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BACKGROUND:

METHODS:

RESULTS:

CONCLUSION:

Adhesive small-bowel obstruction (SBO) is a common surgical condition accounting for a significant proportion of acute surgical
admissions and surgeries. The implementation of a high-osmolar water-soluble contrast challenge has repeatedly been shown to
reduce hospital length of stay and possibly the need for surgery in SBO patients. The effect of low-osmolar water-soluble contrast
challenge however, is unclear. The aim of this study is to evaluate the outcomes of an SBO pathway including a low-osmolar water-
soluble contrast challenge.

A prospective cohort of patients admitted for SBO were placed on an evidence-based SBO pathway including low-osmolar water-
soluble contrast between January 2017 and October 2018 and were compared with a historical cohort of patients prior to the im-
plementation of the pathway from September 2013 through December 2014. The primary outcome was length of stay less than
4 days with a secondary outcome of failure of nonoperative management.

There were 140 patients enrolled in the SBO pathway during the study period and 101 historic controls. The SBO pathway was
independently associated with a length of stay less than 4 days (odds ratio, 1.76; 95% confidence interval, 1.03-3.00). Median
length of stay for patients that were successfully managed nonoperatively was lower in the SBO pathway cohort compared with
controls (3 days vs. 4 days, p = 0.04). Rates of readmission, surgery, and bowel resection were not significantly different between
the two cohorts.

Implementation of an SBO pathway using a low-osmolarity contrast is associated with decreased hospital length of stay. Rates of
readmission, surgery, and need for bowel resection for those undergoing surgery were unchanged. An SBO pathway utilizing low-osmolarity
water-soluble contrast is safe and effective in reducing length of stay in the nonoperative management of adhesive small-bowel
obstructions. (J Trauma Acute Care Surg. 2019;87: 630-635. Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.)

LEVEL OF EVIDENCE: Therapeutic study, level IV.
KEY WORDS:

Small-bowel obstruction; omnipaque; water-soluble contrast challenge.

dhesive small-bowel obstruction (SBO) is a significant prob-
lem for surgeons and patients alike, accounting for more than
300,000 hospitalizations and costing 1.3 billion dollars annu-
ally." Despite the fact that SBO is the most common complica-
tion after abdominal surgery, treatments for SBO are variable
and unstandardized.® Patients with concern for bowel compro-
mise must undergo immediate operative intervention. However,
there is no widespread consensus on the nonoperative manage-
ment for patients who do not need emergency surgery.
Nonoperative management is typically comprised of naso-
gastric tube (NGT) decompression, bowel rest, and hydration with
intravenous fluids. While nonoperative management with NGT
decompression can decrease rates of unnecessary surgery and
associated complications for patients with SBO, there is a risk
of a delayed operation and poor outcomes for patients with
unresolving obstruction. Both Bologna and Eastern Association
for the Surgery of Trauma guidelines demonstrate the importance
of limiting nonoperative management for SBO to 3 to 5 days.*>
They both cite a nonoperative treatment option recommended
by the World Society of Emergency Surgery which includes the ad-
ministration of a high-osmolar, water-soluble contrast (Gastrografin)
through the NGT called the water-soluble contrast challenge
(WSCC).%7 Passage of the contrast to the colon on follow up ab-
dominal X-rays is associated with successful nonoperative manage-
ment.* Several studies have demonstrated its utility in increasing
the identification of patients who would benefit from surgery,
reducing operative intervention, and hospital length of stay
(LOS)."® It has been suggested that it is the high-osmolarity
component of Gastrografin that offers both a diagnostic and
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therapeutic benefit.” While the administration of Gastrografin has
been proven to be safe and effective as nonoperative management
of adhesive SBO, alternatives including low osmolar water-
soluble contrasts have been minimally explored.’

There are several benefits to using low osmolar water-
soluble contrast over its high osmolar counterparts. Gastrografin
has been known to cause significant pulmonary edema on aspira-
tion and for patients with high aspiration risk, Omnipaque is typi-
cally recommended over Gastrografin as it causes a relatively
decreased inflammatory response in the lungs.'® The American
College of Radiology also recommends low osmolar contrast
for patients with suspected high grade obstructions due to increased
aspiration risk."" Despite these previously reported benefits of
Omnipaque, there have been limited studies in its utilization in
the management of adhesive SBOs.

With the goal of standardizing care and improving adherence
to evidence-based best practices, we developed an evidence-based
SBO pathway which included a WSCC using the low-osmolar
water-soluble contrast Omnipaque. The aim of this study was
to determine the efficacy of an SBO pathway using Ominpaque.
We hypothesized that the use of the new pathway would reduce
LOS, but not need for surgery, without increasing complications
or readmissions, in patients with adhesive SBO.

