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ABSTRACT

Objectives Excessive opioid prescribing is a contributing
factor to the opioid epidemic in the USA. We aimed to
develop, implement and evaluate the usability of a clinical
decision-making mobile application (app) for opioid
prescription after surgery.

Methods We developed two clinical decision trees,

one for opioid prescription after adult laparoscopic
cholecystectomy and one for posterior spinal fusion
surgery in adolescents. We developed a mobile app
incorporating the two algorithms with embedded clinical
decision-making, which was tested by opioid prescribers.
A survey collected prescription intention prior to app use
and participants’ evaluation. Participants included opioid
prescribers for patients undergoing (1) laparoscopic
cholecystectomy in adults or (2) posterior spinal fusion in
adolescents with idiopathic scoliosis.

Results Eighteen healthcare providers were included in
this study (General Surgery: 8, Paediatrics: 10). Intended
opioid prescription before app use varied between
departments (General Surgery: 0—10 pills (mean=5.9);
Paediatrics: 6-30 pills (mean=20.8)). Intention to
continue using the app after using the app multiple times
varied between departments (General Surgery: N=3/8;
Paediatrics: N=7/10). The most reported reason for not
using the app is lack of time.

Conclusions In this project evaluating the development
and implementation of an app for opioid prescription after
two common surgeries with different prescription patterns,
the surgical procedure with higher intended and variable
opioid prescription (adolescent posterior spinal fusion
surgery) was associated with participants more willing to
use the app. Future iterations of this opioid prescribing
intervention should target surgical procedures with high
variability in both patients’ opioid use and providers’
prescription patterns.

INTRODUCTION

Background

Excessive opioid prescribing has been identi-
fied as one of the many contributing factors
to the ongoing opioid epidemic in the USA."
Opioid prescription patterns after surgery
are of concern, with persistent opioid use a
potential complication among opioid-naive
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= A major strength of our study is the detail of the
development of a mobile application for clinical
decision-making regarding opioid prescription,
which could be applied to other surgical procedures.

= We collected information pertaining to barriers
to long-term use of mobile applications in clinical
decision-making, informing the implementation of
other mobile applications in a clinical setting.

= A limitation of this study is the limited sample size,
which could be a result of recruitment during a peri-
od in the COVID-19 pandemic when elective surger-
ies were paused.

patients, occurring in up to 6% of patients
after both minor and major surgery.2 Opioid
overprescribing, a discrepancy between
predischarge opioid use and the number
of opioids prescribed at hospital discharge
(occurring in approximately 15% of
patients),3 continues to occur. For instance,
patients who have not used opioids within 24
hours prior are frequently prescribed opiates
unnecessarily on discharge.3 The majority of
patients undergoing an obstetric, thoracic,
orthopaedic or urological procedure have an
unused supply of prescription opioids (67%—
92%),* and a majority of the unused opioid
pills prescribed are improperly disposed of,4
creating sources for opioid diversion. While
opioid prescribing was trending downwards
with a 44.4% decrease in opioid prescrip-
tions from 2011 to 2020,° longer and more
potent prescriptions were more likely to be
prescribed to patients with pain during the
COVID-19 pandemic in comparison to 2019,6
with a modest increase in non-chronic opioid
prescriptions after restrictions were lifted.”

Clinical decision trees
Individualised treatment plans to better
address postoperative pain needs should
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include judicious opioid prescriptions.® Clinical deci-
sion support systems and medical applications (apps)
have been advocated to guide the workflow of healthcare
providers. There is very little data demonstrating the use
of smartphone apps, other than the American Society for
Regional Anesthesia publication on the use of their app
to guide anaesthesiologists performing regional proce-
dures in anticoagulated patients.’

