansive search strategy was also used to identify the
studies of SBO prevalence after the above combined
MeSH terms with the addition of prevalence failed to
produce any articles stating these statistics. Abstract
submissions to Academic Emergency Medicine (1995 to
November 2011), Annals of Emergency Medicine (1993
to November 2011), and Canadian Journal of Emergency
Medicine (2002 to November 2011) were also searched.
The articles that provided the highest level of evidence
according to the hierarchy of evidence-based medicine
were selected for use in the test-treatment threshold cal-
culations. The hierarchy of evidence-based medicine
considers the relative strength of the primary types of
research in the following order: systematic reviews rank
above individual randomized controlled trials, which in
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turn rank above cohort studies, case-control studies,
and expert opinion.?!

The inclusion criteria for the studies selected included
those that focused primarily on SBO in an adult popula-
tion and with sufficient data to develop a two-by-two
table for sensitivity and specificity calculations. There
were a few studies included that indiscriminately
assessed bowel obstruction in general, but whose study
populations predominantly were diagnosed with
SB0O.??%% Qur exclusion criteria included case studies,
studies with insufficient data to develop a two-by-two
table, pediatric populations studies, those with tests not
readily available to the EP, those focused on a single
radiographic sign, those focused on treatment, and
studies that were not primary research. Furthermore,
studies that focused solely on ischemic bowel, cancer,
intussusception, or Crohn’s disease were not selected.
Both authors independently reviewed all the titles and
abstracts for selection of potential studies using the
predetermined inclusion criteria. A medical librarian
provided assistance when requested in the retrieval
process.

Individual Evidence Quality Appraisal
The authors independently used the Quality Assessment
of Diagnostic Accuracy Studies tool (QUADAS-2) to
evaluate the evidence of the studies that were selected.?”
When there was disagreement regarding one of the
aspects of the QUADAS-2 answers, consensus was
reached via discussion. Statistical agreement was deter-
mined with kappa analysis using SPSS Statistics v17.0
(SPSS, Inc., Chicago, IL).?8

The QUADAS-2 tool uses four key domains to assess
for bias: patient selection, index test, criterion standard,
and flow and timing.?” In terms of patient selection, bias
was determined to be high if a study used a case-con-
trol approach, did not have a random or consecutive
sample of patients enrolled, or had inappropriate exclu-
sions. If the majority of the patients involved were not
originally assessed in the ED, then the concern that
patients did not match the review question was stated
as being either unclear or high. The risk of bias for the
index test was determined to be high if the test was
interpreted with knowledge of the criterion standard.
On the other hand, bias of the use of the criterion stan-
dard was high if the criterion standard was unlikely to
correctly classify the target condition. Last, bias toward
study flow was stated as high if all the patients were
not included in the analysis or if they were not subject
to a criterion standard.

Data Analysis

The following information was independently collected
from the selected studies by the two authors using a
standardized collection form: type of study, setting,
patient population, inclusion criteria, index test, index
test properties, criterion standard, true-positives
and -negatives, and false-positives and -negatives. Each
of the studies had a majority of this information readily
available in their methods and results sections. A “true-
positive” was defined as a diagnostic test that correctly
identified SBO according to previously defined criteria
and was confirmed with the criterion standard. A
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“false-positive” was a diagnostic test that suggested
SBO was present when the criterion standard did not
demonstrate this. A “true-negative” was a diagnostic
test that suggested the absence of SBO when the crite-
rion standard confirmed that no SBO was present. A
“false-negative” was a diagnostic test that suggested no
SBO was present when the criterion standard found
there to be one.

Sensitivities and specificities were determined and
LRs were calculated whenever possible. If there were
more than two qualitatively similar studies of the same
index test, we combined the results using Meta-DiSc.?°
Interstudy heterogeneity of the pooled sensitivities and
specificities was assessed with the I and chi-square test
using the Dersimonian-Laird random effects model.>°
Data were not combined for the history and physical
examination because there were only two studies that
looked at these components, and each assessed a differ-
ent group of questions and physical examination
maneuvers. If there was significant heterogeneity for a
particular diagnostic test, single studies were sequen-
tially removed to see if the heterogeneity could be elimi-
nated. This was not possible for some subsets.

There was tremendous variability in the equipment
and techniques used in the studies that looked at CT
scan for SBO. The one variable that was most likely to
affect the accuracy of the studies was the thickness of
slices that were taken, also known as beam collima-
tion.®! The groups were divided into the studies that did
not define slice thickness and those that were 50-, 5- to
10, or 0.75-mm slices. US studies were split into those
that were formal US done by radiology and those that
were bedside US done in the ED.

Test-Treatment Threshold

From our selected studies we abstracted the following
data for inclusion into the Pauker and Kassirer model
equation for test-treatment threshold: sensitivity of test,
specificity of test, false-negatives of test, false-positives
of test, risk of test, risk of treatment in those without
SBO, and anticipated benefit of treatment in those with
SBO.? The 5- to 10-mm subgroup of CT scans was cho-
sen as the test of choice because 7 mm is the mean slice
thickness used for abdominal pain protocols, according
to the Society of Computed Body Tomography.>? These
variables are highly open to interpretation and esti-
mates were based on the best available research.

RESULTS

A search of MEDLINE yielded 3,801 studies. An assess-
ment of both titles and abstracts selected 207 studies for
further review. A search of EMBASE yielded 3,901
studies, of which 136 were selected for further review.
Twenty papers were selected that met the inclusion
criteria. An additional two papers were added from a
review of the bibliographies of selected articles, for a
total of 22 papers (Figure 1).2225339 Data Supplement
S1 (available as supporting information in the online
version of this paper) includes summaries of all the
included studies.

