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Abstract

Background: With the implementation of enhanced recovery after surgery protocols and same-day hospital discharge, patients
are required to take on increasing responsibility for their postoperative care. Various approaches to patient information delivery
have been investigated and have demonstrated improvement in patient retention of instructions and patient satisfaction.

Objective:  This study aimed to evaluate the feasibility of implementing a postoperative text messaging service in the benign
gynecologic population.

Methods:  We used a quasi-experimental study design to evaluate patients undergoing outpatient laparoscopic surgery for
benign disease with a minimally invasive gynecologist at an academic medical center between October 2017 and March 2018.
In addition to routine postoperative instructions, 19 text messages were designed to provide education and support to postoperative
gynecologic patients. Patients were contacted by telephone 3 weeks postoperatively and surveyed about their satisfaction and
feelings of connectedness during their recovery experience. Demographic and operative information was gathered through chart
review. The cost to implement text messages was US $2.85 per patient.

Results:  A total of 185 patients were eligible to be included in this study. Of the 100 intended intervention participants, 20
failed to receive text messages, leaving an 80% success in text delivery. No patients opted out of messaging. A total of 28 patients
did not participate in the postrecovery survey, leaving 137 patients with outcome data (control, n=75; texting, n=62). Satisfaction,
determined by a score ≥9 on a 10-point scale, was 74% (46/62) in the texting group and 63% (47/75) in the control group (P=.15).
Connectedness (score ≥9) was reported by 64% (40/62) in the texting group compared with 44% (33/75) in the control group
(P=.02). Overall, 65% (40/62) of those in the texting group found the texts valuable (score ≥9).

Conclusions:  Postoperative text messages increased patients’ perceptions of connection with their health care team and may
also increase their satisfaction with their recovery process. Errors in message delivery were identified. Given the increasing
emphasis on patient experience and cost effectiveness in health care, an adequately powered future study to determine statistically
significant differences in patient experience and resource use would be appropriate.

(JMIR Perioper Med 2021;4(2):e22681)   doi:10.2196/22681
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Introduction

With the increase in same-day hospital discharge, patients are
required to take on increasing responsibility for their
postoperative care. Low health literacy has been consistently
associated with poor health [1]. Adequate health literacy is
required to follow discharge instructions and has a significant
impact on the care of surgical patients [2]. Yet, despite patient
education prior to discharge, patients continue to have questions
about routine postoperative care when at home [3]. This may
represent patient difficulty in retaining medical information, as
patients tend to focus more on information related to their
diagnosis at the expense of instructions regarding treatment [4].
The lack of information retention and associated poor outcomes
underline the importance of continued improvement in patient
education regarding discharge care.

Various approaches to patient information delivery have been
investigated and have demonstrated improvement in patient
retention of instruction. Successful studies have used pictographs
[5], multimedia video [6], and other electronic reminders like
text messages [7]. Text messaging may be particularly beneficial
for the postoperative surgical population who have unique
medical needs and require robust education about their
postoperative care. A previous feasibility study examining
patients undergoing breast reconstruction and anterior cruciate
ligament repair found implementing a mobile application for
monitoring quality of recovery at home was feasible and
acceptable to patients [8].

Previous research can be leveraged and applied to the benign
gynecologic postsurgical population through carefully curated
text messages that provide education and support during the
postoperative recovery period. The intent of this study was to
evaluate the feasibility of implementing a postoperative text
messaging service.

Methods

Sample and Messaging
This quasi-experimental study included women undergoing
benign gynecologic, laparoscopic surgery with a single

minimally invasive gynecologist at an academic medical center
over a 6-month period. The institutional review board approved
this project with quality improvement determination. Patients
were eligible for inclusion if they were at least 18 years old and
their primary language was English. Those patients undergoing
open procedures or laparoscopic procedures converted to open
were excluded. For a 3-month period, the control group received
routine discharge instructions after their procedures. During the
subsequent 3-month period, the intervention group received
routine discharge instructions in addition to text messages on
days 1 through 8 following their procedure. These messages
were implemented using an existing commercially available
service for appointment reminder text messaging via TeleVox
Solutions. Phone numbers for patients meeting inclusion criteria
were pulled directly from patients’ charts. Initial attempt at
messaging was made with listed mobile phone numbers. If the
number was missing or inaccurate, a second attempt was made
using listed home phone numbers, with the understanding that
home phone numbers are often mobile numbers. In total, 19
text messages were transmitted to patients via one-way
messaging, using their procedure date as an anchoring point.
The messages were written to address common postoperative
milestones, provide recovery tips, identify situations in which
to escalate care, and lastly, to provide encouragement during
the recovery process (Figure 1). Patients were universally opted
into automated messaging, however, could elect to opt out upon
receipt of the initial text message. The cost to implement text
messaging was US $0.15 per text, which was the rate negotiated
with TeleVox Solutions, with a total cost of US $2.85 per patient
for the complete text series. Departmental research funds were
used to cover the cost of messaging. Patients in both the control
and texting groups were contacted 3 weeks postoperatively for
participation in a phone survey. They were asked to rate the
following on a scale of 1 to 10: (1) “How satisfied are you with
your postoperative care?” (2) “How connected did you feel to
your health care team while recovering at home?” (3) “How
valuable did you find the text messages while recovering at
home?”

The third question was only posed to the texting group.
Additionally, demographic, procedural, and postoperative
complication data were collected through chart review.
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Figure 1. Selection of text messages delivered to the intervention group.

Outcome Measures
As a pilot study, the primary intent was to determine the
feasibility of implementing a text messaging protocol and
successfully sending messages to patients. The primary endpoint
was the percent of intended intervention patients who received
all messages without error. Establishing that the intervention
did not harm and might benefit patient care was necessary to
justify continued evaluation of this intervention. Therefore,
important secondary endpoints were patient scores on
satisfaction, feelings of connection, and value of text messaging
during their postoperative recovery. Satisfaction, connection,
and value of text messaging were collected using a 10-point
scale. These scores were collapsed into binary variables with
scores of 9 and 10 coded as being satisfied, connected, and
finding value. Scores of 1 through 8 represented a neutral or
negative response. This determination was largely based on
clinical importance.

Statistical Analysis
Descriptive statistics were calculated for all outcome and clinical
variables. The primary outcome was calculated as the proportion
of patients who received all text messages out of those patients
who were intended to receive messaging. Chi-squared analyses

were used to compare patient characteristics as well as the
outcomes of satisfaction and connectedness between the control
and intervention groups. To determine if age modified the
relationship between texting and the outcomes of satisfaction
and connectedness, a Breslow-Day test was conducted. The
median age of the cohort (37 years) was used to define younger
(<37 years) and older (≥37 years) subgroups.

Results

Text Message Delivery Success Rate
A total of 185 patients were identified to be included in this
study. In the texting group, 20 patients did not receive the initial
text message due to an error, likely due to the use of a landline
phone number. In addition, 10 control and 18 intervention
patients did not participate in the postrecovery survey, leaving
137 patients with outcome data (control, n=75; texting, n=62).
The primary endpoint was the percent of intended intervention
patients who received all messages without error. Of the 100
intended texting group patients, 20 did not receive messages
due to error, leaving 80% (80/100) of the intended intervention
patients successfully receiving all 19 text messages. Of note,
no patients receiving messaging opted out after receiving the
initial text, which included the choice to opt out (Figure 2).
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Figure 2. Flow diagram of study recruitment.

Participant Demographic and Clinical Data
The age of study participants ranged from 20 years to 59 years,
with a mean age of 38.1 years (SD 8.8). Control and intervention
patients were statistically different in terms of age (P=.04), with

the mean age of the texting cohort being 2.9 years younger than
that of the control group. Otherwise, the groups did not differ
significantly in terms of other procedural or clinical metrics
(Table 1).

Table 1. Demographic and clinical characteristics of the control and intervention groups.

P valueTexting group (n=62)Control group (n=75)Characteristic

.0436.4 (8.7)39.5 (8.6)Age (years), mean (SD)

.1611 (18)21 (28)Overnight stays, n (%)

.784 (7)4 (5)Emergency department visit, n (%)

.2124 (39)37 (49)Hysterectomy, n (%)

Patient Satisfaction With Postoperative Recovery
Based on completed survey responses, 63% (47/75) of patients
receiving standard discharge instructions were satisfied with
their postoperative care, while 74% (46/62) of patients receiving
additional educational text messaging were satisfied (P=.15).
Although the texting group patients were found to be younger,
age did not modify patient-reported satisfaction scores. Patients
<37 years old in the texting group rated their satisfaction similar
to those ≥37 years old in the texting group (75%, 47/62 vs 73%,
55/75; P=.86). Type of operative procedure, categorized as
hysterectomy or uterine-sparing, did play a role in patient
satisfaction. For those in the control group with standard written
instructions, 76% (28/37) of those patients undergoing
hysterectomy were satisfied with their postoperative care, while
only 50% (19/38) undergoing uterine-sparing procedures were
satisfied (P=.02). In contrast, this relationship between type of
procedure and satisfaction did not exist in the texting group
(P=.91).

Patient Connection With the Health Care Team
Survey responses showed that 64% (40/62) of patients receiving
educational and supportive text messages felt more connected
with their health care team while recovering at home compared
with 44% (33/75) of patients receiving only written discharge
instructions (P=.02). Similar to patient satisfaction, age below
or above the median did not alter reported connection scores in
the texting group (P=.34). The type of procedure did influence
the patient perception of connectedness. Patients in the texting
group reported similar rates of connectedness regardless of type
of procedure performed (P=.78). In contrast, those in the control
group who underwent hysterectomy felt much more connected
(22/37, 60%) compared with their counterparts undergoing
uterine-sparing procedures (11/38, 29%; P=.008).

Patient-Reported Value of Text Messaging
The third and final question posed to the 62 survey respondents
who received text messages during their postoperative survey
was “How valuable did you find the text messages while
recovering at home?” Of the patients receiving text messaging,
65% (40/62) reported value in the messaging (Figure 3).
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Figure 3. Percentage of patient with responses ≥9 on a scale of 1 to 10 to the following questions: “How connected did you feel to your healthcare
team while recovering at home?” “How satisfied are you with your postoperative care?” “How valuable did you find the text messages while recovering
at home?”.

Discussion

Principal Findings
Implementing a postoperative text messaging service is a
feasible and potentially cost-effective way to deliver
postoperative discharge instructions to patients undergoing
laparoscopic benign gynecologic surgery. Text messaging was
successfully received by 80% of intended intervention patients.
This was accomplished at a cost of US $2.85 per patient. The
study demonstrated patients receiving postoperative text
messaging showed a trend toward an increase in satisfaction
with their recovery and statistically significant increase in their
sense of connection with their health care team. Largely, patients
receiving text messaging found the texts valuable.

An unexpected finding was that patients undergoing
uterine-sparing procedures had lower scores at baseline for
satisfaction with recovery and connection with the health care
team. These differences were eliminated with the text messaging
intervention. A possible explanation may be the patients’ social
support networks. Many women have undergone hysterectomies
and are often willing to share advice on recovery, which might
supplement the patient’s experience in recovery. Patients
undergoing uterine-sparing procedures may not have as much
access to this type of support. These findings may make the text
message intervention even more valuable in a patient population
undergoing uterine-sparing procedures.

Among patients selected to receive text messages, 20% did not
receive the initial welcome text message, most likely due to use
of a landline number instead of a mobile number and incorrect
numbers in their charts. This error can be mitigated in a future

study; however, this may limit eligible participants. The total
cost for the text messages in this pilot study was US $178 to
provide the full text message series to a total of 62 patients. It
is difficult to quantify the financial benefit of increased patient
satisfaction and connectedness. It is possible postoperative text
messaging affords a significant return on investment through
decreased complications requiring admission, decreased patient
phone calls or messages, and decreased follow-up visits.
Previous studies have demonstrated that the use of a mobile
application for low-risk, postoperative, ambulatory patients led
to deceased in-person follow-up visits [9]. The extension of this
text messaging protocol to a larger number of patients may be
cost-prohibitive if patients’goodwill and a reduction in resource
usage cannot be demonstrated. This study used a convenience
sample of patients who received surgery over a 6-month period,
so likely was not powered to detect statistically significant
differences. A larger study that tracks complication rates and
surveys office staff and providers is also necessary.

Conclusions
Postoperative text messages proved to be feasible in a population
of patients undergoing benign gynecologic laparoscopic
procedures. Text messages demonstrated a trend toward
increased patient satisfaction with recovery and statistically
significant increase in perception of connection with the health
care team. The trend was more pronounced in patients
undergoing uterine-sparing procedures. Minimal errors in
messaging were identified. Given increasing emphasis on patient
experience and the practice of cost-effective health care, further
evaluation of a postoperative text messaging protocol that is
adequately powered is warranted to determine patient and
resource allocation benefit.
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Abstract

Many promising telemedicine innovations fail to be accepted and used over time, and there are longstanding questions about how
to best evaluate telemedicine services and other health information technologies. In response to these challenges, there is a growing
interest in how to take the sociotechnical complexity of health care into account during design, implementation, and evaluation.
This paper discusses the methodological implications of this complexity and how the sociotechnical context holds the key to
understanding the effects and outcomes of telemedicine. Examples from a work domain analysis of a surgical setting, where a
telemedicine service for remote surgical consultation was to be introduced, are used to show how abstracted functional modeling
can provide a structured and rigorous means to analyze and represent the implementation context in complex health care settings.

(JMIR Perioper Med 2021;4(2):e26580)   doi:10.2196/26580
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Introduction

Overview
Time has shown that it is difficult to scale up successful
telemedicine innovations, and telemedicine has long been
fraught with critical dilemmas regarding implementation,
adoption, and evaluation [1-4]. In order to move forward from
the repeated and seemingly paradoxical failures of telemedicine
[2] and health information technologies, there have been calls
for research and design methodologies that can address the many
levels of complexity in health and care [5,6]. In this paper, we
present reasoning for why it is important to apply a “complexity
lens” to understand baseline conditions prior to technology
implementation and evaluation in health care settings, and a
rationale for why mapping the context provides important keys
to understanding clinical outcomes and adoption when new
health technology interventions are introduced. We describe

how principles from complexity science can be applied in a
structured and rigorous analysis of a telemedicine
implementation context through work domain analysis [7-9].
Work domain analysis is a type of modeling specifically
developed to design and analyze complex, adaptive
sociotechnical systems. We include examples of how the method
was used to analyze and represent many different sources of
complexity that shape work in a surgical setting [10].

Context and Complexity in Health Technology
Implementation and Evaluation
It is generally acknowledged that health technology
implementation and outcomes are affected by contextual factors,
and it is extremely difficult to scale up demonstration projects
[5]. Despite this, few studies account for the preconditions for
implementation in a way that adequately captures the inherent
complexity of health care or in a fashion that can inform systems
development or assessment. Technological interventions in
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health care are generally complex, as are the health care settings
in which they are used, and there is a demand for a
methodological shift when studying the introduction of new
technologies in this type of context [11-13].

We encountered a number of challenges when we attempted to
provide a baseline description of the implementation context
when a telemedicine system for remote surgical consultation
was to be scaled up to multiple hospitals. If the service was
adopted and used over time, it was expected to improve clinical
outcomes and provide educational benefits. However, there

were differences between the hospitals (eg, in work practices
and resources), which potentially could interact with adoption
and even lead to abandonment [5]. In addition to the inherent
complexity of the clinical procedure and patients’ conditions,
introducing new technology for surgical collaboration introduced
new sources of complexity; for instance, the telemedicine system
would bridge several technical systems and social and
professional workgroups at different hospitals. These factors
together would contribute to system-level outcomes over time
(Figure 1).

Figure 1. System level outcomes. ERCP: endoscopic retrograde cholangio-pancreatografy.

It was unclear to us how technical, social, and organizational
factors set the implementation sites apart, how to conduct the
analysis, and how to represent the findings in a way that could
be useful for stakeholders.

A systems engineering method called work domain analysis
(WDA) [7-9] appeared to be a suitable method for our purposes.
WDA is intended to analyze complex work systems, and there
are examples where it has been used in health care [14-19].
However, in our case, we wanted to capture and contrast
domain-specific contextual factors on multiple work system
levels at multiple sites, and this broad, explorative scope of
analysis presented a particular modeling challenge. We
eventually found a solution to this dilemma through iterative
modeling, whereby we found a way to construct multiple,
complementing models of the domain.

In the following sections, we provide a background for our
choice of method.

Evaluating Telemedicine
There are many reasons for evaluating new technologies in
health care and many ways to do this. While it might seem
evident that new telemedicine systems should be evaluated for
clinical, policy, and economic reasons, this is not always the
case. In 2010, only 20% of the WHO (World Health
Organization) members reported having published an evaluation
or review on the use of telemedicine in 2006 [20]. A review of
evaluations studying deployed hospital-to-hospital telemedicine
services up to May 2016 only identified 164 papers [21].

Telemedicine evaluation raises many research questions [22],
and different stakeholders have different expectations about
what an evaluation should provide: evaluations can include

organizational, technical, social, ethical, and legal, as well as
transferability aspects [23]. Among peer-reviewed clinical
evaluations of telemedicine interventions in hospital facilities,
half were evaluated in terms of clinical outcomes and economic
or satisfaction measures, while the other half were descriptive
reports with ad hoc structure [21].

Telemedicine as an Intervention
In clinically-oriented research, telemedicine can be described
as an intervention, which emphasizes its function in a clinical
process [24]. Evaluating an intervention’s effectiveness and
efficacy is central to health care quality since practice
recommendations should be grounded in high-quality evidence,
and policy and funding decisions should also have a sufficient
basis [25]. Randomized controlled trials are a gold standard for
ascertaining the efficacy of pharmaceuticals or clinical
treatments with well-defined active components. This type of
study is designed to show the size of a clinically meaningful
benefit and the likelihood that this result is caused by the
intervention (ie, that the intervention causes an effect X with
size Y, with a confidence interval of Z). In addition, the results
can show that an intervention is safe and effective [26].

Controlled studies are feasible for interventions with a limited
number of readily defined components and a known mechanism.
However, in the case of complex interventions [27] such as
telemedicine [28], the “active components” can be difficult to
define, and it might not be entirely clear what changes can be
expected or how change will be achieved [29].

In response to the challenges of evaluating complex
interventions, there is guidance recommending that process
evaluations be conducted alongside trials of complex
interventions to help provide the information required to
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interpret the findings of a specific evaluation and to generalize
findings to other contexts [29]. Three major themes in process
evaluation are implementation, mechanisms, and context [27].

Implementation, Mechanisms, and Context
Implementation research has identified and compiled a multitude
of contextual factors that can influence how new treatments and
new ways of working are accepted and adopted [30,31]. The
profusion of contextual factors that can affect an intervention
reflects the reality of health care settings, where there is
generally very much going on. Guidance for evaluating complex
interventions also recommends that the intervention and its
assumed causal mechanisms be clearly described, but this is
difficult to achieve without a systematic description of the
implementation context [32].

While context is considered to be a major concern for outcomes
of complex interventions, the term remains “a slippery notion”
[33], which is inconsistently defined and conceptualized
[30,31,34]. In complex, adaptive work systems, which per
definition are intractable, it is untenable to identify and measure
all potential determinants [35]. The “variables paradigm” [36]
provides output such as lists and categorizations of key variables
and evaluation elements, yet is unlikely to provide means to
identify which possible factors are most likely to influence
outcomes in a particular case or how these factors interact once
an intervention is introduced [33].

In-depth case research using sociological and organizational
research methodologies contrasts to predominant “mechanistic”
conceptions about implementation and component-oriented
research [37] and can provide keys to the mechanisms of
implementation and adoption through detailed experiential and
contextual information [38,39]. The internal validity of such
approaches is gained by the authenticity of observations and
interpretations, which can cause weaknesses (eg, in quality case
reports where a few members recount their experience of an
intervention and its impact) [40]. In both case study research
and quality reports, results are often presented in the form of
detailed accounts, interspersed with quotes from participants
[40]. This format can capture the uniqueness of a case but
simultaneously raises questions about what has been accounted
for, how lessons can be transferred to other interventions, or
how the same intervention may have played out in another
setting.

Common trial reporting formats and health technology
assessments generally demand limited information about an
intervention’s implementation or context [41]. Yet without this
information, generalizing findings beyond a specific case
becomes difficult. It also becomes challenging to determine
whether changes detected during a study are due to the
intervention or if its implementation or context is causing the
effects [26].

These insights have generated calls to apply concepts from
complexity theory during implementation and evaluation
[6,13,29,42].

Complexity in Health Care
In health services research, “complexity science“ has been used
as an umbrella term, referring to the use of concepts about
complex adaptive systems as a response to the increasing
complexity and rapid rate of change and of health care [43,44].
“Complexity science” may invoke associations to definitions
and methods used to address computational complexity and
natural systems, and its use in health services research has
invoked some criticism from proponents of “hard” approaches
to complexity [45]. However, complexity science ideas have
been, for example, used to inform theories and frameworks for
evidence translation, implementation, and evaluation
[30,39,46,47].

Thus far, health services research has mainly used complexity
concepts to “sensitize” and support evaluation and also help
identify issues that need to be managed during implementation,
for example, in workshops to identify or solve specific problems,
increase collaborative practices, or identify barriers to change
[48]. However, complexity concepts have been inconsistently
applied [48] or merely used as an abstract explanatory tool when
they can be disciplined and refined to match specific research
questions [49]. Moreover, the superficial use of complexity
concepts runs the risk of fixating on easily identified components
of a system, or effects from the context, without breaking
adaptations apart or systematically taking interactions into
account [50,51]. Another effect can be that different levels of
work systems are separated and studied by different disciplines
[52] or approached through different studies [47].

However, there is an option to apply systems engineering and
research methodologies developed specifically for complex
settings. Within the field of human factors or ergonomics, there
is a long history of employing systems approaches in research
and design of human-technology interactions [53], with concepts
and definitions that explicitly address behavioral and
organizational factors. The field provides theory and engineering
methodologies employed in regulated, high-performance, and
safety-critical domains such as aviation, the nuclear industry,
and defense, but which are also well-suited for health care
[54-56]. These types of work systems share characteristics;
work is conducted by humans and technology, with operators
balancing performance, quality, and safety with the demands
set by uncertainty and rapid technological and organizational
change.

Complex, Adaptive Sociotechnical Systems
Health care settings such as hospitals can be defined as complex,
adaptive sociotechnical systems [57,58], where interactions
among technical, human, and organizational elements generate
complexity in many dimensions. This implies that efforts to
induce system change through new technology can be expected
to affect patterns of interaction within the system and between
the system and its context [59,60]. These patterns of interactions
make it challenging to scale up innovations from one context
to another [61] and also make evaluation difficult, as it is hard
to link technological change to specific outcomes [62].

One value of a sociotechnical systems approach lies in
acknowledging the variable and irregular nature of health care
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work, where staff continually monitor and adapt to changing
circumstances to uphold safety and performance while helping
patients and balancing organizational demands, social and
professional values, and norms [63]. This intentional, adaptive
behavior generates the system’s “self-organizing” capacity,
making these work systems resilient [64] and providing keys
to understanding and describing the system.

Principles from theory about complex adaptive systems
emphasize the need to understand initial conditions as a baseline,
and a “map” of the context and the rules governing behavior
are important for understanding system behavior [6,65].

Cognitive Systems Engineering
Cognitive systems engineering (CSE) is a field of research and
design in complex, adaptive sociotechnical systems [66-68].
CSE research focuses on how designed artifacts interact with
their environment and with the humans using it. CSE practice
includes eliciting and defining requirements and designing and
evaluating human-technology work systems [69].

Cognitive work analysis (CWA) [8,70] is a formative CSE
framework that provides functional analysis methods for design
and evaluation. CWA is rooted in traditions and concepts from
ecological psychology [71], distributed cognition [72], and
expert decision-making in naturalistic settings [73], which
emphasize how mutual interactions between the environment
and agents shape behavior.

CWA consists of five phases, the first of which is called WDA
[8,9]. WDAs are typically performed to provide a shared
representation of complex work systems in the face of
technological change ahead of system development or
acquisition (eg, during the design requirements and
specifications phases) [9]. WDA focuses on modeling the
contextual factors which shape actors’ behaviors. The idea is
to create a complete picture of the workers' problem space by
specifying what is to be achieved and the values, priorities,
functions, and physical resources that affect this work.

This is done in abstracted, functional terms rather than through
details of objects or tasks. Representing the sociotechnical
context in this abstracted format can support the exploration of
how the affordances of physical objects interact with functions
towards system goals and how expanding the system with new
components may impact the system as a whole [74].

Can Work Domain Analysis be Applied in Health Care
Work Systems?
CWA originated in analyses of well-defined, tightly coupled
causal systems (ie, engineered systems that are constrained by
natural laws and technical factors) [7]. Some have claimed that
WDA is not well-suited for health care [75], where system
behavior is characterized by intentional constraints, such as
actors’ goals, values, priorities, and shared rules of practice.

Health care systems are generally open systems, with many
external interactions. This means that it is difficult to define
system boundaries and distinguish discrete components and
mechanisms that are “internal” to the system and how they
interact with the “outer environment” [76]. As a consequence,
boundaries between what is internal and what is external will

be conceptual, an artifact, rather than ontological [8], and must
be decided with careful consideration of the purpose of the
analysis [9].

However, WDA has been used to model numerous intentional,
open systems(eg, in naval command and control, ambulance
dispatch, and health care) [77-79]. Jenkins et al suggest that if
suitably adapted, WDA models can be utilized to predict and
evaluate system-level outcomes when new technologies are
introduced in sociotechnical systems [62].

Understanding the Implementation Context for
Teleguidance in ERCP
The telemedicine service we studied was developed to enable
real-time, professional-to-professional video collaboration
during endoscopic retrograde cholangio-pancreatografy (ERCP),
a technically advanced endoscopic procedure for biliary and
pancreatic disease. The telemedicine service, which came to be
called teleguidance, had demonstrated clinical and economic
benefits in a feasibility study [80]. Health-economic modeling
also showed the potential for positive clinical and economic
outcomes [81]. This provided a rationale for scaling up the
practice and an interest to generate additional evidence for the
new way of working.

Quantitative clinical data was to be collected to investigate the
clinical effectiveness of teleguidance. However, the service also
had to be used over time for any desired quality improvement
outcomes to come into effect. So there was also interest to
conduct a qualitative inquiry to understand whether conditions
at the various sites might influence any clinical results or affect
how teleguidance would be adopted and assimilated into
everyday practice (Multimedia Appendix 1).

The complexity of the highly specialized surgical procedure
and the hospital settings made it neither feasible nor theoretically
justified to choose an ad hoc number of components (eg, from
a determinant framework) [31], and also expect to achieve an
adequate understanding of how the implementation context
could influence the use and outcomes of the new technology
[11]. Without a method adapted for the complexity of the work
systems involved, our attempt at understanding and describing
the implementation context might also fail to account for
interactions between different parts of the system, or from the
context, in a systematic way.

We observed WDA was seen as a candidate method as it is
developed to accommodate sociotechnical complexity and would
provide a structured and accountable analysis. Representing
constraints that shape system behavior in an abstracted manner
would be useful for comparing different sites and could also
support the prediction of change and unintended consequences,
which is a central aspect of complexity-informed evaluation
[6].

Methods

Data Collection and Analysis
We used an ethnographical approach with extensive fieldwork
and interviews to collect data and generate a deep understanding
of the context in a working system [82]. This included three
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iterations of data collection using a sequence of techniques,
moving from a general “rough” level of description and
understanding to a finer grain.

Observations and interviews were conducted at the central and
remote sites. A total of 20 semistructured interviews with 10
ERCP specialists, 5 ERCP assistants, 3 technical staff, and 2
administrative staff from 5 hospitals were conducted. During
the data collection phase, a service blueprint [83] was designed,
which served as an intermediary, shared representation [84]
(Multimedia Appendix 2). Interviews were transcribed, and
thematic coding [85] was conducted, using predetermined
categories and prompts (Multimedia Appendix 3) pertaining to
the abstraction levels described by Naikar [9] from the WDA
framework.

Data collection and analysis are described in more detail in an
adjacent paper, “Modeling implementation context in
telemedicine” [10].

Defining System Boundaries
We wanted to conduct a broad and deep investigation of the
ERCP work context at the participating sites. Our broad
interpretation of the implementation context was based on a
view that implementation and use of teleguidance will be shaped
by physical and organizational constraints, which are situated
within the functional goals and values of the work domain [86].

When analyzing a system, it is generally deemed necessary to
define system boundaries in order to distinguish components
and mechanisms that are “internal” to the system, how they
interact with the “outer environment,” and their functional
relationships [78]. However, work system complexity became
apparent early on during observations and interviews, and it
became clear that it would be difficult to set clearly defined
system boundaries.

During procedures, the ERCP team works within a specific
physical space to perform a specific type of procedure during
a limited time frame. However, before and during each ERCP
procedure, there were continual trade-offs between clinical work
and organizational demands (eg, demands for resource
efficiency), which also sometimes conflict with clinical
priorities. It also became clear that administrative and clinical
roles and tasks were highly interwoven in ways that were not
necessarily reflected by formal roles or organizational
boundaries. Similarly, development work, such as research and
training, was continually ongoing, and these aspects of work
were shaped by other sets of constraints (eg, funding and
practice standards, which were controlled by sources other than
the hospital administration).

In addition, the clinical work system at the university hospital
underwent substantial reorganization during the study. Similar
but less extensive reorganizations were taking place at several
of the smaller hospitals.

Hollnagel reframes the question of system boundaries and
context by speaking in terms of foreground and background
functions, rather than strict system boundaries [87]; as such,
functions and constraints which are central during ERCP
procedures could be included in the WDA model without

explicit reference to whether they lay within an arbitrary system
definition or not.

Creating the Models
The abstraction hierarchy was constructed using Naikar [9] as
a main resource and iteratively modeling our findings and
revisiting the purpose of the analysis, with feedback from
clinical practitioners and project managers.

The first iteration of the abstraction hierarchy centered on
structuring the large amounts of data collected. Findings from
interviews, observations, and documents were entered into a
large general-purpose spreadsheet. The findings were
categorized into abstraction levels and linked to cells in the
matrix.

Multimedia Appendix 4 shows the sequence in which we
populated different levels of the abstraction hierarchy matrix
and provides examples of the questions used to guide the work.

The second iteration of the abstraction hierarchy mainly focused
on testing different ways of ranging and decomposing the
clinical work system to make the analysis tractable. The
interactions between clinical work and organizational demands
made it challenging to define a part-whole systems
decomposition of the hospitals and their subsystems according
to organizational boundaries. We decided to represent “hospital”
as the overarching system, with a partial abstraction hierarchy,
and “ERCP work” as a conceptual subsystem, with a detailed
abstraction hierarchy. The ERCP work system is loosely
bounded [78], meaning ERCP practitioners have control over
some resources but not of the whole system. Capturing this
aspect was a conundrum until we decided to create multiple
models of the domain. Naikar [88] proposes representing certain
domains as having distinct facets. This is considered a way to
handle the wide range of constraints necessary for this type of
intentional system.

Therefore, a decision was made to construct multiple models
of the domain, one representing the “primary” clinical work
and the other representing the “secondary” functions that provide
the infrastructure and resources for the clinical work, such as
administration and management and training and research. The
three facets represent aspects of the same clinical work system,
yet each facet is seen as separate through the nature of tasks
and aspects, such as organizational departments, competencies,
and roles. Individual stakeholders can be involved with more
than one of the three facets, as is the case with senior doctors
and nurses who have managerial roles in addition to their clinical
functions.

