UNIVERSITY OF LEEDS

This is a repository copy of Impact of Robotic Surgery on Decision Making: Perspectives
of Surgical Teams.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/87900/

Version: Accepted Version

Proceedings Paper:

Randell, RS, Alvarado, N, Honey, S et al. (7 more authors) (2015) Impact of Robotic
Surgery on Decision Making: Perspectives of Surgical Teams. In: UNSPECIFIED AMIA
2015 Annual Symposium, 14-18 Nov 2015, San Francisco, United States. .

Reuse

Unless indicated otherwise, fulltext items are protected by copyright with all rights reserved. The copyright
exception in section 29 of the Copyright, Designs and Patents Act 1988 allows the making of a single copy
solely for the purpose of non-commercial research or private study within the limits of fair dealing. The
publisher or other rights-holder may allow further reproduction and re-use of this version - refer to the White
Rose Research Online record for this item. Where records identify the publisher as the copyright holder,
users can verify any specific terms of use on the publisher’s website.

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

| university consortium eprints@whiterose.ac.uk
WA Universities of Leeds, Sheffield & York https://eprints.whiterose.ac.uk/


mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Impact of Robotic Surgery on Decision Making: Perspectives of Surgical
Teams

Rebecca Randell, PhD?, Natasha Alvarado, PhD?, Stephanie Honey, PhD?, Joanne
Greenhalgh, PhD?, Peter Gardner, PhD?, Arron Gill, BA®, David Jayne, MB BCh, MD,
FRCS', Alwyn Kotze, MB ChB, FRCA?, Alan Pearman, PhD*, Dawn Dowding, PhD, RN**°
YUniversity of Leeds, Leeds, UK; ?Newcastle University, Newcastle, UK ; 3L eeds Teaching
Hospitals NHS Trust, Leeds, UK ; “Columbia University School of Nursing, New York,
USA; *Center for Home Care Policy and Resear ch, Visiting Nursing Service of New York,
New York, USA

Abstract

There has been rapid growth in the purchase of surgical risbbtgh North America and Europe in recent years
Whilst this technology promises many benefits for patients, the introductisacbfa complex interactive system
into healthcare practice often results in unintended consequences thafiark wifpredict. Decision making by
surgeons during an operation is affected by variables including taetibeqtion, visual perception, motor skill,
and instrument complexity, all of which are changed by robotic surgetythe impact of robotic surgery on
decision making has not been previously studied. Drawing on th@agp of realist evaluation, we conductad
multi-site interview study across nine hospitals, interviewing 44 operatog personnel with experience of
robotic surgery to gather their perspectives on how robotic sumngpacts surgeon decision making. The findings
reveal both potential benefits and challenges of robotic surgery for decisiolgmak

I ntroduction

Technological innovation has led to great advances in surgieatice over the past two decades, resulting in
improvements in patient outcorffe$n the 1990s, traditional open surgery was challenged by theintion of
minimally invasive surgery (MIS). With MIS, the surgeonrfpems operations using small ‘key-hole’ incisions,
through which cameras and laparoscopic instruments are passedefioiges much of the abdominal access
trauma, resulting in numerous benefits for patients, incluiéisg postoperative pain, shorter hospitalisation, quicker
return to normal function, and improved cosmetic d'n addition to patient benefits, laparoscopic surgery is
also cost-effective for healthcare provi@actue toshorter inpatient stay and decreased wound carﬂddstsever,
laparoscopic surgery can be technically challenging to perfasra,result of the 2-dimensional operative image and
instruments that have limited freedom of movement and requiravamdkand non-intuitive handlingAs a
consequence, uptake of laparoscopic surgery has beﬁ slow