There were 12  prospective,
StudiesZZ,2%26,34,36—39,41,44,46 and 10

cross-sectional
retrospective
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MEDLINE search
identified 3,801 articles

207 titles selected for
further review after
screening titles fabstracts

EMBASE search
identified 3,901 articles

136 titles selected for
further review after
screening titles /abstracts

192 articles excluded for the
following reasons:

-Large Bowel specific(10)
-Ischemia specific (8)
-Cancer specific (3)

-Crohns specific (10)
-Intussusception specific (11)
-Not primary research (40)
-Notadult [21)

-Case studies (24)

-Specific radiologic sign (17)
-Test not available in ED (5)
-Focused on treatment (16)
-Unable to extract data (27)

119 articles excluded for the
following reasons:

-Large Bowel specific (3)
-Ischemia specific (6)
-Cancer specific (2)

-Crohns specific (6)
-Intussusception specific (8)
-Not primary research (26)
-Not adult (10)

-Case studies (21)

-Specific radiologic sign (12)
-Test not available in ED (5)
-Focused on treatment (12)
-Unable to extract data (8)

—— 2 articles identified
from Bibliographic
' search

22 primary studies included in this
systematic review with 12
duplicates between MEDLINE and
EMBASE

Figure 1. Article selection process.

studies 23-33:354042:43.4549 N cage-control or randomized
controlled trials were identified. Two studies looked at
the history and physical examination for diagnosis of
SBO.?*33 Others looked at the different imaging modali-
ties and often compared them head to head for the
diagnosis of SBO.?23*35 There were only two studies
that were based on an emergency patient population
exclusively, and both were ED-personnel US stud-
ies.2537 The rest often included patients who were first
assessed in the ED, but were not explicitly limited to
these patients.

Table 1 shows a summary of the QUADAS-2 assess-
ments. The purpose of the tool is to help readers judge
the risk of bias in the markedly heterogeneous group of
studies that make up this meta-analysis. The kappa
scores ranged from 0.621 to 1. The majority of the arti-
cles selected for this meta-analysis had low risks of bias
in patient selection, index test usage, criterion standard
choice, and flow and timing. However, some studies did

not explicitly explain how the patient selection process
occurred.>>"3% Moreover, for several studies it was
unclear whether the criterion standard results were
interpreted without knowledge of the index test.?>2>40-43
Finally, some studies did not state the interval between
the reference test and the criterion stan-
dard.24,33,35,4—1,42,4547

The criterion standard for the majority of the studies
was usually a combination of surgical findings, eventual
clinical outcomes, or both. Unfortunately, many of the
studies do not go into further detail about the specifics
of the surgical diagnosis nor the timeline of the eventual
clinical diagnosis.

Prevalence

There are very few studies that state the prevalence of
SBO in the ED. A study completed at the University of
Virginia Hospital provided an estimate of 2% for all
patients presenting with abdominal pain to the ED.®> An
audit of a U.K. ED reported an intestinal obstruction
prevalence-based estimate of 15% of all patients with
abdominal pain who presented to the ED and were
admitted to a surgical unit." They did not differentiate
between large or SBOs. Another large population-based
study out of California had 30,000 SBO admissions
annually, of which 70% originally presented to an ED.?
Other sources state that SBO accounts for approxi-
mately 15% to 20% of all admissions to surgical
services.?%%1

History

Only two articles assessed the diagnostic accuracy of
history for SBO and met the inclusion criteria.?**® The
results are shown in Table 2. Both studies used surgical
findings, x-ray findings, or diagnosis at time of dis-
charge as their criterion standard. The first study was a
prospective analysis of 1,300 patients in Finland who
were admitted with acute abdominal pain.®® Only 53 of
these patients were ultimately found to have SBOs from
operation or clinical follow-up. There were no compo-
nents of the history that could reliably and accurately
predict SBO. Having a history of previous abdominal
surgery had the best combination (+LR = 3.86 and
-LR = 0.19). The second study was also prospective and
looked at 1,200 patients presenting with abdominal pain
to several hospitals throughout Germany.?* Forty-eight
patients ultimately were diagnosed with SBO. In this
study, a history of constipation had the best combina-
tion (+LR = 8.8 and -LR = 0.59).

Physical Examination

The same two articles that assessed the history for SBO
also looked at the physical examination findings.?*33
The results are shown in Table 3. Again, there were
very few components of the physical examination that
could be used reliably for diagnostic accuracy. Abdomi-
nal distention was the best sign with a +LR of 16.8 and
—LR of 0.34 in the study by Eskelinen et al.*>* and +LR of
5.64 and LR of 0.43 in the study by Bohner et al.?* Esk-
elinen et al. also found that abnormal bowel sounds had
a +LR of 6.33 and a -LR of 0.27. Having a normal urine
was 100% sensitive, but not very specific, and visualiz-
ing peristalsis was 100% specific but not very sensitive.
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Table 1
QUADAS-2 Results

Risk of Bias Applicability Concerns
Patient Index Criterion Flow and Patient Index Criterion
Study, year Selection Test Standard Timing Selection Test Standard

Fukuya 1992°%8
Maglinte 1993%°
Eskelinen 19943
Frager 199446
Maglinte 1996°°
Ogata 19962°
Schmutz 1997%°
Bohner 1998%*
Makanjuola 1998*2
Regan 1998*
Walsh 1998%7
Daneshmand 1999*°
Peck 1999**

Suri 1999%

Beall 2002%°
Musoke 2003%*
Obuz 2003

Atri 2009%°
Pongpornsup 2009*®
Jang 2011%¢

Shakil 2011%
Unliier 2011%
Kappa

.EBIII_I_I_CI_I_I_I_I_CI_I_I_I_I_I_I_I_I_I
%FI_I_FI_CII_I_I_I_CI_CCI_I_I_I_I_I_I_
®rIrmrIIICCCIrccCrrrrCcrr

o
~
o
~
o

0

I%I_I_I_I_ICI_I_I_I_I_CI_CCI_I_ICCI_I_
.%I_II_I_I_I_I_I_I_I_I_II_I_I_II_I_I_I_I_I_
_-rrcrrrrrrreErrrerrrr
-rrrrCrrCrCCrCrCrCIXIrrbbCbCcrr

o

7

o

1

H = high-risk; L = low-risk; QUADAS-2 = Quality Assessment of Diagnostic Accuracy Studies 2; U = unclear risk.

X-ray
Five studies were included that looked at the usefulness
of plain radiography in diagnosing SBO (Table 4,
Figure 2).22343640 Three were prospective case stud-
ies, 222426 and two were retrospective case studies.®**°
All of the studies used the previously defined criteria of
SBO on x-ray to be greater than or equal to two air
fluid levels in dilated loops of bowel (>2.5 cm).>? A
majority of the studies used two or more radiologists
reading the images to ensure reliability. None of the
studies provided kappa scores to assess reliability. All
of the studies were small, with patient numbers in the
range of 32 to 108. The criterion standard used was
always surgical findings or eventual clinical outcome.
There was some heterogeneity across the included
studies with a +LR 1.64 (95% confidence interval
[CI] = 1.07 to 2.52) and an F¥ = 25%. With the removal of
Musoke et al.,** the +LR and -LR had an F¥ = 0 and val-
ues of 1.55 (95% CI=1.10 to 2.19) and 0.59 (95%
CI = 0.43 to 0.82), respectively.

