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Abstract

Background: Clinical decision support systems and telemedicine for remote monitoring can
together support surgical patients’ intraoperative decision-making and care management. However,
there has been limited investigation on patient perspectives about advanced health information
technology use in intraoperative settings, particularly within an intraoperative telemedicine setting
(eOR).

Purpose: Our study objectives were: (1) to identify participant-rated items contributing to
patient attitudes, beliefs, and level of comfort with eOR monitoring; (2) to highlight barriers
and facilitators to eOR use; and (3) to develop guidelines for eOR implementation that improve
patient buy-in.

Methods: We surveyed 324 individuals representing surgical patients across the United States
using Amazon Mechanical Turk, an online platform supporting internet-based work. The
structured survey questions examined the level of agreement and comfort with eOR for remote
patient monitoring. We calculated descriptive statistics for demographic variables and performed
a Wilcoxon matched-pairs signed-rank test to assess whether participants were more comfortable
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with familiar clinicians from local hospitals or health systems monitoring their health and safety
status during surgery than clinicians from hospitals or health systems in other regions or countries.
We also analyzed open-ended survey responses using a thematic approach informed by an eight-
dimensional socio-technical model.

Results: Participants’ average age was 34.07 (SD = 10.11). Most were white (80.9%), male
(57.1%), and had a high school degree or more (88.3%). Participants reported a higher level

of comfort with clinicians they knew monitoring their health and safety than clinicians they
did not know, even within the same healthcare system (z = -4.012, p<.001). They reported
significantly higher comfort levels with clinicians within the same hospital or health system

in the United States than those in a different country (z = —10.230, p<.001). Facilitators

and barriers to eOR remote monitoring were prevalent across four socio-technical dimensions:
1) organizational policies, procedures, environment, and culture; 2) people; 3) workflow and
communication; and 4) hardware and software. Facilitators to eOR use included perceptions of
improved patient safety through a safeguard system and perceptions of streamlined care. Barriers
included fears of incorrect eOR patient assessments, decision-making conflicts between care
teams, and technological malfunctions.

Conclusions: Participants expressed significant support for intraoperative telemedicine use and
greater comfort with local telemedicine systems instead of long-distance telemedicine systems.
Reservations centered on organizational policies, procedures, environment, culture; people;
workflow and communication; and hardware and software. To improve the acceptability of remote
monitoring by an OR telemedicine team and address these concerns, we highlight evidence-based
guidelines applicable to telemedicine use within the context of OR workflow. Guidelines include
backup plans for technical challenges, rigid care, and privacy standards, and patient education to
increase understanding of telemedicine’s potential to improve patient care.

Keywords
Telemedicine; Surgery; Remote Monitoring; Operating Room

1 Introduction

Each year, approximately 7 million patients out of 300 million global surgeries (50 million
in the United States [1, 2]) experience postoperative complications, resulting in over 1
million deaths annually [3]. Up to half of these complications are preventable, and many
are attributed to ineffective intraoperative decision-making and care management in the
operating room (OR) [3, 4]. Commonly reported barriers to intraoperative decision-making
include information overload [5], inefficient communication leading to limited shared
understanding between disciplines and teams [6-11], and cognitive constraints (e.g., human
bias) [12, 13].

Clinical decision support systems (CDSS) [14] can monitor patient status, streamline
documentation, guide evidence-based treatments [15, 16], flag critical events and patient
risk factors [3, 4], and enhance situational awareness [17] to aid decision-making and care
planning and reduce opportunities for decision-making errors and preventable complications
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[18]. However, their use is often limited by several socio-technical issues, including unclear
alerts and changing guidelines to CDSS use [16, 19].

To ameliorate these CDSS limitations, researchers have evaluated the use of telemedicine
for the OR (hereafter called electronic OR, eOR) across various inpatient surgical services
[4, 20]. Currently, within the eOR, eOR teams (comprised of attending anesthesiologists,
residents, certified/student registered nurse anesthetists) assess real-time surgical procedures
through remote monitoring equipment feeding data into an eOR-based clinical decision
support system. After determining patient data and clinical status, eOR team members
identify red flags, contingencies, or patient complications and offer evidence-based risk
mitigation strategies to the OR team through virtual consultations and feedback over an
electronic message or phone call [21]. Once the OR receives the message, they determine
how best to move forward with the procedure and maintain safety under time constraints
and high-pressured conditions [22, 23]. Initial clinician-centered evaluations [20, 24, 25]
identified barriers to eOR use, including poorly timed alerts, emotional responses, and care
redundancy, and enablers including workload reduction and case-relevant alerts from eOR.

Studies conducted on telemedicine use internationally [26-28] indicate that patient-
perceived and clinician-perceived factors affected its implementation. Patients in more
rural areas with less education on telemedicine can resist its use [28]. Many patients

are concerned about privacy [26]. Facilitators to successful implementation include
collaboration between healthcare institutions and institutions of higher education or the
government to provide resources, education, and training for telemedicine use [28]. In
addition, many clinicians perceive telemedicine to enhance access to healthcare and offer
better patient care quality [27]. While these international studies examined patient and
clinician perspectives on telemedicine, studies within the US have primarily focused on
clinician perspectives.