We considered development work (research, education, and
training) to be distinct from other secondary functions, and we
finally represented the domain as three facets: treatment,
development, and administration.

The third iteration was an exercise in improving the internal
structure of the means-ends relationships within the conceptual
framework of the functional facets. The constraints were
decomposed in detail on certain levels of abstraction but are
aggregated in the presented model for increased legibility.
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Using the Models to Proactively Identify
Implementation Issues and Possible Outcomes
By tracing the many-to-many means-ends relationships among
constraints through “how-what-why” reasoning [74], the
abstraction hierarchies served as a simple artifact to investigate
possible scenarios when teleguidance is used (Multimedia
Appendix 5)

Results

Three functional facets of the domain were modeled (Figure 2)
and are defined as follows:

• Clinical: The treatment of patients through ERCP
(Multimedia Appendix 6).

• Development: Functions such as developing clinical
methods and technology; research (eg, developing clinical
methods and tracking outcomes), collaboration with
suppliers, and arranging and providing supervision and
training opportunities (Multimedia Appendix 7).

• Administration: Support functions for the clinical work,
such as managing finances and staff and facilities, including
IT (information technology) and medical technology
(Multimedia Appendix 8).

Figure 2. Three functional facets of the endoscopic retrograde cholangio-pancreatografy (ERCP) work domain.

The models helped us structure findings from the interviews,
and we could link the physical teleguidance equipment to
reverberations in logistic processes, such as patient and staff
scheduling and preparations for ERCP procedures (eg, set-up,
preparation of supplies, and team composition; Figure 3).

The abstraction hierarchies enabled us to explore possible
scenarios during and after implementation. For example, we

could identify issues that might be of importance during
implementation and be weighed in during evaluation, such as
if teleguidance affects the duration of procedures or the time to
prepare for procedures.

A detailed account of specific findings is provided in “Modeling
implementation context in telemedicine” [10].
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Figure 3. Cropped image of an abstraction hierarchy showing how the model can be used to trace and visualize interactions, in this case between
physical objects and work processes.

Discussion

Overview
Despite general agreement that context is important and that
“complexity science” can be of value, it appears that in practice,
it is difficult to describe and analyze contextual factors and, at
the same time, accommodate complexity during evaluation.
Furthermore, context is often given a minor role in studies of
health technology implementation or health technology
assessment [30]. We decided to attempt a broad analysis of the

implementation context for a telemedicine service by conducting
a WDA. However, it was initially unclear if the scope and open,
intentional nature of the work systems would be a problem.

Principal Findings
In order to represent the entire problem space that clinical
practitioners face during ERCP, we discovered that it was
relevant to include aspects of nonclinical work to the extent that
they affected clinical procedures. To handle the width and depth
of this scope, we conceptualized and modeled three functional
“facets” of the domain which shape ERCP work (Figure 4).

Figure 4. Three functional facets of the domain which shape ERCP work. ERCP: endoscopic retrograde cholangio-pancreatografy.

Each facet represents a set of constraints that shape ERCP team
members’work before, during, and after each ERCP procedure.
With Hollnagel’s terminology [87], the functions and constraints
within the administrative and development facets can loosely
be considered as background to the functions and constraints
in the clinical facet.

The models helped us explore the dynamics of the work systems
and project possible interactions during the use of the
telemedicine service. An example of findings was that despite
shared clinical goals across the collaborating sites, relevant

aspects of the administrative and development facets need
similar coordination across hospitals. While this may seem
obvious, these factors are beyond the control of the clinical staff
and may interfere with teleguidance use over time. The WDA
helped us identify and represent these types of issues in detail
[10].

Defining System Boundaries
Initially, we set wide system boundaries to include many
explanatory variables. During the data collection phase, it
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became increasingly difficult to establish the boundaries for the
work system and decide what should be included in the WDA.
A narrow definition of the unit of analysis, for example, ranging
the system according to what goes on within the physical space
of the operation theater during ERCP, would have given a
precise ontological boundary. However, this could have
excluded organizational factors that have a bearing on ERCP
performance and would therefore forfeit the purpose of the
analysis, which was to map constraints that could come to
interact with the implementation of teleguidance.

Practical Aspects of Conducting a WDA
The design, implementation, and assessment of the telemedicine
service we evaluated was a transdisciplinary effort involving
clinical practitioners and researchers, alongside human-computer
interaction and project management experts. Consequently,
there were different expectations about what an evaluation
should provide, and the practical application of WDA requires
an understanding of systems-theoretical concepts. While
Rasmussen [7,70] and Vicente [8] provide comprehensive but
somewhat conflicting descriptions of how to conduct WDA,
Naikar provides a systematic methodology [9]. However, it was
challenging at first to construct an abstraction hierarchy due to
the width of the analysis. We also had difficulties establishing
a hierarchical decomposition of the work systems, as work in
practice did not necessarily follow organizational boundaries.

Technical and physical factors are generally more
straightforward to distinguish than properties emerging from
human intentions. The qualitative methods we used for our
deepening investigation required relationships between
researchers and domain practitioners, which may be a hurdle
due to interprofessional dynamics and hierarchies in health care
and time constraints [89].

However, we conclude that the methodology is
resource-efficient, especially if the analysis can be reused across
multiple problems [90]. The structured, abstracted format is
very compact and relatively easy for stakeholders from different
disciplines, such as clinical staff and project management, to
understand. WDA may be more useful in systems development
and evaluations than the narrative accounts common in many
qualitative case studies and thereby also be an effective artifact

for supporting the interdisciplinary collaboration required for
successful human-systems integration [84].

Conclusion
WDA is a systems engineering method that allowed us to create
representations that served as objective models of the
implementation context by focusing on functions and constraints
shaping work-system behavior. Creating models helped us avoid
the notion that context is a fixed entity or can be described by
compiling variables or events. The three sets of constraints or
facets, which were present in each hospital, represent constraints
that shape everyday ERCP work and that can shape the use of
teleguidance.

Using abstracted functional modeling guided by theory
strengthens the transferability of findings, and the facets can be
expected to reflect fields of interest and functions that can affect
other telemedicine interventions in similar hospital settings.
The structure of the method also supported an iterative
“discovery and modeling” approach [91], which was necessary
as our understanding of the work systems developed.

We conclude that WDA is an effective method for modeling
the implementation context, and that this type of modeling is a
practical approach to applying “complexity science” principles,
and that it is a way to provide structured analysis without
reducing complexity or detailed qualitative accounts common
in sociological and organizational research methodologies. The
models account for technological, social, and organizational
factors and their dynamic interactions, which provide useful
information both for policymakers and scientists. The method
can be useful for supporting detailed analysis and planning prior
to implementation and evaluation of telemedicine, which is
currently rare [92].

Future Work
The three functional facets of the domain (clinical, development,
and administration) represent sets of generic constraints that
we believe are likely to be present in other hospital environments
and likely to affect other technology implementation projects.
These can serve as “dimensions” along which to model and
analyze similar clinical work systems.
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Coding categories and criteria for the qualitative data analysis.
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Multimedia Appendix 4
The sequence in which we populated different levels of the abstraction hierarchy matrix,.
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Multimedia Appendix 5
The abstraction hierarchies served as a simple artifact to investigate possible scenarios when teleguidance is used.
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Multimedia Appendix 6
The treatment facet.
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Multimedia Appendix 7
The development facet.
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The administrative facet.
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Abstract

Background: The Enhanced Recovery After Surgery (ERAS) protocol has been recently extended to hepatopancreatobiliary
(HPB) surgery, with excellent outcomes reported. Early mobilization is an essential facet of the ERAS protocol, but compliance
has been reported to be poor. We recently reported our success in a 6-month clinical practice improvement program (CPIP) for
early postoperative mobilization. During the COVID-19 pandemic, we experienced reduced staffing and resource availability,
which can make CPIP sustainability difficult.

Objective: We report outcomes at 1 year following the implementation of our CPIP to improve postoperative mobilization in
patients undergoing major HPB surgery during the COVID-19 pandemic.

Methods: We divided our study into 4 phases—phase 1: before CPIP implementation (January to April 2019); phase 2: CPIP
implementation (May to September 2019); phase 3: post–CPIP implementation but prior to the COVID-19 pandemic (October
2019 to March 2020); and phase 4: post–CPIP implementation and during the pandemic (April 2020 to September 2020). Major
HPB surgery was defined as any surgery on the liver, pancreas, and biliary system with a duration of >2 hours and with an
anticipated blood loss of ≥500 ml. Study variables included length of hospital stay, distance ambulated on postoperative day
(POD) 2, morbidity, balance measures (incidence of fall and accidental dislodgement of drains), and reasons for failure to achieve
targets. Successful mobilization was defined as the ability to sit out of bed for >6 hours on POD 1 and ambulate ≥30 m on POD
2. The target mobilization rate was ≥75%.

Results: A total of 114 patients underwent major HPB surgery from phases 2 to 4 of our study, with 33 (29.0%), 45 (39.5%),
and 36 (31.6%) patients in phases 2, 3, and 4, respectively. No baseline patient demographic data were collected for phase 1
(pre–CPIP implementation). The majority of the patients were male (n=79, 69.3%) and underwent hepatic surgery (n=92, 80.7%).
A total of 76 (66.7%) patients underwent ON-Q PainBuster insertion intraoperatively. The median mobilization rate was 22%
for phase 1, 78% for phases 2 and 3 combined, and 79% for phase 4. The mean pain score was 2.7 (SD 1.0) on POD 1 and 1.8
(SD 1.5) on POD 2. The median length of hospitalization was 6 days (IQR 5-11.8). There were no falls or accidental dislodgement
of drains. Six patients (5.3%) had pneumonia, and 21 (18.4%) patients failed to ambulate ≥30 m on POD 2 from phases 2 to 4.
The most common reason for failure to achieve the ambulation target was pain (6/21, 28.6%) and lethargy or giddiness (5/21,
23.8%).
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Conclusions: This follow-up study demonstrates the sustainability of our CPIP in improving early postoperative mobilization
rates following major HPB surgery 1 year after implementation, even during the COVID-19 pandemic. Further large-scale,
multi-institutional prospective studies should be conducted to assess compliance and determine its sustainability.

(JMIR Perioper Med 2021;4(2):e30473)   doi:10.2196/30473

KEYWORDS

enhanced recovery after surgery; early mobilization; liver resection; pancreas surgery; quality improvement project;
pancreaticoduodenectomy

Introduction

Enhanced Recovery After Surgery (ERAS) is a multimodal,
multidisciplinary perioperative approach to improve surgical
outcomes [1]. The implementation of ERAS has improved
perioperative outcomes in patients undergoing elective major
hepatopancreatobiliary (HPB) surgery [2]. Postoperative early
mobilization is an integral component of the ERAS protocols
as it reduces pleuropulmonary complications and deep vein
thrombosis [3]. Early postoperative mobilization also reduces
postoperative ileus and length of hospital stay [4,5]. However,
there are no standardized criteria to define mobilization, and
compliance remains poor. Vague terminologies, including sitting
out of bed, standing at the bedside, walking duration, and
walking distances, are used to define mobilization. Recently,
Grass et al [6] performed a retrospective study involving 1170
patients who had colorectal surgery in Switzerland to assess
early postoperative mobilization (defined as sitting out of bed
≥6 hours on postoperative day [POD] 1). They showed that 58%
of patients were noncompliant, with resulting increased
postoperative morbidity (overall complications 55% vs 29%,
P<.001) and length of stay (mean 12, SD 14 days vs mean 6,
SD 7 days; P<.001) compared to the early mobilization group
[6].

A systematic review by Coolsen et al [2] in 2013 described poor
compliance (mobilization rate 20%-28%) to early postoperative
mobilization on POD 1 following liver surgery [7,8]. Similarly,
our institution showed a poor postoperative mobilization rate
of 22% in patients undergoing elective major HPB surgery, with
improvement to >75% following the implementation of a
multidisciplinary surgeon-led clinical practice improvement
project (CPIP) [9]. The quality improvement process does not
end with the implementation of a solution. Specific steps must
be taken, and mechanisms established to hold the gains, for
breakthroughs in results come from sustaining changes. The
Royal College of Physicians of London, United Kingdom, has
incorporated sustainability within the Institute of Medicine’s
six quality domains [10]. The median follow-up time for a health
care CPIP is reported to be less than 1 year [11]. Only a
sustained initiative can be spread for adoption by others at
multiple locations so that communities can reap gains.

Ensuring sustainability is difficult due to the COVID-19
pandemic. The COVID-19 pandemic has had a profound impact
on the community, health care workers, and health care systems,
with more than 3.1 million deaths as of May 2021 [12]. In light
of this pandemic, our institution reallocated resources
preferentially for COVID-19–related care to cope with clinical
demands. Our HPB unit began triaging and scaling down

elective surgery to facilitate staff redeployment and reduce
patient exposure to the novel coronavirus. Oncology-related
services, however, were minimally disrupted given the
time-sensitive nature of these diseases and the need for prompt
management [13]. Saab et al [14] surveyed 82 centers in 28
countries and described reduced pain management and
supportive care services by 26% and limitations in social
services support by 74%. To add on, mobilization mandates
staff to be near patients, which violates safe distancing measures.
A clinical practice guideline by Thomas et al [15] in 2020 for
physiotherapy management during the COVID-19 pandemic
recommended screening referrals for mobilization and exercise
to minimize staff in contact and high-filtration masks during
physiotherapy sessions. Locally, personal protective equipment
was mandatory for physiotherapists, and ambulation was limited
to the patients’ward cubicle to minimize external contact. There
are also increased stressors associated with fear and anxiety of
becoming infected [16]. Hence, this study aimed to assess the
sustainability of our multidisciplinary single-institution CPIP
at 1-year postimplementation to improve the postoperative
mobilization rate of patients undergoing elective major HPB
surgery during the COVID-19 pandemic.

Methods

Overview
Our institution is a university-affiliated tertiary hospital with
1700 inpatient beds. ERAS started in March 2016 in the
colorectal surgery division. In line with the concept of ERAS,
the HPB unit began inpatient prehabilitation for patients
undergoing elective liver surgery in 2016, resulting in a
reduction in overall morbidity and improved social well-being
[17]. The entire ERAS protocol subsequently expanded to the
HPB unit for patients undergoing elective major HPB surgery
in 2018. The HPB surgery dashboard for 2018 following the
implementation of ERAS revealed a low observed/expected
ratio for compliance, with a postoperative mobilization rate of
22%. Hence, relevant stakeholders agreed to implement a CPIP
to improve postoperative mobilization, which began in May
2019 [9].

Study Protocol
The specific details of our CPIP were described in 2020 by Tang
et al [9]. Successful mobilization was defined as sitting out of
bed for >6 hours on POD 1 and ambulation of ≥30 m on POD
2, with a target mobilization rate of ≥75%. Preoperatively, case
managers counsel patients and caregivers on postoperative goals
and emphasize the benefits of early mobilization.
Postoperatively, the surgical teams emphasize the benefits of
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mobilization during POD 1 evening rounds. The
plan-do-study-act (PDSA) cycles were utilized to identify critical
barriers to early mobilization, and changes were implemented
to identify outcomes. Major HPB surgery was defined as surgery
involving the HPB system and lasting more than 2 hours.
Patients were excluded from the study if they had undergone
cholecystectomy, common bile duct exploration, laparotomy
for general surgical conditions, or major HPB surgery with
intraoperative blood loss of ≥2 L or a surgery duration of >9
hours.

We summarized the entire mobilization improvement process
into 4 phases:

• Phase 1 (January to April 2019): prior to CPIP
implementation;

• Phase 2 (May to September 2019): CPIP implementation,
where there is direct oversight to improve postoperative
mobilization using the PDSA cycles;

• Phase 3 (October 2019 to March 2020): post-CPIP, before
the COVID-19 pandemic, where there was indirect
oversight of postoperative mobilization. This was also
required routinely as part of our institution’s protocol
following CPIP implementation;

• Phase 4 (April 2020 to September 2020): post-CPIP, during
the COVID-19 pandemic, where there was no oversight on
interventions to improve postoperative mobilization.

Figure 1 is a schematic representation of the 4 phases of the
mobilization improvement process. As the purpose of this study
is to assess the sustainability following our CPIP during the
COVID-19 pandemic, we will be primarily describing phase 4
of our study.

Figure 1. Schematic diagram of the 4 phases of the improvement of early postoperative mobilization and their respective time frames, monthly
mobilization rates on postoperative day (POD) 2, and median mobilization rates during different phases. CPIP: clinical practice improvement program,
PACE: Pre-Admission Counselling and Evaluation, HPB: hepatopancreatobiliary.

Impact of COVID-19 Locally
The first case of COVID-19 in Singapore was detected in
January 2020, and the national “circuit breaker measures” were

announced on April 7, 2020 [18]. This gave us the chance to
stratify the analysis into phase 3 (before COVID-19, from
October 2019 to March 2020) and phase 4 (during COVID-19,
from April 2020 to September 2020). During phase 4, there
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were three modifications to postoperative mobilization due to
COVID-19: (1) physiotherapists had to wear full personal
protective equipment during physiotherapy sessions, (2)
mobilization was limited to within the patients’ cubicles to limit
the risk of infection, and (3) segregation of physiotherapy teams
to reduce cross-contact among the health care personnel.

Perioperative Management and Prehabilitation
Program
In 2016, the HPB unit introduced an inpatient prehabilitation
program, 2 to 4 weeks in duration [17]. The program involves
a multidisciplinary team comprising physiotherapists, dieticians
for nutrition optimization, and case managers for patient
education on the surgery and postoperative expectations. All
elective major HPB surgical patients were considered for the
program unless excluded due to logistic reasons or resource
constraints (eg, the surgery date was too close or there was a
lack of program slots). Pain management is an integral part of
the prehabilitation program and an essential component relevant
to mobilization. We adopted a multimodal approach to manage
postoperative pain; the ON-Q PainBuster (B Braun Melsungen
AG), an elastomeric pump device providing a continuous
infusion of 400 ml of ropivacaine, was intraoperatively inserted
at the discretion of the surgeon in the preperitoneal space. The
ON-Q PainBuster was not routinely inserted for laparoscopic
procedures. The majority of patients were also on
patient-controlled analgesia (PCA) (fentanyl) and paracetamol
postoperatively. Epidural analgesia is infrequently used at our
institution in view of the following reasons: (1) placement and
removal of epidural analgesia is more technically challenging
and slower compared to the ON-Q PainBuster; (2)
recommendations from the American Society of Regional
Anesthesia that an international normalized ratio (INR) of 1.4
is the upper limit for safe removal of an epidural catheter (in
our group of patients undergoing major hepatic resections, an
abnormal INR is to be expected and would require fresh frozen
plasma coverage [19]); and (3) local protocol mandating the
need for monitoring in high-dependency units while on epidural
analgesia (this precludes patients who are clinically improving
and stable after transfer to the general ward and occupy limited
high-dependency beds for patients who may require
high-dependency monitoring).

Data Collection and Study Variables
Data were extracted for all patients included in this study from
phases 2 to 4 (May 2019 to September 2020) from a
prospectively maintained standing database for patients
undergoing HPB surgery approved by the local institutional
review board. Data were not extracted for patients for phase 1
(before CPIP implementation). Study variables included
insertion of the ON-Q PainBuster intraoperatively, pain score,
length of hospital stay, distance ambulated on POD 2, morbidity,
balance measures, and reasons for failure to achieve targets.
Length of hospitalization stay was defined as the duration of
hospital stay calculated from admission to the point of discharge.
Successful mobilization was defined as sitting out of bed for
>6 hours on POD 1 and ambulation of ≥30 m on POD 2 [9].
Morbidity was defined as the incidence of pneumonia and deep
vein thrombosis. Balance measures, defined as potential
complications secondary to mobilization—incidence of falls
and accidental drain dislodgement—were evaluated.

Statistical Analysis
All data were tabulated into an Excel sheet (Microsoft Corp)
and transposed into SPSS, version 25.0 (IBM Corp), for
statistical analysis. Categorical values were described as
percentages and analyzed by the chi-square test and Fisher exact
test for variables with expected cell count <5. Continuous
variables were described as median (IQR) or mean (SD) and
were analyzed by the Kruskal-Wallis test or analysis of variance
(ANOVA), respectively. Statistical significance was defined as
a P value of <.05.

Results

Baseline Demographics and Clinical Profile
A total of 114 patients underwent major HPB surgery from
phases 2 to 4 of our study, with 33 (29.0%), 45 (39.5%), and
36 (31.6%) patients in phases 2, 3, and 4, respectively. Baseline
patient demographic data were not collected for phase 1
(pre–CPIP implementation); information on the median
mobilization rate of 22% during phase 1 was obtained from the
HPB surgery dashboard in 2018 following the implementation
of the ERAS protocol in our HPB unit. The majority of the
patients were male (n=79, 69.3%) and underwent hepatic surgery
(n=92, 80.7%). There were 76 (66.7%) patients who had an
ON-Q PainBuster insertion intraoperatively. Table 1 summarizes
the demographics of the study population from phases 2 to 4.
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Table 1. Patient demographics and clinical profile of the study population.

P valuePhase 4d (n=36)Phase 3c (n=45)Phase 2b (n=33)Overall cohorta (n=114)Characteristic

.7467 (61.3-72)66 (61-71)67 (56-71)66.5 (60.8-71.3)Age (years), median (IQR)

.3028 (77.8)31 (68.9)20 (60.6)79 (69.3)Gender (male), n (%)

.19ASAe score, n (%)

0 (0)0 (0)1 (3.0)1 (0.9)I

8 (22.2)19 (42.2)11 (33.3)38 (33.3)II

28 (77.8)26 (57.8)21 (63.6)75 (65.8)III

.0823 (63.9)19 (42.2)21 (63.6)63 (55.3)Prehabilitation, n (%)

.01Surgical approach, n (%)

15 (41.7)12 (26.7)13 (39.4)40 (35.1)Laparoscopic

5 (13.9)0 (0)0 (0)5 (4.4)Laparoscopic converted open

16 (44.4)33 (73.3)20 (60.6)69 (60.5)Open

.42Type of surgery, n (%)

28 (77.8)39 (86.7)25 (75.8)92 (80.7)Hepatic

8 (22.2)6 (13.3)9 (24.2)22 (19.3)Pancreatic

.4623 (63.9)33 (73.3)20 (60.6)76 (66.7)Placement of ON-Q PainBuster (yes), n (%)

.49Abdominal drains, n (%)

6 (16.7)13 (28.9)12 (36.4)31 (27.2)0

25 (69.4)27 (60.0)17 (51.5)69 (60.5)1

5 (13.9)4 (8.9)4 (12.1)13 (11.4)2

0 (0)1 (2.2)0 (0)1 (0.9)3

aOverall cohort refers to the study population from phases 2 to 4. Study demographics are not shown for phase 1 patients.
bPhase 2 refers to the period during CPIP implementation (May 2019 to September 2019).
cPhase 3 refers to the sustainability phase post-CPIP but before the COVID-19 pandemic (October 2019 to March 2020).
dPhase 4 refers to the sustainability phase post-CPIP during the COVID-19 pandemic (April 2020 to September 2020).
eASA: American Society of Anesthesiologists.

Postoperative Outcomes
Table 2 summarizes the outcomes of the study population in
each phase of the study.

The median mobilization rate was 22% for phase 1, 78% for
phases 2 and 3 combined, and 79% for phase 4 (Figure 1). We
combined the median mobilization rate for phases 2 and 3 as
the mobilization rate at the start of phase 2 will be lower since
it takes time for the effects of the CPIP to be seen; in April 2019

(prior to the start of phase 2), mobilization was 2 out of 10
(20%). The mean pain score was 2.7 (SD 1.0) on POD 1 and
1.8 (SD 1.5) on POD 2. A pairwise comparison of pain score
on POD 2 showed a significant difference in pain score between
phases 2 and 4 (phase 2: pain score 2.3, SD 1.8 vs phase 4: pain
score 1.3, SD 1.3; P=.01). The median length of hospital stay
was 6 days (IQR 5-11.8). There were no falls or accidental
dislodgement of drains. A total of 6 patients (5.3%) had
pneumonia.
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Table 2. Study population outcomes.

P valuePhase 4d (n=36)Phase 3c (n=45)Phase 2b (n=33)Overall cohorta

(n=114)

Characteristic

.01350 (259-456)285 (228-353)248 (178-379)338 (240-489)Operating time (min), median (IQR)

.369 (25.0)6 (13.3)5 (15.2)20 (17.5)Blood transfusion (yes), n (%)

.796.5 (4-17)6 (5-8)6 (4-8)6 (5-11.8)Length of hospital stay (days), median (IQR)

Pain score, mean (SD)

.982.7 (1.5)2.7 (1.0)2.7 (0.7)2.7 (1.0)PODe 1

.011.3 (1.3)1.8 (1.2)2.3 (1.8)1.8 (1.5)POD 2

.1929 (80.6)40 (88.9)24 (72.7)93 (81.6)Ambulated ≥30 m on POD 2 (yes), n (%)

.1650 (30-100)70 (45-100)40 (21-100)50 (30-100)Actual distance walked (m), median (IQR)

.51Reasons for failing to achieve target ambulation (n=21), n (%)

2 (28.6)2 (40.0)2 (22.2)6 (28.6)Pain

1 (14.3)1 (20.0)3 (33.3)5 (23.8)Lethargy/giddiness

0 (0)1 (20.0)1 (11.1)2 (9.5)Nausea

1 (14.3)0 (0)1 (11.1)2 (9.5)Hypotension/tachycardia

0 (0)0 (0)2 (22.2)2 (9.5)Medical instructions (postchest tube removal)

1 (14.3)1 (20.0)0 (0)2 (9.5)Local protocols (ongoing blood transfusion)

2 (28.6)0 (0)0 (0)2 (9.5)Admitted to ICUf

Morbidity, n (%)

N/Ag0 (0)0 (0)0 (0)0 (0)Falls

.463 (8.3)1 (2.2)2 (6.1)6 (5.3)Pneumonia

N/A0 (0)0 (0)0 (0)0 (0)Deep vein thrombosis

aOverall cohort refers to the study population from phases 2 to 4. Study demographics are not shown for phase 1 patients.
bPhase 2 refers to the period during CPIP implementation (May 2019 to September 2019).
cPhase 3 refers to the sustainability phase post-CPIP but before the COVID-19 pandemic (October 2019 to March 2020).
dPhase 4 refers to the sustainability phase post-CPIP during the COVID-19 pandemic (April 2020 to September 2020).
ePOD: postoperative day.
fICU: intensive care unit.
gN/A: not applicable.

Reasons for the Failure of Early Postoperative
Mobilization
Table 2 summarizes the reasons for the failure of early
postoperative mobilization. A total of 21 patients (18.4%) failed
to ambulate ≥30 m on POD 2. Among these patients, 15 (71.4%)
underwent open surgery, and 17 (81.0%) had the ON-Q
PainBuster inserted intraoperatively. A total of 13 patients
(61.9%) had either inpatient or outpatient prehabilitation before
the surgery. The most common reason for failure to achieve the
ambulation target was pain (6/21, 28.6%), followed by lethargy
or giddiness (5/25, 23.8%). In addition, 2 patients (9.5%) were
required to have complete rest in bed due to chest tube removal,
and 2 patients (9.5%) had ongoing blood transfusions upon
review by the physiotherapist and hence did not ambulate.
Another 2 patients (9.5%) were admitted in the intensive care
unit and were not stable enough for physiotherapy.

Discussion

Principal Findings
Our study demonstrated the long-term sustainability of the CPIP
to promote early mobilization following elective major HPB
surgery after CPIP implementation. The mobilization rate during
the COVID-19 pandemic was 79%.

CPIPs target a specific, measurable goal, identify critical
barriers, and develop a model for improvement. We previously
described the success of our CPIP in improving postoperative
mobilization [9]. A quality dashboard inclusive of a Pareto chart
was provided to clinician stakeholders in 2018. Engagement of
physiotherapy and nursing colleagues was done to understand
the micro and macro workflows relevant to mobilization. Root
cause analysis for barriers to mobilization was done by a core
team trained in CPIP use. The surgeon-led multidisciplinary
quality improvement initiative with multiple PDSA cycles
adhering to the CPIP philosophy led to improved process
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outcomes along with cost savings [9]. However, a CPIP can
only be successful if it is sustainable. Sustainability is defined
as the capacity of a health service to deliver health care over
time with considerations for future generations [10]. It is an
essential facet of health care innovation. It has, therefore, been
incorporated to be included in the Institute of Medicine’s six
domains of quality by the Royal College of Physicians [10].
Alexander et al [11] concluded that the median follow-up time
for health care quality improvement projects was less than 1
year, which is insufficient to observe the long-term effects of
any implementation on clinical outcomes. We continued the
follow-up of our CPIP for 1 year following the implementation
and divided our analysis into phase 3 (before COVID-19) and
phase 4 (during COVID-19) to observe differences during these
two periods. During both periods, we achieved a ≥75% target
mobilization rate.

Early mobilization is a facet of the ERAS program; a
meta-analysis by Ji et al [20] on the use of ERAS in pancreatic
surgery demonstrated lower incidence of delayed gastric
emptying (odds ratio (OR) 0.58, 95% CI 0.48-0.72, P<.001),
lower postoperative complication rates (OR 0.57, 95% CI
0.45-0.72, P<.001), and shorter length of hospital stay (weighted
mean difference –4.45, 95% CI –5.99 to –2.91, P<.001).
However, compliance was not reported in the meta-analysis.
The failure of ERAS programs may be due to a lack of
compliance rather than the concept of ERAS itself [21,22]. Elias
et al [23] published the Reporting on ERAS Compliance,
Outcomes, and Elements Research (RECOvER) checklist to
improve compliance, including the need to describe a strategy
for early mobilization. They defined early mobilization as
fulfilling all of the following: (1) in the postoperative anesthesia
unit, to ambulate from bed to chair, (2) on POD 0, to ambulate
3 times and sit out of bed for all meals (no distance or time
duration specified), and (3) on POD 1, to sit out of bed for ≥8
hours. This provides a standardized checklist with a clear
definition, but the definition of early mobilization is
heterogeneous in other studies. Wind et al [24] defined early
mobilization as sitting out of bed for >2 hours on POD 0, >6
hours on POD 1, and >8 hours on POD 2. Gatt et al [25] defined
it as sitting out of bed on POD 0 and ambulating the length of
the ward on POD 1. We defined early mobilization as sitting
out of bed for >6 hours on POD 1 and ambulating ≥30 m on
POD 2. A review of existing literature on ERAS programs
showed heterogenous definitions of early postoperative
mobilization, ranging from “time spent out of bed” and “time
ambulated” to “distance or steps walked on POD 2 or beyond.”
Hence, the value of “30 m” was chosen based on past experience
and the practical needs of patients in our local context: 30 m is
the approximate distance to ambulate from the living room to
the toilet and back. The ability to do so would suggest that the
patient is able to independently carry out activities of daily
living, making this a meaningful distance target. Furthermore,
the to-and-fro distance from patients’ cubicle to the ward
entrance is approximately 30 m, making it logistically easier
for physiotherapists and nurses to record the distance ambulated
[9,26]. It is important to note that the terminologies
“mobilization” and “ambulation” are not synonymous. Patients
were required to fulfill both criteria—sitting out of bed for >6
hours on POD 1 and ambulating ≥30 m on POD 2—to be

deemed successful in early postoperative mobilization. While
we agree that patients are instructed to sit out of bed usually on
either POD 0 or POD 1, it is the act of ambulating that is more
relevant to patients’ physiologic function and activities of daily
living. Therefore, we defined mobilization by the act of
ambulating, rather than by only sitting out of bed. Further
prospective studies examining postoperative mobilization should
use standardized and concise definitions of mobilization to have
a clear endpoint and for results to be reproducible for
large-volume meta-analyses.