CT

Fourteen studies in total were examined that looked at
the usefulness of CT for the diagnosis of SBO (Table 5,
Figure 3). Six were prospective studies??2>38414446 anq
eight were retrospective studies.®3%40424547-49 A
studies used surgical findings or diagnosis at time of
discharge as the criterion standard.

Due to the significant advancement in CT technology
over the past 20 years, there was tremendous variability
between the studies in terms of the type of CT scanner
used, the thickness of slices (ranging from 50 to
0.75 mm), and the use and timing of both IV and oral

contrast. The most commonly used CT scanner was the
General Electric 9800CT (Fairfield, CT).***"* Other
models included the General Electric Helical***>*® and
the Seimens Somatom series (Siemens Medical Solution
USA, Inc., Malvern, PA).223841 Two studies did not list
the type of CT scanner used.*** In terms of contrast,
two studies used oral exclusively,®**’ while two others
did not mention the use of contrast.?4° All remaining
studies used both oral and IV contrast for their CT
scans.

Thinner CT slices improve diagnostic accuracy in
bowel obstruction,®® and therefore studies were
grouped according to the thickness of slices that were
taken. An SBO was diagnosed if continuous dilated
loops of bowel >2.5 cm were present proximal to col-
lapsed loops of bowel. These criteria were first
described by Maglinte et al.*® and were consistent
across all studies. A majority of the studies used two
radiologists for image interpretation as a measure of
reliability. Only the study by Atri et al.*® provided a
kappa score for the reviewers, which was recorded as
0.68 to 0.80.

Several studies did not state the thickness of CT slices
that were taken and are listed in Table 5.2335%047 These
studies had sensitivities ranging from 50% to 92% and
specificities ranging from 78% to 94%. Makanjuola
et al.*? used a very large slice size of 50 mm for their
study. They reported a sensitivity and specificity of 79%
(95% CI=64% to 90%) and 67% (95% CI=22% to
95%).

There was a large range of sensitivities (63% to
100%) and specificities (57% to 100%) for the studies
that used slice sizes of 5 to 10 mm. These data were
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Table 2
Statistical Measures of Performance of SBO History Characteris-
tics

Table 3
Statistical Measures of Performance of SBO Physical Examina-
tion Characteristics

Sensitivity, Specificity,
Risk Factor % % +LR  -LR
Location pain initially (upper/lower/mid/general)
Eskelinen®® 87 4 1.47 0.22
Bohner?* 23 93 3.28 0.83
Location pain at 78 61 2.0 0.36
diagnosis (upper/
lower/mid/general):
Eskelinen®
Duration of pain > 48 66 1.41 0.79
6 hours: Eskelinen®
Intensity of pain 80 35 1.23 0.57
(moderate-
intolerable):
Eskelinen®
Progression of pain 78 34 1.18 0.65
(same/worse):
Eskeline®
Type of pain (colic/intermittent):
Eskelinen®® 68 56 1.57 0.55
Bohner?* 31 89 2.82 0.35
No aggravating 37 74 1.42 0.85
factors: Eskelinen®3
Relieved with vomiting:
Eskelinen®? 19 93 271 0.87
Bohner?* 27 94 450 0.78
Previous similar pain: 40 66 1.18 0.91
Eskelinen®
Vertigo: Eskelinen®3 8 97 2.67 0.95
Nausea: Eskelinen®3 80 43 1.40 0.35
Vomiting: Béhner?* 75 65 2.14 0.38
No appetite: 93 28 1.29 0.25
Eskelinen®
Previous indigestion: 33 80 1.65 0.84
Eskelinen®®
No jaundice: 98 2 1.00 1.00
Eskelinen®®
Constipation:
Eskelinen® 37 90 37 0.70
Bohner?* 44 95 8.8 0.59
Normal micturition: 96 7 1.03 0.57
Eskelinen®
Used drugs for 8 78 2.00 0.96
abdominal pain:
Eskelinen®®
Previous abdominal surgery:
Eskelinen® 85 78 3.86 0.19
Bohner®* 69 74 2.65 0.42
Previous abdominal 35 83 2.06 0.78
disease: Eskelinen®
No use of alcohol: 98 5 1.03 0.40
Eskelinen®®
Increased pain on 17 94 2.83 0.88
eating: Bohner?*
Age > 50 yr: Bohner?* 60 73 2.22 0.55
+LR = positive likelihood ratio; -LR = negative likelihood
ratio; SBO = small bowel obstruction.

pooled together because the largest proportion of stud-
ies used this range for their scans. The pooled studies
had a +LR of 3.6 (95% CI = 2.3 to 5.4) and a -LR of 0.18
(95% CI = 0.09 to 0.35). There was significant heteroge-
neity that could not be eliminated with the removal of
any single study or series of studies. The heterogeneity
likely can be attributed to the fact that these studies
were completed in different years, in a variety of cen-
ters, and with different equipment.

Physical Examination
Sensitivity Specificity

Risk Factor % % +LR  -LR

Abnormal mood: 26 83 1.53 0.89
Eskelinen®®

Abnormal color: 89 13 1.02 0.85
Eskelinen®®

Abnormal abdominal movement:
Eskelinen®® 19 94 3.17 0.86
Bohner®* 27 91 3.00 0.80

Scar on abdomen: 85 77 3.70 0.19
Eskelinen®®

Distention:
Eskelinen®® 67 96 16.8  0.34
Bohner?* 62 89 5.64 0.43

Tenderness (generalized):
Eskelinen®® 69 73 2.56 0.42
Bohner?* 35 93 5.00 0.70

No rebound: 59 48 1.13 0.85
Eskelinen®®

Guarding: 63 47 1.19 0.79
Eskelinen®®

No rigidity: 83 22 1.06 0.77
Eskelinen®®

Rigidity: Bohner?* 15 95 3.00 0.89

No Murphy’s sign: 98 10 1.09 0.20
Eskelinen®®

Abnormal bowel 76 88 6.33 0.27
sounds: Eskelinen®?