Patient-centered high-quality care should incorporate patients’ values, needs, and goals [29].
Thus obtaining patient perspectives on intraoperative care is essential to consider before
large-scale implementation of the eOR. Leaders need to understand patient perspectives
about using intraoperative telemedicine as part of their OR care to enhance care quality and
improve intraoperative patient-centered outcomes. Towards this end, we conducted a survey
study to examine the perspectives of past surgical patients on the eOR. Our study objectives
were: (1) to identify perceived factors contributing to their attitudes, beliefs, and level of
comfort with eOR monitoring; (2) to highlight barriers and facilitators to eOR use; and (3) to
develop guidelines for eOR implementation that improve patient buy-in.

2 Methods

2.1 Study Setting and Participants

The survey was administered in October 2018 via Amazon Mechanical Turk (MTurk), an
online platform supporting internet-based work [30]. Eligibility included English-speaking
adults (age 18+) with internet access who underwent surgery within a year before
participation. Potential participants were provided an online information sheet to read before
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agreeing to the survey. Washington University School of Medicine’s institutional review
board deemed the study exempt (HRPO 201809038).

2.2 Conceptual Framework: 8-dimensional Socio-technical Model

We use the 8-dimensional socio-technical model to examine participant-perceived factors
impacting patient acceptability towards eOR across qualitative responses [31]. The model
includes eight interrelated dimensions: 1) hardware and software (e.g., all technology within
the OR and eOR); 2) clinical content (e.g., clinical programs used within the OR and

eOR); 3) human-computer interface (e.g., clinical program user interfaces); 4) people (e.g.,
OR patients and OR/eOR clinicians); 5) workflow and communication (e.g., intraoperative
workflow); 6) internal organizational (e.g., hospital) policies, procedures, and cultures; 7)
external rules, regulations, and pressures; and 8) system measurement and monitoring (e.g.,
telemedicine system) (Figure 1).

These dimensions address the socio-technical barriers and facilitators to designing,
developing, implementing, and evaluating health information technology within complex
healthcare systems. Without adequate support across all eight interdependent and
interrelated dimensions, challenges arise in developing, implementing, and using the
examined system (i.e., eOR). The socio-technical model has been used to inform
institutional policies, improve clinician training, and develop and implement health
information technology tools and clinical decision support interventions [32-34].

2.3 Data Collection

We developed a 40-item survey with close- and open-ended items to assess perceptions,
comfort, and concerns with telemedicine remote monitoring scenarios within the local
hospital, from a different hospital or health system within the US, and from a hospital or
health system in another country (see Appendix for the survey with the scenarios). Our
survey had four open-ended questions related to initial reactions to possible eOR use, eOR
pros, eOR cons, and any other concerns. The survey development was informed by prior
research [35-37] and surveys [38, 39] and was internally tested with researchers, clinicians,
and patients/members of the general public (N=15) before being launched. Responses were
not mandatory for all questions. An attention check question identified those who might
not read each question before responding. Participants were categorized according to age (6
categories) and US Census regions (5 categories). Participants were compensated per MTurk
guidelines at a rate consistent with minimum wage and the expected duration of the survey
($1.00 deposited into users’ Amazon account) [30].

2.4 Data Analysis

2.4.1 Quantitative analysis—Descriptive statistics were calculated for demographic
variables and questions about their level of agreement and comfort with different scenarios.
A Wilcoxon matched-pairs signed-rank test was conducted to assess whether participants
were more comfortable with clinicians in a local hospital or health system monitoring the
OR than clinicians from other hospitals or countries. The Wilcoxon test was selected as a
non-parametric test to compare proportions for ordinal data.
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2.4.2 Qualitative analysis—Thematic analyses of free-text responses were conducted
using a hybrid inductive-deductive approach [40]. Responses were reviewed multiple times
by two researchers (JA, AM) to familiarize themselves with the content. Relevant quotations
and topics were labeled. Data was openly coded line-by-line to characterize the data’s
underlying semantics, such as barriers and facilitators to intraoperative telemedicine use
(i.e., inductive coding). Next, a priori codes informed by the socio-technical model [31]
were applied to each transcript to categorize relevant data on eOR characteristics and
patient-telemedicine relationships into one of the eight dimensions (i.e., deductive coding).
Avreas of similarity and overlap between codes were identified to synthesize unifying

or repeated sub-themes under each relevant socio-technical dimension — for example,
attention issues were categorized as a barrier to eOR use under the “People” socio-technical
dimension (Table 1). Themes were finalized within and across transcripts after multiple
rounds of data review and sub-theme refinement to arrive at 100% consensus between
researchers.

3 Results

324 out of 360 individual responses were analyzed. Twenty-nine were removed due

to incomplete response (< 27% completed), six were removed because the participant
responded incorrectly to the attention check, and one was removed for taking 29 seconds to
answer “2” for every question.

Table 2 presents demographic information for the 324 included participants. The mean age
was 34.07 (SD = 10.11). Most were white (80.9%), male (57.1%), and had a high school
degree or more (88.3%). Participants resided across US census regions in rural, urban, and
suburban areas. Most were employed (89.4%) with a range of household incomes.

3.1 Participants’ comfort with remote monitoring by eOR

Table 3 shows participants’ comfort level with the use of the eOR and highlights responses
around specific eOR-based scenarios.