The COVID-19 pandemic has resulted in disruption in the
delivery of health care services, especially in the surgical
subspecialties. Recommendations were made for postponing
elective surgical cases where possible [27]. Locally, there was
a shift toward nonoperative management for stable, benign
conditions such as uncomplicated acute cholecystitis [28]. This
was to redirect resources toward the management of patients
with COVID-19. Our study, however, showed that we were
able to maintain mobilization targets even during the pandemic.
Following the CPIP, we continued implementing preoperative
counseling and reinforcing the importance of early mobilization
on POD 1 during routine ward rounds. Reasons that were
previously identified for failure to ambulate continue to be
addressed. Pain was the most common reason for failure to
achieve the ambulation target (n=6, 28.6%). In our institution,
the ON-Q PainBuster was placed intraoperatively in the
preperitoneal space for major open surgeries to deliver
bupivacaine or ropivacaine through continuous infusion. This
is reported to be effective in reducing postoperative pain and
facilitating early ambulation compared to a placebo [29]. PCA
was also used as part of our multimodal approach for analgesia.
Nevertheless, pain remained the most typical reason for failure
to achieve ambulation targets; this is likely because of the need
to balance the side effects of excessive analgesic use, such as
nonsteroidal inflammatory drugs, with the risk of renal
impairment adverse cardiac events and gastrointestinal bleeding
[30]. Use of opioids is also associated with delayed recovery
of bowel function, as well as postoperative nausea and vomiting,
which may limit ambulation. Therefore, titration of analgesia
needs to obtain the best control of pain and limit side effects to
improve mobilization. Interestingly, there was a significant
reduction in pain score on POD 2 from 2.3 (SD 1.8) during
phase 2 to 1.3 (SD 1.3) during phase 4 (P=.01), with comparable
incidence of laparoscopic surgery, which may have contributed
to the sustainability of early postoperative mobilization. While
improved pain incentivizes patients to mobilize early, Ni et al
[31] demonstrated improved pain scores on POD 5 in patients
who had early ambulation compared to the control group (mean
3.1, SD 1.1 vs mean 3.8, SD 2.4; P<.05). To add on to the
discussion, while epidural analgesia is an alternative for pain
control, our institution prefers ON-Q PainBuster to epidural
infusion as ON-Q PainBuster is relatively easier to insert and
remove and does not require an INR ≤1.4 for safe removal unlike
epidural catheter. A systematic review by Mungroop et al [32]
showed that preperitoneal wound catheters provide statistically,
but not clinically, significantly different pain control at rest on
POD 1 as epidural analgesia (mean difference 0.44, 95% CI
0.06-0.79; P=.02), with a lower incidence of hypotension
(relative risk 0.29, 95% CI 0.13-0.68; P=.004) and patient
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satisfaction. While pain is the most common reason for failure
of ambulation, we have attempted to mitigate it via adoption of
a multipronged pain control approach.

Further, a plausible reason for the sustainability in having high
postoperative mobilization rates despite no active oversight
could be due to staff empowerment following CPIP
implementation. Our CPIP has emphasized the importance of
early postoperative mobilization, with the aim of ambulating
≥30 m on POD 2. Chong et al [33], who studied nurses’practices
regarding early mobilization among mechanically ventilated
patients, found that the majority of nurses (99.2%) observed
in-bed mobilization among patients, but only a minority (14.4%)
saw out-of-bed mobilization. They attributed the lack of doctors’
order for physiotherapy or the lack of nursing staff availability
as possible reasons for the lack of out-of-bed mobilization [34].
In line with this, we feel that the strong reinforcement of early
postoperative mobilization has provided nursing staff with
confidence to allow patients to sit out of bed on POD 1 and
promote early mobilization where feasible and when permitted
by resource availability. Other indirect measures played by
nursing colleagues include charting of pain scores and provision
of adequate analgesia to manage pain, which is the most
common factor for the lack of early postoperative mobilization
[35].

Early postoperative mobilization has been shown to improve
clinical outcomes, with a reduced length of hospital stay and
incidence of pneumonia and deep vein thrombosis [2,3].
Incidence of postoperative pneumonia following liver surgery
has been reported to range from 8.2% to 13% [36-39].
Mobilization has been postulated to elicit cardiopulmonary
responses, which enhance oxygen transport, increase tidal
volume that may reverse atelectasis, and improve gas exchange
or reduce the risk of aspiration in view of an upright position
[40]. Our study showed a relatively lower 5.3% overall incidence
of postoperative pneumonia from phases 2 to 4, which may be
multifactorial: laparoscopic surgery, prehabilitation, early
mobilization, and multimodal analgesia with adequate pain
control [41].

To improve clinical outcomes, it is integral to improve the
process outcomes of all integral components of ERAS protocols.
Increasing compliance to existing protocols is an important step
forward [2]. Our study demonstrated improvement in early
postoperative mobilization rates within our institution; however,
our sample size is relatively small, and the generalizability of
the results is limited due to the heterogeneous patient population.
The concept and technology of health information exchange
(HIE) may be adopted to improve the situation. HIE as defined
as the use of technology to share clinical and administrative

data electronically across health care institutions and
repositories; it may be considered to facilitate large-scale
prospective studies to provide improved quality of health care
and cost savings [42]. A novel method of tracking the
compliance and development of predictive risk scores for
various clinical outcomes was recently developed by Cochran
et al [43]. Research Electronic Data Capture (REDCap), which
is an electronic data management system primarily used for
data collection, was used to track compliance to ERAS protocols
in our institute. Use of both health informatics and REDCap
simplifies the process of tracking clinical outcomes and
disseminating clinical performance indicators. This permits a
quick update of the ERAS dashboard, planning of targeted
interventions to improve outcomes, and easy sharing of data
across institutions through the HIE technology. Furthermore,
embracing these technologies reduces missing data and
recording bias to some extent. Institutions with ongoing ERAS
protocols should also re-examine their respective surgery
dashboards to ensure continued quality improvements.
Interinstitutional collaboration should also be encouraged to
facilitate high-powered evidence.

Strengths and Limitations
The strength of our study is that it is, to our knowledge, the only
study to report the long-term sustainability of mobilization
during the COVID-19 pandemic. We also included reasons for
failure to achieve ambulation targets to improve future CPIPs.
However, this study has a few limitations. Heterogeneity of the
study population, which includes patients who underwent liver
surgery and pancreatic surgery, limits the generalizability of
the results. We also did not assess the benefits of early
postoperative mobilization on clinical outcomes, such as length
of hospitalization and postoperative morbidity [2]. The primary
aim of this study was descriptive, to describe our experience in
sustaining the CPIP at 1 year following implementation during
the COVID-19 pandemic. This study also included patients who
underwent prehabilitation, which may indirectly have led to the
achievement of the mobilization target.

Conclusion
This follow-up study demonstrated the sustainability of our
CPIP in improving early postoperative mobilization rates in
patients who underwent elective major HPB surgery 1 year
following implementation, even during the COVID-19
pandemic. Further large-scale, multi-institutional prospective
studies are needed to define mobilization and assess compliance
to early mobilization initiatives. Sustaining a clinical
improvement initiative is an essential determinant of
value-driven patient-centric health care.
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Abstract

Background: The postoperative period is crucial for the initiation of healing and prevention of complications after any surgical
procedure. Due to factors such as poor compliance, comprehension, and retention of instructions, and other unaccounted factors,
the objectives of postoperative care are not always achieved. Therefore, an Android-based mobile health app (ExoDont) was
developed to ensure a smooth postoperative period for patients after a dental extraction. The ExoDont app delivers reminders for
postoperative instructions and drug intake at defined intervals, thus fostering self-reliance among patients in taking their prescribed
dose of medication.

Objective: The aim of this study is to design, develop, and validate ExoDont, an innovative app for improved adherence to
postoperative instructions after tooth extraction.

Methods: A postoperative treatment protocol was developed by a team of oral and maxillofacial surgeons and general dentists,
following which the clinical and technological requirements of the app were determined along with the software engineers, graphic
designers, and applications architect in the team. ExoDont was developed to provide timely reminders for medication and
postoperative care. The app was field tested and validated using the User Version of the Mobile Application Rating Scale.

Results: The ExoDont software design was divided into a 3-level architecture comprising a user interface application, logical
layer, and database layer. The software architecture consists of an Android-based ExoDont app for patients and a web version of
the admin panel. The testing and validation of the ExoDont app revealed that Perceived Impact received the highest mean score
of all rated components (mean 4.6, SD 0.5), while Engagement received the lowest mean score (mean 3.5, SD 0.8).

Conclusions: The testing and validation of the app support its usability and functionality, as well as its impact on users. The
ExoDont app has been designed, keeping the welfare of patients in view, in a user-friendly manner that will help patients adhere
to the prescribed drug regimen and ensure easy and efficient dissemination of postoperative instructions. It could play an
instrumental role in fostering compliance among patients and significantly decrease the complication rate following dental
extractions.

(JMIR Perioper Med 2021;4(2):e31852)   doi:10.2196/31852

KEYWORDS

ExoDont; Android app; teledentistry; mHealth; tooth extraction; postoperative; dentistry; dentist; teeth; dental surgery; oral
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Introduction

One of the most important factors that influences the recovery
process after any surgical procedure is adherence to
postoperative care instructions. Patient compliance describes
the degree to which a patient follows medication regimens and
instructions given by the doctor [1]. A successful postoperative
care period depends on the patient understanding and
implementing the guidelines as advised by treating doctors to
minimize morbidity and surgery-related complications, and to
improve quality of life [2].

Tooth extraction is the most common surgical procedure in oral
surgery. Compliance with postoperative instructions after a
tooth extraction is influenced by language difficulty, low health
literacy, inadequate surgeon-patient communication, and patient
inability to concentrate on instructions due to postoperative
stress and their emotional and psychological state [3-5].

The World Health Organization classifies the lack of adherence
to posttreatment instructions as a major global problem [6].
Studies estimate that around 20%-50% of patients do not take
their medication correctly [7-9] and the reasons for this
nonadherence are varied, with the most frequent reason being
that it was involuntary (ie, either confusion or forgetfulness).
This highlights the need for designing a system and method that
would foster adherence in patients and help reduce postoperative
complications.

With this in mind, our team developed an innovative software
application for timely delivery of postoperative instructions
named ExoDont. ExoDont is an Android-based hybrid
application aimed at fostering treatment adherence in patients
undergoing tooth extractions. It is an attempt toward
encouraging the public to take ownership over their medication
use—including taking the prescribed dose at the right frequency
and for the correct duration—with a personalized, easy-to-use
innovative app-based system that displays reminders to take
medication at appropriate times and illustrates postoperative
instructions. We hypothesize that the use of this internet-based
application will improve patient compliance and reduce
complications after tooth extraction over the conventional mode
of transmission of postoperative instructions; a detailed analysis
will be presented as the second part of the project.

Methods

Developing a Postoperative Treatment Protocol
The first step in developing the ExoDont app was to establish
the postoperative treatment protocol, which included antibiotics
and analgesics along with postextraction instructions to be
prescribed to the patient after tooth extraction. A team of oral
and maxillofacial surgeons along with 2 general dentists
developed a list of postprocedural medications (antibiotics,
analgesics, multivitamins, antacids, etc) along with their dosages
based on international recommendations [10]. A list of
postoperative instructions was formulated by referring to
previously available data [2].

Determining Clinical and Technological Requirements
The technology team, consisting of software engineers, a graphic
designer, and an applications architect, was then briefed about
the app requirements. The following list of requirements was
provided to the technology team: (1) the app should provide the
abovementioned list of medications for the doctor to choose
from, (2) patients should get timely instructions and reminders
based on the time of tooth extraction and frequency and duration
of prescribed medication, (3) the user interface should display
the prescription and all instructions for the patient to view once
logged into the app, and (4) patient data privacy should not be
compromised.

Determining App Design
The technological team laid out the app design considering the
following points. First, the app should ensure the confidentiality
of patient information. Second, the system needs to be
user-friendly for both the admin/doctor and the patient. Third,
there needs to be a back-end server that stores and manages
notifications sent to the patient. Fourth, it should be usable and
adaptable for common operating systems. The patient will be
required to download the app on his/her Android-operated
device and enter the user ID and password provided by the
authorized individual who will enter the patient credentials as
well as the prescribed medication via a secured web page.

Field Testing and Validation of the App
Field testing was done in a group of 5 volunteers to check for
the accuracy of the app in delivering the right instructions and
reminders for medication. The app was tested in a group of 10
patients who underwent tooth extraction. The modified User
Version of the Mobile Application Rating Scale (uMARS) was
used to critically appraise the app.

Results

Overview
The ExoDont software system design was divided into a
three-level architecture: (1) user interface application, (2) logical
layer, and (3) database layer.

Both the user interface layer and logical layer are separate from
the database layer. This design protects patient/user privacy and
permits only authorized hospital staff to access the data from
the admin interface. The design of the software relies on
client-server architecture, with the user application interfaces
operating as clients (resource and service requesters) and the
back-end system operating as the server (resource and service
provider).

Client-Side Software
In the development of ExoDont, the Ionic framework was used,
which is an open-source mobile user interface toolkit for
building high-quality, cross-platform native and web app
experiences; it is fast, has a single code base, and runs
everywhere with JavaScript. The framework works with
Angular, with TypeScript as the programming language.
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Server-Side Software
When designing the server-side software, data security and
cross-platform connectivity were taken into consideration.
Node.js with an Express backend was used in its development,
which includes a support library that interacts with popular
database management systems and protects against malicious
attacks. The admin panel was designed to allow an authorized
person to enter patient details and choose suitable medications
and instructions to be given to the patient.

Software Architecture

ExoDont
This Android-based app has to be downloaded onto the patient’s
mobile phone. The patient will be able to access it using the
login credentials provided by an authorized person. The entire
process at reception takes less than 10 minutes, after which the
patient will be able to view the home screen displaying all
current and past notifications (Figure 1). A feed section with
oral health information and a profile page with the patient’s
personal information will also be made available to the user.
The interface is user-friendly and enables quick and simple
input (Figure 2).

Figure 1. Workflow of the ExoDont app.

Figure 2. User interface of the mobile version of the ExoDont app.
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Admin Panel
Only an authorized admin/doctor was allowed access to this
panel using login credentials made available exclusively to
him/her. Once logged in, the admin was able to view all patient
records and current prescriptions. He/she will be able to add a
new patient, select required medications, and set up notifications

according to the time of extraction (Figure 3). Nonproprietary
(generic) names of drugs used in the prototype are available at
all times in any region and the admin is free to choose from the
list. This is independent of the market availability of that drug.
Moreover, the list is customizable to address the specific needs
of a particular region where drugs other than the ones mentioned
may be in use.

Figure 3. The web version of the ExoDont app.
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Database Implementation
To improve cross-platform connectivity, a popular and robust
open-source database management system called MongoDB
was used to capture, query, and administer the data collected
by the ExoDont app. The database comprises the following 4
tables that store raw and processed data:

1. The patient table, which contains the personal information
(name, age, gender, registration number) and login
credentials of all patients.

2. The medicine course table, which includes details about
the medicine course of all patients and gets updated with
every new patient entered.

3. The medicine store table, which includes the list of all
available medications the doctor can choose from.

4. The notification table, which contains information about
all notifications sent to the patient and gets updated
depending on the prescription of various patients.

Testing and Validation
Field testing results showed that privacy of patient data was
maintained in the app as no test participant could access details
of other patients. The 10 patients who used the app were asked
to complete the uMARS questionnaire [11]. According to the
results, the Perceived Impact of the app received the highest
mean score (4.6, SD 0.5), with the individual scores ranging
from 3.5-5.0. Functionality and Information received equal
mean scores of 4.5 (ranging from 2.3-5.0 for Functionality and
3.0-5.0 for Information). The lowest mean score was observed
for Engagement (3.5, SD 0.8), with an individual score range
of 1.8-4.8. The detailed uMARS results are presented in Table
1.

Table 1. Mobile App Rating Scale results for the ExoDont app.

Overall mean (per
participant)

Perceived impactSubjective qualityInformationEstheticsFunctionalityEngagementParticipant

2.63.52.83.02.02.31.81

4.44.74.34.84.05.03.62

4.85.04.55.04.75.04.83

4.34.53.84.54.05.04.24

4.35.04.05.03.74.53.45

4.24.33.54.84.74.53.66

3.84.53.34.53.04.53.07

4.55.04.55.04.35.03.48

3.94.33.34.03.35.03.29

4.24.73.54.54.34.33.810

4.0 (0.6)4.6 (0.5)3.7 (0.6)4.5 (0.6)3.8 (0.8)4.5 (0.8)3.5 (0.8)Overall mean (SD)
by component

Discussion

Principal Findings
The past few years have seen a greater reach of mobile devices
in developing countries such as India, much more than that of
the necessities of electricity, roads, and clean water. Extensive
and rapid development of mobile technology, a fall in market
prices of products, and a large increase in rates of use are the
driving factors of the increase in eHealth delivery systems [12].
The vast array of smartphones, mobile tablets, and mobile
medical apps has revolutionized healthcare delivery systems
and has presented an unprecedented opportunity to consumers
to achieve their healthcare goals [13]. Presently, there are more
than 165,500 smartphone apps specifically related to health
services, and one in five people have downloaded such mHealth
apps [14]. The Clinical Event Annotator app for real-time patient
monitoring [15]; the Mozzify app, featuring Dengue fever case
reporting, a mapping system, and behavioral modification
through reminders [16]; and the See Me Smoke-Free app [17]
for smoking cessation, eating a healthy diet, and increasing
physical activity are just a few of the many mHealth apps that

tackle lifestyle issues in an efficient manner. Such apps have
turned mobile devices into personal laboratories that have the
potential to consistently assess a person’s physiology, behavior,
social context, and environmental exposure [18].

There are also certain mobile healthcare apps available that
support patients in adhering to their prescribed medication
regimen through reminder functionalities. Medication
adherence–based mHealth apps aim at delivering a behavioral
intervention through reminder systems in the form of push
notifications, text messages, text messages requiring a response,
and other methods [19]. RxmindMe is a straightforward
reminder-based app that informs the patient when the dose is
due and additionally has a provision for recording when the
dose was taken [20]. Another novel and advanced system based
on this principle is SmartTrack, aimed at improving patient
adherence to inhaler devices. It works by clipping onto inhaler
devices and recording the date and time the inhaler was used;
it also sends alerts when a defined dose is missed [21]. Positive
outcomes in therapeutic adherence have been reported in
multiple studies with a significant statistical difference in
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adherence before and after the introduction of mHealth
interventions [22-24].

The emergence of technology-associated healthcare has paved
the way for teledentistry, which includes a plethora of dental
health apps that are being used for teleconsultation for oral
health–related issues, booking appointments, and for electronic
recordkeeping. The earliest evidence reported for online dental
services was for teleassistance for minor orthodontic
emergencies using mobile phones with a video function [25].
Since then, several other dental apps have been developed to
cater to people’s oral health needs. One such app, DDS GP,
provides patient information and treatment planning, while
another app, BrushDJ, encourages the user to brush his/her teeth
for the recommended time of 2 minutes using music as a timer.
The latter also has pop-ups to remind the user to floss or change
his/her toothbrush. Several other dental health apps, including
Dental Monitoring, Dentists for me, and DDS Anywhere, have
been well received by users, especially during the COVID-19
pandemic for emergency consultations across many specialties
of the dental field [26]. However, none of these apps have
addressed the issue of compliance and dental treatment
adherence in patients for postoperative oral care. Furthermore,
it has been found that the involvement of health care
professionals in the process of app development is more likely
to provide greater insight into patient needs and is indicative of
more reliable content and higher quality, but many currently
available mHealth apps are lacking in this area [27]. ExoDont
is a unique app that provides an innovative approach to foster
patients’ adherence to postoperative instructions and the
prescribed medical regimen after tooth extraction. Furthermore,
since ExoDont was developed in close association with health
care professionals, it ensures better quality evidence regarding
postoperative instructions and drug prescriptions. The patient
will receive timely notifications reminding him/her to take the
prescribed antibiotics. Completion of the antibiotic course is
expected to reduce the incidence of antibiotic resistance and
also decrease the likelihood of postoperative complications.

Common complications after tooth extraction include alveolar
osteitis (also known as dry socket), infection, bleeding, and
paresthesia [2,28]. To ensure healing of the surgical site, it is
important that patients comply with postoperative instructions,
which are traditionally given verbally or in writing. In a study
conducted by Vallerand et al [3], it was found that compliance
improved when patients were provided with both verbal and
written instructions after third molar removal. However, Kessels
[5] reported that patients forgot 40%-80% of the information
given by the surgeon almost immediately. Similarly, Houts et
al [29] stated that patients recalled only 14% of instructions
given verbally as compared to 80% of instructions combined
with pictograms. Conversely, in a study conducted by Alvira
et al [2], no statistical difference in terms of adherence to
postoperative instructions was observed with regard to the
manner in which information was presented. ExoDont has thus
been introduced to provide a definitive solution. It is expected
to increase patients’ adherence to the prescribed medication
regimen and postprocedural instructions and in turn reduce
postoperative complications and enhance healing. By providing
prompt reminders, the app is expected to help circumvent

forgetfulness. A study by Vettori et al [30] was able to establish
a positive correlation between the occurrence of alveolar osteitis
and a lack of compliance toward instructions such as refraining
from smoking or using mouthwash.

Antibiotic dose optimization is crucial for any antimicrobial
treatment or prophylactic regimen to be successful. For a drug
to be effective against a microbe, it is essential that the drug
remains at the site of infection at the optimal concentration and
for an adequate amount of time. A drug should be able to
produce concentration-dependent inhibition (by attaining a peak
concentration with respect to the minimum inhibitory
concentration) or time-dependent inhibition (by remaining at a
concentration above the minimum inhibitory concentration for
an adequate length of time). Any variation in the temporal
spacing of the dose or noncompliance can cause a disturbance
in the aforementioned factors and disturb the microbial flora,
which may encourage the development of antimicrobial
resistance [31]. The World Health Organization has declared
antimicrobial resistance to be one of the top 10 global public
threats facing humanity [32]. Dentists prescribe around 7%-11%
of all the common antibiotics for oro-dental infections and the
main cause of the development of antimicrobial resistance is
the incorrect use of the same [33]. ExoDont aims to address
these factors by promoting the appropriate use of antibiotics,
thus reducing the likelihood of short courses, missed doses, or
self-prescribed antibiotic intake in patients.

The critical appraisal of the ExoDont app using the uMARS
scale suggested that the participants found the app to be lagging
behind in engagement, which can be justified as per the aims
and objectives of the app. The app was designed solely for the
purpose of sending reminders and postoperative care instructions
to patients, without any scope for customization or feedback on
their part, which explains why this aspect of the app received
the lowest score. The highest scores were awarded to the app’s
Functionality and Perceived Impact. The app aims at improving
postoperative care through its functionality, as there is currently
a lack of conclusive evidence regarding the best method of
dissemination of postoperative instructions. The perceived
impact rating of the app suggests that the app will be successful
in achieving its objectives. Esthetics and Subjective Quality are
aspects of the app that will be improved in future modified
versions.

ExoDont can be thought of as a first step toward an even broader
and holistic idea that includes all specialties of the dental field.
This prototype presents an innovative scope to teledentistry and
can be expanded to allow a host of other multidisciplinary
functions too. From booking appointments to providing
teleconsultation, ExoDont can be broadened in scope to include
all specialty-specific functions. Figure 4 describes the broader
scope of potential future applications within ExoDont. With the
inclusion of multiple specialties and tasks that the app can
perform, preventable complications can be reduced to a greater
extent. It is expected that patients would have access to solutions
to various oral health issues within a single app. ExoDont is
also a sustainable solution in light of the COVID-19 pandemic.
It could be helpful for providing access to oral healthcare
remotely while a patient is at home.
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As with any technological advancement, ExoDont too has
certain limitations. The app is useful only in the subset of the
population that uses smartphones. An internet connection must
be maintained at all times during the postoperative period for
timely notifications and prompts through the app. The field
testing of the app involved a smaller group of patients to check
for any major functional flaws of the app. Therefore, the limited
responses may not be a very accurate representation of a broader

group’s rating of the app. As a second part of this study, the
app will be tested on specific parameters clinically with a greater
sample size; it will be compared with the existing modalities
of postoperative instruction dissemination. Notably, ExoDont
is an Android app and it is not currently available to iOS users.
Furthermore, the app does not take into account educational
barriers and health literacy, which may negatively impact the
usability of the app.

Figure 4. Reproducibility and application of the ExoDont app.

Conclusions
ExoDont is a promising mHealth app specifically addressing
postoperative treatment and medication adherence after tooth
extraction. The app is expected to show improved patient
compliance and increased medication adherence. Initial studies
have demonstrated acceptability and ease of use by both the

dentist and patient. Future studies are required to establish the
advantages of this app over the conventional mode of
postoperative care. Therefore, as a second part to this study, the
ExoDont app will be tested against the conventional modes of
postoperative care on parameters such as adherence to
medication, functionality of the ExoDont app in a larger sample
size, and reduction in postoperative complication rate.
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Abstract

Background: The majority of American adults search for health and illness information on the internet. However, the quality
and accuracy of this information are notoriously variable. With the advent of social media, US individuals have increasingly
shared their own health and illness experiences, including those related to bariatric surgery, on social media platforms. Previous
research has found that peer-to-peer requesting and giving of advice related to bariatric surgery on social media is common, that
such advice is often presented in stark terms, and that the advice may not reflect patient standards of care. These previous
investigations have helped to map bariatric surgery content on Facebook and YouTube.

Objective: This objective of this study was to document and compare weight loss surgery (WLS)–related content on Instagram
in the months leading up to the COVID-19 pandemic and 1 year later.

Methods: We analyzed a total of 300 Instagram posts (50 posts per week for 3 consecutive weeks in late February and early
March in both 2020 and 2021) uploaded using the hashtag #wls. Descriptive statistics were reported, and independent 1-tailed
chi-square tests were used to determine if a post’s publication year statistically affected its inclusion of a particular type of content.

Results: Overall, advice giving and personal responsibility for outcomes were emphasized by WLS posters on Instagram.
However, social support was less emphasized. The safety, challenges, and risks associated with WLS were rarely discussed. The
majority of posts did not contain references to facts from reputable medical sources. Posts published in 2021 were more likely
to mention stress/hardships of living with WLS (45/150, 30%, vs 29/150, 19.3%; P=.03); however, those published in 2020 more
often identified the importance of ongoing support for WLS success (35/150, 23.3%, vs 16/150, 10.7%; P=.004).

Conclusions: Given that bariatric patients have low rates of postoperative follow-up, yet post-operative care and yet support
are associated with improved health and weight loss outcomes, and given that health content on the web is of mixed accuracy,
bariatric professionals may wish to consider including an online support forum moderated by a professional as a routine part of
postoperative care. Doing so may not only improve follow-up rates but may offer providers the opportunity to counter inaccuracies
encountered on social media.

(JMIR Perioper Med 2021;4(2):e29390)   doi:10.2196/29390
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bariatric surgery; social media; Instagram; health promotion; post-operative medicine; Instagram; online health information;
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Introduction

It is now well understood that health and illness are key drivers
of internet use. Pew Research Center investigators have found
that nearly three-quarters of American adults go on the internet
to look for information related to health and health care [1].
Over one-third of these individuals use the internet in an attempt
to self-diagnose [2]. Notably, high rates of web-based health
seeking behavior have been found in other economically
advanced countries, such as France [3], Germany [4], and
Scotland [5]. In the United States, women, White adults, young
people, and those of higher socioeconomic status are most likely
to seek diagnoses on the web [6]. Pew Research Center indicates
that the most popular web-based health searches include
treatments for specific health concerns and conditions [1]. It is
therefore unsurprising that the internet has become a primary
source of information for individuals who desire weight loss in
general [7] and by means of bariatric surgery procedure in
particular [8,9]. Furthermore, it seems that as weight increases,
so does the likelihood of searching on the web for weight loss
solutions [10]. Finally, there is some evidence that individuals
interested in bariatric surgery use the internet for health
information-seeking more than individuals seeking other forms
of digestive system surgery [8].

The (relative) anonymity of internet use may help to explain
why those medically diagnosed as overweight or obese—defined
by the US Centers for Disease Control [11] as having a BMI of
“25.0 to <30” or “30.0 or higher,” respectively—are particularly
inclined to use the internet for these purposes. Individuals with
stigmatized health conditions have been found to be strong users
of the internet for health and illness information searches [12].
Weight-related bias, stigma, and discrimination are considered
pervasive in such realms as media, education, employment, and
health care [13,14]. This inequitable treatment adversely impacts
both the life chances and health outcomes of higher-weight
individuals [13-16]. The World Health Organization [17] notes
that there is a lack multinational studies comparing weight bias
in different countries. However, similar rates of weight bias
have been reported in the United States, Canada, Iceland, and
Australia [18]. Studies conducted in both the United States [19]
and Germany [20] show a positive association between body
weight and weight-related bias. Specifically, as an individual’s
weight increases, so does the degree of weight-based bias that
they experience.

In health care, individuals medically classified as having obesity
often face a reduced quality of care, in part due to negative
provider attitudes and in part because many health care facilities
are not well suited to treat larger-bodied people [13]. Concerns
over potential provider bias may lead to delays in seeking care
for higher-weight individuals [21]. Thus, the ability to learn
more on the web about weight loss in general and weight loss
surgery (WLS) in particular may seem to some to be a safer
option. Of concern, however, is that the quality and accuracy
of health information on the web varies depending on the source.
Numerous researchers [22,23] have demonstrated variability in
web-based WLS information, noting that the risks of bariatric
procedures are not well discussed and the content often lacks
provider input.

Just as the advent of the internet has radically shifted the modes
by which individuals seek health and illness information, the
rise of social media has transformed the ways in which
individuals express their own experiences and connect with
others around these topics. For example, Pew Research Center
investigators [1] have found that going on the web to read or
watch videos about others’ health and illness experiences,
finding people with similar health concerns, asking health and
illness-related questions, and posting about one’s own health
and illness experiences are common drivers of social media use,
especially for those with one or more chronic health issues.
Although the majority of Americans participate in social media,
platform use varies by age; older US adults tend to frequent
Facebook and YouTube, while younger individuals prefer sites
such as Snapchat and Instagram [24].

Researchers have begun to document WLS-related content on
social media sites. For example, some investigations have
described the nature of WLS support forums on Facebook.
Kombrall et al [25] determined that patient posts most
commonly pertained to information seeking, provision of tips
and advice, and lending encouragement and support to others.
In a separate study, Kombrall et al [26] noted that individuals
in Facebook WLS patient support groups most commonly
solicited and shared nutrition-related advice. Much of the advice
given was presented in stark terms (“eat this,” “don’t eat that”),
as opposed to the more nuanced and personalized approach that
registered dieticians take when advising patients. The authors
of an additional investigation [27] found that although Facebook
WLS support group membership includes bariatric providers,
these individuals had low levels of participation.
Recommendations were instead often provided by seasoned
patients who positioned their time out of surgery as grounds for
providing advice and information to preoperative and newly
postoperative individuals. Bariatric professionals do have a
presence on YouTube; however, as with Facebook, content is
largely driven by lay individuals, and the most popular videos
tend to be of lower educational quality [28].

