Research Article

535

Development of a Web-Based Nonoperative Small
Bowel Obstruction Treatment Pathway App
Heather Lyu1,2 Caitlin Manca2 Casey McGrath2 Jennifer Beloff2 Nina Plaks3 Anatoly Postilnik3
Amanda Borchers3 Nicasio Diaz3 Sean McGovern3 Joaquim Havens1,2 Allen Kachalia4
Adam Landman1,3,5

Massachusetts, United States
2 Department of Quality and Safety, Brigham and Women’s Hospital,
Boston, Massachusetts, United States
3 Partners HealthCare, Somerville, Massachusetts, United States
4 Department of Biomedical Informatics, Harvard Medical School,
Boston, Massachusetts, United States
5 Armstrong Institute for Patient Safety and Quality, Johns Hopkins
Hospital, Baltimore, Maryland, United States

Address for correspondence Heather Lyu, MD, MBI, 75 Francis Street,
Boston, MA 02115, United States (e-mail: hlyu@bwh.harvard.edu).

Appl Clin Inform 2020;11:535–543.

Abstract

Keywords

► pathways
► digital health
► Web-based
application
► EHR
► surgery

received
March 30, 2020
accepted after revision
July 1, 2020

Objective An electronic pathway for the management of adhesive small bowel
obstruction (SBO) was built and implemented on top of the electronic health record.
The aims of this study are to describe the development of the electronic pathway and to
report early outcomes.
Methods The electronic SBO pathway was designed and implemented at a single
institution. All patients admitted to a surgical service with a diagnosis of adhesive SBO
were enrolled. Outcomes were compared across three time periods: (1) patients not
placed on either pathway from September 2013 through December 2014, (2) patients
enrolled in the paper pathway from January 2017 through January 2018, and (3)
patients enrolled in the electronic pathway from March through October 2018. The
electronic SBO pathway pulls real-time data from the electronic health record to
prepopulate the evidence-based algorithm. Outcomes measured included length of
stay (LOS), time to surgery, readmission, surgery, and need for bowel resection.
Comparative analyses were completed with Pearson’s chi-squared, analysis of variance,
and Kruskal–Wallis tests.
Results There were 46 patients enrolled in the electronic pathway compared with 93
patients on the paper pathway, and 101 nonpathway patients. Median LOS was lower in
both pathway cohorts compared with those not on either pathway (3 days [range 1–11]
vs. 3 days [range 1–27] vs. 4 days [range 1–13], p ¼ 0.04). Rates of readmission,
surgery, time to surgery, and bowel resection were not signiﬁcantly different across the
three groups.
Conclusion It is feasible to implement and utilize an electronic, evidence-based
clinical pathway for adhesive SBOs. Use of the electronic and paper pathways was
associated with decreased hospital LOS for patients with adhesive SBOs.
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Background and Signiﬁcance
Time and task-oriented clinical pathways are being utilized
widely across the United States with implementation of pathways in over 80% of hospitals nationwide.1,2 Implementation of
clinical pathways has increased since a landmark article published in 1995 described their impact on efﬁciency and quality
in high-volume settings.3 Since then, multiple studies have
demonstrated the impact of clinical pathways on reduced inhospital complications, hospital length of stay (LOS), and costs
of care without increasing patient mortality or morbidity.3,4
One study showed that a novel electronic Enhanced Recovery
After Surgery pathway was successful in reducing costs by
1.28% or $2,730 per surgical encounter or patient.5 Pathways
are tailored to standardize care for speciﬁc problems or procedures. This is exempliﬁed in a study demonstrating how
structured electronic health record (EHR) data can be used to
visualize the algorithms behind the diagnoses of abdominal
pain.6 The development of pathways is complex and requires
multidisciplinary participation to build a treatment plan with
smooth criteria-based progression of clinical events.
At our institution, a Clinical Pathways Program was
established to merge national guidelines with local initiatives to standardize patient care based on evidence at the
institutional level. One of the ﬁrst pathways developed and
implemented was the small bowel obstruction (SBO) pathway which was designed to standardize care for patients
admitted with a diagnosis of adhesive SBO. SBOs are common
in patients after surgery with adhesive obstructions accounting for 4% of all emergency department admissions, 20% of
emergency surgical procedures, and over 300,000 hospitalizations totaling $1.3 billion dollars in cost to the U.S. health
care system.7,8 The majority of SBOs resolve without surgery
and the mainstay of treatment for this condition is bowel rest
with nasogastric tube (NGT) decompression of the stomach.8
However, therapies for SBOs remain widely variable and a
review of current practice patterns showed extensive inconsistencies in SBO treatment, particularly in the trial of
nonoperative management.9 While practice guidelines recommend limiting nonoperative therapy to 3 to 5 days,
surgeons often extend this duration leading to delayed
deﬁnitive management and worse outcomes.10
The World Society of Emergency Surgery released a new
treatment algorithm called the water-soluble contrast challenge (WSCC) which requires the administration of hyperosmolar, water-soluble contrast (Gastrograﬁn) through the
NGT.11,12 The WSCC has been proven to be safe and feasible.
Gastrograﬁn has been shown to have therapeutic value for
SBOs with faster resolution of SBOs and decreased hospital
LOS.13,14 Our institution adopted the WSCC in 2015 and
tailored the pathway to local availability by replacing Gastrograﬁn with a low osmolarity water-soluble contrast called
Omnipaque. Initial studies of the SBO pathway using Omnipaque have similarly demonstrated reductions in hospital LOS.15
Given the initial success of the paper pathway, we sought
to create an electronic version. We reviewed our EHR vendor’s functionality and did not think it adequately met our
functional and workﬂow requirements. Mandl and Kohane
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describe a future app ecosystem where health care organizations will be able to add applications on top of their EHRs.16
We designed, developed, and implemented a custom Web
application that integrates directly into our EHR, drawing
patient data using application programming interfaces
(APIs), and displaying the content within the EHR, while
maintaining user and patient context.
The intended purposes of the electronic SBO pathway
included real-time visualization to provide clinical-decision
support and provision of a platform for administrators and
researchers to prospectively collect process and compliance
metrics. In this study, we describe the design and development of the electronic SBO pathway that integrates into the
EHR and report early outcomes including LOS, readmission,
surgery, time to surgery (TTS), and need for bowel resection.

