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Background: A grading system was developed for computerized tomography (CT) scans evaluating patients with
suspected small bowel obstruction (SBO). We hypothesized that patients with a higher grade of suspected SBO on
CT scan would be more likely to require surgical intervention.

Methods: Retrospective chart review of patients who presented to the Emergency Room (ER) who had a CT of the
abdomen and pelvis for suspected SBO. Patients were divided into 5 groups: Grade 1 (SBO unlikely), Grade 2
(probable partial or early SBO), Grade 3 (probable high grade SBO), Grade 4 (SBO with changes concerning for
ischemia) and Not Graded.

Results: The CT scans of 655 patients were graded. Of the 22 patients with a grade 1 SBO, only 1 went for surgery
(4.5 %). For grade 2 patients, 23 out of 299 had an operation (7.7 %), for grade 3 it was 84 out of 299 (28.1 %)
and for grade 4 SBO, 25 out of 35 patients (71.4 %) had surgery. The p value is <0.00001. The three most
common intraoperative findings were SBO obstruction from adhesions alone (48 % of cases), followed by
incarcerated hernias (12 %) and ischemic bowel (9 %). Only 8 cases out of 133 operations (6 % of total) had no
findings at time of surgery other than dilated bowel.

Conclusions: The CT grading scale for SBO developed at our institution shows excellent correlation between grade
and going for surgery, with few negative results, and can be a useful tool among other factors for general sur-
geons when deciding whether or not to operate on a patient with suspected SBO.

a SBO on the CT study is left to the individual interpreting radiologist,
and may contain vague phrases such as:

Introduction

Deciding on whether or not to take a suspected small bowel
obstruction (SBO) patient to the operating room is one of the more
challenging dilemmas a general surgeon will encounter. Concerns
include a nontherapeutic intervention, i.e., operating on a patient who
has no significant findings and therefore did not need surgery, and
observing a patient whose operation was delayed and would have

SBO cannot be ruled out
Findings are compatible with obstruction
Possible high grade SBO

The American Association for the Surgery of Trauma (AAST) has a

benefited from earlier intervention. Factors that influence decision-
making have traditionally included the history of the patient's present-
ing illness, the patient's surgical history, the physical exam, lab values
such as white cell count and lactate level, and imaging studies, usually a
CT of the abdomen and pelvis. The language indicating the possibility of

five-level grading system for assessing bowel obstruction from adhe-
sions. Its weaknesses include a lack of a level to indicate SBO is unlikely,
causes of SBO other than adhesions, and inclusion of perforation which
usually mandates surgical exploration and therefore removes the
decision-making process on whether surgery is indicated. To our
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knowledge, the AAST grading system is not widely used by radiologists
to communicate their concerns to general surgeons at time of patient
presentation to the ER.

Our institution wished to develop an objective CT grading system
that could be used by radiologists to guide surgeons with the decision to
observe versus operate. The ideal grading system would be able to rule
out another diagnosis such as enteritis or ileus that can mimic the
findings of small bowel obstruction on CT scan, differentiate between
partial versus complete obstruction, and alert the surgeon to urgent
conditions such as ischemic bowel.

Methods

Our institution has a 25-physician radiology group that covers two
hospitals: a medium-sized community hospital with 90 beds and
approximately 30,000 ER visits per year, and a larger regional hospital
20 miles away with 395 beds and around 50,000 ER visits per year.
Approximately 15 general surgeons work at the two hospitals. In 2016,
multiple meetings were held between representatives from the General
Surgery Department and the Radiology Department. After much dis-
cussion and a review of the then-current literature, a grading system was
developed with 4 levels (Table 1.)

Examples of CT imaging for Grades 1 through 4 are found in
Figs. 1-4.

When a patient presents to the ER at either hospital with a history or
finding suggestive of SBO, the emergency physician usually orders
bloodwork and a CT of the abdomen and pelvis which is then read by
one of the radiologists, who assigns a SBO grade from 1 to 4, depending
on radiologic findings. Upon reviewing the patient and their graded
imaging studies, the general surgeon has a better idea as to whether the
CT suggests the patient has a partial, complete or complicated
(ischemic) SBO, which helps inform the decision for surgery versus
observation.

After obtaining Institutional Review Board approval, a retrospective
chart review was performed on patients who presented to either of the
two hospitals from 2018 through 2020. The review started for 2018
patients with the concern that it might take radiologists some time to
learn and implement the new grading scale. It ended in 2020 for con-
cerns about the confounding effects of Covid-19. Included were patients
who presented to the ER with abdominal pain suggestive of bowel
obstruction and then had a CT scan. Excluded were patients who had
findings of perforation such as free air.