Results from the Wilcoxon matched-pairs signed-rank test showed participants reporting
greater comfort with familiar eOR clinicians than unfamiliar clinicians within the same
healthcare system (z = -4.012, p<.001). Furthermore, they reported significantly higher
comfort with clinicians in the same hospital or a health system in the US than those in a
different country (z = -10.230, p<.001).

3.2 Perceptions of eOR barriers and facilitators characterized by the socio-technical

model

Two hundred fifty-three participants provided free-text responses to the four open-ended
questions focused on their initial reactions to a hypothetical eOR use (78.1%), 250
participants reported on pros to eOR use (77.2%), 212 participants responded with cons

to eOR use (65.4%), and 41 participants highlighted other concerns (12.7%). Across
rating and free-text responses, participants’ perceptions of eOR use were categorized by
four of eight socio-technical dimensions: organizational policies, procedures, and cultures;
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hardware and software; workflow and communication; and people (Figure 2). We present
each dimension’s key themes, supported by quotes (Table 4).

3.2.1 Organizational policies, procedures, environment, and culture—
Participants mentioned privacy concerns, feeling self-conscious about the number of
clinicians monitoring their surgeries, and worrying about health data falling into “the wrong
hands.” Approximately 33% of responding participants were slightly concerned about the
privacy of their health information, though 41% were unconcerned.

“l know many people value their privacy a lot and would want as few people
witnessing their surgery as possible (P205).”

Others worried that eOR implementation would be *“a waste of resources (P122), ”increasing
patient or hospital costs. A few felt that even if patient bills did not increase, resource
wastage would “cost somebody extra money (PZ)’ or increase insurance payments.

Other logistical concerns involved resource shortages, with telemedicine barring staff and
resources from other hospital tasks. Some worried that “f/the eOR] might take doctors away
from other patients (P291).” Others agreed that “additional tracking may create a shortage of
staff, causing other surgeries to be... delayed (P242).”

Positive perceptions surrounding improvements to organizational safety culture emphasized
a system of checks and balances with the eOR providing an unbiased risk assessment

and alerting OR clinicians of feedback and concerns. Participants felt comforted by this
transparency between team members.

“[The eOR] could provide more input and feedback for [clinicians] and improve
their expertise. The [eOR] might be more unbiased and unafraid to speak up if they
see something wrong (P125).”

3.2.2 Hardware and software—Despite some apprehension, participants expressed
optimism overall about use of advanced technology with the eOR intervention. Participants
believed that if “there is no extra cost that would not be covered by insurance,” the eOR
would be “helpful (P90)” and provide “additional caretakers at no additional cost (P242).”
Some also felt that “fechnology has advanced so much that this doesn’t seem risky, but an
added bonus to [patient] welfare (P62).”

Common concerns involved technological errors leading to communication and information
transfer failures or false alarms. As one participant stated, “Doctors may not listen to

calls, and sometimes you need to see the patient versus just looking at... a computer
(P110).” A few worried that “[system] malfunctions (P56)" or “technical problems (P107)”
could prevent accurate communication between eOR and OR clinicians. About 42.7% of
responding participants were slightly concerned that the OR team would rely too much on
eOR reports during high-risk cases, indicating distrust in technology.

“Being too heavily relied on technology... can be a risky thing to do in case... the
machines aren’t working optimally (P267).”
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Some speculated that data could overwhelm eOR clinicians (P66), resulting in inaccurate or
inefficient interpretations. A few others worried that “there could be a misinterpretation of
[data and eOR feedback] (P62),” leading to inaccurate and harmful decision-making.

“The technology [might] mess up and [the clinicians might] do something based on
faulty data (P179).”

3.2.3 Workflow and communication—Many felt the eOR would increase patient
safety from real-time monitoring, improving clinician workflow and team communication,
and reducing patient risks and complications.

“Early abnormality detection, data storage easily accessible and monitored by
healthcare professionals (P274).”

In addition to patient surveillance tasks, one participant also suggested that the eOR could
provide a teaching tool to clinicians (P316).

Participants also felt that by assigning monitoring tasks to eOR clinicians, clinicians could
improve their surgical focus without distractions in the OR. As one participant explained,
“[Bedside doctors] do not have to devote mental effort to tracking certain quantities when
performing more complex tasks (P258).”

Furthermore, eOR clinicians could improve efficiency by monitoring multiple patients at
atime, “allowing clinicians to carefully examine patient status without being in the [OR]
(P175).” This safeguard for the OR offered more reliable patient care.

However, some participants felt that miscommunication or team disconnect could disrupt
workflow, as “the work could be outsourced and lead to communication issues between
[eOR and OR teams] (P165).” Primarily, a lack of bedside context could potentially lead to
inaccurate eOR assessments and information transfer.

“Not being in the room, they may miss physical vital signs. (P114).”

3.2.4 People—nParticipants speculated that distributing clinicians into the eOR would
reduce people-related risks in the OR, such as distractions and infection risks, improving
patient safety and reflecting across survey ratings (extremely or somewhat likely = 81.7%).

“No one would be disturbing the doctor, the room would be less crowded, less
chance of... something to go wrong (P64).”