Although these studies have helped to map the nature of WLS
content on social media, there remains a dearth of research on
Instagram specifically. Instagram is considered to be one of the
most commonly used social media sites in operation, with over
1 billion users worldwide [29]. According to the most recent
study on social media usage by the Pew Research Center,
Instagram is the third most frequently used social media platform
in the United States [30]. Globally, Instagram has been ranked
fifth in terms of numbers of active users [31]. Instagram users
likely span a variety of demographic categories; however, they
tend to be younger individuals [23]. For individuals aged 18 to
29 years, Instagram is the second most frequently used social
media app in the United States, after YouTube [30]. Instagram
is also the social media platform with the second largest age
differential between older and younger American users [30].
One investigation found that Instagram users are also
disproportionately female, of lower socioeconomic status, and
from urban areas [24].

Beyond the general lack of research on this topic, an
examination of WLS-related content on Instagram is warranted
for a number of reasons. First, although the average age of US
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bariatric patients has been documented as approximately
mid-40s [32], the incidence of WLS in young people increased
during the early 20th century [33,34]. Second, individuals
between the ages of 18 and 30 years have been found to rely on
the internet, including social media, for overall health
information [35]. There is evidence to suggest that this age
group is more likely to do so than older age cohorts [36]. Third,
social media platforms are now commonly used by individuals
to seek and relate information related to WLS [7-9; 25-27].
Fourth, seekers of web-based health information do not simply
passively take in such information on WLS but actively make
decisions based upon what they read on the web [9,22]. These
individuals continue to use the internet for postoperative WLS
support [9]. Finally, given the shift away from the routine
provision of in-person care and support necessitated by the
COVID-19 pandemic, bariatric preoperative and postoperative
patients may have increasingly turned to social media to fill this
gap. This study therefore aimed to document and compare
WLS-related content on Instagram in the weeks leading up to
the COVID-19 pandemic lockdowns to those exactly 1 year
later.

Methods

The methods used in this study were derived from prior studies
that investigated health content posted on social media [37,38].
The sample was comprised of 300 Instagram posts created by
users with the hashtag #wls. This hashtag was chosen because
it was included in by far the most posts compared to any hashtag
associated with weight loss surgery or bariatric surgery
(approximately 1 million more posts). The investigation
proceeded by means of a successive sampling study: half of the
sample was collected in 2020, and the other half was collected
exactly 1 year later in 2021. During both 2020 and 2021, 50

posts per week were collected over the course of 3 weeks (the
last week of February, the first week of March, and the second
week of March), thus minimizing the chance that multiple posts
were originating from the same user. Captions, hashtags, and
comments made by the user with the same username associated
with the post were included in the coding. Posts with photos
and videos were included in this study, and any included text
was factored into the coding of content. Exclusion criteria
included posts that were in a language other than English,
images posted without an explanation, and any posts aimed at
advertising or selling a product.

A description and the date posted were noted for each post.
Each of the posts was studied to see whether it exhibited a
predetermined content category. Content coding categories were
based on findings of prior research on internet forum and social
media use by bariatric surgery patients [25,26,39]. For the data
collected, descriptive statistics were recorded, and independent
1-tailed chi squared tests (α=.05) were performed to determine
if the year of the post statistically impacted the presence of a
given characteristic in the post. Data entry, organization, and
analysis were performed in Excel (Microsoft Corporation). The
Institutional Review Board at William Paterson University does
not require review for studies that involve publicly available
social media content. Nevertheless, users may have an
expectation of privacy when posting on Instagram; thus, no
usernames have been reported in this study.

Results

Table 1 includes a list of 15 different content characteristics of
the studied posts and indicates how many of the 300 posts
included this content. The table also includes a breakdown of
these counts by post year, with relative percentages indicated.
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Table 1. Observed characteristics and content of 300 Instagram posts on WLS (150 from 2020 and 150 from 2021).

P value2021 (n=150), n (%)2020 (n=150), n (%)Total (N=300), n (%)

.30135 (90)140 (93.3)275 (91.7)Personal story

<.001a145 (96.7)127 (84.7)272 (90.7)Photo of person

<.001a25 (16.7)95 (63.3)120 (40)Identifies type of WLSb

.1952 (34.7)63 (42)115 (38.3)Gives advice, tips, suggestions

<.001a29 (19.3)66 (44)95 (31.7)Stresses personal responsibility for improving health

.03c45 (30)29 (19.3)74 (24.7)Mentions stress/hardships of living with WLS

.2633 (22)36 (24)69 (23)Identifies number of years out of surgery

.004d16 (10.7)35 (23.3)51 (17)Identifies importance of ongoing support for WLS success

.2619 (12.7)13 (8.7)32 (10.7)Identifies reason for WLS

.068 (5.3)17 (11.3)25 (8.3)Identifies ongoing side effects of surgery

.02c6 (4)17 (11.3)23 (7.7)Identifies postoperative complications from surgery

.009d4 (2.7)15 (10)19 (6.3)Identifies ongoing work of WLS/WLS as “just a tool”

.066 (4)1 (0.7)7 (2.3)States facts

.313 (2)1 (0.7)4 (1.3)Discusses weight regain

.561 (0.7)2 (1.3)3 (1)Addresses anti-WLS stigma

aSignificant at P<.001.
bWLS: weight loss surgery.
cSignificant at P<.05.
dSignificant at P<.01.

The majority of the posts included a personal story (275/300,
91.7%) and/or included a photo of a person (272/300, 90.7%).
Exactly 40% of the posts (120/300) identified the type of WLS,
while just under 40% (115/300, 38.3%) gave advice, tips, or
suggestions. Just under one-third of the posts (95/300, 31.7%)
stressed personal responsibility for improving health. The
remaining characteristics were present in less than one-quarter
of the posts sampled. The characteristics “gives disclaimer” and
“identifies WLS as safe” were not observed in any of the 300
posts; therefore, they are not included in the table.

Independent 1-tailed chi-square tests (α=.05) were performed
to determine if a post’s publication year (2020 vs 2021)
statistically affected its inclusion of a particular content
characteristic. The last column of Table 1 provides the resulting
P values from these tests, with footnotes indicating statistically
significant results with P<.05, P<.01, or P<.001. Compared to
2021, posts made in 2020 more frequently stressed personal
responsibility for improving health (55/150, 44%, vs 29/150,
19.3%; P<.001), indicated the type of WLS (95/150, 63.3%, vs
25/150, 16.7%; P<.001), identified the importance of ongoing
support for WLS success (23.3% vs 10.7%; P=.004), identified
postoperative complications from surgery (17/150, 11.3%, vs
6/150, 4%; P=.02), and identified ongoing work of WLS/WLS
as “just a tool” (15/150, 10%, vs 4/150, 2.7%; P=.009). Posts
published in 2021, however, were more likely to include the
following content as compared to posts made in 2020: a photo
of a person (145/150, 96.7%, vs 127/150, 84.7%; P<.001) and
mention of stress/hardships of living with WLS (45/150, 30%,
vs 29/150, 19.3%; P=.03).

Of the 150 posts from 2020, 13 (8.7%) included a reason for
the WLS. Of these 13 posts, 6 (46.2%) stated body image as a
reason that the user underwent WLS, and 5 (38.5%) indicated
health/pregnancy as a reason. In 2021, 19 of the 150 posts
(12.7%) included a reason for the WLS. Of these 19 posts, 10
(52.6%) stated body image was a reason the user underwent
WLS, and just over 25% of the posts (n=5, 26.3%) indicated
health/pregnancy as the reason for undergoing WLS.

Discussion

This descriptive, successive sampling study documented and
compared Instagram content on bariatric surgery in the weeks
leading up to the COVID-19 pandemic lockdown to those posted
during these same weeks 1 year later. In both years, the majority
of individuals who had undergone bariatric surgery did not note
their reason for doing so. However, when those reasons were
mentioned, they more commonly pertained to body image issues
and concerns over future health risks than to current
weight-related health problems. Posts containing facts—wherein
a user referred to an external medical source of the information
contained in the post—were very rare. By contrast, posts
offering personal advice, tips, and suggestions for others were
far more common. This is understandable, however, given that
individuals may use social media to specifically read about the
personal experiences of others regarding weight loss surgery
and to share their own. Nevertheless, given the variable quality
of WLS information on the web [22,23], and given that previous
research [25] has found that giving of WLS advice on social
media forums is often presented in a more stark and less nuanced
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manner than a bariatric professional might otherwise provide,
it is possible that the uptake of personal advice offered on social
media will have negative consequences for bariatric patients.
This may be especially the case for younger individuals who
have lower levels of health literacy [40,41].

Interestingly, although references to the risks and challenges
(eg, complications, side effects, weight regain) associated with
WLS were infrequent, discussion of the safety profile of WLS
procedures did not occur at all. Personal responsibility for health
and weight loss outcomes was stressed more commonly than
the importance of social support. Finally, despite research
documenting the extensiveness of weight bias, stigma, and
discrimination [13,20], as well as research which has found that
such stigma extends to an individual’s decision to have bariatric
surgery (with WLS patients being accused of having “taken the
easy way out” by choosing a surgical means of weight loss)
[42,43], psychosocial factors related to either the decision to
have WLS or living with such a procedure were uncommon.

Comparing the two years, posters in 2021 were more likely to
emphasize the ongoing challenges of living with a WLS
procedure but less likely to emphasize personal responsibility
for health or the ongoing work required to live with a WLS
procedure (to avoid complications, side effects, or weight
regain). Moreover, in 2021, posts highlighting the importance
of support for postoperative success decreased compared to the
year prior. Taken together, it appears that in 2021, bariatric
patients posted more often about challenges they faced regarding
WLS but less often about intrapersonal or clinical resources
that might help address these challenges. This finding is notable
given the timing of the data collection. As noted, the first set
of data were collected in the weeks immediately preceding
COVID-19–related lockdowns in the United States and
worldwide. By the time the data were collected 1 year later in
2021, over 500,000 Americans had died of the disease [44].
Globally, there were nearly 2.5 million cumulative deaths from
COVID-19 [45]. Additionally, during this time, highly
contagious COVID-19 variants were circulating; however, mass
vaccination efforts were beginning to move forward. Some
preliminary evidence has found that bariatric patient follow-up
rates may have been improved by a shift to telemedicine during
the pandemic [46]. However, other studies suggest that the
pandemic may have increased the risk of adverse physical and
mental health outcomes for bariatric patients [47-50]. Clearly,
more research will be needed to determine the long-term impact
of the pandemic on bariatric patient outcomes.

Arguably, the impact of using the internet to seek health and
illness information and connect with others who share concerns
and experiences about health and illness is mixed, both in
general and regarding WLS specifically. The internet has
democratized access to information regarding health and illness
(as well as other topics). This democratization has likely
enhanced health-related empowerment and self-efficacy and
has facilitated patient advocacy, particularly around contested
health issues [51]. Additionally, social media forums offer
individuals a convenient way to give and receive ongoing
support. Given that logistical barriers (eg, availability, time,
location, competing responsibilities, and associated expenses)
may prevent some individuals from accessing in-person support

groups, online support forums can help meet this vital need. In
this vein, and given that ongoing support has been found to be
associated with improved health outcomes postoperatively [52],
we view the use of Instagram and other social media by
individuals who undergo WLS to have potential positive
benefits.

However, as noted, health and illness information on the web,
including that related to bariatric procedures specifically, is of
varied quality and accuracy. There does seem to be some debate
in the literature regarding whether individuals searching for
such information find health information on the web to be
credible compared to that from professional sources. What is
well known, however, is that the majority of individuals who
undergo WLS in the United States do not return for follow-up
care and support services within the first 1 to 2 years after
surgery [52,53]. Patients may therefore rely on peer-generated
information and advice without verifying the accuracy of that
information or discussing the appropriateness of applying it to
themselves with their bariatric providers.

It is in this the context that we situate the findings of this study
and our concern therein that Instagram posters emphasized
personal responsibility but not ongoing support for health and
weight loss outcomes. More particularly, we are concerned that
patients may experience challenges as well as more serious side
effects and complications of undergoing WLS but may rely on
the application of peer-to-peer advice and information that does
not meet standards of care to address these concerns. This may
be especially the case for young adults, who have been shown
to adopt health and eating behaviors based on Instagram content
even when they understand that the posted images and content
on the site are highly curated [41]. For our purposes, such
curated images may include representations of visual
transformation posted without any accompanying fact-based
discussion. Young people may also be particularly vulnerable
to health advice coming from “influencers” or aspiring
influencers whose key purpose for posting social media content
is to gain followers and paid sponsorships [54]. Although our
study did not assess whether the posters were influencers, given
that all posts included in this study were publicly available, it
is possible that some of the individuals were posting in this vein.

A number of limitations of this study should be noted. First, in
our investigation, we collected data at two moments in time:
late February to mid-March 2020, and exactly 1 year later in
2021. Given the constantly changing nature of social media, it
is possible that the content would be different at another point
in time. Second, this study relied on publicly available posts. It
could therefore not capture the nature of posts made by private
accounts. However, as noted, our study may have been more
likely to capture posts made by influencers and aspiring
influencers. Third, we investigated the content of WLS
Instagram posts but not the comments. Therefore, we cannot
make claims about the conversations that occur between
individuals on Instagram regarding WLS. Fourth, we cannot
state what impacts, if any, the posts included in the sample had
on Instagram users who engaged with them. Fifth, although
Instagram is a leading social media site, our study only
investigated WLS content on this one platform rather than across
social media sites. Sixth, our cutoff of 50 posts at each data
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collection point was arbitrary in nature. Had we collected a
higher number of posts per week, the results may have been
different. Seventh, Instagram users in the United States tend to
be young people [30]; we were not able to assess the actual age
or other demographic characteristics of the posters (via data
scraping), in accordance with Instagram’s policies. Finally,
although the data were collected just prior to the COVID-19
lockdown period and again 1 year later, we are not able to
demonstrate any causal effect of the pandemic on WLS-related
Instagram content. Despite these limitations, this study begins
to fill a gap in describing how individuals discuss WLS on
Instagram.

In this study, we found that visual transformation, advice giving,
and personal responsibility for health and weight loss outcomes
are emphasized by WLS posters on Instagram. Conversely,
social support is less emphasized. The safety, challenges, and
risks associated with WLS are rarely discussed, and the majority
of posts do not contain references to factual information taken

from credible medical sources. Although the safety profile of
WLS procedures has improved over time, complications and
side effects still occur with some frequency [55]. Moreover,
although side effects and complications of WLS are not
reducible to patient behavior, they are unquestionably related.
Given that American bariatric patients have low rates of
postoperative follow-up [52,53], and yet ongoing post-operative
support is linked with improved health outcomes [52], offering
weight loss surgery patients a variety of convenient and
accessible options for accessing care and support is warranted.
In 2011, Kaiser et al [56] argued that offering a mix of formats
for WLS clinical support groups—telephone, internet, and
in-person—may help address barriers to attending in-person
group sessions. Offering patients an active online support forum
moderated by a bariatric professional may additionally offer
the opportunity to counter misinformation that circulates in
peer-led forums and may also provide the sort of balanced and
nuanced information that can help patients navigate any ongoing
challenges of living with a bariatric surgical procedure.
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Abstract

Background: Despite the importance of their perspectives, end users (eg, patients, caregivers) are not typically engaged by
academic researchers in the development of mobile health (mHealth) apps for perioperative cardiac surgery settings.

Objective: The aim of this study was to describe a process for and the impact of patient engagement in the development of an
mHealth app that supports patient and caregiver involvement with enhanced recovery protocols during the perioperative period
of cardiac surgery.

Methods: Engagement occurred at the level of consultation and took the form of an advisory panel. Patients who underwent
cardiac surgery (2017-2018) at St. Boniface Hospital (Winnipeg, Manitoba) and their caregivers were approached for participation.
A qualitative exploration determined the impact of patient engagement on the development (ie, design and content) of the mHealth
app. This included a description of (1) the key messages generated by the advisory panel, (2) how key messages were incorporated
into the development of the mHealth app, and (3) feedback from the developers of the mHealth app about the key messages
generated by the advisory panel.

Results: The advisory panel (N=10) generated 23 key messages to guide the development of the mHealth app. Key design-specific
messages (n=7) centered around access, tracking, synchronization, and reminders. Key content-specific messages (n=16) centered
around medical terms, professional roles, cardiac surgery procedures and recovery, educational videos, travel, nutrition, medications,
resources, and physical activity. This information was directly incorporated into the design of the mHealth app as long as it was
supported by the existing functionalities of the underlying platform. For example, the platform did not support the scheduling of
reminders by users, identifying drug interactions, or synchronizing with other devices. The developers of the mHealth app noted
that key messages resulted in the integration of a vast range and volume of information and resources instead of ones primarily
focused on surgical information, content geared toward expectations management, and an expanded focus to include caregivers
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and other family members, so that these stakeholders may be directly included in the provision of information, allowing them to
be better informed, prepare along with the patient, and be involved in recovery planning.

Conclusions: Patient engagement may facilitate the development of a detail-oriented and patient-centered mHealth app whose
design and content are driven by the lived experiences of end users.

(JMIR Perioper Med 2021;4(2):e26597)   doi:10.2196/26597

KEYWORDS

cardiac surgery; perioperative care; enhanced recovery protocols; mobile app; smartphone app; mHealth; development; patient
and public involvement; patient engagement in research

Introduction

Enhanced recovery protocols (ERPs) are evidence-based care
pathways aimed at standardizing perioperative care. In offering
a multimodal and interdisciplinary approach to care, these
protocols have been proposed as a clinical strategy to effectively
address complex and multisystem vulnerabilities [1,2], like
those commonly present in older adults undergoing cardiac
surgery [3,4]. Mobile health (mHealth) refers to medical and
public health practice supported by mobile devices (eg,
smartphones, tablets, patient monitoring devices) [5]. mHealth
apps have the potential to enhance the utility of ERPs by
increasing the effectiveness of information delivery and patients’
(and caregivers’) retention of information regarding their health
care plan [6,7]. There is some evidence to support the feasibility
of using mHealth during inpatient recovery of patients who had
undergone cardiac surgery [8]. However, researchers’ efforts
to develop mHealth for the perioperative cardiac surgery setting
(and in general) are often limited by the lack of involvement of
end users (such as patients and caregivers) in research activities
[9].

Patients, caregivers, and other health service users may be
involved in mHealth development studies as research
participants or coresearchers, using participatory methods such
as user-centered design, the participatory action research
framework, and the Center for eHealth Research and Disease
Management Roadmap [10]. Patient engagement (also
commonly referred to as patient and public involvement, patient
involvement, and stakeholder engagement) in research is a form
of participatory action research that involves the “coproduction”
of research with patients and caregivers. It has been defined as
the formation of meaningful and active collaborations between
researchers and patients (including informal caregivers) in
research governance, priority setting, conduct, and knowledge
translation [11]. Lack of attention to end users’ perspectives
during the development phase is one of the competing
explanations for the relatively low uptake of mHealth by patients
[9]. Thus, an important step toward more widespread adoption
of patients and caregivers as coproducers of mHealth research
is one that facilitates a better understanding of processes for
engaging patients and caregivers in mHealth development
studies.

This study was set within the context of a Canadian clinical
research hospital where our research group is involved in the
development and implementation of ERPs for cardiac surgery.
As part of this work, we initiated a project that developed an
mHealth app and determined its effectiveness in improving

knowledge delivery of patient education materials and patient
adherence to ERPs during the perioperative period of cardiac
surgery. A feasibility study of the mHealth app is currently
under review. This study focuses on the patient engagement
process employed to develop the mHealth app, which was
guided by the Canadian Institutes of Health Research’s Patient
Engagement Framework [11] and our scoping review of models
and frameworks of patient engagement in health services
research [12]. Given the novelty of engaging patients as
coproducers of mHealth in academic research settings and
among most of our team members, this study aimed to describe
a process for and the impact of patient engagement on the
development of an mHealth app that supports ERPs for cardiac
surgery.

Methods

Ethical Approval and Consent
This study was set in an academic tertiary care center that
performs cardiac surgery (St. Boniface Hospital, Winnipeg,
Manitoba). Ethical approval for this study was obtained from
the University of Manitoba Research Ethics Board as well as
the Research Review Committee at St. Boniface Hospital.
Patients and caregivers provided written informed consent and
were compensated CAD $50 (CAD $1=US $0.80, for time and
transportation) in addition to the cost of parking per meeting
that they attended. The Guidance for Reporting Involvement of
Patients and the Public long-form checklist guided the reporting
of patient engagement in this paper [13].

Overview of the mHealth App
The mHealth under development was an app-based platform
hosted by BeeWell Health [14]. This study gathered, adapted,
and electronically formatted patient-and-caregiver derived
content that addressed the patient journey from initial cardiac
surgery consent through to the 8-week postoperative recovery
period for delivery via the mHealth app. This content targeted
3 aspects of perioperative care (ie, patient-tailored education,
optimization of patient health, and patient engagement in care)
and focused on 4 domains of information (ie, nutrition,
medications, resources, and physical activity). The 4 domains
of information targeted by the mHealth app were informed by
our previous work with patients who had undergone cardiac
surgery and their caregivers (data unpublished). Specifically,
focus group sessions identified these areas as priorities for
patients who had undergone cardiac surgery and their caregivers.
Continued research (ie, web-based and telephone surveys)
validated these findings within a larger patient and caregiver
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population. A screenshot from the mHealth app is shown in Figure 1.

Figure 1. Screenshot of the mobile health app.

Description of the Patient Engagement Process
Patient engagement in research encompasses a wide range of
activities and participation types, as influenced by the
characteristics of a given project (eg, scope, time, financial
resources) and the contributions patients are willing to offer
[11,15-17]. In this study, engagement took the form of an
advisory panel and occurred at the level of consultation [17].
The role of the advisory panel was to inform the development
(operationalized as design and content) of the mHealth app. The
advisory panel met in-person 3 times, approximately 2 weeks
apart. Each meeting was approximately 3 hours in duration.
Figure 2 displays an outline of the activities that occurred at
each meeting. The activities that occurred within the meetings
were not only developed to gather advisory panel input on the
design and content of the mHealth app but also to
create/facilitate an environment that supported the guiding

principles that underlie patient engagement (ie, mutual respect,
inclusiveness, cobuilding, support; see Multimedia Appendix
1 [11,18-20] for information on our approach to creating an
environment that embodied these guiding principles). The
primary method used to obtain advisory panel members’ input
was group discussions. These discussions centered around 2
open-ended questions: “what information stuck out as important
during your patient journey” and “what information do you
wish you had known during your patient journey.” In addition,
the scope of the discussions was narrowed to 4 domains of
information (ie, nutrition, medications, resources, and physical
activity) identified through previous work, as well as to the
content and layout of information presented in a downloadable
generic version of the mHealth app. A skilled facilitator (DEK)
led the meetings based on a developed facilitation guide. A
notetaker (MGD) and an audio recorder documented the meeting
proceedings.

Figure 2. Outline of the activities in each meeting.

Recruitment
Unlike study participants, patients’ and caregivers’ role in
patient engagement activities was to represent lived experiences
rather than be representative of them [21]. Thus, given the focus
of the mHealth app under development, advisory panel
membership was based upon the shared experience of having
undergone or cared for someone who had undergone cardiac

surgery at our study hospital. Specifically, patients who
underwent the cardiac surgery procedure within the previous 2
years (2017-2018) at the study hospital and consented to be
listed in a database of individuals interested in participating in
future research and their caregivers were approached for
advisory panel membership. As women are underrepresented
in cardiac research and to obtain perspectives that spanned the
gamut of cardiac surgery procedures most typically carried out
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at our study hospital, panel members were selectively chosen
for diversity in sex and procedure type. Individuals were
excluded if they could not read or communicate in English.
Recruitment was targeted at 10-12 individuals based on our and
others’ experiences with group dynamics and group size. For
example, advisory panels within Patient-Centered Outcomes
Research Institute range between 10 and 24 members [22],
whereas group sizes of 9-12 and 6-12 are commonly
recommended for group processes focused on idea generation
and discussion, such as the nominal group technique [23] and
focus groups [24], respectively. Smaller group sizes (n=4-12)
are large enough to facilitate discussion while leaving room for
balanced participation [25].

Impact of Patient Engagement on mHealth App
Development
A qualitative exploration was undertaken to determine the
impact of patient engagement on the development of the
mHealth app. This included description of (1) the key messages
generated by the advisory panel, (2) how key messages were
incorporated into the development of the mHealth app, and (3)
feedback from the developers of the mHealth app about the key
messages generated by the advisory panel.

Analysis
Discussions that occur as part of patient engagement activities
do not typically produce data that are thematically analyzed
[25], as the purpose of patient engagement is to learn from
patient experiences and not interpret patient experiences through
the researcher’s lens. Thus, “real-time processing” of

information takes place during discussions, and the information
that is gathered is generally presented as a list of
stakeholder-made recommendations used to support project
decision making [25]. Accordingly, the meeting facilitator
(DEK) employed common techniques (eg, summarization,
reflection, asking clarifying questions) to identify advisory panel
members’ key messages during discussions. Two study team
members (DEK and AMC) reviewed the research assistant’s
notes from all 3 meetings along with transcripts from the second
meeting to generate a list of key messages about the design and
content of the mHealth app. These key messages were presented
by a study team member (DEK) to the developers of the mHealth
platform to guide the design and content of the mHealth app.
In addition, advisory panel members’ sociodemographic
characteristics, as obtained from our database of individuals
interested in participating in future research (patients) and
self-report (caregivers), were summarized with medians (25th
and 75th percentiles) or counts (percentages). These descriptive
statistics were calculated using Stata version 13.0 (Stata Corp).

Results

Sociodemographic Characteristics of the Participants
Ten individuals (6 patients and 4 caregivers) participated in the
advisory panel. The select sociodemographic characteristics of
the advisory panel members are shown in Table 1. Each
caregiver (n=4) was a patient’s (n=4) spouse. Two of the patients
did not have a caregiver attend any of the advisory panel
sessions.

Table 1. Select sociodemographic characteristics of the advisory panel members (N=10).

Caregivers (n=4)Patients (n=6)Variable

N/Aa74 (72-76)Age (years), median (IQR)

3 (75)3 (50)Females, n (%)

Ethnicity, n (%)

4 (100)5 (83)White/Caucasian/European

0 (0)1 (17)First Nations/Inuit/Metis

Procedure type, n (%)

N/A3 (50)Aortic valve replacement

N/A1 (17)Aortic valve replacement/coronary artery bypass grafting

N/A1 (17)Aortic valve replacement/mitral valve replacement

N/A1 (17)Mitral valve replacement

aN/A: not applicable.

Key Messages About the Design of the mHealth App
A summary of the advisory panel members’key messages about
the design and content of the mHealth app is shown in Table 2.

Key messages were about the design features of the mHealth
app related to access, tracking, synchronization, and reminders.
Specific key messages about the mHealth app design are shown
in Table 2.
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Table 2. Key messages about the design of the mobile health app.

Overarching message categoryKey messages (the design of the app should include the ability to…)

AccessAccess information ahead of medical appointments

AccessAccess information offline

AccessShare access to the mobile health app with caregivers and family

TrackingTrack prescribed medications and exercises that are assigned both in hospital and during outpatient rehabilitation

SynchronizationSynchronize information from medical devices

RemindersSchedule reminders to take medications

RemindersProvide daily reminders about assigned exercises and general physical activity recommendations

Key Messages About the Content of the mHealth App
During discussions of the study’s 2 open-ended questions and
the generic version of the mHealth app, content-specific
messages centered around medical terms, professional roles,
information specific to cardiac surgery procedures and recovery,
educational videos, and travel before/after surgery. When
discussing the study’s predefined categories of information, key

content-specific messages about (1) nutrition related to what to
eat, (2) medications, including drug interactions, (3) resources,
including medical devices, and (4) physical activity related to
addressing fears, as well as providing information,
recommendations, and instructions were generated by the
advisory panel. Specific key messages about the mHealth app
content are shown in Table 3.

Table 3. Key messages about the content of the mobile health app.

Overarching message categoryKey messages (the app’s content should include…)

Medical termsDefinitions of key terms

Professional rolesCardiac surgery team contact information

Professional rolesInformation about the functions of the different operating room personnel

Cardiac surgery proceduresInformation specific to the different cardiac surgery procedures

Cardiac surgery recoveryInformation about postoperative recovery, including why you might have a chest tube

Educational videosVideos that explain the different cardiac surgery procedures

TravelInformation about driving/traveling after cardiac surgery

NutritionInstructions on what to eat during the perioperative period

NutritionRecipes geared toward those who are looking to adopt a more heart-healthy lifestyle

MedicationsPotential drug interactions

ResourcesResources for medical devices

Physical activityInformation that helps address fears around engaging in physical activity before and after cardiac surgery

Physical activityInformation about and instructions on the types of physical activities patients can and cannot engage in (specific
to procedure and perioperative period)

Physical activityInstructions on the physical activity and specific exercises a patient should do if they miss a cardiac rehabilitation
session

Physical activityInstructions on how to complete exercises assigned both in hospital and during outpatient rehabilitation

Physical activityGeneral physical activity recommendations

Incorporation of the Key Messages Into the
Development of the mHealth App
Key messages about the design and content of the mHealth app
were compiled and sent to the mHealth app developers by the
study coordinator (DEK). These were then directly incorporated
into the mHealth app as long as they could be supported by the
existing functionalities of the underlying platform. For example,
the platform did not support the scheduling of reminders by
users, identifying drug interactions, or synchronizing with other
devices. Verbal and written feedback from the mHealth app

developers indicated that the key messages were a richer source
of information and provided more guidance than typically
received from past clients. In particular, the mHealth app
developers noted that key messages resulted in the integration
of a vast range and volume of information and resources, instead
of ones primarily focused on surgical information, content
geared toward expectations management, and an expanded focus
of the mHealth app to include caregivers and other family so
that these stakeholders may be directly included in the provision
of information, allowing them to be better informed, prepare
along with the patient, and be involved in recovery planning.
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Discussion

Principal Findings
Our findings demonstrate that engaging patients and caregivers
in research through the formation of an advisory panel yields a
rich source of usable information to guide the development of
an mHealth app for the perioperative period of cardiac surgery.
Advisory panel members generated 7 key design-specific
messages centered around access, tracking, synchronization,
and reminders, as well as 16 key content-specific messages
centered around medical terms, professional roles, cardiac
surgery procedures and recovery, educational videos, travel,
nutrition, medications, resources, and physical activity. These
findings are novel because despite the increased recognition of
the importance of involving patients in research, patient
engagement remains underutilized in many health research
areas, including mHealth design [9] and cardiac surgery. Further,
while patient input is more regularly sought in the commercial
technology arena, it is often obtained through focus groups or
pilot testing aimed at gathering proprietary data; it is rare that
patients and caregivers are engaged as partners and cocreators
of mHealth.