Methods
Both the electronic and paper SBO pathways were designed
and implemented for patients treated on the trauma and acute
care surgery service at a single high-volume academic institution. To limit variability of care provided by various surgical
providers and services, all patients admitted with adhesive
SBOs on other surgical or medical services were excluded. A
commercially available, enterprise-based electronic medical
record system (Epic Systems, Verona, Wisconsin, United
States) was implemented in this hospital in 2015.

Development of the SBO Pathway Application
The paper-based SBO pathway was used as the basis for the
electronic version (►Fig. 1). The electronic SBO pathway
application was custom-built by a team of software developers. An iterative design and development process was used
by a multidisciplinary team of clinicians, quality and safety
experts, health information management, and information
systems professionals, led by a dually trained surgical resident physician and informatics fellow. Designs and application prototypes were reviewed and revised iteratively on a
weekly basis for approximately 7 months until accepted by
the project team.

Users
The primary end users were deﬁned as providers admitting
and taking care of patients with adhesive SBOs including
but not limited to surgical residents, physician assistants,
and surgical attendings. Access to the pathway was not
limited, however, to assure that all care providers could also
see where the patients were on the pathway. For example,
nurses can track their patients on the pathway and actively
participate in the patient’s care. Pharmacists also have
access and can review any medications ordered and administered and the care coordination team can also review the
patient’s progress on the pathway to aid in discharge
planning.

Team
The development team was comprised of several expert
stakeholders: Six clinical content experts (C.M., C.M., J.B.,
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Fig. 1 Paper-based adhesive small bowel obstruction (SBO) pathway.