Within the eOR, clinicians could focus on the case, smoothly integrating telemedicine

care into the existing workflow. As one participant stated, within the eOR, “there is no
distraction, just... focus on the computer screen (P114).” In reducing cognitive workload for
the OR team, both the eOR and OR would run at maximum efficiency, resulting in quicker
risk and concern detection. Many felt that an eOR intervention could reduce patient blood
loss and infections (P28). This perception aligned with survey ratings, as most felt confident
that intraoperative remote monitoring would improve surgery outcomes (extremely likely or
likely = 78.7%).
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Participants predicted that the eOR intervention would enhance patients’ overall surgical
experience by increasing their sense of comfort and security with care from multiple
experienced clinicians. One participant explained, “/t makes me feel safer and more
comfortable, like the healthcare professionals... are really paying attention to my body and
are doing everything in their power to make sure nothing goes wrong (P3).”

Most indicated they trusted their clinicians to take care of them and therefore trusted

the intervention. One participant confidently stated, “/ trust that professionals in the field
understand and implement best practices (P95).” Many agreed, reporting similarly high
comfort with doctors and nurses they knew keeping track of their health and safety outside
of the OR (extremely comfortable or comfortable = 83.2%) and with unfamiliar doctors
and nurses who were part of the same hospital (extremely comfortable or comfortable =
74.6%). Over half of the participants (extremely comfortable or comfortable = 60.3%) felt
comfortable with unfamiliar doctors and nurses in different hospitals. 43.3% felt extremely
comfortable or comfortable with unfamiliar doctors and nurses who were part of a hospital
system in another country (extremely uncomfortable or uncomfortable = 35.9%).

Of those who felt uncomfortable with eOR use, many stated that they did not fully trust their
care teams and eOR technology. These participants worried that remote monitoring could
worsen surgery outcomes, although more than half of respondents strongly or somewhat
disagreed (56.1%). This response was similar to whether clinicians tracking their wellbeing
would worsen the quality of care (strongly or somewhat disagree = 57.3%) or worsen safety
(strongly or somewhat disagree = 57.6%).

Some discussed attention issues within the eOR and OR, such as multitasking, as “#he
doctors [could be] disconnected/distracted from the task at hand if they had to keep
referring to a screen (P202).” Some also speculated that the eOR would be distracting if
eOR clinicians sent messages or called the OR during a surgical case; 43% of responding
participants reported that they would be slightly concerned about eOR distractions affecting
patient care.

Another common concern was that too many members within a patient care team could

lead to decision-making conflicts through coordinating issues. One participant explained that
“many doctors watching the situation... could be distracting at a certain point and could
Jeopardize the operation (P301).” P301 elaborated that confusion and distractions could
“especially happen iIf the doctors [argue about] how things are going.” In the event that one
team inaccurately predicted patient risks or that “somebody could have an outlying opinion,
meaning they think something is wrong when nothing is, in fact, wrong (P268),” some
expressed concern about decision-making and confusion about leadership and coordination
during eOR/OR conversations, asking, “Who has the final authority to make decisions... if
several avenues of treatment arose (P170)?”

Other participants agreed that using multiple care teams would lead to a sense of shared
responsibility for errors and a subsequent lack of accountability. This “/ess personable’
patient care (P256) could lead to disjointed teamwork.
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“There will be a lot of different people involved in communication, making
coordination potentially more complicated if there are no clear rules (P258).”

4 Discussion

This exploratory study highlights recent surgical patients’ attitudes and beliefs towards
intraoperative telemedicine use to support care delivery and management. Participants
generally supported the use of remote monitoring technology from eOR clinicians to
improve team coordination, ensure shared understanding, foster situational awareness, and
serve as a backup care team and safeguard to support clinical decisions, all leading to
improvements in care quality and safety outcomes.

Participants reported significantly more comfort with locally managed eOR teams retrieving
their data, assessing clinical status, and providing feedback and suggestions to their OR
team than distant eOR services, which potentially indicates a decrease in comfort as their
familiarity with eOR staff decreased. Similarly, they reported comfort with eOR teams
managed within the US healthcare system compared to internationally hosted eOR services.
Cross-border telemedicine is often seen as a low-cost solution that does not take local
clinicians away from their responsibilities [41]; for example, a telemedicine center in the
Caribbean monitored pediatric inpatient units of a Canadian hospital and provided feedback
and decision support to their bedside care teams [42]. Benefits of such international
telemedicine use included expedition of patient case review processes, development of
informal clinical education forums between centers, and sustainable allocation of resources
to provide specialized patient care. Nevertheless, several other factors, such as cost of eOR
implementation, training, staff and resources, healthcare reimbursement structure, etc., play
into which scenario is feasible and cost-effective, as highlighted by our participants.

Irrespective of the scenario of eOR use, participants identified four dimensions in the
8-dimensional socio-technical model to be critical for its acceptance: organizational policies,
procedures, environment, and culture; workflow and communication; people; and hardware
and software. Key facilitators to eOR use include checks and balances between eOR and
OR teams, increased patient safety with real-time risk monitoring and patient surveillance,
improved focus and lack of distraction within the OR, increased trust in clinicians due to

a safeguard system, use of advanced technology, and enhanced patient comfort. Significant
barriers to eOR use included increased hospital costs or patient costs, privacy concerns,
incorrect eOR clinician assessments, technology malfunctions, eOR clinician attention
issues, decreased accountability for errors, and eOR-OR decision-making conflicts. Similar
barriers have been reported in studies on CDSS use in surgical outpatient clinics (e.g.,
privacy [43]) and studies evaluating telemonitoring (e.g., data interpretation difficulties and
overtreatment [44]).