Several characteristics of our patient engagement activities
likely contributed to the gathering of useful information. The
first is the deliberate intention to create an environment that
supported patients’ and caregivers’ integration into research
through activities that targeted the guiding principles that
underlie patient engagement [11] and as led by a skilled
facilitator. Second, a mixture of broad and focused open-ended
questions was used to gather spontaneous feedback as well as
feedback related to categories of information based on our
previous work. Interestingly, during discussions of the broad,
open-ended questions, topics raised tended to concern the
potential benefits of the mHealth app. For example, some of
the topics raised by the panel included the technology’s potential
to change how patients and caregivers interact with information
to better support patient engagement with their health care plan
(eg, through the ability to access information ahead of an
appointment to prepare questions or know what to expect, by
allowing them to fact-check what they thought they heard during
appointments without having to rely on outside sources like
internet searches) and the potential for caregivers to become
more involved in the patient’s journey. Discussions of more
focused questions produced key messages more directly related
to the design and content of the mHealth app. Third, advisory
panel members were selected based on whether they had
undergone cardiac surgery within the past 2 years, thereby
ensuring accurate recall of their experience and elaborating on
the information they did and did not receive as part of their
patient-provider interaction. This would have had a positive
impact on their abilities to contribute to conversations. Fourth,
the advisory panel met on multiple instances, which allowed
advisory panel members to reflect on the study questions and
their experiences alone or with caregivers and other individuals
who supported them during their patient journeys and then to

bring these reflections back to enrich discussions in subsequent
meetings. Finally, the advisory panel included both patients and
their caregivers, which provided a breadth of experiences, and
turned out to be timely, given the patients’ statements on the
potential of the mHealth app to allow caregivers to be more
involved in the patient’s journey.

With the increase of older adults being offered cardiac surgery,
there is an urgent need to provide a high level of patient-centered
value and quality in our perioperative management. The use of
evidence-based ERPs has resulted in more rapid and optimal
recovery than that with traditional perioperative methods (ie,
improved survivorship) in patients who have undergone cardiac
surgery [26]. Although published guidelines provide an
important framework from which to develop clinical pathways
[27], implementation remains challenging, and therefore, the
protocols are underutilized. It is anticipated that the approach
of involving patients and caregivers in the development stage
will enable the health care team to focus on patient-caregiver
value in the subsequent implementation phase that will ideally
translate to a sustainable process. To this end, the findings from
this study have provided a deeper understanding of patient and
caregiver needs pertaining to information delivery about various
aspects of perioperative care and the potential role of mHealth
in supporting these recommendations.

Limitations
This study has some limitations that warrant mention. Logistical
constraints shaped our patient engagement approach. For
example, while we engaged patients and caregivers at specific
time points within the study, we did not continually involve
them throughout the project as full research coinvestigators.
Had there been continual engagement, there would have been
other points of input and the nature of advisory panel members’
relations with the study would have been different. That said,
it is important to note that advisory panel members were invited
to be coauthors on this manuscript, both to further support the
establishment of authentic research partnerships and to ensure
that the manuscript accurately reflects their voices and ideas.
We also plan to engage advisory panel members further in the
reevaluation and revision of the mHealth app prior to its
adoption as a standard of care tool to be used within the Cardiac
Sciences Program at St. Boniface Hospital.

Conclusions
In an era of increasingly utilized mHealth technologies for
optimizing health care delivery, we demonstrated that patient
engagement may successfully facilitate the development of an
mHealth app whose design and content are driven by the lived
experiences of patients who have undergone cardiac surgery
and their caregivers. The result was a detail-oriented and
patient-centered mHealth app that helps to empower and inform
patients and their caregivers across the perioperative period of
cardiac surgery. Applications of different patient engagement
approaches and their effects on mHealth app development,
measures of feasibility, and health outcomes warrant further
study.
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Abstract

Background: Mobile health (mHealth) apps are becoming increasingly common in surgical practices for training, education,
and communication. Factors leading to increased delays, morbidity, and mortality in surgery include inadequate preoperative
patient preparation due to a failure to identify patients and procedure details, and missing instruments and equipment required
for the procedure. Many apps are available for supporting preoperative, intraoperative, and postoperative care. However, there
is a lack of studies that assess the quality of apps that act as surgical preparatory guides.

Objective: The aim of this study is to evaluate the quality of apps that act as surgical preparatory guides for operating room
personnel through an in-house quality assessment tool.

Methods: The quality assessment tool comprises 35 questions categorized into 5 sections: (1) engagement (customization,
interactivity, target audience; 19 points), (2) functionality (performance, ease of use, navigation; 12 points), (3) aesthetics (layout,
visual appeal; 6 points), (4) information (quality and quantity of information, visual information, credibility; 29 points), and (5)
privacy and security (4 points). An app search was conducted in the Australian Apple and Google Play stores using the following
keywords: “surgical apps”, “surgical preferences”, “surgeon preferences”, “operating room”, and “perioperative procedures”.
The overall total scores and scores for each section were reported as medians and IQRs, expressed as raw scores and percentages.

Results: A total of 5 unique apps were evaluated on both iOS and Android platforms. The median overall score across all apps
was 35/70 (50%; IQR 38.6%-64.3%). ScrubUp (48/70, 69%) and MySurgeon (42/70, 60%) had the highest overall scores, followed
by PrefCard (35/70, 50%) and Scrubnote (28/70, 40%). The lowest scoring app was BrainPadd (26/70, 37%). The sections with
the highest median scores, in decreasing order, were privacy and security (4/4, 100%; IQR 75%-100%), aesthetics (5/6, 83%;
IQR 75%-91.7%), engagement (15/19, 79%; IQR 57.9%-86.8%), functionality (7/12, 58%; IQR 29.2%-75%), and information
(5/29, 17%; IQR 15.5%-34.5%). Most apps scored well (4/4, 100%) on privacy and security, except for Scrubnote (2/4, 50%).
ScrubUp received a perfect score for aesthetics (6/6, 100%). MySurgeon (17/19, 90%) had the highest engagement score, while
ScrubUp and MySurgeon had the highest functionality scores (9/12, 75% each). All apps scored below 50% for the information
section, with ScrubUp having the highest score of 13/29 (45%).

Conclusions: ScrubUp and MySurgeon had the highest quality scores and can be used as adjuncts to hospital protocols by
operating room personnel for their surgical preparation. Developers are encouraged to develop appropriate apps for surgical
preparation based on relevant guidelines and standards, as well as the quality evaluation criteria in our tool. Operating room
personnel can also use this tool as a guide to select and assess their preferred apps in their practices.

(JMIR Perioper Med 2021;4(2):e27037)   doi:10.2196/27037

KEYWORDS

mHealth apps; surgical apps; surgery preparation; operating room personnel; quality assessment; quality evaluation; perioperative;
operative; mobile health; surgery; post-operative
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Introduction

As the global digital health market continues to flourish,
technological innovations such as electronic medical record
systems, laboratory and clinical information systems, mobile
apps, health information technology, wearable devices,
telehealth, and telemedicine are becoming more common in the
health care setting to improve health service delivery and quality
[1]. Mobile health (mHealth) technologies such as mobile
phones and patient monitoring devices are becoming
increasingly common in medical and surgical practices for
training, education, and communication [1,2]. Surgical processes
are complex, and a variety of factors may result in surgical
delays and cancellations [3]. Major factors leading to increased
delays, morbidity, and mortality in surgery include inadequate
preoperative patient preparation resulting from a failure to
identify patients and procedure details, and missing instruments
and equipment required for the procedure [4]. Similarly,
perioperative nurses face pressures to balance between
maintaining operating room schedules and the surgeon’s
demands due to time restrictions and the potential to
underestimate the time required to operate [5]. Furthermore,
newly graduated nurses who are uncertain about the intensified
and unfamiliar situations during the initial stages of their clinical
practice may face additional pressures in addressing emerging
and complex technology, resulting in technological stress and
surgical errors [6]; these pressures are in addition to trying to
cope with the demands of new clinical placements and
advancing their professional careers at the same time [7,8].

Surgical preparation tools such as preassessment clinics and the
World Health Organization Surgical Safety Checklist aim to
minimize adverse events and errors in the operating room [3,9].
However, in some developing countries, surgical teams are still
unable to use the safety checklists effectively [10]. With an
increasing global trend of smartphone users to a predicted 3.8
billion users in 2021 [11], it is envisaged that smartphone apps
may be useful to surgical teams, newly graduated health care
professionals, or health care trainees to improve their awareness
of and attitudes toward surgical safety practices since these apps
can be accessed anytime and anywhere [10,12]. Some features
of such apps that may enhance the usability of these safety
checklists include the ability to customize surgical preparatory
notes according to user preferences, provide comprehensive
step-by-step information on preoperative and postoperative
procedures, and provide clear and accurate visual explanations
of the surgical procedures, for example, through images or
videos. Furthermore, smartphone apps can act as quick reference
guides that provide various clinical resources as a part of training
and education for health care trainees, students, residents,
fellows, and surgeons during their clinical practices to ultimately
improve communication, system efficiency, and patient safety
[1,13-15]. Studies have shown that many apps are available for
supporting preoperative, intraoperative, and postoperative care
[16], and that health care professionals working in surgical care
and app developers are also producing innovative apps to aid
surgical teams in education, training, and practice [15].

Despite the widespread availability of mHealth apps, the
literature has focused mostly on the prevalence and evaluation

of communication, education, clinical, and diagnostic apps for
physicians; health and medication monitoring apps for patients;
and healthy living apps for diet, exercise, pregnancy, and heart
rate monitoring for laypersons [13]. In the surgical domain,
some studies have focused on the use of mobile patient health
record apps and apps for diagnosis in the perioperative setting
(eg, smartphone-based electrocardiograms, pulse oximetry, and
blood glucose monitoring), while others have concentrated on
the use of medical reference and perioperative crisis event
management apps to improve care quality and safety in patient
care, as well as on apps that facilitate patient monitoring and
follow-up in the postoperative period [17]. The use of
smartphones to promote better communication (eg, text
messaging, emails) among the care team has also been studied
[17]. However, there is a lack of studies that assess the quality
of apps that act as surgical preparatory guides. Surgical
preparatory guides help to support the surgical team in preparing
the operating room and the patients before each procedure. They
can consist of checklists of tools and equipment (eg, dressings,
drapes, disposables, surgical instruments), information on
preoperative safety procedures (eg, checking consent forms and
diagnostic images, identification of patients and surgical sites),
information about surgical preparatory steps (eg, putting up
drapes, sterilizing surgical sites, preparing the patient and
operating room, correct positioning of the patient), information
on postoperative steps after each procedure (eg, recording
correct counts of instruments, procedure names, specimens
collected, equipment issues), and related reference sources,
among others. Furthermore, there are concerns that there is no
control on the quality of the apps, nor is there any regulated
body that oversees the validity of the content unless the app is
considered a medical device [18]. On the other hand, the lack
of proper information on the quality of such apps and their
content makes it difficult for users to identify the most useful
apps, and there is also a risk that users may access misguided
or misleading information [12,19]. Therefore, the objective of
this study is to develop a quality assessment tool to evaluate
apps that act as surgical preparatory guides for operating room
personnel (nurses, surgical technicians, circulating nurses and
technicians). The aim is to provide a recommendation of apps
that may be useful to operating room personnel during their
training and initial stages of clinical practice to improve patient
safety and health communication within the surgical team.

Methods

Development of the Quality Evaluation Tool
The overall framework of the quality evaluation tool was
adapted from the Mobile Application Rating Scale (MARS)
[20], with modifications made to some criteria to fit the
evaluation of apps for surgical preparation based on relevant
articles found from a keyword search in PubMed (“surgical
apps” OR “surgical applications” OR “ surgical safety” AND
“quality tools” OR “quality scale” OR “assessment criteria”
OR “evaluation”) [15,16,18,21-24]. In addition, we used relevant
articles that reported quality assessment tools or criteria for
evaluating general mHealth apps to refine the quality evaluation
criteria of our tool [25-43].
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The tool was comprised of 35 questions categorized into 5
sections: (1) engagement (customization, interactivity, target
audience; 19 points), (2) functionality (performance, ease of
use, navigation; 12 points), (3) aesthetics (layout, visual appeal;
6 points), (4) information (quality and quantity of information,
visual information, credibility; 29 points), and (5) privacy and
security (security, privacy; 4 points) (Multimedia Appendix 1).
The maximum possible score was 70 points.

Selection of Apps
We conducted an app search in August 2020 on the Australian
Apple (iOS) and Android (Google Play) app stores with the
keywords “surgical apps”, “surgical preferences”, “surgeon
preferences”, “operating room”, and “perioperative procedures”,
which resulted in an identification of 1110 apps (Figure 1).
Among these apps, a total of 642 apps were not related to

surgery and were excluded from screening. Among the 468 apps
that were screened based on app name and description, a total
of 458 apps were excluded based on the following exclusion
criteria: education or examination-related, language other than
English, and requiring a subscription or payment for access.
Surgical-related apps that were not related to surgical
preparatory guides were also excluded including communication
or coordination tools, apps specific to a hospital or disease, apps
targeting non–operating room personnel or patients, game-based
apps, journal-related apps, and apps advocating for the purchase
of surgical tools. There were 5 unique surgical apps that were
evaluated on both iOS and Android platforms. The iOS and
Android versions of the apps were evaluated on an iPhone 7
(Apple Inc) and Oppo A37F and X9079 (Guangdong Oppo
Mobile Telecommunications Corp., Ltd) phones, respectively.

Figure 1. Flowchart summary of the app screening process.

Evaluation and Data Analysis
The apps were evaluated independently by 5 individual raters.
Any discrepancies in scores were resolved by a discussion
among all the raters, and the final scores were used for analysis.
The iOS and Android versions for each unique app were not
treated differently; the results were not reported in relation to
the different platforms, but per unique app instead. We computed
descriptive statistics for the overall total scores and the scores
for each section of the apps using SPSS, version 26 (IBM
Corporation) and reported these scores as medians and IQRs,
expressed as the raw scores and percentages.

Results

The median overall score across all the apps was 35/70 (50%;
IQR 38.6%-64.3%). The apps that had the highest overall scores

were ScrubUp (48/70, 69%) and MySurgeon (42/70, 60%),
while the lowest scoring app was BrainPadd (26/70, 37%).
Among all the apps, only 3 (ScrubUp, MySurgeon, and
PrefCard) had an evaluation score of 50% or above (Table 1).
The sections with the highest scores, in decreasing order, were
privacy and security (4/4, 100%), aesthetics (5/6, 83%),
engagement (15/19, 79%), functionality (7/12, 58%), and
information (5/29, 17%).

In general, 4 apps took into consideration privacy and security
aspects of their features, achieving the maximum score of 4/4
(100%). Only Scrubnote scored 2/4 (50%) as it did not explicitly
state any privacy policy. All apps had a security login function
for user authentication purposes.
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Table 1. Evaluation scores of the apps.

Scores across all the appsEvaluation scores for the surgical preparation apps, ranked from first (left) to last
(right), points (%)

IQR (%)Median (%)BrainPaddeScrubnotedPrefCardcMySurgeonbScrubUpa

11-16.5 (57.9-
86.8)

15 (79)8 (42)14 (74)15 (79)17 (90)16 (84)Engagement (out of 19)

7-12.5 (50-
89.3)

11 (79)4 (29)10 (71)11 (79)13 (93)12 (86)Customization (out of 14)

3-3 (75-75)3 (75)3 (75)3 (75)3 (75)3 (75)3 (75)Interactivity (out of 4)

1-1 (100-100)1 (100)1 (100)1 (100)1 (100)1 (100)1 (100)Target audience (out of 1)

3.5-9 (29.2-
75)

7 (58)4 (33)3 (25)7 (58)9 (75)9 (75)Functionality (out of 12)

1-2 (50-100)1 (50)1 (50)1 (50)2 (100)2 (100)1 (50)Performance (out of 2)

1-6 (12.5-75)3 (38)1 (13)1 (13)3 (38)6 (75)6 (75)Ease of use (out of 8)

1-2 (50-100)2 (100)2 (100)1 (50)2 (100)1 (50)2 (100)Navigation (out of 2)

4.5-5.5 (75-
91.7)

5 (83)5 (83)4 (67)5 (83)5 (83)6 (100)Aesthetics (out of 6)

3-3 (75-75)3 (75)3 (75)3 (75)3 (75)3 (75)4 (100)Layout (out of 4)

1.5-2 (75-100)2 (100)2 (100)1 (50)2 (100)2 (100)2 (100)Visual appeal (out of 2)

4.5-10 (15.5-
34.5)

5 (17)5 (17)5 (17)4 (14)7 (24)13 (45)Information (out of 29)

1-3 (8.3-25.0)2 (17)1 (8)2 (17)1 (8)2 (17)4 (33)Quality and quantity of infor-
mation (out of 12)

0-2 (0-22.2)0 (0)0 (0)0 (0)0 (0)0 (0)4 (44)Visual information (out of
9)

3-5 (37.5-
62.5)

4 (50)4 (50)3 (38)3 (38)5 (63)5 (63)Credibility (out of 8)

3-4 (75 – 100)4 (100)4 (100)2 (50)4 (100)4 (100)4 (100)Privacy and security (out of 4)

1-2 (50-100)2 (100)2 (100)0 (0)2 (100)2 (100)2 (100)Privacy (out of 2)

2-2 (100-100)2 (100)2 (100)2 (100)2 (100)2 (100)2 (100)Security (out of 2)

27-45 (38.6-
64.3)

35 (50)26 (37)28 (40)35 (50)42 (60)48 (69)Total score (out of 70)

aAllis Technology Pty Ltd.
bMederi Services, LLC.
cHeadjam Pty Ltd.
dScrubnote LLC.
eConnexxus LLC.

Overall, all apps scored well in the aesthetics section (median
5/6, 83%; IQR 75%-91.7%). Only 1 app (ScrubUp) received a
perfect score (6/6, 100%), while another app (Scrubnote) scored
the lowest (4/6, 67%). In general, the majority of the apps scored
well for visual appeal, with consistent colors and fonts, and a
clear organization of the content on the screen interface.
However, there were some minor difficulties in locating and
selecting some icons on most apps, except ScrubUp; thus, these
apps only scored 3/4 (75%) in terms of layout.

The median engagement score for the apps was 15/19 (79%;
IQR 57.9%-86.8%). MySurgeon (17/19, 90%) had the highest
engagement score, followed by ScrubUp (16/19, 84%).
BrainPadd scored the lowest in engagement (8/19, 42%). All
the apps scored 3/4 (75%) for interactivity as they only allowed

one method of feedback about the app. All of the content in the
apps was appropriate for their target audiences (1/1, 100%). In
terms of customization (median score 11/14, 79%), all apps
allowed users to store personalized notes according to their own
preferences and the preferences of their surgical team members.
BrainPadd was the only app that did not allow users to edit any
preloaded information about surgical preparatory procedures
or tools, nor add any additional details or images to the
preloaded information, thus scoring the lowest (4/14, 29%).
There were only 2 apps that allowed limited customization of
notifications (MySurgeon, PrefCard) and syncing of scheduled
reminders or alerts (MySurgeon, ScrubUp).

Functionality was the second lowest scoring section, with a
median score of 7/12 (58%; IQR 29.2%-75%). While more than
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half of the apps (ScrubUp, PrefCard, BrainPadd) scored well
due to their consistency in navigation (2/2, 100%), only 2 apps
(MySurgeon, PrefCard) did not have any technical issues (2/2,
100% each). The top scoring apps in this section (ScrubUp and
MySurgeon, 9/12, 75% each) also scored the highest for ease
of use (6/8, 75% each). These apps enabled users to access saved
information without the need for internet access and also
provided useful help sections for navigating the apps. By
contrast, Scrubnote (3/12, 25%) and BrainPadd (4/12, 33%)
scored the lowest for this section.

The information section was the lowest scoring section, with a
median score of 5/29 (17%; IQR 15.5%-34.5%). All the apps
scored below 50% in this section, with the highest scoring app
(ScrubUp) having a score of only 13/29 (45%). PrefCard scored
the lowest in this section (4/29, 14%). None of the apps had a
preoperative surgical safety checklist or a checklist of
postoperative steps to be completed after the surgical procedure.
ScrubUp was the only app that had preloaded images of the
surgical instruments/tools displayed to users, resulting in a score
of 4/9 (44%) in terms of visual information. With regard to
credibility, ScrubUp and MySurgeon had the highest scores
(5/8, 63%), even though none of the apps provided any
information on funding.

Discussion

Principal Findings
This study analyzed 5 apps that act as surgical preparatory
guides for operating room personnel who might need them in
their practices, such as those in training or new to the operating
room. Among them, 4 apps (ScrubUp, MySurgeon, Scrubnote,
PrefCard) could be used by multiple surgical specialties, while
BrainPadd was specific to plastic surgery. As surgery procedures
are becoming more advanced and complex, the operating room
environment needs to be coordinated efficiently through
effective communication among the surgical team members
[44]. Therefore, the evaluation criteria in the customization
section of our developed tool were intended to support the
communication of surgical team members in the operating room.
Our tool also evaluated the engagement of the apps in terms of
customization and interactivity, as well as the user-friendliness
of the apps. In general, the engagement scores of all the apps
were relatively high. All the apps allowed users to store
personalized notes. Users were also able to provide feedback
about the apps through at least one form of contact to the
company or developer (eg, contact number, email, feedback
form). In terms of user-friendliness, the top scoring apps,
ScrubUp and MySurgeon, provided useful help sections for
users to navigate the apps. Therefore, these apps could
potentially be used by the surgical team with little extra training
or resources. On the other hand, developers of the other
evaluated apps could improve the functionality features, such
as providing more detailed instructions or user guides on how
to use the apps and providing more obvious navigation links
between screens. Furthermore, the importance of checklists was
highlighted in several studies as an effective communication
tool that could impact operating room efficiency and reduce
delays and errors in surgical settings [45-47]. The Surgical

Safety Checklist by the World Health Organization was
developed to address this challenge of minimizing common and
avoidable risks in the operating room before, during, and after
the surgery process [9]. Thus, the need for a surgical safety
checklist was also evaluated as part of the information section
when evaluating the surgical preparatory apps in this study.

Providing evidence-based information is one of the important
criteria for medical apps, and this can be said for surgical
preparatory apps as well. Studies have shown that health care
professionals are more inclined to use apps that can provide
current and up-to-date information at the point of care in clinical
practice [13]. Similarly, other studies have also reported that
users value apps that can provide them with immediate access
to information [48]. Our evaluation tool attempted to address
these factors in the information section by assessing the
up-to-dateness of the app content, as well as the presence of
preloaded information and evidence-based references.
Unfortunately, none of the apps evaluated in this study contained
preoperative surgical safety or postoperative procedural
checklists, nor did they provide references for their information.
Even though ScrubUp scored the highest in the information
section, it only contained checklists of the surgical instruments
and tools needed and preloaded images. Interestingly, none of
the apps had included any preloaded or linked videos to explain
the surgical preparatory procedure. Video-based learning is a
useful and effective way of learning about surgical preparation,
especially among residents [49]. Although the quality of surgical
videos on video sharing sites such as YouTube can be improved,
this form of learning presents an opportunity and can be
considered for inclusion by app developers, if the videos are
accurate, reliable, and evidence-based [50].

In our study, PrefCard was ranked third based on its overall
evaluation score. We observed that certain features of the app
could only be accessed by users who were on the app’s list of
affiliated hospitals. As the raters in our study were not from the
list of affiliated hospitals, app features such as customization,
functionality, and quantity and quality of the content were
evaluated based on the images and descriptions provided in the
app stores and the developer website. Other criteria related to
functionality, such as performance of the app (eg, technical bugs
or crashes), having an autocomplete feature, and accessing saved
information in offline mode might have been scored differently
from another user who had full access to all the features of the
app. Furthermore, during the evaluation of BrainPadd, there
were some technical issues with regard to downloading and
accessing the app at the later stages; hence, the raters evaluated
some criteria based on the description on its website. As with
PrefCard, users who have full access to BrainPadd might also
score the app differently.

Limitations
A limitation of this study was that it only evaluated apps
available in the English language and from the Australian app
stores. Therefore, our results would need to be extrapolated with
caution when applied to apps in other countries. In addition,
this study only evaluated the app features that were free. There
were some features in the apps that were available as in-app
purchases, and these were not included in our evaluation. The
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evaluation criteria in our tool were developed specifically to
assess apps that were meant to be surgical preparatory guides,
and not all surgical apps as the variety of surgical apps was too
broad. Thus, evaluators who want to use this tool to conduct
their own evaluations of surgical apps would have to modify
or adapt the criteria to fit their scope of evaluation. Moreover,
usability and user acceptance studies or trials are beyond the
scope of this study due to time limitations. Future studies should
include evaluating the receptivity and acceptance of these apps
among potential users, as well as involving appropriate health
care professionals as evaluators, such as those in the surgical
team. Lastly, this study did not take into account any updates
to the apps after their evaluation in August 2020. Any updated
versions of the apps might lead to different scores for the
individual sections and the overall quality scores. Users should
consider any new or updated features of the apps when
interpreting our results.

Conclusion
This study, we developed a tool for evaluating apps that act as
surgical preparatory guides. Based on our evaluation, ScrubUp
and MySurgeon are among the apps with better scoring features
and can be used as adjuncts to existing hospital protocols for
surgery preparation. In addition, the evaluation criteria in our
tool can provide a form of guidance for operating room
personnel, surgical professionals, and trainees to evaluate their
preferred apps in the future. Similarly, app developers are
encouraged to develop apps that follow relevant guidelines and
standards, as well as the quality criteria in this tool, so that better
quality apps that are reliable and incorporate evidence-based
content can be used for surgical practices. Where appropriate,
we also encourage app developers to submit their apps to
relevant regulatory agencies for further evaluation and feedback.
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Abstract

Background: Complying with a prehabilitation program is difficult for patients who will undergo surgery, owing to transportation
challenges and a limited intervention time window. Mobile health (mHealth) using smartphone apps has the potential to remove
barriers and improve the effectiveness of prehabilitation.

Objective: This study aimed to develop a mobile app as a tool for facilitating a multidisciplinary prehabilitation protocol
involving blood flow restriction training and sport nutrition supplementation.

Methods: The app was developed using “Appy Pie,” a noncoding app development platform. The development process included
three stages: (1) determination of principles and requirements of the app through prehabilitation research team meetings; (2) app
prototype design using the Appy Pie platform; and (3) app evaluation by clinicians and exercise and fitness specialists, technical
professionals from Appy Pie, and non–team-member users.

Results: We developed a prototype of the app with the core focus on a multidisciplinary prehabilitation program with accessory
features to improve engagement and adherence to the mHealth intervention as well as research-focused features to evaluate the
effects of the program on frailty status, health-related quality of life, and anxiety level among patients awaiting elective surgery.
Evaluations by research members and random users (n=8) were consistently positive.

Conclusions: This mobile app has great potential for improving and evaluating the effectiveness of the multidisciplinary
prehabilitation intervention in the format of mHealth in future.

(JMIR Perioper Med 2021;4(2):e32575)   doi:10.2196/32575

KEYWORDS

mobile app; prehabilitation; perioperative care; rehabilitation; surgery; perioperative; elective surgery; mobile health; health
applications; health apps

Introduction

Although surgery is often an essential part of the treatment of
many diseases, especially solid organ malignancies [1],
postoperative recovery remains suboptimal owing to the
substantial stress responses induced by surgical trauma [2].
Major surgery is associated with up to a 40% reduction in

functional capacity [3], which places patients at an elevated risk
for postoperative complications [4]. Globally, approximately
310 million major surgeries are performed every year, with up
to 15% of patients experiencing serious postoperative morbidity
[5]. Therefore, we deem that improving the physical capacity
and resiliency of these patients is critical for improving
postoperative recovery. Therefore, this has the capacity to save
billions of dollars in health care costs [5].
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Traditionally, interventions to improve physical function (ie,
rehabilitation) have focused on activities during the
postoperative period to improve physical function. However,
many patients are unable to perform an effective rehabilitation
program owing to underlying frailty and complications from
surgery [6]. More recently, there has been a focus on performing
interventions prior to surgery—a process referred to as
prehabilitation [6]. Prehabilitation aims to enhance physiologic
reserve prior to the predictable injurious effects of surgery. It
involves medical optimization combined with exercise, nutrition,
and psychological programs with the aim of enhancing the
overall functional capacity of the patients, so that they can better
withstand the physical and mental stressors associated with
undergoing a complex surgical procedure [6] and thereby
minimize postoperative complications [7]. The typical time
frame for a prehabilitation program is only ~4-6 weeks, making
intense exercise preferable for achieving effective gains in
physical capacity. However, high-intensity exercise may in turn
result in a low adherence to the program [8] and is not feasible
for many frail individuals [9]. Moreover, prehabilitation exercise
programs have most frequently emphasized cardiovascular
exercise rather than including resistance training. Even when
resistance training exercises are included, there is often low
adherence to such a program owing to its challenging nature
[8], even though resistance training is crucial for improving
muscle strength and will often predict a lower incidence of
postoperative complications [10]. Additionally, the largest
barrier to participating in prehabilitation reported by patients
has been a lack of transportation (ie, arranging transportation
and finding or paying for parking) and convenience [8] making
any attempt at effective supervision of a multidisciplinary
program much more difficult.

We have evaluated a 4-week multidisciplinary prehabilitation
program that includes a blood flow restriction (BFR) exercise
combined with the daily consumption of a sports nutrition
cocktail (including whey protein, creatine monohydrate, and
L-citrulline) for patients with abdominal cancer undergoing
elective surgery [11]. This program not only elicited a high
adherence rate in resistance training (ie, 95%) but also
significantly improved functional capacity and lean mass [11].
As the next logical step to extend our research effort, we decided
to implement and adapt the multidisciplinary prehabilitation
program into a mobile app. Digital health is emerging as a
critical assistant in health management and health care because
of its cost-effectiveness and high penetration in populations
[12-15]. Among various types of digital health interventions,
using a mobile health app as a home-based strategy has the
potential to positively influence self-efficacy and empowerment
of patients [16], and to overcome the biggest
barrier—transportation [8]. Although there are more than 50,000
health apps on the market, few prehabilitation apps currently
exist, and these are not suitable for multi-modality
prehabilitation interventions. Accordingly, the major aim of
this study was to develop a mobile app incorporating our
prehabilitation program to reduce barriers to patient participation
in a prehabilitation program and to increase outreach to a larger
population to further validate current prehabilitation protocol.

Methods

Methods Overview
The study was brainstormed by a series of multidisciplinary
research team meetings. The 7-person team consisted of an
exercise physiologist, 2 fitness specialists, a surgical oncologist,
a professor in surgery and perioperative care, a PhD nutritionist,
and an exercise physiology graduate student. In this study, the
team meetings involved two stages: project planning and mobile
app evaluation and modifications. In the first stage, the team
met 3 times within 2 months to determine the principles,
timelines, budget, and website for developing the app. After we
obtained the app prototype, the team met 3 times within a month
and a half to evaluate, modify, and reevaluate the app. Each
meeting lasted 1 hour. Because the schedule of the surgical
oncologist fluctuated on the basis of patient appointments, there
was no set time for the meeting.

Along with the team meeting, the development process involved
three stages: (1) determination of principles and requirements
for the app; (2) prototype design; and (3) evaluation of the
developed product. This prehabilitation app was developed
through the no-code App Builder Appy Pie.