A.K., H.L., J.H.) and the technical team (A.L., N.P., S.M., A.B.,
N.D., A.P.). The clinical content lead (H.L.) acted as a bridge
for communication between the end users and the development team and also acted as a test user for the
application.

EHR; (3) Real-time data: Users wanted a system that could
provide clinical decision support with access to real-time
data; and (4) Prospective data collection: Users wanted all
pathway compliance data tracked through the application
to be exportable to raw data format.

Design

Development

Regular meetings were conducted with the Brigham and
Women’s Hospital clinical pathways oversight committee
which included the clinical context experts as well as
hospital leadership to provide feedback on the pathway
implementation plan. Weekly meetings were held among
the development team to provide feedback throughout the
development of the application. Testing was conducted
throughout development and at regular intervals after the
initial Web application was created. The electronic SBO
pathway was constantly tested for functionality and
usability.
Throughout the development of the electronic pathway,
the core team communicated with the end users through
presentations and small focus groups. Several important
system features were emphasized by the end users to
increase usability and viability: (1) Integration with the
EHR: Users wanted a system that was readily accessible
through the EHR; (2) Automation of data entry: Residents
and physicians desired a completely automated system with
seamless data transfer between the application and the

Based on all of the stakeholders’ goals, the decision was made
to create an electronic dashboard accessible from the
patient’s electronic record with autopopulated ﬁelds showing progression through the SBO pathway.
The pathways system was implemented as a React.js/.Net
Web application with a SQL Server database. The application
seamlessly integrates into the EHR’s user interface with user
and patient context. The application retrieves real-time
clinical data via Web services. The clinical and analytical
leadership of the project deﬁned a decision support logic for
each data point representing the pathway. The system executed this logic to automatically populate data points from
the EHR with an option for clinician to review and override.
The application monitors user activities and tracks changes
in the patient data over time for subsequent data export and
analytics.
Three major components were designed and developed:
(1) A dashboard with a list of patients enrolled in the
pathway. Patients are automatically enrolled into a pathway
Applied Clinical Informatics

Vol. 11

No. 4/2020

537

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.

Development of a Web-Based Nonoperative Small Bowel Obstruction Treatment Pathway App

Development of a Web-Based Nonoperative Small Bowel Obstruction Treatment Pathway App

Lyu et al.

Fig. 2 Small bowel obstruction (SBO) pathway dashboard.

based on the admitting diagnosis of adhesive SBO to the
trauma and acute care surgery service with an option for
manual enrollment and unenrollment (►Fig. 2).
(2) A form for collecting pathway-speciﬁc clinical data
points. These data points are exposed on the pathway
dashboard and may be autopopulated by the system or
manually entered by a clinician. Clinicians have a
customized view of the patient data in the EHR directly
relevant to the data points being collected. Side bar
widgets that provided additional clinical information

Fig. 3 A form for collecting pathway-speciﬁc clinical data points.
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relevant to the SBO pathway were populated by the
EHR data and were also available to the user (►Fig. 3).
(3) An administrative component for conﬁguration of a
wide range of pathway parameters, including diagnostic
codes, list of target data points, and many others. Clinicians and administrators can manage, monitor, and make
important changes to the application and individual pathways with minimal involvement of software developers.
During the study period, clinicians and administrators did
not make any changes to the pathway application.
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Fig. 4 Feedback button to send messages to the design team.

The electronic pathway also included functionality to
allow users to send feedback directly to the development
team as well as access data for all SBO pathway patients
through a raw data format (►Fig. 4).

Implementation
The electronic SBO pathway was implemented in March 2018.
The development team continued to meet weekly for approximately 3 months after the implementation to discuss user
feedback, software bugs, and improvements.