This study aimed to develop an opioid prescribing tool
in a mobile app format for two common procedures:
laparoscopic cholecystectomy in adults and posterior
spinal fusion in adolescents with idiopathic scoliosis. We
set out to develop a mobile application based on these
clinical decision trees, hypothesising that having a tool
to aid practitioners at the time of prescribing would be
useful to promote tailored, judicious prescribing. The
primary aim of this study is to explore the feasibility of
this clinical decision-making app in two different surgical
settings. Previous studies have explored the implemen-
tation of enhanced discharge pathways, which involve
coordination between multiple teams, including pain
management, surgery and nursing teams.'” These path-
ways involved multimodal analgesics and stopping
opioids earlier, to diminish adverse side effects associ-
ated with opioids in adolescents."’ These methods have
been suggested to provide improved postoperative pain
management.

METHODS

Literature review

A scoping review of the literature was conducted to
examine opioid prescribing patterns, available opioid
prescribing guidelines for the selected procedures, and
the use of a clinical decision-making process. For prag-
matic reasons, we focused on two distinct surgical proce-
dures: laparoscopic cholecystectomies and posterior
spinal fusion (PSF) in adolescents with idiopathic scoli-
osis (AIS). We opted to include a simple, straightforward
general surgery procedure (eg, laparoscopic cholecystec-
tomies) and a complicated paediatric surgery procedure
(eg, PSF in AIS) to explore the feasibility of the app in
different surgical settings. Publications reporting on
opioid prescription and clinical considerations that are
relevant for decision-making in opioid prescribing were
reviewed.

Laparoscopic cholecystectomy

Laparoscopic cholecystectomy is classified as a minor
procedure; however, opioid prescription increased from
190.1 morphine milligram equivalents (MME) in 2004 to
211.9 MME in 2012," which is more than 25 5mg oxyco-
done pills. Prescription of opioids at discharge occursin up
to 94% of cases after urgent and non-urgent laparoscopic
cholecystectomies,' and is associated with persistent
opioid use among approximately 6% of patients.” Among
arecent cohort of patients undergoing both laparoscopic
cholecystectomies and appendectomies, the average

number of opioid pills taken postdischarge was 1.8 oxyco-
done pills."” Recent opioid prescribing recommendations
for patients undergoing a laparoscopic cholecystectomy
range from 0 to 15 oxycodone or equivalent pills.'® "

Posterior spinal fusion in adolescents with idiopathic scoliosis
Posterior spinal fusion in adolescents is a major procedure
associated with severe postoperative pain.'® This is further
complicated by the younger age of patients undergoing
this procedure, which is a noted predictor of postopera-
tive pain.'” Pain catastrophising on the part of either the
adolescent or the parent is an indicator of postoperative
pain, emphasising the complex nature of recovery among
adolescents undergoing surgical procedures.'’ Paediatric
opioid prescriptions frequently exceed the standard
amount across specialties, leading to calls to standardise
opioid prescriptions and develop strategies to optimise
pain management® within the paediatric population.

The number of opioid pills prescribed for adoles-
cents with idiopathic scoliosis undergoing posterior
spinal fusion ranges from a mean of 53 (SD=12) to 69
(SD=13).*" Prior work suggests that 67% of patients
planned on disposing of unused opioids, whereas 33%
kept the unused supply.®’ In the interest of both mini-
mising opioid over-prescription and the occurrence of
opioid-related adverse effects (nausea, vomiting, consti-
pation, etc) in adolescents,”’ stepwise opioid-sparing
multimodal analgesia has been encouraged.

Development of clinical decision trees

The research team met to discuss (1) the structure of the
app and (2) the algorithms that would be used by the
prescribers. The clinical experts agreed on all patient-
specific and procedure-specific parameters included in
the algorithm, with several rounds of review leading to
the development of the final algorithm.