Prehabilitation Protocol Implemented in the App
The core of this app is the 4-week presurgical BFR exercise and
sport nutrition supplement intervention based on a previous
program developed and trialed by our group [11]. BFR is a
cutting-edge training modality that works by restricting blood
flow through the veins by using compression devices similar
to traditional blood pressure cuffs [17]. Even if exercises are
performed at low to moderate intensity, increases in muscle
mass and muscle strength are significant [18], similar to those
of high-intensity, heavy resistance training [19]. BFR training
has been used safely and effectively in older individuals and
physically limited populations [20-23], including presurgical
patients with cancer [11]. The participants (mean age 64.9 years,
SD 9.8 years) in our previous study reported little difficulty
(mean score 1.6, SD 0.6) and high enjoyment (mean score 5.2,
SD 0.5) on a standardized 7-point scale when performing the
BFR exercise. No adverse events were reported to be associated
with the BFR training [11].

Determination of Principles and Requirements
By having the meetings at the first stage, we agreed upon the
following principles for the development of this app:

1. Target population: patients undergoing elective surgery,
especially those who are frail and have a short presurgical
period during which they might be able to undergo training
(eg, patients with cancer who are awaiting elective surgery).

2. Ease of use: since many patients undergoing surgery are
older patients who often have concerns about their lack of
technological skills [15], we decided to follow a simple
user interface design with detailed plain-language
instructions.

3. Application of behavior change techniques: implementing
strategies such as self-monitoring, social support, feedback,
and motivation aims to maintain or even improve adherence
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rates in the context of mobile health and thus promotes the
effectiveness of the intervention.

4. Establish a communication system between the investigative
team and patients: even though the patients rely on the app
throughout the 4-week intervention, we still need to
maintain a constant connection with patients by means of
web-based meeting technology and provide options for
patients to reach out to exercise professionals.

Based on these principles, we determined that our requirements
(Figure 1) for the app should include the customized BFR

exercise and nutrition program, the system of communication
with the exercise specialist (instant user feedback, the
appointment reservation system, videoconference), support
group chat room, pedometer, motivational reminders, and
progress-tracking. These principles and feature requirements
of the app were confirmed on the basis of the experience from
our previous study, literature review, and suggestions from
nutritionists, the exercise physiologist, and clinical oncologists
in our team.

Figure 1. Framework of develoment of the cell phone app for prehabilitation. BFR: blood flow restriction.

Prototype Design
We initiated the design of the app with technical support from
Appy Pie, a no-code app builder, after confirming the app
requirements. Choices included the following: various interface
designs; formats for inserted documents (eg, .docx and .pdf);
embedded websites, pictures, and videos in the app; and in-app
features (eg, pedometer, notification, login, appointment
reservations, and videoconference) to meet our requirements.
Taking advantage of the platform and following the framework
of the app development (Figure 1), we decided to include the
following: BFR exercise instructional videos and nutrition shake
instructions to help patients easily follow the prehabilitation
program; a daily prehabilitation log and weekly check-in forms
to track patient progress; assistance resources including “app
manuals,” a “BFR band placement video” to improve patients’
ability to effectively use the BFR bands; and a “user satisfaction
survey” to help guide future modifications to the prehabilitation
program and the app. In-app functions such as “about us,” “call,”
“feedback,” “appointment,” “videoconference,” and
“notifications” were also included with the purpose of enhancing
engagement and adherence to the e-prehabilitation program.
Additionally, surveys and questionnaires were created using
Google Forms, which were embedded in the app as an
“outer-platform feature.” This was done for data collection as

it can link with spreadsheets, allowing responses to be
automatically updated once the patients submit responses.

Evaluation
At the end of the design stage, the app was demonstrated in
several team meetings, which led to further modifications.
Afterward, we requested a technical evaluation from app
development professionals employed by the Appy Pie
development team. Finally, we created an app evaluation
questionnaire including 6 items on the scale ranging from 1 to
5 (1=strongly disagree, 5=strongly agree) with Google Forms,
which allowed the responses to be automatically input in a
linked spreadsheet. The questionnaire covered multiple aspects,
including engagement, functionality, aesthetics, information,
and subjective quality questions extracted from the mHealth
App Usability Questionnaire [24]. The questionnaire shown in
the table below has been added in the revised manuscript (Table
1). We distributed the app test link along with the survey through
email in a convenience sample and the subjects voluntarily filled
out the survey within a week. No incentives were offered.
Finally, we collected 8 responses in total.

For data analyses, we mainly focused on the descriptive statistics
(ie, mean and SD values) of the Likert scale questions rather
than the statistical analysis because of the sample size and the
lack of control group.

JMIR Perioper Med 2021 | vol. 4 | iss. 2 | e32575 | p.70https://periop.jmir.org/2021/2/e32575
(page number not for citation purposes)

Wang et alJMIR PERIOPERATIVE MEDICINE

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. The app evaluation questionnaire for non–team members (n=8).

ScaleQuestions

0-5aI am satisfied with this app.

0-5This app has all the functions and capabilities I expect.

0-5The information in the app was well organized.

0-5I like the interface of the app.

0-5The app was easy to use.

TextWhat’s your favorite feature in this app?

a0=strongly disagree; 5=strongly agree. The same principle applies for all grading scales of 0-5 points.

Results

Results Overview
Following the design principles and requirements, the prototype
of the app was developed and named “UT Prehab” [25]. The
flow of the app is illustrated in Figure 2. UT Prehab is composed

of the core features including BFR exercise, nutrition cocktail
instruction, daily log, and weekly check-in, along with accessory
features including “about us,” “exercise emergency call,”
“feedback,” “appointment,” “videoconference,” “app manual,”
“band placement,” “user satisfaction survey,” and
“notifications.”

Figure 2. Flowchart of the prehabilitation app. BFR: blood flow restriction.
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Display
The type of display on the home page is “fixed matrix,” which
is a simple and key point–stressed design (Figure 3). There are
only four main options shown on this page: “BFR exercise,”
“Nutrition supplements,” “Daily log,” and “Weekly check-in.”

These are core interventions and assessments, as well as the
compulsory tasks for the user to complete. The “More” button
circled around by the 4 core tasks offers accessory features to
assist users to have a better participation experience and to
gradually get accustomed to the use of the app.

Figure 3. Overview of the home page and accessory features of the prehabilitation app.

Features

BFR Exercise and Nutrition Cocktail
“BFR exercise” was composed of five sections: “Warm-up,”
“Weeks 1 & 2,” “Weeks 3 & 4,” “BFR walking,” and “Band
placement” (Figure 4). Except for “BFR walking,” the other
four sections included text instructions and exercise videos with
audio instructions and background music. The videos of BFR
resistance training were created and published on YouTube
[26]. The text instructions were also provided in the BFR

walking section. In addition, the “Bands placement” embeds a
YouTube video created by B Strong, LLC, which instructs users
to set up and inflate the BFR bands on their arms or legs on
their own.

The “Nutrition supplements” page includes the directions for
formulating and consuming a nutrition shake. The components
of the nutrition shake and the corresponding functions are also
provided along with the directions for the participants to learn
more about the prehabilitation program.
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Figure 4. Examples of the blood flow restriction exercise, daily log, and self-report questionnaire features in the UT Prehab app.

Daily Prehabilitation Log
This form includes the exercise duration in minutes, the program
they completed, and the participant’s subjective response to the
BFR exercise and consuming the nutrition shake (Multimedia
Appendix 1). Their response is sent directly to the research
team.

Weekly Check-in
A short “check-in” survey (Multimedia Appendix 2) created
with Google Forms to be filled out on a weekly basis composed
of self-reported feelings of energy, strength, upbeat, and
confidence levels, compared with the previous week.

Chat Room
The “Chat room” is an in-platform feature allowing the patients
to chat in a group with other participating patients using the
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app. They have the option to create their own username or use
their real name. Unfriendly messages will be recognized and
automatically blocked by the system.

Feedback
This form includes personal information of the user as the
identifier (ie, email ID and phone number), the preferred way
to receive the response (ie, email ID, phone call, or text
message), and the detailed information of their feedback request.
Their feedback submission will be sent directly to the research
team.

Appointment
The “Appointment” feature offers an opportunity for the patients
to schedule an appointment with exercise specialists. They can
check the available time slots and choose dates and times in
accordance with their convenience and preference. The options
for meeting format include in-person and web-based meetings.
If they prefer an in-person meeting, an email with detailed
appointment information (eg, location, parking, time, and contact
number) will be sent to the patient with the appointment
confirmation. The “Videoconference” feature in the app will
satisfy their need for a virtual meeting.

Videoconference
The “Videoconference” feature embedded in the app provides
a convenient platform for both patients and the research team
to have web-based meetings as it avoids the need of
downloading other virtual meeting apps. This feature allows
the participants to have virtual appointments with exercise
specialists on the basis of their schedule and other preferences.
For example, exercise specialists are able to schedule the
meeting in the app and invite the participants through a weblink,
message, or email. Patients can join the meeting in the
“Videoconference” section or on the login page at the scheduled
time by inputting the meeting ID.

App Manual
The “App manual” document was implemented within the app.
This document not only provides step-by-step directions for

each module along with pictures of corresponding user interfaces
but also includes the description of the prehabilitation program
and the potential benefits of the program observed from our
previous study. Even though app training will be provided before
patients start the program, the dual installation of the app manual
and bands placement video mentioned above will provide
assistance for potential issues that the patients may encounter
during the home-based intervention.

Pedometer
“Pedometer” takes advantage of the GPS system in smartphones
and provides the possibility of tracking their spontaneous
physical activity in step counts, distance, and calorie
expenditure. This function allows participants to set goals on
steps, distance, or calories with their basic information (ie,
gender, height, and body weight) filled out.

User Satisfaction Survey
At the end of the intervention, patients and their caregivers will
be asked to fill out the user satisfaction survey and the caregiver
satisfaction survey, created using Google Forms (Multimedia
Appendix 3). The user survey includes the assessment of
feelings (ie, enjoyment, difficulty with the prehabilitation
program, ease of use of the app, and information load) and
comments or suggestions for improving the e-prehabilitation
program. The caregiver survey assesses three topics: overall
experience, patient outcomes, and suggestions for improvements.

Evaluation Results
Regarding the technical aspect, the Appy Pie professionals
assured that the app functioned well at every point. By offering
the app test link to the public, the app was tested by 4 female
and 4 male participants with ages ranging 21-61 years and a
mean age of 37 years (SD 18 years). They graded the app high
in simplicity, interface design, organized information, functions,
and overall satisfaction (Figure 5) with all average scores higher
than 4.5 out of 5.

Figure 5. Results of the questionnaire evaluating the usability of the app from non–team members (n=8). Error bars indicate SD values.
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Discussion

Principal Findings
We developed a prototype of a mobile app based on a
multidisciplinary sports science–based prehabilitation program
that had been previously developed and trialed among patients
with abdominal cancer undergoing elective surgery. The
prehabilitation app combined the BFR exercise and sport
nutrition program with several psychosocial motivating elements
and behavior change strategies with the purpose of increasing
the effectiveness of the mHealth intervention. The overall
satisfaction and usability of the app reported by users are
promising.

Advantages of the Mobile App
The simplicity of the app may reduce the time required for users
to participate in the program and improve compliance and
adherence [14]. Core task-stressed display and assistant
resources embedded in the app may reduce the technology
barriers for older or non–tech-savvy patients participating in
this eHealth intervention. More specifically, the assistance
feature, including a step-by-step manual and BFR band
placement tutorial video, will reduce the possibility of causing
information or technology overload for the participants and
therefore promote their compliance in home-based participation.

One major problem with currently available mHealth apps is
that very few were established with strong research evidence
[27,28]. The innovative prehabilitation program implemented
in this app was evaluated in our previous study [11], which
makes this a more evidence-based program being implemented
with this app. Taken together, from the perspectives of the
display, embedded program, and assistant feature design, this
app provides a simple and evidence-based prehabilitation
program that may be applied to a wide range of patients
undergoing a variety of treatments.

Consultation with exercise professionals is the most commonly
desired feature in exercise interventions [8,29]. A scoping
review suggested that the effectiveness of home-based
interventions for patients with cancer was largely attributed to
the level of attention from qualified exercise professionals [30].
Older patients especially favor being guided during
technology-based exercise interventions [31]. Expert
consultation was most acceptable or useful to the participants
and resulted in higher adherence to the mHealth intervention
[32,33]. However, an app that is capable of all these features
has, until our program, yet to be developed [33], and home-based
exercise is generally unsupervised once the individual leaves
the facility in which the exercise was prescribed [30]. Thus, the
feedback, appointment, and videoconference features in this
app offer the opportunity for patients to receive professional
advice and supervision from exercise specialists through their
preferred mode of communication, including SMS text
messages, telephone calls, email, and in-person or video-based
face-to-face meeting. These features allow patients to access
the exercise professionals at any point in the program and to
maintain communication with exercise specialists even while
performing home-based interventions. In this sense, our app
has the potential to facilitate the exercise professional–patient

relationship and motivate patients to engage in and adhere to
the home-based e-prehabilitation program.

Despite the high adherence rate that we observed in our previous
study [11], additional barriers may affect interventions in
mHealth format. Behavior change techniques used to promote
physical activity are one of the main factors affecting
engagement with physical activity apps [34]. The behavior
change techniques used in this app include self-monitoring,
customized intervention, social support, and motivations. The
daily prehab log serves as a self-monitoring tool for patients to
keep track of their compliance with the program. The pressures
inflated in BFR bands are customized by healthy level,
extremities’ circumferences, and exercise intensity the
participants choose (ie, low, moderate, or high).

Social support (eg, support from friends, family members, and
neighbors) is another key construct for enhancing adherence to
exercise interventions among patients with cancer [7,35,36] as
well as a critical element in home-based interventions [36] and
self-management mHealth app–based interventions [13]. A
qualitative interview study demonstrated that social support
positively influences engagement in physical activity among
older adults with abdominal cancer [7]. This app establishes a
full social support system by means of “video conference,”
“call,” “feedback,” “appointment,” and “chat room” features.
Additionally, the “chat room” feature provides the possibility
for the patients to form a web-based peer network in which
patients are able to encourage each other and share their feelings
and stories as a community, which may positively influence
their psychological status, engagement, and adherence to the
program. Taken together, the interventional features of this app
highlight the potential of meeting individualized patient needs,
providing motivation, enhancing patient engagement and
adherence, and facilitating human interaction. These themes are
considered the determinants for the effectiveness of a mobile
intervention to support surgical patients [37].

Limitations
The main limitation of this study is the lack of involvement of
patients with abdominal cancer. There are a number of reasons
that we could not involve the target patient population. First,
this study suffers from limited budget and time. Second, patients
with abdominal cancer have a limited time frame before surgery
to test the app and provide detailed feedback. Instead, the two
experienced clinical oncologists in our team provided a fair
number of suggestions to accommodate this app to meet the
needs of patients with cancer. For example, the patients might
want to call the team member immediately, and we provided
the one tap phone call function. They will need professional
advice on exercise, and we provided the web-based meeting,
feedback, and appointment features. Therefore, we would expect
our app to be ready for clinical use to a certain degree. Another
limitation is that the small screen on the smartphone makes it
difficult for older people to perform the exercise by watching
the video. However, the audio instruction and count-down timer
were implemented in the video. Once participants get familiar
with the exercise regimes, performing the exercise only with
audio instruction is possible. If conditions allow, the exercise
video can be projected to a larger screen for convenience. In
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the future, usability and acceptability evaluations should be
conducted among the different populations that will be involved
in the prehabilitation process (eg, target patients, caregivers,
and health care providers). Final modifications will then be
made by gathering multi-party opinions before the app is
publicly available. The end-product is expected to meet
multi-party needs and fit well in the clinical workflow with the
support of exercise professionals. We plan to initiate a
multicenter research trial by using this app with the purpose of
expanding the study population and validating this
prehabilitation program.

Comparison With Prior Work
To the best of our knowledge, UT Prehab is the first
prehabilitation app combining evidence-based BFR exercise
and sport nutrition programs. There are currently only 4 apps
specifically focusing on prehabilitation in the Apple App Store
and Google Play. “Craetus Prehab (Craetus)” was designed in
an attempt to help prepare patients for cancer treatment by
tracking aerobic exercise, mindfulness, and nutrition. However,
the programs in “Craetus” are not specific and are only available
in the United Kingdom. “Prehab (Eurecat)” is used at Hospital
Clinic de Barcelona. It was designed to prepare the patient for
abdominal surgery with general instructions about nutrition,
mindfulness, and exercise. Access to the app is limited, in that

it is granted only by collaborating institutions. Further, the
effectiveness of the program employed by the app has not yet
been validated, thus limiting the evidence of its potential
effectiveness. The “PeerWell” and “Exphy Surgery” apps focus
on pain control, but they are limited to musculoskeletal surgery
and are prescription-only. None of these apps provide patients
undergoing surgery with a customized exercise and specific
nutrition program with the support of exercise specialists. UT
Prehab is unique, in that it utilizes innovative multidisciplinary
prehabilitation interventions and provides a highly interactive
environment.

Conclusions
In this study, we developed a prototype of a mobile app, with
the aim to implement a multidisciplinary prehabilitation program
for patients who will undergo elective surgery. With the
characteristics of simplicity, a validated and scientifically sound
prehabilitation program, assistance of recognized behavior
change techniques, and communication with the professional
prehabilitation team, this app has the potential to positively
affect the effectiveness of future e-prehabilitation interventions.
Usability and acceptability evaluation by the targeted population
and other relevant individuals (ie, caregivers, exercise
specialists, and health care providers) will be the next step prior
to its use in multicenter studies.
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Abstract

Background: The rapid spread of the novel coronavirus (COVID-19) has presented immeasurable challenges to health care
workers who remain at the frontline of the pandemic. A rapidly evolving body of literature has quantitatively demonstrated
significant psychological impacts of the pandemic on health care workers. However, little is known about the lived experience
of the pandemic for frontline medical staff.

Objective: This study aimed to explore the qualitative experience of perioperative staff from a large trauma hospital in Melbourne,
Australia.

Methods: Inductive thematic analysis using a critical realist approach was used to analyze data from 9 semistructured interviews.

Results: Four key themes were identified. Hospital preparedness related to the perceived readiness of the hospital to respond
to the pandemic and encompassed key subthemes around communication of policy changes, team leadership, and resource
availability. Perceptions of readiness contributed to the perceived psychological impacts of the pandemic, which were highly
varied and ranged from anger to anxiety. A number of coping strategies were identified in response to psychological impacts
which incorporated both internal and external coping mechanisms. Finally, adaptation with time reflected change and growth
over time, and encompassed all other themes.

Conclusions: While frontline staff and hospitals have rapidly marshalled a response to managing the virus, relatively less
consideration was seen regarding staff mental health in our study. Findings highlight the vulnerability of health care workers in
response to the pandemic and reinforce the need for a coordinated approach to managing mental health.

(JMIR Perioper Med 2021;4(2):e27166)   doi:10.2196/27166
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COVID-19; perioperative; mental health; qualitative; grief; psychology; health care worker; experience; hospital; trauma; thematic
analysis; interview
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Introduction

The SARS-CoV-2 (herein referred to as COVID-19) pandemic
has profoundly changed the fabric of society and presents
unparalleled psychosocial and economic challenges at a global
scale. Originally identified in the Chinese city of Wuhan in
December 2019 [1], the novel pneumonia has spread rapidly
around the world. As of December 3, 2020, the World Health
Organization [2] reported 64.2 million confirmed cases of
COVID-19 with 1.49 million mortalities. On March 11, 2020,
the WHO declared COVID-19 as a pandemic with subsequent
lockdown measures implemented in Australia. The state of
Victoria in Australia has been significantly impacted by
COVID-19 with 74.4% of all cases originating in Victoria as
of September 14, 2020. As a consequence of the “second wave”
of cases, Victorian hospitals were forced to rapidly enact their
emergency protocols.

At the Royal Melbourne Hospital, decision making in response
to the pandemic occurred in an expedited fashion, often with
limited information available. As a consequence of the
pandemic, the hospital shifted to a COVID surge planning
strategy, developed from late February 2020. Staff
communication avenues for the strategy included a hospital
Workplace (corporate social media), dedicated COVID-19
information page (established on February 27, 2020), daily
dissemination of information in the heads of department hospital
huddle, hospital mangers’ briefings (commencing March 23,
2020), and whole-of-hospital Workplace Chat sessions
(commencing April 2, 2020). Personal protective equipment
(PPE) requirement guidelines were developed and varied
according to information available from the Department of
Health and Human Services. These changes were disseminated
to staff, as available.

At the frontline of the pandemic are health care workers (HCWs)
who play a direct role in the diagnosis, treatment, and care of
patients diagnosed with COVID-19. The virulence and mortality
rate of the virus, along with depletion of PPE and rapidly
evolving workplace roles, place HCWs at a distinct risk of
experiencing psychological distress [3]. These risks are further
exacerbated by the strict lockdown measures imposed in
Victoria, with the psychosocial implications of prolonged
isolation remaining largely unknown [4]. Existing literature
highlights the psychological vulnerability of HCWs who
knowingly jeopardize their own health to uphold the health and
well-being of others [5]. Indeed, 3573 Victorian HCWs became
infected and a significant proportion of these cases were within
the hospital setting [6]. Unsurprisingly, an increasing number
of quantitative studies have described elevated incidence of
depression, anxiety, insomnia, and distress among HCWs
exposed to COVID-19 through their work [3,7-9]. Pooled
incidence rates from a recent meta-analysis found elevated levels
of anxiety, depression, and insomnia, at levels of 23.2%, 22.8%,
and 38.9%, respectively, among HCWs exposed to COVID-19
[7]. Simply being a health care worker has been identified as
an independent predictor of psychological distress [3,10].
Additional risk factors have been reported to include being
female and being a nurse [7]. Further, contributing factors
include speculation around modes of transmission, how quickly

the virus has spread, and a lack of definitive treatment protocols
or vaccinations [11]. Taken together, it is clear that COVID-19
is having profound mental health impacts on HCWs across a
broad range of settings.

To date, the vast majority of studies conducted into the mental
health impacts of COVID-19 on HCWs has been quantitative
in nature. While affording well-documented strengths in internal
validity and replicability, the use of quantitative approaches
alone may be insufficient to explore the complex nature of
psychological distress during this unprecedented time. A recent
position paper summarizing the priorities identified by 24
world-leading experts further reinforced the importance of lived
experience in characterizing mental health implications [4].
Hence, qualitative approaches represent an important avenue
to characterizing the richness and diversity of HCW experiences.

The limited number of qualitative studies that have been
conducted to date have revealed a number of themes. Sun and
colleagues [12] examined the psychological experiences of 20
nurses caring for patients with COVID-19 in China. Four themes
were generated in that study. The theme “significant amounts
of negative emotions at an early stage” highlighted the high
degree of exhaustion, helplessness, and unfamiliarity in
navigating through the early stages of the pandemic. Self-coping
styles was also constructed as a theme with participants
describing the adoption of a range of coping mechanisms to
psychologically adapt to the pandemic, ranging from avoidance
to relaxation and humor. Growth under stress was identified
among participant accounts, with many identifying a new found
appreciation and gratitude for family, social supports, and health.
The final theme reflected the juxtaposition of having both
positive and negative emotions occur simultaneously. Similar
themes were identified in a qualitative study of 30 frontline
health care nurses in Wuhan, China [13], where both positive
and negative psychological consequences were described.

Using thematic analysis, Munawar and Choudhry [14] explored
challenges and coping mechanisms among HCWs in Pakistan.
Participants reported limiting media exposure and limiting
disclosing of work responsibilities to close others as key coping
tools. However, a number of culture-specific coping methods
were noted, including religious coping and faith-based practices.
Unique challenges around denial by religious scholars were also
described, with participants reporting frustration at public
noncompliance. Taken together, findings highlight the religious
and culture-specific experiences faced by HCWs during the
COVID-19 pandemic.

To date, no studies have examined the experience of frontline
HCWs in psychologically responding to, and dealing with, the
COVID-19 pandemic in an Australian context. This study aims
to qualitatively explore the psychological impact of the
COVID-19 pandemic among frontline HCWs in the
perioperative department of a large, tertiary trauma hospital in
Melbourne, Australia. Perioperative teams include HCWs that
care for patients before, during, and after a surgery or
interventional procedures. Included in this HCW cohort are
nurses, theater managers, surgeons, anesthetists, surgical and
esthetic trainees, theater technicians, and radiographers. In this
area of health care, there is a high throughput of patient turnover,
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frequent aerosolizing procedures, and close contact with patients,
some of them with unknown COVID-19 status and with
aerosolizing-generating behaviors.

Methods

Participants and Setting
Reported in this paper are the data from the qualitative
component of a mixed-methods research study evaluating the
psychological impact of the COVID-19 pandemic on
perioperative staff. A longitudinal quantitative data collection
is ongoing via a 4-weekly survey, and the results of this will be
reported elsewhere, after study completion. Participants were
frontline HCWs employed in the perioperative department of
the Royal Melbourne Hospital. All perioperative staff were
eligible to participate. Participants were invited by email to
register their interest for the study online via a link on their
email at the time points of months 4, 5, and 6 of the
7-month-long quantitative study. All participants who registered
“interested” were contacted via their preferred method (email
or telephone) and provided with the participant information and
consent form about the study. Consenting staff were then
scheduled for interviews.

Recruitment for the qualitative arm of this study took place in
late August 2020, coinciding with the “tail end” of the second
peak of COVID-19 cases in Victoria. At the peak of the second
wave (July 30, 2020), cases in the state peaked at 723, with
national totals also peaking on the same day at 745 [15]. This
was considered an opportune moment to prospectively source
participant lived experience, as there was time to reflect on the
height of this second peak while still remaining current in
participant memory. All study interviews took place between
September 1, 2020, and October 6, 2020. The hospital in which
the study was conducted was one of the most impacted by
COVID-19 in the state with comparatively high numbers of
both patients treated and staff infections. The state reached 0
new infections on October 31, 2020, and this was maintained
for 19 days in a row, marking the end of the second wave.

Procedure
One-on-one telephone and video conference interviews were
conducted with eligible participants after written consent was
obtained. Semistructured interviews contained 10 items which
were a combination of open- and closed-style questions.
Questions were adapted from existing literature [12,16,17].
Depending on participant responses, standard prompts or
follow-on questions were explored with participants (see
Multimedia Appendix 1). Questions were presented in a
predefined order, with responses audio recorded to facilitate
transcription. Interviews were conducted by CF and EB, both
of whom are female, senior clinician psychologists with
experience in the conduct of qualitative research. Neither
interviewers had worked as direct team members with any
respondents, nor had regular clinical involvement with the
perioperative department. Interviews were conducted with
participants at an agreed upon time and location, with 3/9
participants (33%) opting to conduct the interview on
working-from-home days, and the remainder while on-site at
the Royal Melbourne Hospital. All participants consented to

interviews being audio recorded. This study was approved by
the Melbourne Health ethics committee HREC/63609/MH-2020.
Participants were informed of their right to withdraw and
advised that all data would be collected and disseminated in a
confidential manner.

Statistical Analysis
Transcription was completed by an independent researcher (TW)
and analyzed using NVivo software (QSR International). To
ensure consistency in transcription, an orthographic notation
system outlined by Braun and Clarke [18] was adhered to. As
such, transcription encompassed “verbatim” responses in
addition to nonverbal expression such as laughter and pauses.
Cross-checking of 3/9 (33%) of interviews was undertaken by
CF to ensure consistency and quality in transcription. The
interlistener consistency for the transcriptions was high
(4363/4443 words; 98.19% consistency).

Inductive thematic analysis was undertaken to analyze data due
to its flexibility to manage small data sets and established
guidelines for use [19]. An epistemological approach of critical
realism was adopted when exploring and classifying themes,
an approach which assumes that participant language reflects
lived reality while acknowledging the influence of society and
culture on that reality [18]. Codes were identified from
transcribed materials which allowed for the establishment of a
coding structure. This coding structure was used to cross-code
3 transcripts to ensure reliability [20]. Themes were then
collaboratively developed by the research team to ensure
findings represented lived experiences [21]. The consolidated
criteria for reporting qualitative research guidelines [22] were
used to guide reporting in this study.

Results

Participants
A total of 15 staff registered their interest to participate in the
study, with 9 agreeing to participate when contacted directly
by the interviewers in the research team. The distribution of
staff registering interest was 6, 7, 2, and 0 across the 4 monthly
registration opportunities. Thus, the decision was made to cease
recruitment after month 4, as it was anticipated all staff wanting
to participate would have registered interest by this time. This
was also mirrored by the diminishing registration rates as the
months progressed.

Participants were 9 staff members employed in the perioperative
department of the Royal Melbourne Hospital. Nursing staff
(n=4) encompassed scrub nurse, scout nurse, clinical nurse
specialist, nurse manager, with staff working across roles in
some instances. Medical staff (n=5) included anesthetists,
neurosurgeons, and orthopedic surgeons.

The sample included a high proportion of senior, experienced
staff, with an average of 19.5 years of clinical experience. There
was a fairly even split between gender identity (5/9, 56%)
female), with no participants identifying as nonbinary,
transgender, or having a different gender identity.
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Qualitative Findings
Data saturation was calculated in line with Guest and colleagues
[23] with a new information threshold set at ≤5%. Implementing
a run length of 2 and base size of 4, data saturation was achieved

at interview 6+3. Thematic analysis revealed 4 overarching
themes: hospital preparedness to respond, psychological
impacts, coping strategies, and adaptation with time. A number

of subthemes were also identified and are presented below. The
themes and subthemes and their relationships with one another
are presented in Figure 1 and are explored with supplementary
quotes to assist in interpretation. Quotes have had repetitive
words, vocalized filler words (umm, err, ah, etc.), and silent
pauses removed for fluency of reading. Parentheses at the end
of the quotes provide participant position in the hospital.

Figure 1. Visual representation of themes and subthemes.

As seen in Figure 1, several external factors were conceptualized
to impact the experience of the pandemic at a personal and team
level. On the former, coping strategies were constructed as a
major theme in the experience of the pandemic, with subsequent
implications for the psychological impacts of the pandemic.
Adaptation with time occurred in parallel to external and
personal experiences, with change and growth evident in both
contexts.

Hospital Preparedness
The first emerging theme related to the preparedness of the
hospital for the COVID-19 pandemic. This theme related to
perception of hospital readiness to face the pandemic and
encompassed a number of subthemes illustrated in Table 1. We
conceptualized this theme in a top-down fashion, with early
changes in hospital policy and communication of these changes
having associated implications for patient care. The first
subtheme of hospital policy was conceptualized by 3 primary
factors: readiness to respond, COVID-centric response, rapid
policy change, importance of leadership, and response to mental

health. There were differing viewpoints regarding the hospital
response preparation, with many finding the rapid changes
difficult to manage or navigate. Difficulties with unclear lines
of leadership, and a perceived lack in the support for mental
health well-being provided were also described.

Under the subtheme of communication, the method of
communication and the information sources were the major
factors. The methods of communication were reported to be
unclear and inconsistent, while departmental meetings and peer
consultation were deemed more useful than electronic online
communication methods. Altered patient care was the third
major subtheme, incorporating the factors of patient
implications, changing work roles, and resource availability.
Participants were concerned about the impact on care for patients
with non-COVID–related health needs. They reported a number
of changes to their way of working and projects, concerns about
moving areas, and having no work. Comments around resource
availability were varied, with several reporting no concerns and
others raising issue with the supply and suitability of PPE.
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Table 1. Theme: Hospital preparedness.