Evaluation of Electronic SBO Pathway
All patients admitted to the trauma and acute care surgery
service from March 2018 through October 2018 with a diagnosis of adhesive SBO were enrolled in and monitored on the
electronic SBO pathway. These patients were prospectively
followed and compared with patients on the paper pathway
from January 2017 through January 2018 and nonpathway
patients from September 2013 through December 2014.
Patients on the paper-based SBO pathway prior to January 2017 were excluded from the study to mitigate any
noncompliance in the ﬁrst year of pathway implementation.
Demographic variables including age, gender, body mass
index (BMI), and race were collected. Outcomes measured
included LOS, readmission, surgery, TTS, and need for bowel
resection.
Comparative analyses were completed with Pearson’s chisquared test for categorical variables including gender, race,
readmission, need for surgery, and bowel resection; analysis
of variance test for continuous variables such as age and BMI;

and Kruskal–Wallis test for nonparametric continuous variables such as LOS and TTS. Statistical signiﬁcance was set at a
p-value of less than 0.05. This study was approved by the
Partners HealthCare Institutional Review Board.

Results
The electronic SBO pathway is integrated into our EHR,
pulling real-time data to prepopulate the evidence-based
paper-based algorithm (►Fig. 2). The electronic pathway
serves as a clinical decision support tool as well as a reporting tool. It allows providers to prospectively track individual
patient progress through the algorithm and guide treatment.
It also serves as a tool for providers to review all SBO pathway
patient data to monitor compliance. This application simpliﬁes the data transfer process by allowing users to extract
the data in a raw data format.
Following initial implementation of the electronic pathway,
data for patients who were placed on the electronic SBO
pathway application were reviewed. There were 46 patients
enrolled in the electronic SBO pathway from March through
October 2018. These patients were compared with 93 patients
on the paper pathway and 101 nonpathway patients. There
were fewer white and more black patients in the paper
pathway cohort and this difference was statistically signiﬁcant. There were no other statistically signiﬁcant differences in
demographics among these groups (►Table 1).
►Table 2 compares the outcomes among the three groups.
The median LOS was lower in the electronic and paper
pathway cohort who did not have surgery compared with
Applied Clinical Informatics
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Table 1 Patient demographics
No pathway (n ¼ 101)

Paper pathway (n ¼ 93)

Electronic pathway (n ¼ 46)

p-Value

62 [21–101]

64 [30–105]

68.5 [32–106]

0.0869

44 [43.6]

43 [46.2]

20 [43.5]

0.919

White

89 [88.1]

58 [62.4]

37 [80.4]

< 0.001

Black

9 [8.9]

20 [21.5]

7 [15.2]

Other

3 [3.0]

11 [11.8]

2 [4.3]

Unknown

0

4 [4.3]

0

25.1 [16.6–38.8]

25.8 [14.7–53.1]

26.0 [17.5–41.3]

Age (y) [range]
Gender (n [%])
Female
Race (n [%])

BMI [range]

0.467

Abbreviation: BMI, body mass index.

Table 2 Comparative analysis of outcomes
No pathway

Paper pathway

Electronic pathway

p-Value

Length of stay (LOS), median days [range]

4 [1–35]

3 [1–32]

3.5 [1–19]

0.09

Surgery

12 [2–35]

13 [6–32]

8 [4–19]

0.158

No surgery

4 [1–13]

3 [1–27]

3 [1–11]

0.04

Time to surgery, median days [range]

3 [0–15]

3 [0–10]

2 [1–5]

0.822

Surgery needed, n [%]

19 [18.8]

12 [12.9]

10 [21.7]

0.356

Bowel
Resection, n [%]

6 [31.6]

4 [33.3]

4 [40]

0.900

Readmission, n [%]

7 [6.9]

8 [8.6]

1 [2.2]

0.356

those not on either pathway (3 days [range 1–11] vs. 3 days
[range 1–27] vs. 4 days [range 1–13], p ¼ 0.04). Median LOS
was lower in the electronic pathway cohort compared with
the paper pathway and nonpathway cohorts who underwent
surgery but this ﬁnding did not reach statistical signiﬁcance
(8 days [range 4–19] vs. 13 days [range 6–32] vs. 12 days
[range 2–35], p ¼ 0.158). TTS, rates of readmission, surgery,
and bowel resection were not signiﬁcantly different among
the three cohorts.