Increased bowel 40 89 3.63 0.67
sounds: Bohner?*

Decreased bowel 23 93 3.29 0.83
sounds: Béhner?*

No renal tenderness: 81 27 1.11  0.70
Eskelinen®®

Absent rectal digital 80 28 111 0.71
tenderness:
Eskelinen®®

Temperature 80 44 1.43 0.45
< 37.1°C:
Eskelinen®®

Leukocyte count 45 57 1.05 0.96
>10 x 10%/L:
Eskelinen®®

Normal urine: 100 6 1.06 0
Eskelinen®®

Visible peristalsis: 6 100 00 0.94
Bohner?*

Abdominal mass: 19 91 211 0.89
Bohner?*

+LR = positive likelihood ratio; —-LR = negative likelihood

ratio; SBO = small bowel obstruction.

The most technologically advanced scanners, those
with thin slices and fast scanning times, had signifi-
cantly superior sensitivities and specificities. Pongporn-
sup et al.*® was the only study found to use a 64-slice
multidetector with cuts of 0.75 mm. They had a sensitiv-
ity of 96% (95% CI =80% to 100%) and a specificity of
100% (95% CI=69% to 100%). Shakil et al.*® used a
64-slice scanner with presumably thin slices and found
a sensitivity of 93% (95% CI =87% to 97%) and speci-
ficity of 93% (95% CI = 88% to 96%).
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Table 4
Statistical Measures of Performance of X-ray for SBO Diagnosis
Study Sensitivity,% Specificity, % +LR -LR
Maglinte 1996°° 69 57 1.6 0.54
Daneshmand 1999*° 76 53 1.6 0.46
Suri 1999% 77 50 1.5 0.47
Musoke 2003%* 86 100 00 0.16
Jang 2011%® 46 67 1.4 0.81
Summary estimate, (95% Cl) 75 (68-80) 66 (55-76) 1.6 (1.1-2.5) 0.43 (0.24-0.79)
+LR = positive likelihood ratio; -LR = negative likelihood ratio; SBO = small bowel obstruction.
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—— Maglinte 1996 0.69 (0.56 - 0.80)
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Figure 2. Meta-analysis of studies assessing x-ray performance for SBO diagnosis. SBO = small bowel obstruction.

MRI

Two studies were identified that examined the use of
MRI for SBO (Table 6, Figure 4).2>** One was a pro-
spective study,?® and one was a retrospective study.*?
Both used HASTE (Half-Fourier acquisition single-shot
turbo spin-echo) MR without any contrast material.
Both used two radiologists for image interpretation.
The study by Beall et al.?® had an inter-rater kappa of
0.77, and the study by Regan et al.** had an inter-rater
kappa of 0.76, indicating good reliability. Surgical find-
ings or diagnosis at discharge were used as criterion
standards.

Beall et al.?® had a sensitivity of 95% (95% CI = 75%
to 100%) and a specificity of 100% (95% CI=40% to
100%), while Regan et al.*®* had a sensitivity of 90%
(95% CI=73% to 98%) and a specificity of 86% (95%
CI =57% to 98%). Together, the pooled +LR was 6.77
(95% CI = 2.13 to 21.55; I = 0%) and -LR was 0.12 (95%
CI = 0.04 to 0.26; FF = 0%).

US

All six studies using US were prospective studies
(Table 7).2226343637.39 Eour of these consisted of formal
US that was interpreted by more than one radiolo-
gist.22343739 One study consisted of formal US inter-
preted by only one radiologist.?® Two studies looked at
the use of bedside US in the ED for the diagnosis of
SBO.2537 In Jang et al.®® the residents who took part
had completed a prior US course with a minimum of 10
US scans and had a 10-minute teaching session and five
US scans for the diagnosis of SBO before taking part in
the study. In Unlier et al,®” four residents with an
unstated amount of previous US experience took part in
the study and completed a 6-hour training course prior
to beginning.

All of the studies used a 3.5-MHz curved or linear
probe. A diagnosis of SBO was made if there were
>2.5-cm dilated loops of bowel that were proximal to
collapsed loops of bowel and there was absent or
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Table 5
Statistical Measures of Performance of CT for SBO Diagnosis
Study Sensitivity, % Specificity, % +LR -LR
No slice size listed
Maglinte 1996%° 64 79 3.0 0.46
Walsh 1998*" 50 94 9.0 0.53
Daneshmand 1999*° 92 71 3.2 0.11
Shakil 2011% 93 93 13.0 0.07
50-mm slice size
Makanjuola 1998%2 79 67 2.4 0.31
5- to 10-mm slice size
Fukuya 199238 90 100 Infinity 0.16
Maglinte 1993%2 63 78 2.8 0.48
Frager 199446 100 83 5.5 <0.001
Suri 1999%2 93 100 Infinity 0.10
Peck 1999** 90 57 2.1 0.17
Beall 2002%° 71 71 2.5 0.40
Obuz 2003* 84 80 4.2 0.20
Atri 2009%® 88 76 3.7 0.16
Summary estimate (95% Cl) 87 (83-90) 81 (74-87) 3.6 (2.3-5.4) 0.18 (0.09-0.35)
0.75-mm slice size
Ponpornsup 2009°" 96 100 Infinity 0.04
+LR = positive likelihood ratio, —-LR = negative likelihood ratio; SBO = small bowel obstruction.
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Figure 3. Meta-analysis of studies assessing CT performance
obstruction.

decreased peristalsis activity. These criteria were
described in Ogata et al.?® The criterion standard used
for the tests was either surgical findings or diagnosis at
time of discharge. Unller reported an inter-rater kappa

for SBO diagnosis (5- to 10-mm slice size). SBO = small bowel

of 0.81 for both the reviewers of bedside US and for the
US completed in radiology.®”

For the formal US pooled results (Figure 5), there
was a significant amount of heterogeneity (I = 59% and
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Table 6
Statistical Measures of Performance of MRI for SBO Diagnosis
Study Sensitivity,% Specificity, % +LR -LR
Regan 1998*° 95 100 Infinity 0.08
Beall 2002% 90 85 6.3 0.12
Summary estimate (95% Cl) 92 (80-98) 89 (65-99) 6.7 (2.1-21.5) 0.11 (0.04-0.26)
+LR = positive likelihood ratio, -LR = negative likelihood ratio; SBO = small bowel obstruction.
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Figure 4. Meta-analysis of studies assessing MRI performance for SBO diagnosis. SBO = small bowel obstruction.
Table 7
Statistical Measures of Performance of US for SBO Diagnosis
Study Sensitivity,% Specificity, % +LR -LR
Formal US
Ogata 19962° 79 96 20.6 0.22
Schmutz 1997%° 95 82 5.3 0.06
Suri 1999% 83 100 Infinity 0.21
Musoke 2003%* 93 100 Infinity 0.08
Unlier 2011%7 88 100 Infinity 0.12
Summary estimate (95% Cl) 90 (86-93) 96 (91-99) 14.1 (3.6-55.6) 0.13 (0.08-0.20)
Emergency US
Unlier 2011% 98 95 19.5 0.02
Jang 201136 94 81 5.0 0.07
Summary estimate, (95% Cl) 97 (92-99) 90 (84-95) 9.5 (2.1-42.2) 0.04 (0.01-0.13)
+LR = positive likelihood ratio, -LR = negative likelihood ratio; SBO = small bowel obstruction; US = ultrasound.