To establish successful intraoperative telemedicine use, institutions need intraoperative
telemedicine guidelines, similar to those developed for primary and urgent care by

the American Telemedicine Association (ATA) [45] that can account for strategies for
addressing these barriers and facilitators to eOR adoption and use by patients. Informed by
findings from this study, we present preliminary guidelines that can address the four socio-
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technical dimensions to enhance patient acceptance and comfort levels towards telemedicine
and its embedded technologies (e.g., CDSS, EHR) and their integration within the routine
intraoperative workflow (Figure 2).

Guidelines for organizational policies, procedures, environment, and culture:

To foster a system of checks and balances between the eOR and OR teams, professional
environment standards can be established through rigid protocols to emphasize methods
of ensuring best practices, quality care, and decision-making with a fresh perspective

[45]. Furthermore, to mitigate privacy concerns, patient education on confidentiality limits
and the introduction of physical and technical data safeguards can minimize the risk

of data compromise. As patients undergo surgery from a multidisciplinary team of care
providers, some may be out-of-network, resulting in surprise medical bills [46, 47]. As
such, patients should also be reassured that eOR use will not waste resources or increase
costs to them through accurate and complete documentation of medical billing and coding.
Lastly, although some patients expressed more comfort with local telemedicine use, resource
shortages within local institutions can be prevented through cross-border telemedicine,
which provides many previously mentioned benefits [42].

Guidelines for hardware and software:

To make the most of telemedicine’s advanced technology and sustain the infrastructure, we
recommend building a backup system for the eOR in the event of any technical errors or
malfunctions. If technology fails or user error prevents adequate access to patient data or
online communication, other means of accessing necessary information via mobile phone or
tablet would be useful [48].

Guidelines for workflow and communication:

To enhance patient safety from real-time remote monitoring of the OR and improve
efficiency across the intraoperative workflow, rigid and evidence-based telemedicine

care standards and expectations recommended by the ATA can be applied [45]. These
telemedicine care standards would encourage clear communication between eOR and OR
clinicians to avoid misunderstandings and prevent inaccurate eOR patient assessments while
serving as a safeguard for the OR. Furthermore, professional environment standards must be
established through rigid OR protocols to improve OR team attention and limit distraction in
the OR [45].

Guidelines for people:

To instill a sense of comfort for surgical patients in the eOR, we suggest patient education
about eOR functions and their role, along with the implementation of physical and
technical data safeguards. Elucidating the eOR process, benefits, and resources could
improve patient understanding and buy-in [49]. Additionally, patient trust can be promoted
through discussion using simple, standardized common language to ensure patient-provider
shared knowledge [45]. Professional environment standards must continue to be upheld

to further combat distrust, avoid distractions within the eOR and OR, OR-eOR decision-
making conflicts, and related lack of accountability. Our findings on patient-perceived
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socio-technical barriers and facilitators related to the use of eOR in the US are similar to

the ones reported in studies on telemedicine use internationally (i.e., outpatient settings,
robotic-assisted surgery) [50] (i.e., in outpatient settings) [51]. Hence, the proposed
guidelines can be tailored to address the unique contextual needs and related socio-technical
factors for widespread telemedicine adoption internationally (e.g., emphasizing telemedicine
infrastructure and financial planning in regions with little government healthcare support).

Our findings should be interpreted within the context of several study limitations. First, the
survey was developed for this study based on the literature and existing surveys because
validated instruments were not available for these topics. We tested the survey for clarity
before administering the survey to participants, but future studies could develop validated
measures to assess eOR perceptions. Second, although Amazon MTurk provides an online
service for users to complete research studies in exchange for payment [52] and is often
more representative than other convenience samples [53, 54], respondents were younger,
more likely to be female, more educated (and possibly more technically savvy), less wealthy
(household income of < $150,000 yearly), and less likely to be Hispanics or Black [55].
Lastly, we compensated participants $1.00 for participation, a rate higher than many MTurk
studies and consistent with minimum wage [56]. However, the low incentive could lead to
hasty responses. We included an attention check question and excluded those who did not
respond correctly to it to check for this possibility. In other studies, MTurk participants
consistently produced the same standard decision-making biases as those from different
samples [57].

Conclusion

eOR acceptability was influenced by barriers and facilitators across four socio-technical
dimensions regarding successful eOR implementation: organizational policies, procedures,
environment, and culture; people; workflow and communication; and hardware and
software. Our study provides insights to inform intraoperative telemedicine guidelines for
surgical settings that can address barriers and facilitators to eOR acceptability identified

by previous surgical patients. These insights can inform eOR design and implementation
strategies and, increasing acceptability, adoption and use, and effectiveness for future large-
scale implementation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Summary table
What was already known regarding this topic:

. Clinical decision support systems (CDSS) support intraoperative decision-
making through streamlined data interpretation to produce patient alerts,
documentation and care recommendations.

. Telemedicine is increasingly being adopted within the operating room to
provide virtual consultations and real-time feedback to surgical teams.

. Clinicians have found intraoperative CDSS and telemedicine to support
resilience in patient safety through reduced workload and a safeguard system
for the surgical team.

. Clinicians have identified alert timing, emotional responses, and care
redundancy as barriers to the use of intraoperative CDSS and telemedicine.