Robotic surgery overcomes some of the limitations of laparoscopgery, potentially making the benefits of MIS
available to a greater number of patients. The Da Vinci surgitalt rGntuitive Surgical, California, USA) is
currently the only commercially available robot for soft tissueesyrdrhe surgeosits unscrubbed at a console that
provides them with a magnified pseudo 3-dimensional (3D) vielweofurgical site. From the console, the surgeon
is able to control the robot arms that hold the laparoscogiruments inserted into the patient. Robotic surgery
enables the surgeon to achieve increased precision through éingivument handling, tremor elimination, and
motion scaling. There has been rapid growth in the purchaSe dinci robots in North America, despite the cost
of the latest model being almost $2 million and annual maanian costof $125,000, and Europe is quickly
following suit. Between 2007 and 2011, the number of Da Vincitsoinstalled in the United States increased from
800 to 1,44 while the number of Da Vinci robots installed worldwide hadhed 2300 in 20[F] Whilst robotic
surgery is primarily used in urology, its use is expandiegoss the surgical specialties, also being used in
gynecology, ear nose and throat, colorectal, cardiologypaduhtrics.

Decision making is an important component of surgical exa@rtyet there is a paucity of research on decision
making in the operating roonOR]ﬂEI Theories of decision making highlight the importance of ipieyv
experience with particular situations, to enable the developmemittefqs or mental models which draw attention
to relevant cues, provide expectatipdstermine plausible goals, and suggest typical responsies situatidre] In

the OR, factors that impastirgeons’ decision making include tactile perception, visual perception, mkitgrasd
instrument complexifyf] all of which are affected by robotic surgeayd may therefore impact on the surgeons’
ability to use their experience (mental models) to inform detisiaking. Similarly, the separation of the surgeon



from the rest of the OR personnel may also be signifieenthere is strong evidence, both in the OR and in other
contexts, that physical proximity of team members and teobgdhfluence the gathering of information that is
used to inform decision makfifl] Again, disruption of these patterns of information seeking imgact if and
how surgeons are able to use their experience to inform deeision making. However, evaluation of robotic
surgery to date has understandably focused on patiecores and the impact of robotic surgery on decision
making has not previously been studied.

This is the first study to explore how robotic surgery intpaecision making, through interviews with surgeons and
OR personnel. Interviews were conducted using the teacher-learney where interviewees are presented with
ideas from the literature and asked to reflect on the extentith wose ideas fit with their experieffgewWe first
review relevant literature on decision making before describimgnisthods of our study and presenting the results.
We conclude by discussing the implications of the findingshe implementation of robotic surgery.

Background

Klein, in his recognition primed decision (RPD) model, higils the importance of context or situation in
‘triggering’ mental models that guide decision making in numerous complex decision situation{™] This situation
awareness is defined as the perception of elements in the envitptireezomprehension of their meaning, and the
projection of their status in the near fL@eSituation awareness is also an important factor in understandi
information behavior, the manner in which decision makers agdkuse information to guide their chditg#\s
highlighted in the RPD model, situation awareness is an importangos@nt ofsurgeons’ intra-operative decision
makinfffland better situation awareness of the surge@ssociated with fewer surgical efGf§’] One model of
intra-operative decision making suggests a continuous cycle whieehe preoperative plan in mind, the surgeon
assesses the situation, reconciles new information with existingniafion, and subsequently implements a revised
course of acti@ In this cycle, through the use of existing mental modelsyrimdtion may be actively sougbt,

by remaining observant of what is happening in the OR, perceilgobut active seeking. Robotic surgery
potentially changes the nature of the information that the surgesravailable to them. The magnified, surgeon-
controlled, 3D view of the surgical site may support the surdeovisually perceiving anatomic information.
However, because the surgeon sits at a console away from the patahe rest of the OR team, they may not be
able to see the patient or the robot arms directly and accassditory information is also likely to be reducé&he
report of the introduction of robotic surgery described adany for surgeons tiury themselves in the consdle,
thereby blocking out th@FEI Consequently, the surgeon is dependent on the rest of the @R aeamunicating
information that they previously obtained through vispalceptidﬁlﬂ This has led some to argue that intra-
operative decision making in robotic surgery is more collaharaiian open or laparoscopic surEFry

Robotic surgery also changes the ability of the surgeon to use taetdeption to determine anatomic information