36% for the +LR and -LR). The +LR was 14.1 (95%
CI = 3.57 to 55.66) and a -LR was 0.13 (95% CI = 0.08 to
0.20). The bedside US pooled estimate (Figure 6) had a
+LR of 9.55 (95% CI = 2.16 to 42.21; ¥ = 85%) and -LR
0.04 (95% CI = 0.1 to 0.13; IZ = 25%).

Test-Treatment Threshold Estimates

The test-treatment threshold calculation relies on diag-
nostic test sensitivity and specificity, estimates of the
benefits and risks of treatment, and estimates of the

risks of the diagnostic test. These estimates are based
solely on the best available evidence and, as such, are
open to interpretation and scrutiny.

Management options for a patient with suspected
SBO on history and physical examination are to
continue with further testing in hopes of improving
diagnostic accuracy or to begin treatment. Recent
guidelines suggest a trial of conservative management
for SBO for 3 to 5 days if there are no signs or symp-
toms suggestive of sepsis or peritonitis.!” This involves
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Figure 5. Meta-analysis of studies assessing formal US for SBO
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Sensitivity (95% CI)
Ogata 1996 0.79 (0.58-0.93)
Schmutz 1997 095 (0.88-0.99)
Suri 1939 0.83 (0.65-0.94)
Musoke 2003 093 (0.82-0.98)
Unluer 2010 0.88 (0.80-0.94)

Pooled Sensitivity = 0.90 (0.86 to 0.93)
Chi-square = 7.24; df= 4 (p = 0.1237)
Inconsistency (square) = 44.8 %

Specificity (95% CI)
Ogata 1996 0.9 (0.80-1.00)
Schmutz 1997 0.82 (0.63-0.94)
Suri 1999 1.00 (0.16-1.00)
Musoke 2003 1.00 (0.72-1.00)
Unluer 2010 1.00 (0.85-1.00)

Pooled Specificity = 0.96 (0.91 to 0.98)
Chi-zquare = 15.38; df = 4 (p = 0.0040)
Inconsistency (-square) = T4.0 %

diagnosis. SBO = small bowel obstruction; US = ultrasound.

Sensitivity (95% Cl)
Unluer 2010 0.98 (0.92-1.00)
Jang 2011 0.94 (0.80-0.99)

Pooled Sensitivity = 0.97 (0.92 to 0.99)
Chi-square = 0.92; df = 1 (p = 0.3377)
Inconsistency (-square) = 0.0 %

Specificity (95% CI)
Unluer 2010 0.85 (0.88-0.99)
Jang 2011 0.81 (0.67-092)
Pooled Specificty = 0.90 (0.84 to 0.95)

Chi-square = 5.56; df = 1(p=0.0183)
Inconsistency (-square) = 82.0 %

Figure 6. Meta-analysis of studies assessing emergency US for SBO diagnosis. SBO = small bowel obstruction; US = ultrasound.

administering IV fluids, implementing bowel rest, and
decompressing the gastrointestinal tract with an NG
tube.'® The highest risk feature of this regimen is the
NG tube, as neither IV fluids nor bowel rest carry any
measurable risk. Unfortunately, there are no good ran-
domized controlled trials that examine the use and risk
of NG tube in SBO or whether there is harm in delaying
this treatment measure until a definitive diagnosis is
made. A Cochrane review on NG decompression after
abdominal surgery, however, looked at the rate of
pneumonia that occurred postdecompression from 27
separate studies.>® The rate of pneumonia was approxi-

mately 3% higher in the patients who received an NG
tube compared to those who did not. This estimate was
used as our “risk of treatment.”

The potential benefits of the conservative approach to
SBO are many. It has been estimated that the conserva-
tive approach is effective to avoid the need for surgical
intervention in approximately 65% of cases.>*®% This is
important, as the risk of mortality with an operation for
SBO is approximately 5%, and the risk of postoperative
complications is 23%.2 It is presumed that patients with
an NG tube also receive some pain relief and decreased
nausea/vomiting, although it is difficult to quantify given
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the fact that the procedure itself is known to be uncom-
fortable.®” An estimate for the benefit of NG tube was
made at 75% to estimate for both the avoidance of sur-
gery and the potential benefits to the above symptoms.
Because this number is highly open to interpretation,
the calculation is included in the study so that different
values may be incorporated (Figure 7). An online Excel
calculator is also available to facilitate this task (Data
Supplement S2, available as supporting information in
the online version of this paper).

A definitive test in the ED has often been a CT. This
involves the administration of either ionic or nonionic IV
and/or oral contrast. Risk of a serious allergic reaction
was estimated to be approximately 0.1% of those receiv-
ing the contrast.’® %1 The risk of an ionic contrast reaction
was quoted as being 10 times higher than nonionic con-
trast reaction. This risk was chosen because it was imme-
diate and much better quantified than other adverse
outcomes such as the risk of future cancer from a CT.