What this study added to our knowledge:

. Patients envision intraoperative CDSS and telemedicine (eOR) to enhance
surgical team attention and increase patient safety through real-time
monitoring and transparency between care teams.

. Patient perceptions of organizational policies, procedures, environment, and
culture; workflow and communication; people; and hardware and software are
critical dimensions affecting patient acceptability and adoption of the eOR.

. Patients are more comfortable with intraoperative remote monitoring by
familiar or local clinicians than by unfamiliar or international clinicians.
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Highlights
. Patients perceive intraoperative telemedicine (eOR) to enhance patient safety

through real-time remote monitoring.

. Patient perceptions of organizational policies, procedures, environment, and
culture; workflow and communication; people; and hardware and software are
critical dimensions affecting patient acceptability and adoption of the eOR.

. Patients are more comfortable with intraoperative remote monitoring by
familiar or local clinicians than by unfamiliar or international clinicians.
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procedures, and cultures

Clinical content

Human-computer
interface

Hardware and software

Workflow and
communication

System measurement
and monitoring

Figure 1.
8-dimensional socio-technical model [31].
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Guidelines for eOR use

ﬂrganizational Policies, Procedures, Environmeh / Hardware and Software \

and Culture
[ Use of advanced ]

Checks and ) Documentation of technology Backup plans for
| Dabincos ) medical billing and technical challenges
> = coding [ Technological errors J

Privacy concerns » Confidentiality limits k /
Increased costs to Physical and technical
. hospital or patient data safeguards People
Resource shortage Cross-border
K J telemedicine (  Fewer people-
| related risksin OR |
[ Sense of comfort for | Patient education
Workflow and Communication ___surgical patients ) about eOR
Increased patient h [ Increased trust in
safe from‘? real ¢OR and OR fatient provider
7 , clinicians understanding
_ time monitoring | \ /»
(" Improved surgical ) Professional Distrustin eOR Physical and technical
focus and lack of environment . data safeguards
\__distraction in OR ) standards (" Attention issues
( Improved » within the eOR and Professional
Telemedicine care OR environment
L efficiency ) & J
= = standards and standards
Safety net system expectations [ Decision-making
for the OR conflicts
& >,
Lack of
[ Inaccurate eOR [ acco::tagility
patient g
\ assessments )

Figure 2.
Potential guidelines to enhance patient adoption and use of telemedicine for OR (eOR),

adapted from [45]). Blue outlines indicate dimensions of the socio-technical model, grey
boxes indicate guidelines, green boxes indicate facilitators to eOR use, and orange boxes
indicate barriers to eOR use.
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Table 1.

Example of inductive and deductive thematic analysis.

Page 19

telemetry units in hospitals where each patient has
a nurse assigned to them, but their hearts are also
being monitored by a telemetry tech.”

P6 “I love this idea. It would make surgery feel much | Safety
safer that an extra set of eyes are watching.” Additional
monitoring
P110 “Sometimes you need to see the patient versus just | Bedside context Lack of physical patient
looking at vitals through a computer.” Telemedicine context/stressors in the eOR
limits leading to misunderstanding

or incorrect assessment

Clinician | Interview Transcript Text Open Code Sub-Themes Sacio-technical
Dimension

P12 I would be very happy to have this sort of Safety Efficient workflow, education | Workflow and
scenario as part of my surgical care. While a single | Additional of clinicians, and stronger Communication
anesthesiologist and possibly nurse anesthetist monitoring teamwork with checks and
would likely be enough to be vigilant about Clinician balances
my vital signs during surgery, | would feel vigilance
more comfortable with additional sets of trained Redundancy in
eyes looking out for me. This scenario parallels patient care

Int J Med Inform. Author manuscript; available in PMC 2023 November 06.
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Table 2.

Demographic information of participants (n = 324).
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Variable N (%)
Age mean (SD) 10.11 (34.07)
Census Region
West | 86/323 (26.5)
Midwest | 38/323 (11.7)
Northeast | 58/323 (17.9)
South | 141/323 (43.5)
Missing 1(0.3)
Area Type
Rural | 103/323 (31.9)
Urban | 132/323 (40.9)
Suburban | 88/323 (27.2)
Missing 100.3)
Latino or Hispanic
Yes | 69/323 (21.4)
No | 254/323 (78.6)
Missing 100.3)
Race
Black or African American | 35/322 (10.9)
American Indian or Alaska Native 5/322 (1.6)
Asian | 11/322 (3.4)
Native Hawaiian or Pacific Islander 9/322 (2.8)
White or Caucasian | 262/322 (81.4)
Education Level
Less than high school 1/323 (0.3)
Some high school 4/323 (1.2)
High school diploma/GED 32/323 (9.9)
Some college or technical training | 57/323 (17.7)
College degree | 161/323 (49.9)
Graduate or professional degree | 68/323 (21.1)
Missing 100.3)
Gender
Female | 138/324 (42.6)
Male | 185/324 (57.1)
Employment Status
Employed | 288/322 (89.4)
Other | 34/322 (10.6)
Missing 2(0.6)
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Variable N (%)

Annual Income

Less than $40K | 113/315 (35.9)

$40K - $79,999 | 138/315 (43.8)

Greater than $80K | 64/315 (20.3)

Missing 9(28)
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Table 3.
Participants’ ratings on telemedicine support for OR, eOR (N=324).