METHODS
The Pathway

The SBO pathway was implemented at a single academic
institution. All patients above the age of 18 admitted for adhesive
SBO to the emergency general surgery service after April 2015
were placed on the SBO pathway. Pregnant patients, patients with
active cancer or evidence of a malignant bowel obstruction, and
those with an intraabdominal infection were excluded from the
SBO pathway. Patients with concern for bowel ischemia, ab-
dominal sepsis, or with peritonitis underwent urgent or emergent
surgical exploration and were excluded from the pathway. All
patients on the SBO pathway underwent at least 2 hours of NGT
decompression prior to administration of 100 mL of undiluted
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Adhesive Small Bowel Obstruction Pathway
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Figure 1. Adhesive SBO pathway.

Omnipaque. An abdominal x-ray was performed 8 hours after
administration of Omnipaque and repeated at 24 hours if there
was no passage of contrast to the cecum. If there was no passage
of contrast at the second x-ray, patients were strongly considered
for surgery (Fig. 1). However, timing for surgery was left up to
the discretion of the surgeon.

Participants

Patients on the SBO pathway from January 2017 through
October 2018 were prospectively followed and compared with a
historical cohort of patients admitted for adhesive SBO prior to
the implementation of the pathway from September 2013 through
December 2014. Patients on the SBO pathway prior to January
2017 were excluded from the study to address high rates of non-
compliance in the first year of pathway implementation. Similar
to the exclusion criteria for the pathway, patients with concern
for bowel ischemia, abdominal sepsis, or with peritonitis who
underwent urgent or emergent surgical exploration, pregnant
patients, patients with active cancer or evidence of a malignant
bowel obstruction, and those with an intraabdominal infection
were excluded from the study.

Variables and Outcome Measures

Demographic variables including age, sex, and race were
collected. Other clinical variables including BMI, comorbidities,
chief complaint, and vital signs on admission were collected.
Our primary outcome was LOS. This variable was dichotomized
to greater than or equal to 4 days vs. less than 4 days for the mul-
tivariate analysis. The decision to use this cutoff was based on
the median hospital LOS for the entire cohort, which was 4 days.
Secondary outcomes measured included in-hospital mortality,
surgery, need for bowel resection, and 30-day readmission.

Statistical Analysis

Comlzoarative univariate analyses were completed with
Pearson's x ~ test for categorical variables, analysis of variance test
for continuous variables, and Kruskal-Wallis test for nonparamet-
ric continuous variables. Multivariate analysis was performed to
identify independent risk factors for decreased hospital LOS for
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patients admitted with adhesive SBO. For the main outcome, lo-
gistic regression was performed using backward stepwise selec-
tion, with inclusion of variables with known clinical influence or
that approached significance (p < 0.10) in univariate analysis.
Statistical significance was set at a p value of less than 0.05.
All statistical analyses were performed using STATA (StataCorp
LP, Version 14.0, College Station, TX, USA). This study was ap-
proved by the Partners Institutional Review Board (IRB ap-
proval number 2017P001850).

RESULTS

A total of 140 patients were enrolled in the SBO pathway
during the study period and included in the study. This group
was compared with a historical cohort of 101 patients. There were
more nonwhite patients in the pathway group. Patients in the path-
way group were also more likely to be transfers from other hospi-
tals than admissions from the emergency department. There were
no other statistically significant differences in other demographic
or clinical variables between the two groups (Table 1).

TABLE 1. Demographic Table
Pre-SBO Pathway Post-SBO Pathway

(n=101) (n =140) p Value

Age: median (IQR), y 62 (52-70) 66.5 (53-76) 0.0501

Race, n (%)

White 89 (88.12) 91 (65.00) <0.001
Black 9(8.91) 25 (17.86)

Asian 3297 1(0.71)

Other 0 18 (12.86)

Unknown 0 4 (2.86)

Ethnicity, n (%) 0.302
Hispanic 9(8.91) 17 (12.14)

Non-Hispanic 91 (90.10) 115 (82.14)

Sex, n (%)

Male 44 (43.56) 68 (48.57) 0.628
Female 57 (56.44) 72 (51.43)

BMI, median (IQR) 25 (22.9-30.6) 25(21.9-29.1) 0.5741
CCI score, median (IQR) 4 (2-5) 4 (2-5) 0.75

Patient origin, n (%) 0.003

ED 83 (82.18) 89 (63.57)
Other 0 4 (2.86)
Transfer in 17 (16.83) 46 (32.86)

Blank 1 (0.99) 1(0.71)