Algorithm development

The research team developed procedure-specific algo-
rithms. At first, members of the research team met sepa-
rately to develop the procedure-specific algorithms; for
example, clinical researchers with an expertise in general
surgery did not meet initially when developing the PSF in
AIS algorithm, and vice versa. Both groups provided final
recommendations regarding doses of opioid pills based
on clinical considerations and notable risk factors for
potential prescription opioid misuse. General surgeons,
including both an attending and resident physician to
account for different workflows, were consulted over a
series of meetings to generate the initial algorithm for lapa-
roscopic cholecystectomies. Once this initial algorithm
was developed, it was shared with the paediatrics research
team, feedback and recommendations were solicited,
and a different, more complex algorithm was developed
for AIS patients. The Paediatrics team opted to include a
feature in the app to notify the provider that the patient
would benefit from formal pain counselling in addition
to a recommendation for the opioid prescription. This
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Table 1 Questions included in the laparoscopic Table 2 Questions included in the posterior spinal fusion
cholecystectomy algorithm for adolescents with idiopathic scoliosis algorithm
Response Response
Questions options Questions options
Is the patient an outpatient? Yes/no Does the patient experience preoperative chronic Yes/no
Does the patient have any of the following: low Yes/no pain?
pain tolerance, contraindication to NSAIDs and Has the patient taken opioids prescribed to them Yes/no
acetaminophen, and/or chronic opioid use? for chronic pain for more than 5days in the past
?
Does the patient have a history of a pain Yes/no T
disorder(s)? Is there opioid use within the household in which the Yes/no
i ides?
Did the patient require four or more pills in the last  Yes/no patientiresides?
24 hours of admission? Has the patient taken any opioids that have not been Yes/no
Was the patients’ pain adequately controlled with  Yes/no presribed to them for more than Sdays in the past
} . . . 6 months?
no opiates in the last 24 hours prior to discharge?
Did the patient receive education about pain Yes/no piasthielpatsniidizchargedionROREorlaton? yes/o
expectations? Is the patient interested in trying non- Yes/no
Does the patient want opioids on discharge? Yes/no pharmgcologlce.ll pain ‘treatmlents (e, sglf—managed
breathing exercises, distraction strategies, etc)?
Can the patient take both NSAIDs and Yes/no . . . . .
acetaminophen? Would the patient be interested in trying to avoid Yes/no
opioids?
Does the patient have a contraindication to NSAIDs  Yes/no
or acetaminophen?
would occur through affirmative responses to questions Has the patient experienced severe or peak pain Yes/no
such as ‘Is there opioid use within the household in which ranging from 8 to 10 on the pain scale in the past 24
. . , . . .. ?
the patient resides?” or ‘Has the patient taken any opioids hours?
that have not been prescribed to them for more than 5 Has the patient been taking opioids around the Yes/no
d ‘0 th 6 hs?’ h We did clock (ie, Q 4 hours) to control severe pain during the
. ays in t ? past m.ont s?’, among (?t ers. We did not postoperative period?
1nclufle this feature in the lapa.roscoplc cholecyétectomy Has the patient taken opioids in the last 24 hours? Yes/no
algorithm due to concern that it may overcomplicate the , , o
db . . Has the patient been using benzodiazepines for Yes/no
app and be too t.n.ne—consummg. . another medical disorder, for more than 5days in the
The two decision trees were reviewed by the full past 6 months?
research team. Subsequent Changes were made based on Is there benzodiazepine use in the household in Yes/no
expert feedback. However, it was evident that the team which the patient resides in??
needed to develop decision trees to be both procedure- Has the patient been using benzodiazepines that Yes/no
specific and patient-specific. The procedures were intrin- 22"9 ! i:)heen prteesscnbeitg them, for more than
. . . . . ays in the past 6 months?
sically different, and they differed in terms of their length, v : & - :
. ¢ d . . What is the patient’s weight? <70kg,
and degree and duration of expected postoperative pain. >70kg

Furthermore, adolescents were admitted with caregivers
who needed to be included in the decision-making for
pain treatment strategies, while adults having cholecystec-
tomies were making decisions regarding pain treatments
on discharge on their own.