Self-reported ratings (1 = extremely comfortable, 5 = extremely uncomfortable) Median (IQR)
Level of comfort with the use of the eOR 2(1-2)
Level of comfort with familiar doctors and nurses running the eOR during surgery 2 (1-2)
Level of comfort with unfamiliar doctors and nurses within the same hospital running the eOR during surgery? 2 (1-3)
Level of comfort with unfamiliar doctors and nurses within a different hospital or health system in the US running the eOR 2 (2-3)
during surgery?

Level of comfort with unfamiliar doctors and nurses within a hospital or health system in another country running the eOR 3(2-4)
during surgery?

Self-reported ratings (1 = extremely likely, 5 = extremely unlikely) Median (IQR)
Likelihood for using remote eOR tracking during surgery 2(1-2)
Likelihood that the use of the eOR would /mprove surgery outcomes 2 (1-2)
Likelihood that the use of the eOR would worsen surgery outcomes 4 (2-5)
Likelihood that the use of the eOR would /mprove patient care quality 2 (1-2)
Likelihood that the use of the eOR would worsen patient care quality 4 (2-5)
Likelihood that the use of the eOR would /mprove patient safety 2 (1-2)
Likelihood that the use of the eOR would worsen patient safety 4 (2-5)
Self-reported ratings (1 = not at all concerned, 4 = extremely concerned) Median (IQR)
Level of concern with eOR using your private health information 2(1-3)
Level of concern that eOR will be a distraction to care teams in the operating room during surgery 2 (1-3)
Level of concern that care teams in the operating room would rely too much on eOR during surgery 2(2-3)
Self-reported ratings (1 = strong understanding, 5 = no understanding) Median (IQR)
Level of understanding about eOR use and functions 2(1-2)
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Table 4.

Barriers and facilitators to patient acceptance of the eOR.

Organizational Policies, Procedures, Environment, and Culture: internal structures and policies guiding clinical workflow

Barriers Privacy concerns As long as there were security measures in place with regard to my privacy, | don’t see an issue. |
think 1°d prefer monitoring being conducted by professionals here in this country so that | would
know they would be following a standard of care required by law. | would like to know what
happens to the data after the surgery. — P133
There is no privacy among [clinicians] in attendance [of my surgery]. — P134
My privacy is being invaded (through eOR use). -P137
[There is a] potential loss of some privacy (during surgery). — P193

Increased costs to 1 just do not understand the theory of what advantage [eOR use during surgery] would provide.

hospitals or patients It just seems to add cost with no improvement in outcomes. It seems wasteful with more people

(e.g., resource wastage, involved than the job requires. — P2

insurance coverage, 1’m concerned that even though you said [eOR use] won’t affect the costs of surgery, it really will -

payment increases) because someone will have to pay for the associated computer monitoring costs... I would wonder if
my health insurance cost will go up again because of this. — P58
There are several doctors and nurses are involved in a single surgery... maybe [telemedicine use]
Increases the cost. — P244
Even if [remote monitoring] doesn’t cost me anything, it costs somebody something. Maybe there
would also be false alarms [from the eOR)] that could interfere with the surgery. — P277

Resource shortage The additional tracking [from the eOR] may create a shortage of staff, causing other surgeries to be
pushed back or delayed. — P242
[Staffing the eOR] might take doctors away from other patients. — P290

Facilitators | Checks and balances | feel transparency (between team members to hold each other accountable). — P111
(i.e., between eOR and Better checks and balances for the anesthesia teams (fo speak up if there are concerns). — P37
OR teams)
Hardware and Software: technology within the OR and eOR required to run the applications (i.e., computer, monitor, data display
devices, data entry devices)
Barriers Technological errors The computer [in the eOR] could malfunction. — P110
leading to Well, | suppose something could happen to the connection, and they’d lose monitoring capability. —
communication and P77
information transfer Something could get in the way of communication [between eOR and OR clinicians] at a bad time.
failures or false alarms - P80
[eOR clinicians might have] slower or worse form of communication with the surgical staff. — P113
Mayhbe there would be false alarms that could interfere with the surgery. — P277
False alarms [from the eOR clinicians could] lead to over-druggings. — P144
[Use of remote monitoring] is a good idea, but what if something goes wrong in the
communication. Are there any monitors in the surgery room for the surgeon to look at also, or
Is it just in a separate room? — P315
Facilitators | Use of advanced Technology can be good [for remote] monitoring — P25

technology (i.e.,
telemedicine)

Advanced technology (is) very useful (for surgical) patients and doctors — P218

This scenarfo [using remote monitoring during surgery] looks very realistic, and | am in favor of the
new technology used in medicine since it makes surgeries and any medical procedure much safer. —
P228

Workflow and Communication: relationships between health information technology, individual clinicians, healthcare teams, and

patients to ensure smooth, cohesive patient care

Barriers Incorrect eOR patient Potentially [the eOR] not understanding some specifics behind my vitals or levels due to a change
assessments in the circumstances at the location of the surgery and perhaps making a wrong emergency call. —
P89
Other signs of distress may not show on the computer and may only be seen in person. If there is an
emergency, [eOR clinicians] have to come all the way from another room to intervene. — P276
Facilitators | Increased patient [Scenarios involving remote monitoring of surgeries] seem quite normal, as this is an everyday

safety from real-time
monitoring

practice in healthcare... It is quite a good idea. — P1

1 would hope that the staff monitoring me from a different location would be in addition to the
monitoring that would be going on in the operating room. — P9

eOR monitoring reduces complications, [resulting in] less blood loss and fewer infections. — P28
Extra people monitoring [patient surgeries] would reduce complications. — P113