Chief complaint, n (%) 0.03
Abdominal pain/tenderness 88 (87.13) 126 (90.00)
Nausea/vomiting 11 (10.89) 4 (2.86)

Shortness of breath 0 2(143)
Other 2 (1.98) 6(4.29)
Pulse, median (IQR) 84 (74-98) 87 (77-98) 0.35

SBP, median (IQR)

Cr, median (IQR)
Glucose, median (IQR)
WBC, median (IQR)
INR, median (IQR)
Alb, median (IQR)

137 (121-163)
0.94 (0.72-1.17)
125 (106-149)
10.66 (8.73-12.81)
1(1-1.2)

42 (3.9-4.6)

136 (122-157) 0.96
0.9 (0.77-1.2) 0.56
120 (107-149) 0.95
9.9(7.33-12.26)  0.10
1.1(1-12) 0.10
4.3 (3.9-4.65) 0.87
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There were no differences in the number of patients requiring
surgery between the two groups with 19.8% in the historical cohort
and 17.9% of patients in the pathway group requiring surgical
intervention. For patients who underwent surgical intervention,
there was no difference in the number of small-bowel resections
performed between the two groups. There were no differences
between groups in mortality or readmission rate (Table 2).

There was no statistically significant difference in median
hospital LOS between the two groups. Median hospital LOS
was reduced after implementation of the pathway for patients
who did not have surgery (3 days vs. 4 days, p = 0.04). There
were significantly more patients whose LOS was less than 4 days
in the pathway group (49.3% vs. 35.6%, p = 0.035). Enrollment
in the pathway was independently associated with a hospital
LOS less than 4 days in multivariate analysis, and this remained
significant for the subset of patients who did not undergo sur-
gery (Table 3).

DISCUSSION

In this study, we found that the utilization of a low-
osmolar water-soluble contrast, Omnipaque, in an SBO treat-
ment pathway is associated with decreased hospital LOS. Our
results were consistent with previous findings by investigators
in Wisconsin who found that patients placed on their SBO pro-
tocol using Omnipaque had decreased LOS as well as decreased
rates of surgery.” While we did not see the same difference in
rates of surgery between the two cohorts in our study, we had rel-
atively low rates of surgery in the historical group compared to
the rates of surgery cited in Trevino's study (19.8% vs. 38%).”
Decreased rates of surgery in previous studies may not necessar-
ily indicate therapeutic effect of the SBO pathway. High rates of
surgery in the historical group in the Wisconsin study suggests
that there may have been a cohort of patients that underwent un-
necessary surgery. Their results indicate that the pathway may

prevent unnecessary or negative surgeries through better identi-
fication of patients that can be managed nonoperatively.

Our findings confirm the well-studied benefits of a
WSCC."*# The major difference is in the osmolarity of the
utilized contrast. Gastrografin, which has been the contrast
of choice in previous studies as well as both Bologna and
EAST guidelines for nonoperative management of SBO, is a
high-osmolar water-soluble contrast and contains 10 g of sodium
diatrizoate and 66 g of me%lumjne diatrozoate with an osmolarity
of 1900 mmol/kg H,O.*>'* In contrast, Omnipaque has a signifi-
cantly lower osmolarity of 660 mmol/kg H,0.'? Both Gastrografin
and Omnipaque are commonly used in fluoroscopic gastrointes-
tinal examinations,'* however, Gastrografin has almost been ex-
clusively studied for the treatment of adhesive SBOs. In many
studies, Gastrografin has been shown to have therapeutic value
for SBOs with faster resolution of SBOs and decreased hospital
LOS.'3!® The reduction in LOS is thought to be mainly due to
the prognostic ability of Gastrografin and can likely be seen with
the utilization of any radiopaque contrast. However, faster reso-
lution of obstruction and the reduction in rates of surgery seen in
some studies’”'”'® may be secondary to the hyperosmolarity of
Gastrografin facilitating fluid shifts from the bowel wall to the
bowel lumen subsequently reducing edema and enhancing peri-
staltic activity.'>'” Gastrografin has also been shown to resist
colonic fluid absorption leading to stool softening.'* However,
studies have not consistently shown reductions in rate of opera-
tive intervention, and the potential impact of Gastrografin on
similar clinical outcomes including rates of bowel resection
and recurrence are controversial and less known.?%%!