Table 1
Small bowel obstruction grading scale.
Grade  Impression CT findings
1 Probable ileus or gastroenteritis -dilated small bowel, not likely due to
obstruction
2 Probable partial or early small -mildly dilated small bowel

bowel obstruction -feces sign (particulate matter mixed
with gas bubbles)

-possible transition point

-air in colon

-non-distended stomach

-skip dilation

-markedly dilated bowel

-high grade transition

-serrated beak

-free fluid

-wall thickening

-continuous dilation

-distended stomach

-pneumatosis

-mesenteric edema

-engorgement of vessels

-closed loop obstruction

-no wall enhancement

-marked swelling of the mesentery

3 Probable high-grade small bowel
obstruction

4 Small bowel changes concerning
for ischemia
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Fig. 1. Example of a Grade 1 SBO with the series of images showing dilated
small bowel without a transition point, thought to be from enteritis or ileus.

Fig. 2. Example of a Grade 2 SBO with the series of images showing dilated
small bowel with a possible transition point, indicated by the yellow arrow.

Data collection

A data analyst with our institution searched patient charts during
these three years for a diagnosis of SBO on CT scan. Patient charts were
reviewed, and data inputted into a REDCap database that was designed
for this study with the assistance of Intermountain Health researchers.
Once all charts were reviewed, the data in REDCap were exported into
an Excel spreadsheet for analysis. For all patients who had surgery,
operative reports were read by a general surgeon who then determined
the intraoperative findings and the operation performed.

Statistical analysis

Statistical significance regarding the likelihood of going for surgery
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Fig. 3. Example of a Grade 3 SBO with the series of images showing more
significantly dilated small bowel with a well-defined transition point, marked
by the yellow arrow.

based on assigned grade for suspected SBO was analyzed using the chi-
squared test in Python. Significance for variables with a mean was
calculated with ANOVA for three or more variables, and a two sample ¢-
test for two variables.

Results

A total of 972 charts were identified as being patients who presented
to the ER with suspected SBO and had a CT scan. Female patients
constituted 52.3 % of subjects, with an average age of 59.8 years, while
male patients made up 47.7 % of subjects with an average age of 56.9
years. Of the 972 charts, 655 received a SBO obstruction score from a
radiologist, while 317 CT scans were not graded (see Discussion). There
was excellent correlation between the SBO grade assigned by the radi-
ologist and the probability of the patient going for surgery, ranging from
4.5 % for Grade 1 patients to 71.4 % for Grade 4 patients, yielding a p
value of <0.00001 (Table 2). The most common intraoperative finding
was SBO from adhesions alone (48 % of all cases), followed by hernias
(Table 3). Only 6 % of patients had a nontherapeutic operation. Two of
these cases were Grade 2, five were in Grade 3, and one case was Grade
4.

The only Grade 1 patient had an operation 60 h after presentation to
the ER. Mean time to surgery for Grade 2 was 63 h (SD = 51 h, range
5-224 h). For Grade 3 mean time to surgery was 43 h (SD = 48 h, range
4-244 h) and for Grade 4 it was 8 h (SD = 5 h, range 2-19 h) (Table 4).
100 % of Grade 4 patients went to the OR in under 24 h, with 60 % of
those in <6 h. Surgeries for patients with a Grade 2 or 3 obstruction were
spread over a much larger time frame (Figs. 5 and 6).

Regarding the classification system detecting bowel ischemia in pa-
tients taken for surgery: Of the 25 operative patients classified as Grade
4 (SBO with concerns for ischemia), 15 were found to have bowel
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Fig. 4. Example of a Grade 4 SBO with an area of small bowel with suspected
ischemia, indicated by the yellow arrow.

Table 2

Patients going for surgery as a function of SBO grade.
Grade n Had surgery Percent
1 22 1 4.5 %
2 299 23 7.7 %
3 299 84 28.1 %
4 35 25 71.4 %
Total 655 133 20.3 %

ischemia at time of surgery, while 10 did not. Of the remaining 108
operative patients, 4 were found to have unsuspected ischemia, all of
which were Grade 3 patients. This gives a sensitivity of 79 %, specificity
of 91 %, positive predictive value of 60 %, and a negative predictive

Table 3
Intraoperative findings.