Based on the test-treatment threshold calculation,
there was a very low threshold of 1.5% to continue test-
ing. This means that if the pretest probability of the
patient having a SBO is <1.5%, then more testing may
actually be riskier for the patient’s health. On the other
hand, if patients have a pretest probability of >20.7%,
then they would benefit more from having treatment
started as opposed to getting more investigations. These
findings should be reassuring that early treatment is
very low risk, even in the context of further testing.
Although these findings are highly open to interpreta-
tion, they are comparable to those of other diagnoses in
the literature such as pulmonary embolism. The testing
thresholds for pulmonary embolism have been around
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1.5%,%2 while the treatment thresholds have been deter-
mined to be around 25% to 30%.%°

DISCUSSION

The Bayesian approach to the undifferentiated patient
in the ED is a very effective method for improving clini-
cal diagnosis and preventing unnecessary testing.®* This
approach involves plotting, on a hypothetical continuum
of 0% to 100%, the clinical certainty that a patient has a
given diagnosis based on both pre- and posttest proba-
bilities.®®> Authors such as Kline et al.?® have even advo-
cated for the use of a Bayesian network consisting of a
comprehensive computer-based analysis of variables for
conditions that are difficult to diagnose, such as venous
thromboembolism. Although there have been criticisms
of the intuitiveness of using the Bayesian approach,®’ it
is something that can be taught and learned with mea-
surable results.®® However, the ultimate usefulness of
the Bayesian approach for conditions such as SBO
relies on having accurate diagnostic data to develop the
pre- and posttest probabilities. The pretest probability
for SBO is a value that is based on the prevalence of the
disease, as well as any history and physical examination
findings. The best estimate for prevalence of SBO was
2% of all abdominal pains seen in the ED.? It does not,
however, make intuitive sense to use 2% as a pretest
probability because it negates any of the history or
physical examination findings and includes all-comers
for abdominal pain. Using a pretest probability of 15%,
which is the percentage of patients that get admitted to
a surgical unit from an ED who are ultimately
diagnosed with a SBO,! likely better incorporates the

Tresting threshold = [[Ppas/ad) X [Rex) + Re] + [(Ppas/nd) X Rex) + (Ppossa X Be)] = 0.011
Tireatment threshold = [(Paeg/nd) X (Rax) = Re] + [(Pneg/na) X Rex) + (Pregra X Br)] = 0.212

Ppos/na = probability of a positive result in patients without disease = 1-specificity = 1-0.81 = 0.19*
Preg/nd = probability of a negative result in patients without disease = specificity = 0.81*
R = risk of treatment in patients without disease = 0.034«

R; = risk of diagnostic test = 0.001r

Ppessa = probability of a positive result in patients with disease = sensitivity = 0.87*
Preg/u = probability of a negative result in patients with disease = 1-sensitivity = 1-0.87 = 0.13*
B = benefit of treatment in patients with disease = 0.75:

Small Bowel Post Test Probability

0% 1%

21%

Continue testing

diagnosis

Test threshold

Initiate therapy

‘Treatment threshold

50% 100%

*From CT Meta-analysis of 5-10mm slices

* The rate of pneumonia as a risk for nasogastric intubation (RV)
*The risk of an allergic reaction from CT contrast dye (HK, GLW, FF], JIC)

* The estimated benefit of nasogastric intubation

Figure 7. Test and treatment threshold formulas.
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physician’s clinical gestalt and therefore could be used
for calculating posttest probabilities.

Overall, there are very few history and physical exam-
ination characteristics that by themselves lead to a sig-
nificant increase in pretest probability of SBO. Both
studies that examined these characteristics were not
EM-exclusive and had relatively small numbers of
approximately 40 subjects.?**®> The potentially useful
history and physical examination findings were a previ-
ous history of abdominal surgery (+LR = 2.65 to 3.86),
constipation (+LR = 3.7 to 8.8), abdominal distention
(+LR=5.6 to 16.8), and abnormal bowel sounds
(+LR = 6.33). Bohner et al.?* combined prior abdominal
surgery, constipation, and abdominal distention to yield
a good specificity of 99%, but sensitivity of only 23%.
The positive predictive value was 50%, making it essen-
tially as effective as a coin toss. Additionally, an absence
of several elements of history and physical examination
findings showed promise to reduce the probability of
SBO, including no appetite (-LR = 0.25), nausea
(-LR = 0.35), no Murphy’s sign (-LR = 0.20), and scar on
the abdomen (-LR = 0.19).

Developing an accurate posttest probability relies on
minimally biased, widely applicable, and reliable diag-
nostic data. The imaging modality studies included in
this meta-analysis are of moderate quality at best.
Roughly half of them are retrospective in design, and
most have relatively small patient numbers. Lijmer
et al.%° noted no bias in diagnostic accuracy estimates
with retrospective study designs. However, these stud-
ies were subject to different forms of bias. Specifically,
spectrum bias was present and likely significant, as
there were very few studies that exclusively looked at
EM populations.”® Spectrum bias, when skewed toward
those patients who have a higher severity of disease,
can falsely elevate the sensitivity.”? An example of spec-
trum bias in the literature can be seen with dipstick test-
ing for urinary tract infections (UTIs), where higher test
sensitivity was found in those patients who had a high
probability of having a UTI versus those who had a low
probability.”? Double-criterion standard bias was also
quite prevalent in regard to the criterion standard for
most studies, as they included “clinical outcome” as an
alternative to surgical diagnosis. Double-criterion stan-
dard bias falsely elevates the sensitivities and specifici-
ties.”! An example of this can be seen with the use of
prostate-specific antigen screening tests for prostate
cancer, where men who have lower levels do not get
the criterion standard biopsy test.”® Perhaps the largest
issue in regard to the heterogeneity of studies had to do
with the diagnostic imaging equipment utilized. Given
the large time span for when the studies were under-
taken and published, there is an enormous amount of
diversity in regard to machinery, technique, interpretive
equipment, and time to testing. This diversity leads to
difficulty in pooling data for meta-analysis.