As previous studies have suggested, the utilization of any
radiopaque contrast including Omnipaque, can contribute to the
reduction in hospital LOS.” As previously mentioned, Omnipaque
may be preferred over high osmolar contrasts in patients with
suspected high-grade bowel obstruction or other high risk fac-
tors for aspiration.'®!! Additionally, in a double-blind parallel

TABLE 2. Outcomes

Pre-SBO Pathway (n = 101) Post-SBO Pathway (n = 140) p Value

LOS—all comers: median (IQR), d 4 (3-7) 4.(2-7) 0.1114
LOS—all comers, n (%) 0.035

>4d 65 (64.36) 71 (50.71)

<4d 36 (35.64) 69 (49.29)

LOS for patients who did NOT have surgery: median (IQR), d 4 (3-5),n=281 3(2-5),n=115 0.0431
LOS—no surgery, n (%) 0.013

>4d 47 (58.02) 46 (40.00)

<4d 34 (41.98) 69 (60.00)

LOS for patients with surgery: median (IQR), d 11.5 (8-18.5),n =20 11 (7-16),n=25 0.7748
Surgery, n (%) 20 (19.80%) 25 (17.86%) 0.702

If surgery, bowel resections 6 (5.94%) 11 (7.86%) 0.566
Discharge disposition, n (%) 0.94

Home 91 (91.92) 121 (91.67)

Non-home 8 (8.08) 11 (8.33)

Mortality, n (%) 0 3 (2.14%)* 0.267

Readmission, n (%) 7 (6.93%) 10 (7.14%) 0.949

*The three mortalities in the post-SBO pathway cohort were: (1) patient with chronic respiratory insufficiency that died from hypercarbic respiratory failure 2 days after resolution of SBO,
(2) patient with paraesophageal hernia that died from aspiration pneumonia in the postoperative setting, (3) patient with complex cardiac history that died from cardiac arrest in the postoperative setting.

© 2019 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 3. Independent Factors for Outcome: LOS < 4

Variables OR 95% CI p Value
All Patients SBO pathway 1.76 1.03-3.00 0.036
Age 0.99 0.97-1.00 0.378
Sex 0.93 0.55-1.57 0.806

Variable OR 95% CI p value
Patients who did not have surgery SBO pathway 2.05 1.15-3.67 0.015
Age 0.99 0.97-1.01 0.486
Sex 0.96 0.54-1.70 0.891

OR, odds ratio; 95% CI, 95% confidence interval.

comparison of Gastrografin and Omnipaque, the low osmolar
contrast was found to retain its radiographic density in the small
bowel better than Gastrografin, likely due to decreased dilution
by enteric fluids.'®> Other nonclinical benefits of Ominpaque
must be considered when deciding among multiple contrast agents.
At our institution, the decision to use Omnipaque was driven by
lower cost and availability. Typically, Omnipaque is more afford-
able than Gastrografin which may lead to widespread availabil-
ity of Omnipaque over other contrast agents.'*

There are several limitations of our study. We used a retro-
spective sample of patients who were not on the SBO pathway
which may introduce unintended bias. A randomized, controlled trial
with three arms comparing patients with no contrast, Gastrografin,
and Omnipaque would provide a more objective and compre-
hensive perspective of the true differences. Also, in both co-
horts, enteral contrast administration for CT imaging was not
factored into the analysis as this data were not completely avail-
able for study. Many patients receive enteral contrast with initial
diagnostic imaging, and this could be a potential confounder.
However, the practice of oral contrast administration for CT scans
has not changed significantly over time, and the differences be-
tween the historical and the pathway cohorts in enteral contrast
administration for diagnostic imaging are likely minimal. Also,
enteral contrast used for CT scans is often diluted significantly
and cannot be used or interpreted interchangeably with the
Omnipaque as given in its concentrated form for the SBO path-
way. Future studies may benefit from the inclusion of pre-
pathway administration of enteral contrast in their analyses. Ad-
ditionally, long-term outcomes including recurrence were not
evaluated. We hypothesized that associations between Omnipaque
utilization and long-term outcomes would be unlikely, as seen in
previous studies. Nevertheless, future studies may benefit from
inclusion of both acute and long-term metrics.

Our findings demonstrate that Omnipaque has the same
predictive value as Gastrografin for adhesive SBOs, leading to
reduced LOS. The lower concentration of Omnipaque may re-
duce the potential clinical impact of a contrast challenge as there
were no differences in rates of surgery as seen in some studies
using Gastrografin. Future prospective, randomized controlled
studies to further delineate the benefits of Omnipaque, particu-
larly in relation to Gastrografin, are warranted. Nevertheless, the
treatment algorithm used in our study is safe and effective and
may still deliver significant benefits for both patients and
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hospitals. Given the cost differences between the two contrast
agents, a cost-benefit analysis is justified and underway.

CONCLUSION

This study shows that low osmolarity water-soluble contrasts
are safe to use in management algorithms for SBOs and can reduce
hospital LOS. Our findings demonstrate the diagnostic and pre-
dictive role of Omnipaque for patients with adhesive SBOs.
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