The pros [to eOR use] would be the extra people monitoring your health would increase the chance
that any complication would be spotted immediately. — P170

The doctors and nurses [in the eOR] keep a check on the medicine [OR clinicians] give me; that
way, they could avoid an overdose, and since other doctors and nurses see me from another room,
they will inform themselves and help with that. — P164

[Double checking through the eOR] seems like a great idea. — P21
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An extra eye [through remote monitoring] can’t be bad at all, given all the mishaps in surgery
rooms. — P26

Improved surgical focus
and lack of distraction
in OR

(Remote monitoring allows surgical teams in the OR) a better ability to focus on (bedside) data. —
P95

(With regards to eOR use, | would like that there is) someone monitoring me who is solely
focused on [monitoring my condition] because they are removed from the physical location and the
commotion. — P90

[With eOR use, the OR team has] increased awareness of their surrounding environment [and can
notice] things... such as noises or movements. — P103

Improved efficiency

1 think [remote monitoring is aJ more efficient process. To be able to monitor all screens at once,
away from the actual surgery, would be easier to do and more efficient. — P257
[Remote monitoring of surgery] sounds efficient. — P230

Safeguard for the OR

My first reaction is [having an eOR to monitor surgeries] is a great situation to have. Someone
watching right there, but also a “fallback” in a sense. — P11

| feel very good in this very reliable scenario [where the eOR monitors my hypothetical surgery]. —
P15

[Remote monitoring] would make [surgery] safer. — P15

It’s nice to have double monitoring [between the OR and eOR]. — P29

Redundant systems are generally good. Perhaps if one set of equipment fails in the OR, [the eOR]
would be a wonderful backup system. — P91

People:

humans involved in all aspects of the design, development, implementation, and use of health information technology

Barriers

Attention issues within
the eOR and OR

[eOR use could lead to] extra distractions/too many spoons in the soup — P273

[Remote monitoring] could interrupt the surgery and cause complications because of this. — P184
The biggest con [to eOR use] is that being apart and aside from the actual surgery makes people
less attentive to what is actually going on. | would worry that whoever is monitoring the computer
is only doing so intermittently, perhaps getting distracted by other things. — P201

What if [the eOR clinicians] get bored or are not attentive to the computer screen at all times? —
P261

Decision-making
conflicts

Having too many people on a [surgical] team could lead to disagreements about treatment options
(between the eOR and OR clinicians). — P265

What | mean is that there are sometimes too many [clinical leaders], and they may not always
agree. The people in the room may feel the patient is doing well, whereas the people monitoring
from another room see it differently, and this could cause some conflict that delays action. — P271

It could end up being a too many cooks situation causing unwarranted tinkering with medications. —
P42’

A con would be that there are too many people, so not all of them are paying close attention. —
P177

Too many people monitoring can cause confusion. — P319

Lack of accountability

[eOR use] could create a sense of diminished responsibility if something goes wrong. The level of
attention of the [remotely] monitoring doctors and nurses would be difficult to monitor and could
mislead the operating nurses and doctors. — P125

1 guess the doctors in the room might feel a little less responsible for what is happening and drop
their guard a bit. — P168

Shared responsibility [between eOR and OR teams] can reduce the obligation that someone has to
pay full attention [to]. — P11

There is no hierarchy of responsibility mentioned, so who is most responsible if something goes
wrong - the doctor in the room or the doctor on the screen in another room? — P58

1f something [in the surgery] went wrong, could someone be there to bring me back to life? — P181
[Remote care might be] less personable, | guess — P256

Distrust in eOR

[1 am a] little distrustful of eOR clinicians. — P41
1 just don’t trust doctors. You can’t fully trust doctors and nurses — P324

Facilitators

Fewer people-related
risks in OR

(less infection,
fewer distractions,
commotion)

1 think that the fact that [the eOR clinicians] are outside the room is no issue. Things get monitored
remotely all the time. — P8

1 like the idea of making the room less crowded and providing a separate location where experts
can monitor vitals without distraction. — P13

[eOR use] seems like a good way to monitor my condition without crowding the operating room. —
P53

Sense of comfort for
surgical patients

1 would feel more comfortable with additional sets of trained eyes looking out for me. This scenario
[where an eOR team monitors my surgery remotely] parallels telemetry units in hospitals where
each patient has a nurse assigned to them, but their heart are also being monitored by a telemetry
tech. - P12

[Having an additional team monitoring me] feels more assuring than my normal view of surgery. —
P25

1 love this idea [of remote monitoring during surgery]. It would make surgery feel much safer that
an extra set of eyes are watching. — P6
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Trust in clinicians Doctors and nurses [are].... Careful [during surgery]. -P33
Honestly, 1’m of the mindset that I just want to get better, and so long as [those operating the eOR
are] trained professionals, I trust them. — P302
1 really don’t see any cons to [eOR use], especially since it would not increase the cost of care. |
don’t see any privacy issues with [eOR use] either, as long as I can trust the [remote] medical team.
- P78
1 trust that professionals in the field (of surgery) understand and implement best practices. — P95
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