Plain radiography, which is often the first imaging
modality used in the ED, has a summary +LR ratio of
1.55 (95% CI=1.10 to 2.29). The study by Musoke
et al.** was removed to completely eliminate heteroge-
neity. The likely reason that this study had a high sensi-
tivity and specificity is because the plain radiographic
findings when recorded were not blinded to the clinical
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and laboratory data according to this author’s methods
section. Using the above findings and an SBO preva-
lence of 15% for all abdominal pain patients who are
ultimately going to be admitted, then the posttest proba-
bility is only 20% for a positive abdominal radiograph
when plotted on a Fagan nomogram.'® Although this
may be good enough to start treatment according to the
test-treatment threshold, it is not entirely useful for SBO
diagnosis. It is still suggested as the first imaging test in
guidelines, however, likely because of its rapid availabil-
ity, ease of use, and lack of Cornplications.m’17

The most challenging imaging modality to incorpo-
rate into this meta-analysis was the CT scan. There are
studies that were conducted at different times over the
span of 17 years (1992 to 2011) with sensitivities and
specificities in the ranges of 50% to 100% and 57% to
100%, respectively. Over the course of that time, the CT
scanner has seen drastic changes in terms of the addi-
tions of helical rotation, rotation speeds, multidetectors,
and high-quality computer monitors for viewing.”*
These changes create a level of temporal bias in which
the diagnostic test itself improves over time and there-
fore the results from the test are also likely to change
over time.”® Some of the other reasons for the wide
range of outcomes likely result from the technical chal-
lenges of interpretation that exist with CT and SBO.”®
The diagnosis of a SBO on CT relies on the ability to
find the transition point or the point where dilated
bowel loops are proximal to decompressed loops.’’
Determining the transition point is a very meticulous
endeavor, and the expertise of the radiologist should
not be underestimated.** Furthermore, less discrepancy
between the bowel diameters at the transition point
makes diagnosis difficult.”® This is problematic in that
many of the studies examined did not differentiate par-
tial from complete bowel obstructions, the latter of
which are easier to diagnose.

Pooling all individual studies together would be mis-
leading and unhelpful because of their marked differ-
ences. However, the one variable that likely resulted in
the largest difference in making a diagnosis of SBO was
the thickness of slices. Improved accuracy with smaller
slice thickness has been seen in cardiac,”® pulmonary,®
01"[h0pedic,81 renal,®® and liver studies.® Unfortunately,
we were unable to find any studies that assessed the
accuracy of slice thickness particularly in SBO. Some
studies did, however, advocate for taking additional
5-mm slices at the transition zone,** demonstrating their
usefulness in SBO. We therefore chose to combine stud-
ies into groups based on the slice size that was taken in
their CT scans, as it was both the most reported
variable and the most likely variable to contribute to
diagnostic accuracy.

The summary +LR for studies that used 5- to 10-mm
slices was 3.62 (95% CI = 2.47 to 5.30), with heterogene-
ity of 15.5%. Plotting this value on the Fagan nomogram
gives a posttest probability of 40% using a 15% pretest
prevalence. The results of the pooled CT analysis,
although superior to plain radiography, suggest that CT
is not as accurate of a modality as once thought. It must
be kept in mind, however, that the amount of variability
that existed between studies was very large and could
in no way be accounted for in pooled analysis.
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In contrast to the pooled estimates, the two most
recent studies with the most advanced CT scanners
had the best individual results. Pongpornsup et al.*®
used a 64-slice multidetector CT with slices of 0.75 mm
and examined 35 people with suspected SBO. They
found a +LR of infinity and a -LR of 0.04 (95%
CI = 0.006 to 0.273). Shakil et al.*® also used a 64-slice
scanner with no mention of slice size and studied 271
patients with suspected bowel obstruction. They found
a tLR of 13 (95% CI=7.5 to 22.4). These findings
suggest that multidetector CT scans account for marked
improvement in sensitivity and specificity for the diag-
nosis of SBO.

There were only two studies that we found that
looked at the use of MRI for SBO diagnosis. Together,
they had a summary +LR of 6.77 (95% CI=2.13 to
21.55) giving a posttest probability of 54% (95%
CI =50% to 59%). However, given the increased time
needed to perform a scan and the limited availability in
certain centers, this would be a much less optimal
choice for an EP.

Perhaps the most surprising outcome from the meta-
analysis was the diagnostic accuracy of US, an imaging
modality whose use in the ED is relatively new. Two of
the studies were ED-specific and looked at the ability of
residents to diagnose SBO with bedside US after a for-
mal training and practice program was completed.3¢-%”
Together, the two studies had a summary +LR of 9.55
(95% CI=2.16 to 42.21) and a -LR of 0.04 (95%
CI =0.01 to 0.13) for the ED residents, which give a
posttest probability of 63% (95% CI=58% to 68%).
Unliter et al.>” found that radiology residents at the
same level of training as the EM residents performed
similarly in terms of sensitivity and specificity. The use-
fulness of the US was confirmed in the several “formal”
(radiologist-performed) studies that had +LR of 14.1
(95% CI = 3.6 to 55.6) and a -LR of 0.13 (95% CI = 0.08
to 0.20). Although US may have some role in the diag-
nosis of SBO, it does require additional training and
maintenance of skills. Furthermore, there is currently
no evidence that ED US would be able to make inter-
pretations on areas such as SBO transition point or
etiology. Future cost-effectiveness analyses could assess
whether the time invested in developing US competence
for SBO weighed against the inferior diagnostic accu-
racy of x-ray is sufficient for US to supplant x-ray as the
first-line imaging test for SBO to queue patients for the
most costly and generally less available advanced imag-
ing options, such as CT.

Implications for Future Research

There are very few ED-specific research studies on the
diagnosis of SBO. This is despite the fact that EPs have
identified SBO as an area where diagnosis should not
be missed and where further research is necessary.®*
EM-related diagnostic research on SBO should be
considered an important area of research for several
reasons. First, the majority of patients with possible
SBO present to the ED as their first contact point with
the health care system.? Second, the lack of data on
diagnosis likely breeds the variability in EM practice
that is often seen in dealing with undifferentiated
abdominal pain.®® This varied approach presumably
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leads to an increase in health care costs, but data in this
area are lacking as well. Last and most importantly,
there is significant morbidity and mortality related to
the delayed diagnosis of SBO.8*%” Hwang et al.%” found
an odds ratio of 6.91 (95% CI = 1.85 to 24.80) for surgi-
cal resection for those patients who had longer times to
surgery consult, while Bickel et al.®® found that patients
who had a longer time between symptom onset and
management had a higher risk of resection (4% for
<24 hours, 10% to 14% for 24 to 72 hours).