Discussion
Previous studies have shown that an SBO treatment pathway
using low-osmolar contrast, Omnipaque, is associated with a
decreased hospital LOS for patients with adhesive SBOs.15,17
This study is an example of how an electronic clinical
pathway can improve treatment efﬁciency and patient outcomes.2 Following the successful implementation of the
paper-based SBO pathway, an electronic dashboard was built
to better visualize and audit patients enrolled in the pathway. In this study, we showed that it is feasible to implement
and utilize an electronic clinical pathway for evidence-based,
widely utilized pathways with similar outcomes to the paper
pathway.
Our ﬁndings support previous literature that demonstrates the usability of electronic clinical pathways. Many
studies previously described the utility of visual and interacApplied Clinical Informatics
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tive clinical pathway platforms in providing real-time data
on patients, aiding prospective data collection for researchers, engaging patients with meaningful data, and further
optimizing future care patterns.18,19 The electronic SBO
pathway performed all of these functions real time and
provided multiple stakeholders with useful and powerful
data to support clinical decision-making and better integrate
evidence-based guidelines in to the institutional practice.20
Studies have shown that successful integration and implementation of clinical decision support tools such as these can
improve clinical processes and outcomes and reduce
errors.21–23
The development of the electronic pathway required
signiﬁcant involvement of various stakeholders. The multidisciplinary team included clinicians, quality and safety
experts, health information management, and information
systems professionals. After achieving a consensus on goals
for the project, multiple designs of the user interface and
application prototypes were reviewed on a weekly basis until
a ﬁnal, working product was accepted by all members of the
team. We followed previously cited best practices on the
development and implementation of clinical pathways that
showed that implementation of an evidence-based clinical
pathway requires: (1) clinician involvement, (2) evidencebased intervention, (3) local consensus, (4) multidisciplinary
implementation team, (5) identiﬁcation of potential barriers
to change, and (6) educational outreach.22
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Following the implementation, the pathway went through
several iterative updates to address any software bugs as well
as feedback from the users. Evaluation of the patients enrolled
in the electronic pathway over an 8-month period showed no
negative impact on clinical outcomes. This demonstrates
safety and feasibility of implementing an electronic pathway.
Nevertheless, we were unable to demonstrate a clear beneﬁt of
implementing an electronic pathway compared with a paperbased pathway. This demonstrated lack of clear beneﬁt may be
a barrier for those who have yet to implement electronic
versions of evidence-based paper pathways and need justiﬁcation to generate funding and resources for the development
and implementation.
One reason for this lack of difference in outcomes between
the paper and electronic pathways may be that the use of the
electronic pathway required several additional clicks outside
of the users’ normal workﬂow to open and view the dashboard. While these actions required very little time, it was
difﬁcult for clinicians to adapt their workﬂow enough to have
meaningful integration of the pathway as a clinical decision
support tool. This is supported by previous studies that have
shown that extra workload may hinder adoption of computerized decision support systems.24 Given these limitations,
our pathway seemed to be more useful as a reporting and
prospective data collection tool rather than a real-time
clinical decision support tool which may have led to a lack
of difference in outcomes. Continued education on the
importance of the clinical pathway may lead to increased
adoption in the future. Also, further developments to fully
integrate the electronic SBO pathway in to the EHR and the
clinician workﬂow may lead to wider adoption and acceptance. Nevertheless, this level of integration still requires the
end user to remember to launch the application, know where
to launch it, and to successfully execute these steps. We have
shown this may be a difﬁcult workﬂow for busy clinicians
caring for a large service. Better overall integration of thirdparty Web applications into the clinician’s EHR workﬂows is
needed. The CDS Hooks initiatives is a good solution that will
enable adding clinical content into decision support.25 While
federal policy is working to make more data available via
APIs, we also need more standardized methods of integrating
Web applications into EHRs. In the short term, we are now
exploring whether we can leverage our improved out-of-thebox vendor features to deliver an electronic SBO pathway.