QuotesDescriptionSubtheme and factors

Hospital policy

Participants’ perceptions of overall hospital
preparedness. While some participants felt con-

Readiness to respond • ...it personally made me feel confident that the hospital was
well prepared because we got on the front foot early and were
preparing for the worst and hoping that it wouldn’t happenfident in the hospital’s capacity to respond, oth-

ers cited concerns. [nursing]
• I always felt like the hospital was always behind the eight

ball when it came to particular things [medical]
• ...in the first wave I found that they were a couple of weeks

behind a lot of other hospitals [medical]

Participants reported concern at the COVID-
centric nature of hospital policy, with other areas
of clinical practice falling to the wayside.

COVID-centric response • ...it was very ICUa centric, very EDb centric they made as-
sumptions that theatre would just not be doing anything....they
were very focused on one or two areas instead of the whole
organization [nursing]

• ...it didn’t really take into account the need for us to continue
to look after non COVID patients [medical]

Rapid changes in policy in the first wave were
described by many participants which resulted
in workplace stress and confusion.

Rapid policy change • in the early stages because of the changes happening so
rapidly I think it created a lot of confusion and...there are a
lot of people…it was quite stressful [nursing]

• ...processes had to escalate quite quickly and changes and
decision making at times[medical]

In response to rapidly changing procedures and
policies, participants highlighted the importance

Importance of leadership • ...sometimes there were potentially too many cooks in the
kitchen with some of the decisions and...who was sort of taking
the lead and that I guess that ruffles feathers and it leaves aof leadership in managing the dynamic work-
lot of people confused [nursing]place and resultant adverse implications of

fractured leadership. • the leadership across the state and the hospitals have not
been clear about what they require from people because most
people in health will do whatever you ask as long as they are
clear of what you’ve asking and… no one really making a
decision because at the end of the day even if the decision is
not quite right it’s better to have one than not have one at all
[nursing]

While participants reported changes in hospital
policy to manage patient flow and procedures,

Response to mental health • ...other organizations did a lot more to bring wellness on site
than the Royal Melbourne Hospital did...for instance our

EAPc people weren’t on site where as Western Health insistedsome commented on weaknesses in the hospi-
tal’s response to mental health. that they have people on site where they could meet with

people face to face in a socially distanced way we didn’t do
that our wellness team would not come to any clinical area
so even when one of our staff died they would not come to the
area they said we will Zoom Webex people and it’s like ‘what,
no thanks they don’t want some person on a screen talking
about it its impersonal’ [nursing]

Communication

While most participants did feel aware of the
hospitals’ response to the pandemic, the methods

Method of communication • the only thing that I found in the early days was when we
would have other departments come into our area and telling

us about changes in PPEd before our leadership had a chanceby which this was communicated was cited as
a common source of stress and confusion among
teams.

to tell us and I think that was that caused a lot of the early
anxiety around things [nursing]

• trying to get that clarity about what was happening yeah it
was quite challenging at the time [nursing]

Participants primarily highlighted departmental
meetings and informal peer consultation as use-

Information sources • I was very aware because we were having frequent depart-
mental meetings and updates [medical]

ful means of information transfer. By contrast, • they used Workplace which I think was a useless tool I think
this needed verbal communication not just posting reams ofparticipants reported online platforms (specifi-

cally Workplace and the hospital intranet) as
less useful.

documents on a webpage you know like Facebook people just
don’t have the capacity read than and the capacity to even
understand what’s changed from day to day [nursing]
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QuotesDescriptionSubtheme and factors

Altered patient care

• ...everything is slower you know getting surgery is slower if
you’ve got an emergency patient it is slower to get them into
the operating theatre and you are worried that they are dete-
riorating while we are all doing the COVID thing [medical]

• everything is slower you know getting surgery is slower if
you’ve got an emergency patient it is slower to get them into
the operating theatre and you are worried that they are dete-
riorating while we are all doing the COVID thing [medical]

•
• other wards...were looking after patients they’d never had to

look after before because the normal wards that look after
them had gone hot you know there was so many things hap-
pening [medical]

This subtheme revealed concerns that staff had
about changing workplace policy and procedure
on patient care during the pandemic.

Patient implications

• we dropped the amount of theatres at the beginning and there
was kind of just a lot of people floating around and I think
that added to the stress because people were like what if I
lose my job what if I like I get deployed to aged care I haven’t
done I haven’t done age care nursing in like ten years and
people were just quite unsure [nursing]

• ...definitely a lot things that we did went on the backburner
[nursing]

• I sat there and twiddled my thumbs and did nothing [medical]

While some participants felt their role had not
changed substantially during the pandemic,
others did communicate changing work roles,
with many citing a reduction in work capacity.

Changing work roles

• I’ve never been concerned for my ward or the hospital that
we will ever have a shortage of PPE [nursing]

• I never at any point at the Royal Melbourne Hospital felt as
though I didn’t have what I needed [medical]

• I’ve never ever felt happy with the N95 masks that they’ve
had and I remember at the start of this pandemic when we
were starting to wear N95 masks and I said to people then
these masks do not fit me I do not feel safe in these masks
[medical]

• we ran out of N95 masks quite quickly and as an anaesthetic
nurse you were like oh I’m in the head end like I like I’m most
likely to be exposed to this what if I get it [nursing]

• having the right correct PPE at times it hasn’t always been
ideal not necessarily the correct sizes of masks available not
the best ideal gowns available [nursing]

There was a range of responses in the area of
resource availability, with some feeling well-
resourced, while others raised concerns about
the suitability and availability of PPE

Resource availability

aICU: intensive care unit.
bED: emergency department.
cEAP: employee assistance program.
dPPE: personal protective equipment.

Psychological Impacts of the Pandemic
This theme related to perceived psychological impacts during
the pandemic on self and on colleagues as the 2 major subthemes
(Table 2). While many participants did not report needing
psychological support themselves, all respondents described
seeing psychological impacts in their colleagues. Similarly,

many participants reported identifying behavior change in
colleagues which was interpreted as being driven by anxiety
and stress. The most commonly reported emotion was anger,
and other factors identified were the need for psychological
support, the spectrum of emotions perceived or experienced,
fears of infection, the omnipresent nature of the virus, emotional
contagion, and the need for calm.
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Table 2. Theme: Psychological impact of the pandemic.

QuoteDescriptionSubtheme and factors

Impact on self

This theme related to self-perceptions of the need
for psychological support. Most participants report-

Need for psychological sup-
port

• ...it didn’t get to a point where ahh I thought I needed
it [medical]

ed not requiring nor actively seeking psychological
support.

• ...I just I felt like maybe other people needed it more so
I just avoided it [nursing]

There were a range of emotions experienced by
staff which occurred on a spectrum.

Spectrum of emotion • I was just surprised at how upset everyone was by it all
[medical]

• I haven’t at any point felt particularly stressed [nursing]

Interestingly, the most commonly expressed emo-
tional response to the pandemic by participants was

Anger • I started out being sort of angry and agitated about
things and you know [medical]

anger. Of note, the anger originated from causes
external to immediate teams.

• I don’t think I was stressed I was angry I still am angry
[medical]

• I had a couple of weeks where I was just like really
angry really really angry all the time and its hard not
to bring that home [nursing]

A number of participants described a fear of catch-
ing COVID-19, mostly in relation to bringing the
virus home to family and friends.

Fear of infection • ...that was quite draining I think everybody early on
just felt shattered at the end of every day because they
were mindful of the fact they could be infected at any
point we didn’t know which patients were likely to be
infected or not infected it was a mystery at that level
and you know the kind of weight on you personally that
you might get infected might get sick might bring it
home to your family [medical]

• the main thing that I was worried about was actually
bringing the virus home I mean that worried me quite
a lot [medical]

The all-present nature of the virus was cited as a
contributing factor to overall emotional state.

The omnipresent nature of
COVID-19

• I used to come home and like literally just strip off at
the back door and then run for the shower you really
needed that bit of a wind down because COVID was
following you all the way home [medical]

• there was a few months back where I had you know
extended family members calling me every day to say
‘are you okay we are really worried about you are you
okay’and sometimes the constant questions even though
they were coming from a good place I was trying not
to think about it when I went home and trying to sort
of switch off [nursing]

Bridging the impact of self and colleagues was the
subtheme of emotional contagion. This described

Emotional contagion • while I was waiting I was just having a conversation
with one of the nurses over in theatre and she was kind
of talking about the numbers overseas and that in twothe spreading of fear among colleagues which had
hundred people working in peri-op one of us was goingsecondary implications on participants mental

health. to die and it was just not something that I needed to
hear at 3am and as my mind wasn’t even sort of thinking
about that kind of thing I was trying not to [nursing]

• there was nervousness in the air... [nursing]
• they were basing it on a New York situation which we

weren’t going to be like New York or Italy and that was
very clear from the outset but the panic that ensued
through groups of people made It very difficult for
people to think rationally and put together a plan for
theatre [nursing]
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QuoteDescriptionSubtheme and factors

• I kind of almost took on a role of being quite calm about
it all you know because we can’t all be sort of running
around and panicking [nursing]

• I sort of after two weeks had just had enough and told
my nursing staff that they were not to participate in the
panic with medical staff anymore or the executive and
we had to sit down and put a plan into place that was
actually going to lead our staff and function through
the pandemic [nursing]

In response to emotional contagion, several partici-
pants described the need for a calming influence in
the workplace, a role which many spontaneously
adopted themselves.

Need for calm

Impact on colleagues

• I have felt that some of my colleagues have gone off the
rails a little bit in various ways [medical]

• struggling to communicate with various tasks or even
just expressing how unsure they were with the
masks...you could tell the nervousness like a bit fidgety
like a bit sort of racing around sort of thing [nursing]

• this pandemic that has just knocked people out so now
you’ve got low energy low morale [nursing]

• reading between the lines in terms of what they are
posting online social media what they are texting and
a little bit about their behaviour at work...I suspect that
some of them have decompensated a little bit [medical]

Many participants identified behavioral changes in
colleagues as the primary indicator for distress.

Behavioral impacts on col-
leagues

• you could see people were getting stressed the anxiety
was definitely building for staff [nursing]

• there was some people that I felt were quite over-
whelmed or looked a bit anxious at times [nursing]

• the anaesthetist probably whose anxiety has been
probably not managed well and been extremely high I
think has reflected of the lack of recognition of the risk
in their workforce group [nursing]

Participants described observing stress and anxiety
among colleagues

Anxiety

• equal recognition is important just because you weren’t
in a hot ward it didn’t mean you weren’t working
[nursing]

• that’s been really palpable you know through the
nurses cause the doctors would say to them ‘ohh why
don’t you just work from home just stay at home or just
do this were only doing half time here and half time at
home’ and its like were not allowed to they don’t see
that they have a privilege that others don’t have [nurs-
ing]

Perceived inequality between professional groups
and wards was cited as a contributing factor to
emotion among a team.

Perceived inequality

Coping
The theme of coping described the various coping strategies
used by participants to manage the pandemic (Table 3). These
were conceptualized as being either external or internal in
nature. More participants reported choosing to use external

coping tools (eg, exercise, family, and friends) than internal
coping (eg, mindfulness, distraction). Also encompassed under
this theme were barriers to using coping strategies that had
previously worked, largely stemming from restrictions due to
lockdown.
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Table 3. Theme: Coping.

QuoteDescriptionSubtheme and factors

Internal coping

Participants described using distraction as a man-
agement tool.

Distraction • we’ve had some renovation things going on at home as
well so that was quite distracting [medical]

• when I went to do some shifts in ICUa, I found it was a
much more controlled environment and because I was
learning new skills and doing something it was a good
distraction [nursing]

Use of mindfulness and meditation-based strategies
was described by some participants; many using

Mindfulness • I also utilise a lot of online resources a lot of the apps
and things that are out there like your smiling mind app
and mindfulness and things like downward down dogapps to support implementation. Yet other partici-
so that’s the yoga thing but they’ve also got a lot of re-pants reported that these strategies had not been

effective. laxation things in there as well so I know a lot of apps
[nursing]

• ...things like meditation just haven’t worked for me be-
cause they just don’t on a personal level [medical]

• I had a few weeks there like every night I would come
home and I would just sit down and I would put one of
those meditation apps on and just lie there for about
an hour and just try and calm down and that was quite
useful [medical]

Adjustment to personal mindset was noted to be a
helpful internal coping strategy.

Mindset • I think the ups and downs of your day I found you have
to have the mindset of just take it day by day...otherwise
you do get bogged down with thinking about how long
it has been...that’s why I am all surprised when people
say it has been six or seven months because I can’t I
haven’t looked back to when this really all started
[nursing]

• like most nurses do I’ve just accepted this is how it is
and get on with it [nursing]

The role of clinical experience was perceived as a
mitigating factor in the experience of stress, with

Role of experience • I think it does come with experience in our environment
and knowing where to go to find the information and
being a bit more resourceful yourself I think some morea number of participants highlighting higher levels

of distress among more junior staff. junior casual staff probably felt a little bit more at a
loss about what’s happening it’s definitely challenging
if you aren’t at work for a few days and you come back
and your kind of like what’s new what’s happened
what’s changed [nursing]

• there were sometimes more junior staff who were get-
ting a bit stressed about all the changes [nursing]

A number of participants described feeling grateful
for having a job in a time of economic turmoil.

Gratitude • I’m very grateful that I have a job and I’m grateful that
even though I’m coming to the hospital I still get to be
able to have face to face with people every day which
is a thing that a lot of people don’t have so even though
you sort of going in to what you feel is often an unsafe
environment the fact that you actually get to still see
your colleagues and talk with patients and do all that
sort of stuff that’s been good [medical]

External strategies

Entertainment was regularly cited by participants
as an external coping tool.

Entertainment • when I was home I played music more you know
watched a lot of Netflix and stuff like that [medical]
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QuoteDescriptionSubtheme and factors

• I live alone so I found that coming to work was my so-
cial life which was actually really good to have [nurs-
ing]

• I think a lot of people who you know they probably find
coming to work a bit of a relief from being at home all
the time [medical]

• being able to go to work and just chatting to your col-
leagues that’s a that’s a big thing [medical]

• collegiality professional contact is actually quite impor-
tant and if you just go to work do the work and go home
and don’t talk to anybody else its actually rather dull
and not very interesting [medical]

Work was cited as a social outlet. Connection with
colleagues played an important role in coping.
Similarly, the absence of continued face-to-face
contact was cited as a barrier to work engagement.

Work as a social outlet

• I literally turned off because…I’m a bit of a news person
I like to keep up with the news and stuff like that but I
would literally turn it off I wouldn’t watch any news I
wouldn’t read any newspapers cause It was just total
twenty four seven saturation about this [medical]

Limiting media intake was reported as a strategy
for coping

Limiting media intake

• try and exercise that’s usually my best way when I’m
stressed [nursing]

• I am a bit of a compulsive exerciser...so you know I’ve
got a lot of kind of other things that kind of keep me
interested outside of work [medical]

• I’ve managed to get the exercise in that I normally
would have done I’m probably healthier physically than
I’ve been in a long time [medical]

Exercise was cited by many participants as a helpful
external strategy for coping during the pandemic.

Exercise

• my coping strategies are I like to stay in touch with
people so that’s you know being in touch with family
and friends and checking on them [nursing]

• I’ve actually been in contact with a lot more friends
and friends from overseas...old friends from school who
we haven’t really caught up for ages [medical]

Family and friends played an important role in
coping during the pandemic for many participants.

Family and friends

• we were really good at looking after our little family
here on the ward like we all know each other very well
and we know when someone’s not right [nursing]

• Yeah I think it’s bought us together [nursing]
• We tried to implement just fun things at work like you

know like whoever’s got whatever colour on gets a prize
for the day or whatever you know sort of fun things
they’ve started a cahoot morning quiz thing and just a
few things like that [nursing]

• I felt that almost I was the you know trying to get some
of these people aside and talk as though I was being
the counsellor in a way you know just giving people the
opportunity to talk and stuff like that [medical]

Strong team bonds and a self-initiated team re-
sponse were implemented to help manage emotional
distress during the pandemic.

Team response to stress

Barriers

• I’m struggling a bit not being able to see my family
[nursing]

• you know obviously living alone I couldn’t see my
family members for a long time [nursing]

• unfortunately a lot of coping strategies and things I did
have got shut down because of the pandemic [nursing]

The imposed restrictions on movement and activity
were cited as a barrier for engaging in previously
used coping strategies by a number of participants.

Lockdown

aICU: intensive care unit.

Adaptation With Time
The final theme, adaptation with time, reflected change and
growth over time, and encompassed all other themes. Within

this theme, change was described at both a hospital level and a
personal level through psychological adaptation and personal
growth (Table 4).
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Table 4. Theme: Adaptation with time.

QuoteDescriptionFactor

Many participants reported a rapid adaptation
of the hospital’s response to the pandemic over
time. This was reported in the context of the
preparedness for the pandemic at the second
wave relative to the first wave.

Hospital adaptation with time • I think as time went on we got kind of trouble shooted and it
it’s become a lot smoother now [nursing]

• they were weeks ahead dramatic improvement in the response
early response to the second wave compared to the first wave
[medical]

• pretty rapidly we marshalled a kind of workforce to deal with
the various aspects that needed to be done [medical]

Unlike the linear improvement in the hospital’s
response, participants described a cycle of emo-
tional change over time.

Psychological adaptation with
time

• so far it’s kind of been a fairly predictable it’s almost like the
stages of grief in a way that’s how I feel about it I think that I
am kind of at the flat somewhat resigned point now I haven’t
reached a point of kind of acceptance I’m sort of in the depres-
sion phase a little bit [medical]

• I’ve mostly coped well but there are days where I’ve been
emotional and not really understood why and I think it’s
probably I’ve just not processed what’s going on [nursing]

• I think I’ve just become a bit more passive in my work and you
know not trying to rock the boat too much and although at times
I felt that’s been the wrong thing to do its just psychologically
for me it’s just a better thing for me to do at the moment not to
rock the boat and get angry and upset and just do what you
told to do and try and do your best that’s about it [medical]

A number of participants identified personal
growth during the pandemic, with some also re-
porting changes in life priorities as a result.

Personal growth • I also feel proud that I am able to deal with this now [nursing]
• I’ve had more contact with people since the pandemic than I

did before the pandemic because we were very concentrated
on our own lives we used to do a lot of travelling and stuff like
that so its actually been a bit of a shift in perspective [medical]

Discussion

Principal Results and Comparison to Prior Work
This study explored the psychological impact of the COVID-19
pandemic among frontline HCWs in the perioperative
department of a large, tertiary trauma hospital in Melbourne,
Australia. Nine qualitative interviews were conducted with
frontline HWCs at the tail end of a second peak of infections
in the state of Victoria, Australia. The local environment was
a health care service with a high level of exposure to the virus,
relative to other services in the state and country. This study is
important as it aligns with a recent position paper authored by
world-leading experts that reinforced the importance of
capturing lived experience when characterizing mental health
implications [4]. Qualitative analysis indicated 4 main themes
from the data: hospital preparedness to respond, psychological
impacts, coping strategies, and adaptation with time.

Participants described several emotional states in response to
the pandemic, including anger, anxiety, and gratitude, along
with psychological concepts including the impact the team and
hospital response had on staff emotional well-being and
psychological growth. The predominance of anger in our
findings is disparate from existing COVID-19 research which
has largely found implications for stress, anxiety, and depression
[2,5-7]. Yet, findings are consistent with literature from the
SARS crisis which highlights anger as a key manifestation of
fear and uncertainty [24,25]. Termed as “state anger,” this
emotional expression has been purported to be an indicator of
underlying emotional distress [24]. It may be that the timing of

data collection impacts upon the manifestation of such
underlying anger. Notably, participants in our study were
interviewed at the tail end of a second and significant wave of
infections, with high numbers of infections and associated
quarantine requirements among staff. Given this, it may be that
anger is an initial emotional reaction experienced by HCWs
who are yet to fully process the emotional state underpinning
acute experiences. Divergence may also be explained, at least
in part, by the professional demographics of HCWs in this study.
Unlike Sun and colleagues [12] and Munawar and Choudhry
[14], we interviewed a primarily senior and highly experienced
sample. It is possible that the nature of these senior work roles
and experience of participants lend themselves more intuitively
to concern about decision making and resultant implications
for staff, rather than the individual experience of distress per
se. In support of this notion, several participants in our sample
highlighted the unique vulnerability of more junior staff in
responding to the pandemic.

Interestingly, despite all participants observing the need for
psychological support in colleagues, most indicated that they
themselves did not require formal psychological input. Findings
are consistent with extant literature, which highlights the
perceived stigma around disclosing mental health concerns
among health care professionals [26,27]. Reasons cited for
nondisclosure have been reported to include anticipated fears
of damage to future career prospects and professional standing
[28], underpinned by feelings of shame and professional failure
[26]. Importantly, Hassan and colleagues [28] found that the
reluctance to disclose mental health concerns persisted despite
years of clinical experience. Taken together, findings allude to
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a pervasive stigma associated with mental health among HCWs
and reinforce the need for a hospital-wide approach to managing
the same.

Hospital preparedness to respond was cited as a contributing
factor to perceived emotional stress among participants.
Inadequate PPE was noted as contributing to work-related stress,
including the fear of personal infection and subsequent
likelihood of spreading infection to family and friends. Findings
are consistent with existing literature, with shortages of PPE
hypothesized to underscore the onset of mental health symptoms
[29]. Similarly, trust in infection control procedures and PPE
were shown to be negatively correlated with emotional
exhaustion and anger among frontline HCWs during the SARS
crisis [30]. PPE shortages have been found globally, with the
COVID-19 pandemic surfacing systemic issues of supply in
response to overwhelming demand [31]. Findings of our research
highlight the need for strengthened coordination and
dissemination of appropriate and well-fitted equipment to ensure
frontline staff are adequately protected.

Underscoring perceived hospital preparedness was inconsistent
communication of rapid policy changes, particularly evident in
the early stages of the pandemic. The enormous flow of
information was unprecedented and was described as originating
from a variety of sources, including informally through news
media and communication with colleagues. Even when
occurring on more formal mediums such as through the hospital
Workplace platform, participants described feeling overwhelmed
by the amount of information. Importantly, failures to ensure
consistency of messaging resulted in emotional contagion and
spreading of misinformation through staff in our study, which
further exacerbated mistrust, stress, and anxiety. Regulation of
communication under such demanding circumstances is
undoubtedly challenging. However, our findings highlighted
the importance of early, efficient, and consistent communication
through regulated means, disseminated from one distinctive
leadership group, in better containing the narrative and
minimizing the likelihood of miscommunication.

Participants in our study demonstrated remarkable resilience.
Despite barriers to implementation due to lockdown, participants
continued to use a range of internal psychological coping
strategies and external tools in response to growing workplace
demands. On external coping strategies, many participants
reported using exercise, entertainment, and work as a social
outlet to manage stress. Internal psychological strategies of
distraction, mindfulness, and positive mindset were also
commonly implemented. Teams also demonstrated clear
responses to stress, including the spontaneous adoption of “fun”
work activities and associated enhancement of team solidarity.
Our findings are consistent with Sun and colleagues [12] who
reported both active and passive psychological adjustments in
response to the pandemic.

Many participants acknowledged that both the hospital response
and their own psychological state were not static during the
pandemic, but evolved overtime. This was relative to both the

stage of pandemic, regarding chronological duration and
infection rates, and the different psychological stages of
processing and managing the situation. A recent meta-synthesis
of frontline worker perceptions of working in a pandemic
highlighted personal and professional growth as an emergent
theme [32].

Limitations
This study is not without limitations. Although generalizability
is not the goal of qualitative analysis, the sample was taken
from a specific team within a single hospital in Melbourne,
Victoria, Australia. As such, it may not be transferrable to
HCWs from other clinical areas, disciplines, hospitals, or states.
The sample size was also small and may not fully reflect the
views of all of the perioperative teams. This may be the case
particularly for junior and less experienced HCWs in the team
who were underrepresented in the self-selected participants.
However, this is one of the first studies to qualitatively examine
the psychological impact of COVID-19 on HCWs in Australia.
Further insights into the psychological response of this team
will also be disseminated on completion of a longitudinal survey
currently being undertaken.

Several recommendations to assist HCWs’ psychological
functioning for organizations managing pandemic situations
can be offered from these data. As noted, clear and consistent
communication regarding changes to working practices and
procedures is likely to facilitate staff feeling informed and
assured in the response of the service. Centralized and visual
leadership within the organization, particularly when
communicating the service response, is also recommended.
Visible and available organizationally promoted staff well-being
measures are desired by staff, as well as accommodations to
working procedures that are as equitable as possible, across
professional disciplines. Acknowledgement of the wide variety
of psychological responses that people have to stressful
pandemic situations may also be advantageous, and a
normalization of these responses, so that individuals do not feel
unnecessary concerned about their own response, or pressure
to respond in a particular way, may be needed.

Conclusions
The psychological impact of stressful and risky situations for
HCWs, particularly during periods of prolonged stress, should
not be overlooked. While frontline staff and hospitals have
rapidly marshalled a response to managing the virus, relatively
less consideration was seen regarding staff mental health in our
study. Many participants described an emotional response to
the pandemic, though barriers in help seeking remain evident.
Hospital preparedness was cited as a contributing factor to
emotional response, including availability of well-fitted PPE
and concerns with communication of rapidly evolving policies.
Encouragingly, participants reported using a varied number of
coping mechanisms, with adaptation over time evident in
response to local barriers. Findings highlight the vulnerability
of HCWs in response to the pandemic and reinforce the need
for a coordinated approach to managing mental health.
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Abstract

Background: Nonoperative treatment (NOT) of pediatric appendicitis as opposed to surgery elicits great debate and is potentially
influenced by physician preferences. Owing to the effects of the COVID-19 pandemic on health care, the practice of NOT has
generally increased by necessity and may, in a post–COVID-19 world, change surgeons’ perceptions of NOT.

Objective: The aim of this study was to determine whether the use of NOT has increased in South Asia and whether these levels
of practice would be sustained after the pandemic subsides.

Methods: A survey was conducted among pediatric surgeons regarding their position, institute, and country; the number of
appendicitis cases they managed; and their mode of treatment between identical time periods in 2019 and 2020 (April 1 to August
31). The survey also directly posed the question as to whether they would continue with the COVID-19–imposed level of NOT
after the effect of the pandemic diminishes.

Results: A total of 134 responses were collected out of 200 (67.0%). A significant increase in the practice of NOT was observed
for the entire cohort, although no effect was observed when grouped by country or institute. When grouped by position, senior
physicians increased the practice of NOT the most, while junior physicians reported the least change. The data suggest that only
professors would be inclined to maintain the COVID-19–level of NOT practice after the pandemic.

Conclusions: Increased practice of NOT during the COVID-19 pandemic was observed in South Asia, particularly by senior
surgeons. Only professors appeared inclined to consider maintaining this increased level of practice in the post–COVID-19 world.

(JMIR Perioper Med 2021;4(2):e26613)   doi:10.2196/26613
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Introduction

Nonoperative treatment (NOT) of acute uncomplicated
appendicitis (AUA) refers to treatments involving prescription
of antibiotics only, typically those with aerobic and anaerobic
coverage of common bacteria commonly found in the bowel.
Examples include treatments with amoxicillin and clavulanic
acid, piperacillin sodium and tazobactam sodium, or
ciprofloxacin hydrochloride and metronidazole hydrochloride.
In the Appendicitis Acuta (APPAC) randomized controlled trial
[1], intravenous ertapenem was administered for 3 days,
followed by 7 days of oral levofloxacin and metronidazole. A
combination of intravenous ceftriaxone and metronidazole was
used in another study [2].

In South Asian countries, AUA is diagnosed using clinical
features, physical examinations, total blood count, and
ultrasonograms during outpatient checkups. Complicated
appendicitis is considered if there is evidence of appendix
perforation, abscess formation, localized peritonitis, or lump
formation on clinical examinations supported by ultrasonogram.
NOT is considered if diagnosis was clinically suspected as
appendicitis plus leukocytosis, with confirmation
by ultrasonogram. Patients are asked to report to the outpatient
department after 7 days of treatment or to the emergency
department in case of worsening conditions. NOT is abandoned
when no improvement with antibiotics, clinical deterioration,
and development of signs and symptoms of
complicated appendicitis are observed.

However, treating pediatric acute appendicitis nonoperatively,
rather than by open or laparoscopic appendectomy, still elicits
great debate [3-5] spawned by the results of controlled trials
and observational studies [6-10], reviews [11-14], and
meta-analyses [15-17]. The year 2020 has provided a unique
opportunity in which some of this opinion bias, particularly
against NOT, can be partially removed. In a recent editorial,
the pandemic was considered to provide an opportunity for the
ultimate trial for NOT [18]. COVID-19, which is caused by
SARS-CoV-2, emerged from Wuhan, China, in December 2019.
As of November 2021, the infection has spread globally, with
over 250 million confirmed cases resulting in over 5 million
deaths worldwide [19]. The response to the pandemic has
affected all social and economic aspects of life. However, it has
also significantly affected health care facilities [20] in several
ways, such as reallocation of hospital facilities to accommodate
the influx of COVID-19 patients as well as reducing the number
of procedures that would normally be carried out as a result of
the repurposing of rooms and maintaining of social distancing
protocols to mitigate the spread of the virus. Nearly all countries
(90%) have experienced such disruptions to their health services,
with low- and middle-income countries reporting the greatest
difficulties [20]. This effect has particularly strained surgeries,
in general [20,21], and, thus, would have a direct effect on
treatment strategies for pediatric AUA. The objective of this
study was to determine the effect of the COVID-19 pandemic

on the approaches of care for AUA in the South Asian countries
of Bangladesh, India, Nepal, and Pakistan, and to determine if
any permanent changes in opinions of care will result once the
effects of the pandemic have diminished.

Methods

The instrument used in this study was a voluntary survey with
no added incentives; the survey was administered via
SurveyMonkey (Momentive), a leading provider of survey
software and tools, and was sent to 200 pediatric surgeons in
Bangladesh, India, Pakistan, and Nepal. The invitation to
participate was sent via email, mobile SMS, Facebook
Messenger, and WhatsApp to physicians on mailing lists and
to physicians in all coauthors’ personal networks. In the
invitation, prospective respondents were told the length of time
the survey would be available, which data would be stored, the
data storage location, and for how long data would be kept. No
personal information was collected. The purpose of the study
was explained, and the investigators were identified. The open
survey consisted of 10 nonrandomized questions pertaining to
the respondents’ position, type of institute, and country of
practice; the number of appendicitis cases they managed
between April 1 and August 31 in 2019 and 2020; and the
number and percentage of those cases that were treated
nonoperatively—responses were binned within 10% increments.
Respondents were able to change their responses prior to
submission and were also alerted to any missed or skipped
questions. Data were collected over a 2-week period from
September 14 to 28, 2020; each participant was given a unique
anonymous identifier. The survey questions were conceived
and developed by all coauthors, but no statistical validation was
performed. The Checklist for Reporting Results of Internet
E-Surveys (CHERRIES) checklist [22] for the survey is included
in Multimedia Appendix 1. The final question posed to each
pediatric surgeon was whether they would maintain their current
COVID-19–imposed level of NOT once the effect of the
pandemic on their ability to perform surgery subsides. The study
was approved by the Ethics Committee of South Point Hospital,
Chittagong, Bangladesh (No. Admn/SPH/190/2020).