Clinicians and researchers need additional ED-based
studies to fully understand the diagnostic accuracy of
history, physical examination, and imaging modalities
for SBO. Future SBO diagnostic researchers should
conform to the STARD criteria when designing investi-
gations to ensure comprehensive and replicable study
methods, while minimizing bias.28%° Based on our sys-
tematic review, we recommend that future investigators
consider several design issues. First, inclusion of multi-
ple disparate ED settings in prospectively recruiting
consecutive abdominal pain patients with suspicion of
SBO is essential to enhance external validity and to
reduce spectrum bias. Second, a more thorough
description of imaging methods, as recommended by
the STARD criteria, will permit future investigators and
clinicians to more confidently compare one study to
another. For example, providing details about imaging
equipment specifications, collection processing, and
whether interventions like the NG tube are initiated
before imaging, would help to ensure a more complete
understanding of research reports and clinical applica-
bility. Finally, it is difficult to avoid double-criterion
standard bias when the initial treatment of choice for
SBO is conservative management. Attempts should be
made, however, to collect and report as much informa-
tion on “clinical outcome” as possible to provide the
most accurate picture of the patient’s courses in the
hospital. For example, reporting on the number of days
until resolution of abdominal pain, vomiting, and disten-
tion, in addition to all other interventions provided,
would allow a much clearer picture of whether SBO
was indeed present in these patients.

There are two potential areas of EM research that
deserve mention based on the findings of this meta-
analysis. One of these is a revisit of the history and
physical examination studies and the second is new
research on the use of US for the diagnosis of SBO.

One of the important research areas that was defi-
cient in this meta-analysis is the usefulness of the his-
tory and physical examination. The two studies that
were included were not EM-specific and were confined
to relatively few hospitals in Germany and Finland.2*%®
Given the importance of developing a solid pretest
probability, an EM-specific study that incorporated
several departments would provide a much-needed per-
spective on the matter and perhaps yield more compre-
hensive results. Ultimately, combinations of findings
from history and physical examination should be
assessed, and there might be a role for a clinical deci-
sion rule to be derived and validated.

Perhaps the most exciting revelation from this meta-
analysis is the performance of US in the diagnosis of
SBO. The superiority of the few US studies, along with
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the availability of this modality in a majority of EDs,
makes this an area where future research is desperately
needed. To improve the knowledge of using this modal-
ity and alter the SBO management pathway with its
use, additional research is needed regarding the areas
of US machine choice, scanning techniques, and EM
personnel training and performance. It is reasonable to
speculate that with this added evidence, US may play
some role in the ED diagnosis of SBO. That role cur-
rently remains undefined, but may lead to more timely
diagnosis and theoretically decrease the number of CT
scans performed on patients prior to a 3- to 5-day trial
of conservative therapy is attempted.

LIMITATIONS

There were several limitations of this meta-analysis.
First, it is possible that some studies relating to SBO
diagnostics were missed given the strategy of our
search. We opted to perform the electronic search on
our own without the assistance of a medical librarian.
We used PUBMED and EMBASE primarily with limita-
tions to English-language, which may have excluded
some non-English studies. Additionally, the search
terms that we used may have also failed to find specific
studies. Second, we limited our searches to generalized
SBO in adults and therefore our meta-analysis cannot
comment on pediatric SBO or specific entities such as
Crohn’s disease, carcinoma, or volvulus. We also did
not specifically include studies that looked to diagnose
strangulation alone, as they often involved different
diagnostic criteria. A few of our studies contained and
did not discriminate for a minor number of large bowel
obstructions in their findings.?*%¢

The quality of the studies in this meta-analysis was
highly variable and was subject to several biases. These
should be kept in mind when assessing the interpreta-
tion of the results.

Several of the studies provide a reproducible descrip-
tion of the types of scanners used and the procedures
employed to perform the scans. Others unfortunately
provided few details in terms of image capturing tech-
niques and equipment used. As seen in Table 1, several
studies were unclear as to their patient selection pro-
cess, criterion standard usage, or the flow and timing of
their testing.

The criterion standard used for the majority of the
studies is a combination of either surgical findings or
eventual clinical outcomes. Unfortunately, many of the
studies did not go into further detail explaining what
surgical findings were used to make the diagnosis and
did not provide timelines for when a clinical diagnosis
was made. The accuracy of surgery to diagnose is pre-
sumably very high, with some findings suggesting
100%.%° Eventual clinical outcome is fraught with bias,
however, as many variables could play into what ulti-
mately happens to a patient in the hospital. For exam-
ple, perhaps a patient initially presents like a bowel
obstruction, gets that diagnosis on the chart, and then
improves without any further diagnostic certainty. The
actual diagnosis may be SBO or something completely
different. There would be no way to know for certain
based on looking solely at the chart.
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One of the limitations to the pooled meta-analysis
groups is the large heterogeneity seen in the studies.
Some of this was controlled for by removing certain
outliers, but was not always completely eliminated. The
nature of diagnostic imaging studies, especially CT
scans, lends itself to heterogeneity given the very wide
range of machines and scanning techniques used, as
well as the tools used for interpretation. Comparing
these studies from the early 1990s with those around
2010 without controlling for accuracy of the scans
would be like comparing computer performance and
speed from the same time eras and probably yields a
skewed summary estimate of diagnostic accuracy.

Last, the test-treatment threshold calculation relied on
several best estimates. The lack of quantity of preva-
lence, history, and physical examination studies means
that the pretest probability is highly open to interpreta-
tion (Data Supplement S2). Furthermore, the benefits
and risks of NG placement did not take into account
patient preference or pain relief and were derived from
lower-quality, potentially biased primary studies. The
benefits of 75% may be overestimated, while the risks
of treatment in a patient without SBO may be overesti-
mated at 3%. Moreover, the risk of CT scan may be
underestimated at 0.1%, because this does not take into
account the risk of potential future cancers, for example.
The equation was included to ensure that readers can
apply their own numbers to generate a test-treatment
threshold.

CONCLUSIONS

Small bowel obstruction is an uncommon, but serious,
presentation to the ED, with an estimated prevalence of
approximately 2% of all patients whose chief complaint
is abdominal pain. The most useful aspects of the his-
tory and physical examination are a previous history of
abdominal surgery, constipation, abnormal bowel
sounds, and abdominal distention. There is marked vari-
ability in the usefulness of the different imaging modali-
ties. X-ray is the least useful with the lowest positive
likelihood ratio (+LR). On the other hand CT, MRI, and
ultrasound are all relatively good at making the diagno-
sis, with high +LRs. Although lacking in study numbers,
the findings for those studies involving ultrasound sug-
gest that it is a good diagnostic imaging modality that
could potentially improve the ED diagnosis. More
EM-specific studies are needed in this area. In terms of
the test-treatment threshold, emergency physicians
should not hesitate to use nasogastric intubation for
symptomatic relief early on, as there is very low risk of
adverse events with this intervention.

The authors acknowledge Christopher R. Carpenter, MD, MS, for
assistance.
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