=

Diagnosis Percent of total

Adhesions only,

single or multiple
Hernias, all types
Ischemic bowel
Dilated bowel only (negative lap)
Volvulus
Bezoar
Closed loop obstruction
Stricture
Diverticulitis
Intussusception
Neoplasm
Endometriosis
Large bowel obstruction
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Table 4
Time from ER presentation to surgery.

Surgery Open Science 20 (2024) 70-76

Table 5
Findings of ischemia in operative patients.

Grade n Mean time to surgery (hours) Range Standard Deviation For all operative patients Had ischemia Did not have ischemia
1 1 60 n/a n/a Ischemia predicted 15 10
2 23 63 5-224 51 (Grade 4 patients)
3 84 43 4-244 48 Ischemia not predicted 4 104
4 25 8 2-19 5 (Grades 1-3)

value of 96 % (Table 5). Of note, the diagnosis of ischemia was a clinical
perception by the operating surgeon, based on the appearance of the
bowel and included both partial/transient ischemia which improved
after intervention, and complete ischemia resulting in bowel resection.

Values for white blood cell count (WBC) and serum lactate were also
reviewed (Tables 6, 7 and 8). There was no statistical difference in WBC
between grades, although there was a slightly higher WBC in patients
going for surgery versus observed patients (p = 0.0385). Serum lactate
was higher in Grade 4 patients compared to all other grades (p < 0.0001)
as well as in surgical versus observed patients (p < 0.0001).

Results showed that the grade of SBO correlated strongly with the
likelihood of surgery. Statistical analysis using chi-squared in Python
returned a p value of <0.00001.

Statistical analysis using ANOVA showed no difference in mean time
to surgery between grade 2 and grade 3 patients (p = 0.159) but did
show a difference between grade 2 and grade 4 patients (p = 0.0001)

Sensitivity = 79 %.
Specificity = 91 %.
Positive Predictive Value = 60 %.
Negative predictive value = 96 %.

and well as between grade 3 and grade 4 patients (p = 0.001).

Statistical analysis using ANOVA showed no significant differences
between grades (p = 0.09).

Statistical analysis using ANOVA showed a significant difference
between Grade 4 patients compared to all other Grades (p <0.0001), but
not between Grades 1 through 3 compared to each other.

Statistical analysis using a two sample t-test showed a slightly higher
WBC in patients taken for surgery versus observed patients (p = 0.0385).
When calculating significance for lactate value, the surgical group had a
significantly higher lactate than the observation group (2.6 vs. 1.8, p <
0.0001).

Time from ER to OR

100
90
80
70
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50 T
Percentage of
cases by grade

i I I I ‘7
0

0-24 hrs 24-48 hrs

48-72 hrs

72-96 hrs 96-120 hrs >120hrs

mGrade2 mGrade3 Grade 4

Fig. 5. Time from ER presentation to surgery by SBO grade.

ER to OR: the first 24 hours
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Percentage of 30
cases by grade
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Fig. 6. Percentage of patients in each grade taken for surgery in the first 24 h.
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Table 6
WBC of patients by SBO grade.

Grade n Mean WBC Standard Deviation
(K/mcL)
1 22 111 4.1
2 299 11.3 5.0
3 299 12.4 6.2
4 35 11.9 5.0
Table 7

Initial plasma lactic acid of patients by SBO grade.
Note: Not every patient had a plasma lactic acid level drawn.

Grade n Mean lactate value Standard Deviation
(mmol/L)
1 13 1.4 0.5
2 165 2.1 1.0
3 182 2.2 1.3
4 31 4.4 3.2
Discussion

Bowel obstruction is a major problem in the US healthcare system. In
various studies and papers, the percentage of patients presenting with
bowel obstruction who require surgery varies from 15 % to 75 %, with
most papers quoting an operative rate of about 20 % to 30 %. Over
300,000 operations for bowel obstruction are performed annually with
up to 30,000 deaths related to this disease (1-11). Due to the com-
plexities of healthcare financing in America, exact costs are difficult to
determine but a 2018 financial analysis estimated the annual cost of
treating SBO was around $3.8 billion (12,13). A 2023 study showed the
average cost of laparoscopic cases across the US was $16,000 +/—
$14,800 while for robotic cases the number was $18,300 +/— $13,900
(14). One recent study (2019) showed SBO patients treated surgically
have a cost-to-treat that is 7.2 times greater than patients treated non-
surgically (15).

Given the high costs and potential morbidities associated with sur-
gery, an accurate method to determine which SBO patients need surgery
and which can be safely observed would be of great benefit, as this
would result in less expense and improved outcomes for both the indi-
vidual patient and the healthcare system. Not surprisingly, numerous
studies have attempted to either develop a multivariate prediction
model (2,16-18) or look at specific findings on CT images which would
predict the need for surgery (19-22). Results have been mixed.