The survey response data were analyzed using JMP software
(version 15.2; SAS Institute Inc). There was no weighting of
responses assigned to certain questions. We use matched-pair
tests for each respondent and analyzed the results using a
Wilcoxon signed-rank test. The analyses were performed
ungrouped and grouped by country, type of institute, and
position.

Results

A total of 134 out of 200 physicians responded to the survey,
representing a 67.0% response rate. There were no missing data.
Respondents’ positions, types of institute, and countries of
practice are summarized in Table 1.
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Table 1. Descriptive statistics of the survey participants’ responses regarding position, hospital type, and country of practice.

Participants (N=134), n (%)Participant information

Position

14 (10.4)Resident

21 (15.7)Registrar or assistant registrar

26 (19.4)Assistant professor

29 (21.6)Associate professor

20 (14.9)Professor

24 (17.9)Consultant

Type of institute

11 (8.2)Private practice

35 (26.1)Private medical college

12 (9.0)Medical university

44 (32.8)Government medical college

9 (6.7)Corporate hospital

23 (17.2)Children’s hospital

Country of practice

28 (20.9)Pakistan

6 (4.5)Nepal

27 (20.1)India

73 (54.5)Bangladesh

The change in usage of NOT by each physician in the entire
cohort, as well as grouped by position, institution type, and
country, is depicted by the heat maps in Figure 1, A to D,
respectively. The values in each box represent the percentage
of physicians. Boxes that lie completely above the diagonal
represent physicians who increased their usage of NOT during
the pandemic. The results from the Wilcoxon signed-rank tests
are given in Table 2 for the entire cohort as well as grouped by
position, institute, and country. There was a significant increase
in the percentage of appendicitis cases treated nonoperatively
from April 1 to August 31, 2020, compared to the same time

period in 2019 (P<.001), as clearly observed in Figure 1, A.
Though it appears there may be some differences when the
cohort is grouped by type of institute or country (Figure 1, C
and D), these were not found to be significant (P=.65 within
pairs and P=.52 among pairs for type of institute; P=.65 within
pairs and P=.52 among pairs for country). When grouping by
position, we found a weak significance within pairs (P=.06),
which compares the differences between pairs in a group, but
not among pairs (P=.12), which compares the averages of the
pairs between groups.
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Figure 1. Heat maps depicting the change in usage of nonoperative treatment (NOT) by each physician in the entire cohort (A) and grouped by position
(B), institution type (C), and country (D). Boxes entirely above the diagonal indicate an increase in usage of NOT. The values in each box represent the
percentage of physicians (N=134).

Table 2. Summary of statistics from the matched-pair analysis comparing percentage of appendicitis cases receiving nonoperative treatment in 2019
and 2020 for the entire cohort and the grouped by position, institute, and country.

P valueaSamples analyzed

<.001Entire cohort

Within pairs

.06Grouped by position

.65Grouped by institute

.65Grouped by country

Among pairs

.12Grouped by position

.52Grouped by institute

.25Grouped by country

aP values were based on Wilcoxon signed-rank tests comparing 2019 and 2020 values.

This potentially interesting effect of the position grouping is
shown in more detail in the matched-pair plot in Figure 2. As
this is grouped data, the y-axis reports the mean of the
differences between the groups, and the x-axis represents the
mean of the means. For clarity, the data points have been
removed and only the group labels are plotted. The dotted red
lines indicate the boundaries of the 95% CI, and the solid line

represents the mean for the entire cohort. It should be noted that
the upper 95% CI value falls below zero. Not only does this
plot clearly show that the percentage of appendicitis cases
treated nonoperatively has significantly increased in 2020, but
it also indicates that professors, consultants, and associate
professors were most likely to expand their use of NOT. This
is also evident from Figure 1, B.
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Figure 2. Matched-pair plot for positions showing the difference between pairs plotted against the average between pairs. The time periods in 2019
and 2020 are April 1 to August 31. The red dotted lines indicate the boundaries of the 95% CI and the solid line represents the mean for the entire cohort.
NOT: nonoperative treatment.

Also interesting are the results from the final question as to
whether or not the physicians would consider maintaining the
COVID-19–imposed level of NOT for appendicitis after the
effects of the pandemic on surgery capability subside. An
interesting result from this points to the level and spirit of
opinion on the topic of NOT, in general. Though the respondents
were given the option of replying “don’t know” or “no
comment,” the majority (126/134, 94.0%) responded with a
definitive “yes” or “no.” The fractions of those grouped by
position, institute, and country are shown in the mosaic plots

in Figure 3. As in the matched-pair analysis, no association was
found using the Fisher exact test between institute (P=.99) or
country (P=.37) and a planned change in the level of NOT
practice after the effects of the pandemic subside. However, a
significant association was found for position (P=.04). The
mosaic plot in Figure 3 shows that residents were the least likely,
and professors the most likely, to retain their current level of
NOT postpandemic.

The data sets generated and analyzed during this study are
available online [23].

Figure 3. Mosaic plots illustrating the distribution of responses to the question of adopting nonoperative treatment (NOT) for appendicitis after the
effects of the pandemic on surgery capability subside, between April 1 and August 31, 2020.
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Discussion

Principal Findings
The results from this study indicate that, despite being required
to be more reliant on the usage of NOT for pediatric appendicitis
as necessitated by the effects of the COVID-19 pandemic on
health care, it has done little to sway the opinion of most
physicians in Bangladesh, Nepal, India, and Pakistan regarding
its place in the treatment of AUA. Only those practicing with
appointed professorships have appeared to give the idea of
making the increased usage of NOT a permanent practice after
the effects of the pandemic wane. The results of this study
indicated an increased usage of NOT, particularly by professors,
associate professors, and consultants. This is in good agreement
with a recent study by Irish surgeons, where 76% of the 161
participants disclosed that they had modified their practice to
a predominantly NOT approach [24]. Similarly, in a New York
hospital that traditionally favors operative management, NOT
usage increased to roughly 50% of all cases as a result of the
pandemic, with favorable results [25]. In an Indian study, Verma
et al [26] documented how their institute increased their
percentage of NOT to 69% of patients, a significant increase
from 22% recorded during the same time period in 2019. The
recent work of Ielpo et al [27] also showed an increased usage
of NOT in pediatric appendicitis during the pandemic, as did a
study from the United Kingdom [28]. More recently, the usage
of NOT and the resulting outcomes of AUA in the setting of
COVID-19 was systematically reviewed. The results indicated
that NOT was a safe, short-term alternative to surgery and led
to acceptably low rates of failure and complication [29].
However, a global study on the effect of COVID-19 on pediatric
surgery, in general, showed less of an effect, where only 4 out
of 20 institutes were found to begin using NOT for appendicitis,
and 14 out of 20 reported that they had not changed their extent
of NOT use [30].

Another interesting observation coming from this study relates
to the results from Pakistan. During the pandemic, there was a
clear mandate to change all procedures in children that showed
no clinical or radiological signs of complicated appendicitis to
a treatment regimen of antibiotics administered intravenously
[31]. Yet, the results of this study (eg, Figure 1, D) do not reflect
this policy particularly well unless the majority of cases were
overwhelmingly complicated appendicitis cases. This may be
due to lockdown-related delays in hospital visits of children
with acute appendicitis that spawned an increased rate of
complicated appendicitis, as documented in a Spanish study
[32].

The results of this study indicated that junior physicians were
more likely to retain their prepandemic rate of operative
treatment compared to their more senior counterparts. While
the reason for this is currently unknown, the survey results
indicate that 79% of those who identified themselves as residents
came from government medical colleges and universities. It
might be plausible that the reason for their reluctance to convert

to NOT may be a result of the confounding factor that physicians
at these institutions are also under pressure to simultaneously
maintain their level of education, particularly since there is, in
general, a shortage of surgeons in these regions. This would
provide a driving force for them to gain experience and continue
with surgical techniques.

In all previous studies on the treatment of AUA amid the
COVID-19 pandemic, little, if anything, is discussed about how
the physicians would modify their practice of NOT once the
crisis is over. This study directly addressed this question and
the results indicated that it is mainly professors who would
consider adapting to change, and residents would be the least
likely. The residents would have been in the early stages of the
learning curve of surgical techniques, be it open or laparoscopic,
and may have had less experience with NOT regimens and the
diagnostics required for their safe recommendation. Based on
this, it would be understandable that they would not be keen on
moving more toward NOT methods when they are in the midst
of mastering their surgical skills.

A limitation of this study, which is independent of the
physicians’ personal opinions or preferences, is that the
resources and capacities of hospitals will be different
postpandemic, a factor that was not measured in the survey.
This could also sway the usage of NOT toward those facilities
with the scarcest of capacities and resources. Ultimately, all of
these factors can and should contribute to treatment decisions
[33]. Even when the effects of the pandemic subside, the
economic effects will lag considerably, and recovery will be
slow. This will, in turn, continue to place economic pressures
on institutions, which may necessitate longer-than-anticipated
usage of NOT for AUA. Another limitation of this study was
that the survey was not validated in any formal manner, as it
was designed as more of an information gathering tool. Selection
bias may be a factor, though the use of both personal networks
from all coauthors, rather than just one, and mailing lists used
to reach out to potential candidates helped to alleviate this effect.

Conclusions
The global COVID-19 pandemic has resulted in severe
disruption of surgeries worldwide; this has necessitated new
approaches to maintain care for those in need, when so many
resources are being repurposed to address the massive influx
of patients stricken by the virus. In the specific area of pediatric
appendicitis, there is ample evidence that more hospitals and
institutes are increasing their implementation of NOT for AUA
in Bangladesh, India, Pakistan, and Nepal. In some respects,
pediatric surgeons could think of this as their participation in
an involuntary clinical trial. The results suggest that only
professors in these countries would consider maintaining this
increased level of practice in the post–COVID-19 world and
that the effect of institution type or country was insignificant.
It is likely that the demands of continuing education of the
younger cohort contributes to their reluctance to practice more
NOT postpandemic, just as they are beginning the climb the
learning curve for operative treatments.
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Abstract

Background: Capnography is commonly used for nurse-administered procedural sedation. Distinguishing between capnography
waveform abnormalities that signal the need for clinical intervention for an event and those that do not indicate the need for
intervention is essential for the successful implementation of this technology into practice. It is possible that capnography alarm
management may be improved by using machine learning to create a “smart alarm” that can alert clinicians to apneic events that
are predicted to be prolonged.

Objective: To determine the accuracy of machine learning models for predicting at the 15-second time point if apnea will be
prolonged (ie, apnea that persists for >30 seconds).

Methods: A secondary analysis of an observational study was conducted. We selected several candidate models to evaluate,
including a random forest model, generalized linear model (logistic regression), least absolute shrinkage and selection operator
regression, ridge regression, and the XGBoost model. Out-of-sample accuracy of the models was calculated using 10-fold
cross-validation. The net benefit decision analytic measure was used to assist with deciding whether using the models in practice
would lead to better outcomes on average than using the current default capnography alarm management strategies. The default
strategies are the aggressive approach, in which an alarm is triggered after brief periods of apnea (typically 15 seconds) and the
conservative approach, in which an alarm is triggered for only prolonged periods of apnea (typically >30 seconds).

Results: A total of 384 apneic events longer than 15 seconds were observed in 61 of the 102 patients (59.8%) who participated
in the observational study. Nearly half of the apneic events (180/384, 46.9%) were prolonged. The random forest model performed
the best in terms of discrimination (area under the receiver operating characteristic curve 0.66) and calibration. The net benefit
associated with the random forest model exceeded that associated with the aggressive strategy but was lower than that associated
with the conservative strategy.

Conclusions: Decision curve analysis indicated that using a random forest model would lead to a better outcome for capnography
alarm management than using an aggressive strategy in which alarms are triggered after 15 seconds of apnea. The model would
not be superior to the conservative strategy in which alarms are only triggered after 30 seconds.
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Introduction

With the recent increase in the use of electronic monitoring
devices in the hospital setting, alarm fatigue has become a
serious problem that impacts patient safety and nursing care
[1]. Alarm fatigue is caused by exposure to excessive and
frequent device alarms and leads to desensitization to alarms.
Alarm fatigue has been linked to patient deaths resulting from
delayed responses to clinical deterioration by clinicians who
have become desensitized to alarms [2]. One of the sources of
alarms is the capnography device that is used to measure and
monitor ventilation in patients. A capnography waveform
displays the level of expired carbon dioxide (CO2) over time to
show changes in concentrations throughout the respiratory cycle.
Capnography waveform abnormalities assist in detecting and
diagnosing specific conditions such as partial airway obstruction
and apnea. For this reason, the implementation of capnography
into practice for respiratory monitoring is considered a high
priority to improve patient safety by leading authorities,
including national and international professional organizations
for anesthesiology in Canada, the United States, and Europe
[3-5]. Capnography is commonly used for nurse-administered
procedural sedation [6-8], including in the interventional
radiology setting [9-13].

Distinguishing between the capnography waveform
abnormalities that signal the need for clinical intervention for
an event and those waveform abnormalities that do not indicate
the need for intervention is essential to the successful
implementation of this technology into practice. For example,
alarms triggered after short periods of apnea lead to frequent
interruptions and potentially increase the risk of alarm fatigue.
Conversely, intervention provided only when an apneic event
reaches a longer threshold negates the potential benefits that
capnography can have on patient safety through improved
ventilation. In practice, two alternative strategies for
capnography alarm management are typically used. The
aggressive strategy involves alarms triggered after short periods
of apnea (typically 15 seconds). The conservative approach
involves alarms triggered only when an apneic event is
prolonged (typically >30 seconds). Preferences for the
aggressive or conservative alarm threshold are influenced by
many factors, including the rate of oxygen supplementation.
The duration of time between the onset of apnea to hypoxemia
increases with higher oxygen flow [14].

Capnography alarm management may be improved by using
machine learning to create a “smart alarm” that can alert
clinicians to apneic events that are predicted to be prolonged.
Such an approach aligns with a call from The Society for Critical
Care Medicine Alarm and Alert Fatigue Task Force that machine
learning techniques should be used to advance the quality of
alerts that clinicians receive and to individualize alert delivery

based on clinician response characteristics such as alert
frequency and event severity [15].

In the aggressive alarm management strategy, if an alarm is
only triggered for apneic events predicted to be prolonged, it
would reduce the total alarm burden and potentially reduce the
risk of alarm fatigue. The downside of applying a machine
learning approach to the aggressive strategy would be that some
patients with prolonged apnea may not receive early intervention
if the model incorrectly predicts that the apneic event will not
last for >30 seconds (ie, false negatives). In the conservative
alarm management strategy, if an alarm is triggered at the
15-second timepoint for apneic events predicted to be prolonged,
it could reduce the total time of the apneic event because
treatment could be initiated earlier. The downside of applying
a machine learning approach to the conservative strategy would
be the potential increase in the total alarm burden if the ratio of
false positives (apnea incorrectly predicted to last for >30
seconds) to true positives (apnea correctly predicted at the
15-second time point to last for >30 seconds) is high. This study
aimed to determine the accuracy of machine learning models
for predicting at the 15-second timepoint if an apneic event will
persist for >30 seconds. This information would help determine
whether operationalizing these predictions into practice as alarm
triggers would be beneficial.

Methods

We performed a secondary analysis of a prospective
observational study. The primary aim of the observational study
was to identify common patterns in capnography waveform
abnormalities and factors that influence these patterns [16]. All
participants provided written informed consent and the study
was approved by human research ethics committees (UCH
HREC 1614; SVHAC HREC 16/26; QUT 1600000641).

Prediction Goal
The prediction goal was to classify apneic events at the
15-second timepoint as either short (ie, terminated before 30
seconds) or prolonged (persisted for >30 seconds). The
prediction algorithm was compared against typical default alarm
settings for capnography monitors.

Participants
Participants in the observational study were consecutive adult
patients who were scheduled to undergo an elective procedure
in the cardiac catheterization laboratory with moderate sedation.
Patients with severe cognitive impairment who could not provide
informed consent and those unable to understand and speak
English (in the absence of an interpreter) were excluded. Data
collection was performed at two urban private hospitals in
Australia.
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Sedation and Monitoring
The sedation regimen used for patients included in this study
comprised bolus doses of intravenous midazolam and fentanyl.
Sedation was performed by nurses who were trained in advanced
life support. Routine clinical monitoring included continuous
cardiac rhythm and oxygen saturation monitoring as well as
noninvasive blood pressure measurements every 5-10 minutes.
The Respironics LoFlo Sidestream etCO2 sensor was used for
capnography monitoring. A CO2 sampling cannula was inserted
into the side port of an oxygen face mask or was integrated as
a separate line for nasal cannulas. The capnography waveform
was displayed on the main physiological monitoring screen. A
default “No breaths detected” alert was triggered for apnea, but
no other audible or visual alarms were set for the capnography
monitor. No restrictions or specific instructions regarding the
detection of capnography waveform abnormalities were
provided to clinicians as part of the research protocol because
the study used an observational design.

Data Collection
Data were collected from August 2016 to May 2018.
Demographic data and clinical characteristics were collected
from medical records or directly from participants prior to
procedures. Intraprocedural data were collected in real time by
the researcher present in the procedure room. Direct observation
of the participant was required to record the timing of sedation
administration and any interventions by sedation providers.

Predictor Variables
Several raw demographic (age, sex) and clinical (American
Society of Anesthesiology physical status classification,
diagnosis of sleep apnea, BMI, dose and type of sedative and
analgesic administered) variables were used as predictors.
Features related to sedation regimen dosing used as predictors
in the model were the total sedative dose and number of sedative
doses administered, time since first sedation, and time since the
previous sedative dose. Other features were extracted from the
capnography waveform for use as predictors, such as the
previous respiratory state (normal or abnormal breathing),
duration of the previous apneic event, time since the previous
apneic event, and total number of apneic events. A total of 18
predictor variables were used.

Statistical Analysis
Analyses were performed using R version 4.0.3 [17]. Data as
well as details about how to access the code and a reproducible
computing environment to verify the results were available
[18,19].

Modeling
We selected several candidate models to evaluate, including a
random forest model, generalized linear model (logistic
regression), least absolute shrinkage and selection operator
regression, ridge regression, and the XGBoost model.
Out-of-sample accuracy of the models was calculated using
10-fold cross-validation. Many participants in the study
contributed multiple apneic events to the dataset used for
modeling. To take this dependency into account, we ensured
that apneic events from individual participants were not included

in both the training and testing partitions of the 10-fold
cross-validation process. Preprocessing steps included
normalizing numeric predictors and using an interaction term
for the duration of the previous respiratory state and the total
number of apneic events. The discriminatory ability of the
models was compared using the area under the receiver
operating characteristic curve (AUROC) as well as by plotting
sensitivity, specificity, positive predictive values, and negative
predictive values (termed a threshold performance plot). A
calibration plot with locally estimated scatterplot smoothing
was used to assess calibration [20]. The runway package was
used to create the plots [21].

Decision Curve Analysis
We used the net benefit decision analytic measure to assist with
deciding whether using the models in practice would lead to
better outcomes on average than using the current default
capnography alarm management strategies. The default
strategies are the aggressive approach, in which an alarm is
triggered after brief apneic events (typically 15 seconds), and
the conservative approach, in which an alarm is triggered for
only prolonged apneic events (typically >30 seconds).
Calculation of the net benefit essentially transforms the total
number of true positives (apneic event predicted to be prolonged
at 15 seconds and correctly persisted for >30 seconds) and false
positives (apneic events predicted to be prolonged at 15 seconds
but did not persist for >30 seconds) into a standardized scale,
weighted by the relative harm of a false-positive result [22].
For example, a net benefit of 0.07 means that the net benefit of
using the model would be 7 true positives from every 100
predictions from the model. This net benefit can result from
any combination of true positives and false positives [23]. A
probability threshold of 0.5 indicates that avoiding a false
positive is as important to a clinician as identifying a true
positive. Preferences for probability thresholds below 0.5 are
weighted such that identifying a true positive is more valuable
than avoiding a false positive. Preferences for probability
thresholds above 0.5 are weighted such that avoiding a false
positive is more valuable than identifying a true positive. For
example, for a probability threshold of 0.75, the value of a false
positive is 3 true positives (0.75/0.25). In other words, to create
a net benefit from using the model at this probability threshold,
there must be more than 3 true positives for every false positive
prediction made from the model. Conversely, for a probability
threshold of 0.25, the value of a false positive is weighted far
lower, at only one-third of a true positive (0.25/0.75). This
means that a net benefit would be achieved if there were more
than 1 true positive for every 3 false positives. Decision curves
can be interpreted such that the strategy with the highest net
benefit at each probability threshold has the highest clinical
value [23].

We created a decision curve to plot net benefits across a range
of probability thresholds for the aggressive strategy (alarm
triggered at 15 seconds of apnea) and the conservative alarm
management strategy (alarm triggered at 30 seconds of apnea).
The decision curve takes into account the full range of
reasonable clinician preferences for the point at which an alarm
should be triggered to signal an apneic event in a patient. We
tested thresholds in the range of 0.3-0.5 for the aggressive
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strategy. In the practical sense, this means that we decided that
all clinicians who usually use the aggressive strategy would not
accept a probability of prolonged apnea lower than 0.3 as a
useful alarm trigger because there would be little difference
between this strategy and simply setting the alarm for all apneic
events. We also decided that all clinicians would always
consider that an alarm is triggered for the aggressive strategy
if the probability of prolonged apnea was higher than 0.5. A
range of values was used because these probability thresholds
can be interpreted as value preferences that individual clinicians
may reasonably choose in clinical practice. For example, a
clinician who is more risk-averse may select a more conservative
probability threshold (closer to 0.3). Individual participant
characteristics will also influence clinicians’ decisions about
probability thresholds. A clinician may elect to intervene when
the probability of prolonged apnea is 0.3 for an older patient

with multiple comorbidities but not for a young patient who
may more likely be able to tolerate longer periods of apnea. For
the conservative strategy, we chose to plot the range of
probability thresholds from 0.7 to 0.8. Higher values were
chosen because the number of false positives would be an
important consideration for clinicians already using a
conservative alarm management approach.

Results

A total of 384 apneic events of at least 15 seconds duration from
61 of the 102 patients (59.8%) who participated in this
observational study were included in the present analysis. A
summary of participant characteristics is presented in Table 1.
Nearly half of the apneic events (180/384, 46.9%) were
prolonged (ie, >30 seconds).

Table 1. Participant characteristics (N=61).

ValueCharacteristic

76 (68-80)Age, median (IQR)

26.4 (24.6-29.8)Body mass index, median (IQR)

Sex, n (%)

22 (36)Female

39 (64)Male

Obstructive sleep apnea, n (%)

46 (75)No

15 (25)Yes

American Society of Anesthesiology physical status classification, n (%)

37 (61)I or II

24 (39)III or IV

Discrimination
A plot of the AUROC for the models using predictions from
the 10-fold cross-validation is presented in Figure 1. The random
forest model had the best discriminatory power of the models,

with a mean AUROC score of 0.66 (SE 0.03). A threshold
performance plot, which summarizes the discriminatory power
for the models, including values for sensitivity, specificity,
positive predictive value, and negative predictive value across
all probability thresholds, is presented in Figure 2.
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Figure 1. Area under the receiver operating characteristics curve. LASSO, least absolute shrinkage and selection operator.
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Figure 2. Threshold performance plot for all models evaluated. LASSO, least absolute shrinkage and selection operator; PPV, positive predictive value;
NPV, negative predictive value.

Calibration
The random forest model had the best calibration. It
approximated observed risk at moderate (0.5) to high (0.8)
thresholds (Figure 3), although the risk was overestimated at

very low thresholds and slightly underestimated between 0.4
and 0.5. Other models severely overestimated risk at low
probability thresholds and underestimated risk at high
probability thresholds.
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Figure 3. Calibration plot for all models evaluated. LASSO, least absolute shrinkage and selection operator.

Decision Curve Analysis
As the random forest model performed the best in terms of
discrimination and calibration, we chose this model for
evaluation using decision curve analysis. The net benefit
associated with the random forest model exceeded that
associated with the aggressive strategy across all probability
thresholds in the range of 0.3-0.5 (Figure 4). The interpretation
is that the best clinical outcome would be achieved for clinicians

who are willing to initiate intervention for apnea at the
15-second mark if the probability of the event being prolonged
was more than 40% by using the random forest model. The net
benefit associated with the random forest model was lower than
that associated with the conservative strategy across all
probability thresholds in the range of 0.7-0.8 (Figure 4). Figure
4A is the comparison of the model with the aggressive strategy
and Figure 4B is the comparison of the model with the
conservative strategy.

JMIR Perioper Med 2021 | vol. 4 | iss. 2 | e29200 | p.109https://periop.jmir.org/2021/2/e29200
(page number not for citation purposes)

Conway et alJMIR PERIOPERATIVE MEDICINE

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 4. Decision curve analysis plots.

Discussion

In this study, we found that the random forest model had the
best discriminative ability and calibration for predicting if an
apneic event would be prolonged during nurse-administered
procedural sedation. However, it should be noted that the
accuracy of this random forest model was still quite low
(AUROC 0.66). Additional research is needed with larger
sample sizes to validate our initially promising findings.

Results from prior studies indicated that the use of information
about the history of previous respiratory states may be a
promising approach for predicting the duration of apneic events.
A study of capnography waveform abnormalities during
nurse-administered sedation found a two-fold increase in the
risk of apnea (hazard ratio [HR] 2.14; 95% CI 1.75-2.62) when
a patient was in a state of hypoventilation (defined as >10%
reduction in end-tidal CO2 from baseline) [24]. The risk of apnea
also increased with each additional sedative dose (HR 2.86;

95% CI 2.15-3.81) [24]. Results from an earlier study in a
different population also supported the observations that the
onset of apneic periods during sedation is associated with a
previous history of abnormal respiratory state. Krauss and
colleagues [25] used survival analysis to model the time to first
apneic events in a sample of 312 patients undergoing procedural
sedation with propofol or ketamine in the emergency
department. They found that the risk of apnea increased with
an abnormal end-tidal CO2 measurement 30 seconds (HR 2.45;
95% CI 1.63-3.69), 60 seconds (HR 1.88; 95% CI 1.21-2.92),
and 90 seconds (HR 2.06; 95% CI 1.36-3.11) prior to an apneic
event. In our study, we leveraged information about the
associations between apneic events and the history of previous
respiratory states by building a predictive model using a machine
learning approach. Features included in the models we tested
were the previous respiratory state, duration of time in the
previous respiratory state, number of previous apneic events,
and duration of the previous apneic event.
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Many prediction modeling studies focused on predicting clinical
outcomes have yielded similarly low AUROC scores. For
example, a recent study of the predictive ability of vital sign
parameters for clinical deterioration in subacute care patients
reported an AUROC score of 0.57 [26]. Decision curve analysis
can help elicit whether a model with low AUROC scores is
“good enough” to use in practice. Our results indicated that
nurses currently using the conservative strategy who are willing
to value a false positive about 2-3 times more than a true positive
would not derive an overall net benefit from using the random
forest model as a trigger for apnea alarms. This is because the
random forest model would produce a worse outcome than the
default strategy of waiting for an alarm to be triggered at the
30-second threshold in terms of the balance between true
positives and false positives for determining if an apneic event
will be prolonged.

Conversely, nurses currently using the aggressive strategy who
are willing to value a false positive about 2-3 times more than
a true positive would derive an overall net benefit from using
the random forest model as a trigger for apnea alarms. Using
the random forest model as an additional input for an alarm
trigger would reduce the total alarm burden and could be
considered an option for implementation into practice. To
operationalize these predictions into capnography monitors,
partnerships with industry would be required because monitor
functionality would need to be adapted to facilitate input of the
data required to calculate the predictions [27]. These data would
include patient characteristics and sedative dosing. Integrating
predictive models into alarm management strategies for
respiratory monitoring devices is also indicated in other contexts.
For example, a recent study found that opioid-induced
respiratory depression during recovery from anesthesia can be
accurately predicted using a machine learning approach [28].
In addition, user-centered design considerations, such as how
the predictions should be communicated to nurses responsible
for decision-making, are important avenues for further research
prior to implementation [29].

This study used decision curve analysis to evaluate the potential
clinical impact that using the model as input for capnography
alarm management would have on the number of alarms
triggered (ie, false positives and false negatives). However, as
with any intervention in health care, the efficacy of the model
needs to be assessed prior to broader implementation. The
indicator for efficacy in this context would be the improvement
in patient safety using this model as input for capnography alarm
management. The gold standard approach for such an evaluation
is a randomized controlled trial. Randomized controlled trials
testing alarm conditions that have integrated predictions from
machine learning models have been conducted previously in
similar contexts such as intraoperative blood pressure
management [30,31].

A noteworthy finding is that the model produced an overall net
benefit that was higher than that of the aggressive strategy but
not higher than that of the conservative strategy. Further research
with larger sample sizes is needed to increase the predictive
power of models aimed at predicting the duration of apneic
events. Such research is warranted because triggering an alarm
after 30 seconds of apnea that would turn off without clinical

intervention only 5 seconds later is just as clinically
inconsequential as triggering an alert after 5 seconds of apnea
that would similarly turn off after a short time. In both these
circumstances, there would not be enough time for the
clinician’s intervention to take effect. However, presumably in
an attempt to reduce alarm burden, the default settings for many
capnography monitoring devices are for the alarm to be triggered
after 30 seconds of apnea. An ideal alternative to the
conservative strategy would be for capnography monitor alarms
to be triggered as early as possible during an apneic event, but
only if the event will be prolonged enough to necessitate clinical
intervention and for this intervention to take effect—a goal that
we did not achieve in this study. However, previous research
indicates that it would be worthwhile to find such a solution.
An analysis of half a million patients found that respiratory
compromise during interventional radiology procedures
performed with moderate sedation led to worse clinical
outcomes and higher costs than those observed in normal
respiratory states [32].

Limitations
Although the number of apneic events included in the models
was relatively high, this was seen in a small number of patients.
We used cross-validation to minimize the possibility of
overfitting. This analysis used data from an observational study
conducted at two hospitals that used a convenience sampling
approach; therefore, selection bias was possible. The context
in which the study was conducted should also be considered in
terms of external validity. Participants were patients undergoing
procedures in a cardiac catheterization laboratory where small
bolus doses of midazolam and fentanyl were used for sedation.
Other procedural sedation contexts may involve the use of
different sedative doses and types of medications, so the results
of this study might not be generalizable to these contexts. A
further limitation is that clinicians were not blinded to
capnography measurements because of the observational nature
of the study design. It is possible that interventions used by
clinicians during the 0- to 30-second apneic period influenced
the duration of the apneic event. However, this mimics
real-world practice in that interventions may be implemented
at clinicians’ discretion where no alarm conditions have been
met. Additionally, 25% of the study population had sleep apnea,
which was one of the predictors included in the model. Due to
the small sample size, the dataset used to train the model would
have contained only a small proportion of patients with sleep
apnea and therefore it may not be generalizable to the larger
population of individuals with sleep apnea. Further research
with larger sample sizes is required to confirm our findings.

Conclusion
We evaluated several candidate models to determine their
accuracy in predicting at the 15-second timepoint if an apneic
event would prolong for >30 seconds. The random forest model
performed the best in terms of discrimination and calibration.
Decision curve analysis indicated that using the random forest
model for capnography alarm management would lead to a
better outcome than using an aggressive strategy in which alarms
are triggered after 15 seconds of apnea. The model would not
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be superior to the conservative strategy in which alarms are only triggered after 30 seconds.
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