The laparoscopic cholecystectomy algorithm (used
in the General Surgery department) followed a more
straightforward approach, with the final decision tree
including seven questions with four possible recommen-
dations, including zero need, low need (two pills), average
need (five pills) and high need (ten pills) (table 1). The
PSF in AIS algorithm (used in the Paediatrics depart-
ment) was more complex to account for paediatric
patients’ age, weight, previous opioid exposure/use and
laminectomy levels included. The PSF in AIS algorithm
involved 16 questions and 5 possible recommendations:
zero need, low need (6-8 pills), low-average need (10-12
pills), average need (18 pills) and high need (24-26 pills)
(table 2). All opioid pills were noted to be 5mg hydroco-
done/oxycodone or equivalent.

Development of feedback form

The research team developed a feedback form embedded
within the app to solicit feedback and comments from
participants. The questions were formulated to assess
whether providers found the app to be helpful if the
final recommendations were in line with what they would
expect, and if they would continue using the app. The
providers were asked to complete a questionnaire after
going through the app initially, and again after using the
app multiple times, to identify differences between first
impressions and continued use. The first question on the
feedback form asked participants to specify the amount of
opioids they would intend to prescribe for this procedure
(ie, either PSF in AIS or a laparoscopic cholecystectomy),
prior to using the app. A complete list of the questions on
whether the app could be incorporated into providers’
practice is available in table 3.
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Table 3 Feedback form with potential responses to be
completed after one case and after multiple cases

Questions Responses
Initial case
Which option did you select » General Surgery
from the main menu? » Paediatrics
Would you continue using this P Yes
app for prescribing purposes? » No
If no, why not? » | knew the recommendation and
don’t need to use the app
» | didn’t like the interface/it’s not
user-friendly
» | disagree with the final
recommendation
» It’s too complicated
» | don’t have time
» | don't like using apps
» Other (please specify)

Please leave any additional
comments

Multiple cases

Which option did you select » General Surgery
from the main menu? » Paediatrics
Would you continue using this P Yes
app for prescribing purposes? » No
If no, why not? » | knew the recommendation and
don’t need to use the app
» | didn’t like the interface/it’s not
user-friendly
» | disagree with the final
recommendation
» It's too complicated
» | don’t have time
» | don't like using apps
» Other (please specify)
If you did not like the app at » Yes
the beginning, did it become P No
more useful over time?
Did you learn anything about P Yes
prescribing practices through  » No

using this app?

Please leave any additional
comments

App development
App development was accomplished using online soft-
ware provided by AppyPie, a no-code app development
platform.*® Using this platform, the decision trees were
converted into a series of questions in a survey format
within the app, which could be used with either Android
or iPhone devices. App users had the option of selecting
their specialty (either General Surgery or Paediatrics),
which would lead to the opioid prescribing algorithm or
the feedback questionnaire from the app’s main menu.
The app was subsequently deployed in beta-testing
mode to the research team, for feedback regarding the
layout, usability and interpretability of the app. Each
member of the research team was asked to go through
the app as many times as necessary, to be able to explore
different pathways and ensure that the paths through the
decision tree within the app were accurate.

Participants and recruitment

Potential participants in each specialty were identified by
the research team. Eligibility criteria included: (1) acting
in a role as a healthcare provider and (2) prescribing
opioids to patients undergoing either laparoscopic chole-
cystectomies or PSFs.

Medical residents, attending physicians, nurse practi-
tioners and physician assistants at Columbia University
Irving Medical Center in the Departments of Surgery
and Paediatrics were contacted to take part in the study
(N=40). Study recruitment began during the COVID-19
pandemic. Participants in the Paediatrics department
were originally contacted in August 2020, and partici-
pants in the General Surgery department were contacted
in September 2020. All participants were contacted via
email. Consent was obtained remotely, with participants
either signing and scanning consent forms or signing
forms electronically. Once consent was obtained, partic-
ipants were sent a link and instructions for piloting the
app in beta-testing mode. If needed, appointments were
made with participants over the phone or via Zoom to
facilitate downloading the app and answering any ques-
tions about the study. Participants were instructed to use
the app at least two times, and to complete the feedback
form two times: once after a single event (ie, using the
app once), and once after multiple events. We instructed
participants to test the app as if they were to use it with
a patient; healthcare providers were not testing the app
alongside the patient, meaning that we did not collect any
patient input.