Specific to CT findings only, several studies (20-22) found correla-
tion between CT findings and operative findings but these studies did not
use a grading scale and were not used to preoperatively predict the need
for surgical intervention.

Several authors have attempted to develop a multivariate model to
predict the need for surgery in SBO. One paper (17) concluded that four
criteria (vomiting, absence of small bowel feces sign, free intraperito-
neal fluid and mesenteric edema) were associated in univariate analysis
with the need for surgery. When combined into a multivariate analysis,
the same four factors had a sensitivity of 96 % and a positive predictive
value of 90 % for identifying patients who required operative inter-
vention. The same lead author published another paper a year later (18)
that found equivalent predictive ability with only three criteria:
mesenteric edema, lack of small bowel feces sign, and a history of

Table 8
Select lab values for surgical patients vs. observational patients.

Status n Mean WBC Mean lactate value
(K/mcL) (mmol/L)

Had surgery 133 12.1,SD=7.9 2.6,SD =2.1

No surgery 522 11.0,SD = 4.7 1.8,SD=1.1
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Table 9
American Association for the Surgery of Trauma (AAST):
Grading Criteria for Intestinal Obstruction Due to Adhesions.

AAST Description CT findings
grade
. Normal imaging or minimal
I Partial SBO . . . .
intestinal distension
Intestinal distension with transition
I Complete SBO; bowel viable and  point; delayed contrast flow with
not compromised some distal contrast; no evidence of
bowel compromise
Intestinal distension with transition
I Complete SBO with compromised  point and no distal contrast flow;
but viable bowel evidence of complete obstruction or
impending bowel compromise
Complete SBO with non-viable Evidence of localized perforation or
v bowel or perforation with free air; bowel distension with free
localized spillage air or free fluid
v SB perforation with diffuse Bowel perforation with free air and
peritoneal contamination free fluid
obstipation.

A 2022 review paper of different prognostic score indexes, including
the two in the preceding paragraph, concluded that prediction score
index models for SBO had the potential to improve patient outcomes and
reduce resource consumption (2). However, another review paper
published a few years previously (16) which looked at randomized
controlled studies, meta-analysis and other related evidence-based
studies concluded that predicting conservative versus operative man-
agement of bowel obstruction remained imprecise and difficult. Thus no
single scoring system has yet emerged and been widely adopted to
predict the need for surgery in SBO.

Other grading scales

The American Association for the Surgery of Trauma (AAST) has a
five-level score for grading the severity of intestinal obstruction due to
adhesions, based on CT findings, available for review on their web site
(28) (See Table 9). The AAST grading system is different than the one
presented in this study in that there are five grades compared to four
grades in the study system, plus the AAST does not have a grade for ‘SBO
unlikely’.

Several papers on SBO and the AAST grading system have been
published (13,23-25). These papers looked at how clinical outcomes,
such as 30-day mortality, correlated positively with the AAST grade.
None of these studies used the AAST grading system to predict the need
for surgery when the patient is first assessed. The grading system in this
study was developed specifically to aid surgeons proactively with the
decision of whether or not to operate.

In one retrospective chart review paper from 2007 (26), a radiologist
developed a scoring system to predict the need for surgery in small
bowel obstruction based on 7 radiologic findings: dilated small bowel,
transition point, ascites, complete obstruction, partial obstruction,
closed loop and free air. Of 96 patients diagnosed with SBO, just over
half were taken to the operating room. The radiologist, who reviewed
imaging after surgery, was blinded to clinical results. In the study, the
scoring system predicted the need for surgery 75 % of the time. No
further statistical analysis was provided.

A surprising finding of our study was the number of radiologists who
regularly did not use the grading scale when interpreting images, despite
previously agreeing to do so. Out of 972 charts included in the study,
only 655 (67 %) had an SBO grade assigned by the interpreting radiol-
ogist. Rather than assigning a grade from 1 to 4, the rest of the dictations
include phrases such as, ‘may indicate small bowel obstruction’; or
‘suggestive of a high-grade bowel obstruction.’ Informal interviews with
a half-dozen radiologists revealed a variety of responses. One radiologist
who used the system all the time was unaware and surprised that his
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colleagues were not doing the same, as use of the grading scale is sup-
posedly a standard practice of their radiology group. One radiologist
said that the grading scale did not come up automatically as part of a
dictation template, and so was often forgotten. Another radiologist said
he just didn't feel comfortable “being put into a box.” Another radiolo-
gist echoed this feeling, saying for him the presence of a small bowel
obstruction was simply a ‘yes or no’ thing and shouldn't have proba-
bilities assigned.