Limitations
There are several limitations to this study. This is a single
institution review of a combination of retrospective sample
and prospectively collected data. The use of retrospective
data can introduce unintended bias to the analysis. There
were also long time periods between the three comparison
groups that may beneﬁt from tests for trend in proportions
to better account of changes that occurred outside the
context of this study. Also, the sample of patients on the
electronic pathway was much smaller given the shorter
duration of time for which data were available; increasing
the sample size may power ﬁndings that were not able to
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reach statistical signiﬁcance. Case-matching is a methodology that could have been used to address bias in our study;
however, our ability to match was limited by the small
sample sizes of our cohorts. We developed a custom electronic pathway system which limits the generalizability of
our results. Additionally, while our API approach is applicable to other applications being built on top of EHRs, we
did not use standards-based APIs (FHIR APIs). While we
incorporated user feedback through informal inquiry, we
did not do any formal usability testing. Future implementations of other SBO pathways will include formal usability
testing with end users. Finally, widespread adoption of new
technology or pathway is often met with resistance and
affected by low compliance rates when initially studied.
Future studies using data for the electronic pathway after
increased adoption are warranted.

Conclusion
Our ﬁndings demonstrate the feasibility of developing and
implementing an electronic version of an evidence-based
clinical pathway for adhesive SBOs without impacting outcomes. Despite no signiﬁcant improvement in clinical outcomes from the previous paper-based pathway, the electronic
pathway has been integral in data collection and prospective
tracking of SBO pathway metrics. Future iterations to further
integrate the SBO and other pathways in to the end-users’
workﬂow may demonstrate increased improvements in clinically meaningful outcomes.

Clinical Relevance Statement
It is feasible to develop evidence-based electronic pathways
that adhere to national guidelines to standardize care for
surgical patients. These electronic apps can be integral in
prospective data collection and feedback to improve clinical
outcomes. Institutions should adopt development of electronic apps for existing clinical pathways that have already
proven to be successful.

Multiple Choice Questions
1. A patient presents to the emergency department with
abdominal pain, nausea, and vomiting. Imaging shows
evidence of an adhesive small bowel obstruction. Based on
recent literature, the patient should be placed on a clinical
pathway utilizing water-soluble contrast. What is the
major beneﬁt of a clinical pathway?
a. Clinical pathways are widely utilized and have been
associated with decreased complications, length of
stay, and overall costs of care.
b. Clinical pathways reduce the need for multidisciplinary
teams.
c. Clinical pathways increase provider and patient
interaction.
d. Clinical pathways are not utilized by many institutions
and can be a novel approach to medical care.
Applied Clinical Informatics
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Correct Answer: The correct answer is option a. In
Garbin’s landmark article, he introduces clinical pathways
as a comprehensive method of planning, delivering, and
monitoring patient care to improve quality outcomes
while decreasing cost and increasing efﬁciency. Since
then, clinical pathways in some form have been implemented in more than 80% of hospitals in the United States.
They have been proven to be safe and there is a great
opportunity to increase the utility of clinical pathways
with the integration of health information technology.
2. Current guidelines recommend limiting nonoperative
therapy for adhesive small bowel obstructions to 3 to
5 days. Recent literature has demonstrated the beneﬁts of
administering water-soluble contrast through a nasogastric tube. This pathway is implemented in a high-volume
academic center in which there are over 100 adhesive
small bowel obstructions admitted annually but it has yet
to be integrated in to the electronic health record system.
Which of the following is the appropriate next step after
the successful initial implementation of the small bowel
obstruction pathway?
a. Continue using the paper pathway as it has been
successful and there is no need for change.
b. Implement an electronic pathway to better evaluate the
process metrics and outcome measures.
c. Stop using the pathway altogether.
d. Perform a randomized control trial between the paper
pathway and no pathway.
Correct Answer: The correct answer is option b. The
implementation of an electronic pathway is very important to help clinicians make decisions about patients in
real time. Also, electronic pathways can be used to collect
real-time patient data that can be used to drive the
development of models and tools to audit and revise
current workﬂows and improve evidence-based care
delivery.
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