Patients and public involvement

Patients and other members of the public were not
involved in the design or conduct of this study. The
research questions, study design and interpretation of
the findings were informed by researchers and clinicians
working in substance use epidemiology, surgery and
anaesthesia.

RESULTS

Participants

General Surgery department

A total of 27 opioid prescribers were contacted; 15
consented to participate, and 8 agreed to complete the
study. All participants were physicians (N=4 residents,
N=4 attendings).

Paediatrics department

A total of 13 opioid prescribers were contacted; 11
consented to participate and 10 agreed to complete the
study. All participants were nurse practitioners.

Prescribing patterns

General Surgery department

There was a total of 35 responses from the 8 physicians,
as all participants used the app multiple times. Before
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Table 4 Open responses describing reasons for not using
the app

Responses Specialty

Don’t think the decision to prescribe 2 or 5
pills is significant

General Surgery

Don’t think the app helps make a clinically
significant decision

General Surgery

Ideally would be integrated into EMR General Surgery

using the clinical decision-making app, the intended
number of prescribed opioids ranged from 0 to 10 pills
(mean=5.89).

Paediatrics department

There was a total of 20 responses from the 13 nurse practi-
tioners, with some of the participants using the app more
than once. Before using the clinical decision-making app,
the intended number of prescribed opioids ranged from
6 to 30 pills (mean=20.76).

Feedback forms

A total of 31 responses were collected; two responses
were removed due to missing information, resulting in
29 completed feedback surveys (General Surgery: 37.9%
(N=11); Paediatrics: 62.1% (N=18)).

General Surgery department

Of 11 completed feedback forms, 5 were completed after
using the app in a single instance, of which 3 answered
wanting to continue using the app. Six participants
responded after using the app in multiple instances;
two participants responded that they would be willing
to continue using the app. Reasons for not wanting to
continue using the app (four respondents) after using
the app multiple times were lack of time (N=2) and not
liking apps (N=2). Open-text responses were included
by some participants describing reasons for not using
the app (table 4). Most participants (N=4) did not find
the app to be useful over time (N=7 provided complete
responses to this question). However, most respondents
(N=6) reported they learnt something from the app (N=8
completed this question).

Paediatrics department

Of 18 completed forms, 8 were after using the app once
and all 8 answered wanting to continue using the app;
for the 10 responding after using the app more than
once, 7 answered wanting to continue using the app.
Reasons for not wanting to continue using the app (three
respondents) were lack of time (N=3) or knowing the
recommendation and not needing the app (N=2). Most
participants (N=8) found the app to be useful over time
(11 completed this question). Nine respondents reported
they learnt something from the app (14 completed this
question).

DISCUSSION

This project evaluated the design and implementation of
an app proposing an algorithm with embedded clinical
decision-making for opioid prescription in two distinct
surgical populations with known different prescription
patterns. The surgical procedure with higher intended
opioid prescription (posterior spinal fusion surgery in
adolescents) was associated with study participants being
more willing to continue to use the app, compared with
study participants prescribing opioids after laparoscopic
cholecystectomies.

We acknowledge several notable differences between
the two surgical arms of the study, that highlight the
need for context-specific, patient-specific and procedure-
specific opioid prescriptions. Laparoscopic cholecystec-
tomy is a minor surgical procedure in comparison to
posterior spinal fusion surgery,23 and prescribers from
the General Surgery department were already following
minimal opioid prescription recommendations (narrow
range between 0 and 10 pills), with little variability in
prescribing patterns.