Another interesting finding in the study was the fate of the patients
who were graded as level 4 but did not have any surgery. Level 4 on the
SBO grading scale indicates a complete SBO with possible complica-
tions, such as ischemia or a closed loop obstruction. In our study, a total
of 10 patients (out of 35 grade 4 patients) were identified as having level
4 SBO findings on CT but were not taken for surgery. Review of these
charts showed that all patients had a history of multiple abdominal
surgeries and were generally well known to the admitting surgeon. Two
of the 10 patients had surgery within the prior week and were re-
admitted after discharge due to pain with nausea and vomiting. Eight
of the 10 had abdominal exams that described the abdomen as soft and
non-distended with no or minimal pain to palpation; one of the two
exceptions was a Crohn's patient experiencing a flare-up who subse-
quently responded to medical therapy while the other had metastatic
cancer. Six of the 10 had gastrograffin small bowel studies shortly after
admission, with all of these showing passage of contrast into the colon
within 8 h. None of these 10 patients had surgery and nine were dis-
charged after nonoperative management: average length of stay was 5
days. The only patient not discharged home was a patient who presented
with severe abdominal pain and a concerning physical exam. This 48-
year-old male had carcinomatosis and limited life expectancy and
chose to be placed in hospice care rather than have another operation.
He died two days after admission.

Of the 25 Grade 4 patients who were taken to surgery for concerns for
obstruction plus ischemic bowel, 7 were found to have frankly ischemic
gut and underwent bowel resection. 8 patients were found to have
partial ischemia that ‘pinked up’ during the surgery and did not have a
bowel resection. 10 patients had no small bowel ischemia at time of
surgery. By comparison, 4 out of 84 (5 %) Grade 3 patients who went for
surgery had findings of ischemic bowel which were not appreciated
preoperatively on the CT scan. No Grade 2 or Grade loperative patients
had ischemic bowel.

Limits of study

This study used only a single observer to interpret the CT findings.
The same images viewed by more than one radiologist may have had a
different SBO grade assigned (27).

Although the SBO grade scale predicted who would be taken to
surgery, it did not predict who would benefit from surgery. There is a
possibility that some patients with adhesions only may have improved
without surgical intervention, although it is of course impossible to
rewind and determine this on an individual patient basis. Noted again is
that only 8 out of 133 patients had no significant findings at time of
surgery other than dilated bowel.

Another limitation of the study is that it did not account for the role
of a gastrograffin small bowel study. Some patients had the decision to
go for surgery based on a combination of the initial CT scan, which was
graded in this study, plus the results of a subsequent gastrograffin
challenge which was usually initiated within hours of admission. Non-
passage of oral contrast into the colon is generally considered to be an
indication of a complete or non-improving partial SBO and frequently
influences the decision to proceed to the operating room. It is possible
that the combination of the two studies may have a stronger predictive
value of whom will be taken for surgery compared to either study in
isolation.
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Conclusions

The large number of patients who had CT findings concerning for
small bowel obstruction but never had surgery, regardless of the SBO
level assigned by the radiologist, reinforces several teachings about
small bowel obstruction. First, the diagnosis is often not clear. CT
findings of SBO are mimicked by those of enteritis and ileus. Clinical
correlation of the patient's imaging with their presentation and physical
exam is absolutely essential. Second, not all patients with SBO will
require surgical intervention, again regardless of the SBO grade.

Finally, the decision of whether or not to take a patient with sus-
pected SBO to the operating can be challenging. Our study shows that
the chances of taking a patient to surgery increases with increasing
severity of the SBO scale assigned by the radiologist upon reviewing the
patient's CT scan. However, it is only one factor among many that in-
fluence the decision. For example, this study also showed a higher WBC
count and lactate level in operative versus observed patients. Informal
interviews with the six general surgeons at one of the hospitals involved
in the study showed that all six found the grading scale to be of some
utility when evaluating a patient with potential SBO but was not the
only criteria when making the decision to operate.

This study is the first to look at utilization of a grading scale for CT
diagnosis of SBO to prospectively predict the need for surgical inter-
vention. The results show excellent correlation between grade and going
for surgery, and that the grading scale can be a useful tool to assist
surgeons in deciding whether or not a patient with suspected SBO should
have an operation. However, it should be used as one factor among
many when a surgeon evaluates an SBO patient for potential surgery.
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