In the Paediatric cohort, we noted that (1) the algo-
rithm that was developed by the clinical experts was more
complex due to the possible differences in surgical proce-
dure (multiple vertebral levels could result in more pain
and opioid use), (2) the intended number of prescribed
opioid before using the clinical decision-making app had
a wide range (6-30 pills), (3) the known perceived value
of clinical decision-making for medical prescription in
paediatrics and (4) the opioid prescribers were all nurse
practitioners rather than physicians. Therefore, it may
have been expected that feedback would differ between
the General Surgery and Paediatrics departments; though
respondents from both departments found the app to be
educational, most found the app to be more useful over
time in the Paediatrics department, while this was not the
case for respondents in the General Surgery department.

Previous research has demonstrated that opioid
prescribing differs between physicians, nurse prac-
titioners and physician assistants, with healthcare
providers in the latter two roles exhibiting higher rates
of opioid prescribing in comparison to physicians.24
This is important, as up to 20% of all opioid prescrip-
tions between 2016 and 2017 were by non-physician
prescribers, such as nurse practitioners and physician
assistants,” highlighting the need to tailor interventions
to non-physician opioid prescribers. Our study indicates
that participants trialling the PSF in AIS algorithm were
more willing to continue using the app; these partici-
pants were all nurse practitioners, suggesting mobile apps
geared towards healthcare providers in this role may be
well-used.

Future iterations of this opioid prescribing intervention
should target surgical procedures with high variability in both
patients’ opioid use and providers’ prescription patterns, for
a maximal yield of opioid prescription strategies. Finally, a
barrier to not using the app in both the General Surgery and
Paediatrics departments was noted to be a lack of time. Given
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the emphasis on time constraints as a barrier to using the
clinical decision-making tool, it is possible that an interven-
tion integrated into the electronic health record would be
more beneficial and cost-effective. Additionally, it is possible
that provider characteristics (eg, age, gender) could impact
willingness to use mobile applications. We did not collect
sociodemographic information pertaining to participants,
impeding our ability to examine potential associations which
should be explored in future studies. Further investigations
should explore app usage involving patients to incorporate
shared decision-making principles. These strategies are effec-
tive in educating patients regarding expected postoperative
pain and anticipated analgesic needs and for prompting a
conversation between prescribers and patients to minimise
excessive opioid prescriptions.26 Future apps may involve
more subjective aspects of the decision-making process, such
as the anxiety from patients or caretakers, patientreported
opioid use, pain control and other characteristics to inform
appropriate pain management.

Limitations are noted. Recruitment and follow-up with
study participants during the COVID-19 pandemic was
complex. Initial recruitment began during a period when
elective surgery was not being conducted, and medical
professionals were being reassigned to COVID-19 duties.
This made it difficult to contact potential participants
during this period. Further, healthcare workers have been
crucial for combatting the pandemic, which has been
undoubtedly challenging; being already overworked®” and
experiencing a high burden of psychological distress,”™
participating in an additional study was likely not a top
priority. Additionally, participants included in this study
occupied one healthcare role per tested algorithm; for
example, physicians tested the laparoscopic cholecystec-
tomy algorithm as we did not receive responses from nurse
practitioners or physician assistants. Due to the limited
number of participants and homogeneity of healthcare
roles per algorithm tested, results are not generalisable
to the larger medical population. Finally, it is feasible that
people who consented to participate in this study were
more interested in using mobile applications in clinical
practice. It is possible that our study population included
people more inclined to indicate that they would continue
using the developed app; therefore, we cannot extrapolate
findings to the larger medical population.

CONCLUSIONS

In this project evaluating the design and implementation
of an app proposing an algorithm with clinical decision-
making for opioid prescription after two common surgeries
with different prescription patterns, the surgical procedure
with higher intended and more variable opioid prescription
(posterior spinal fusion surgery in adolescents) was associ-
ated with study participants being more likely to continue
to use the app. Future iterations of this opioid prescribing
intervention might include parents and caregivers, to incor-
porate their insight and concerns regarding opioid use.
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