In open surgery, surgeons work primarily with visual and tadtifermation. In laparoscopic surgery, tactile
information is reduced but, by touching with the instrumesuisgeons are still able to determine features of objects
such as shape, texture, and consis@ln robotic surgery, the surgeon receives no tactile informatia this is
considered to be a major limitation of robotic su@ry‘,ome surgeons have suggested that the lack of tactile
information means that surgeons move more slowly becaugehtihee to rely on visual information oﬂi/
However, research suggests that, as experience of robotic sungezgpses, surgeons find visual information
sufficient for informing their intra-operative decision ma@gnd this is supported by surgeons’ own repomF_gl

While robotic surgery changes the visual and tactile informalianis available to the surgeon, potentially reducing
their situation awareness, it has been argueditbatirgeon’s position inside the console and the 3D image create a
sense of immersipfand that the subsequertiuced “distractibility’ of the surgeon could be a benefit of robotic
surgerfy’] Certainly, if robotic surgery does reduce the number of distractioat the surgeon experiences, this
could have positive impacts on decision making and subsequestpaiicomes; research reveals that distractions
in the form of case-irrelevant communication are linked to remease insurgeons’ mental fatigue and intra-
operative strdsgand excessive levels of intra-operative stress compromise lyoteshnical skills but also non-
technical skills such as decision makifjdHowever, it has also been foundtlequipment and work environment
distractions are more frequent in laparoscopic operations ithapen operations, due to the more complex
technology, suggesting that robotic surgery may alsodaotre new distractiﬁ

The ergonomic benefits of robotic surgenyly also impact surgeons’ stress and fatigue Robotic surgery removes

the awkward and unnatural movements required during laparosaodpihe surgeon is able to sit down comfortably
at the console, potentially reducing physical stress and assoiitgert This has led some surgeons to argue that,
with stress arising from a difficult operation being an indicause of conversion to open surgery, robotic surgery



may result in a lower rate of conver§idrHowever, results from experimental studies are inconclusivide who
studies found robotic surgery to result in lower mental@Emgical stress than laparoscopic sutggryf in another
study the difference was not statistically signifiﬁnt

M ethods

This study was undertaken as part of a process evaluationngualoingside ROLARRa multicenter randomized
controlled trial comparing laparoscopic and robotic surgeryttie curative treatment of rectal cafideRealist
evaluation, arapproach that is increasingly popular for the evaluation @hgex interventions in healthcBPp
provides an overall framework for the process evaluaRaalist evaluation involves building, refining, and testing
users’ ideas and assumptianer ‘theories$, of how an intervention produces its outcdfe$rom a realist
perspective, interventions in and of themselves do not produtcernes. Rather, interventions offer resources to
users; outcomes depend on how users choose to respondséorésources, which will vary according to the
situation or ‘context. Thus, rather than just asking ‘what works?’, realist evaluation seeks to answer the question of
‘what works, for whom, in what circumstances, and how?’. Realist evaluation involves gathering data in order to
explain how different contexts triggearticular changes in the reasoning and responses of users (‘mechanisms’)
which, in turn, give rise to a particular pattern of outcomesil&\general qualitative approaches can only provide a
catalogue of possible contextual factors thought to impacpriheess and outcomes of interest, the advantage of
realist evaluation is that it increases the specificity of quitetstanding of the relationship between context,
mechanisms and outcomes. As part of the first phase of thegsrevaluation, we undertook a multi-site interview
study, interviewing OR teams to elicit their theories of molaotic surgery impacts decision making during surgical
operations

Participants

All English hospitals participating in the ROLARR trial wereited to participate in the interview study. English
hospitals not participating in the trial but using the robotfiorectal surgery were identified by the trial team and
through personal contacts of one of the team members &Dd)all were invited to participate in the interview
study. In this way, geographic spread and variation in levedxpkrience of robotic surgery was achievéd.
snowball sampling strategy was [Sgat each hospital, one of the surgeons was interviewegiinst then assisted

in identifying other members of the OR personnel to interigwgeons, trainee surgeons, anesthesiologists, OR
nurses, and OR practitioners).

National Health Service (NHS) study-wide ethical approval was granteceaedrch governance permissions were
obtained from each hospital. All participants gave informed cénsen

Data collection

Interviews were conducted, either faoeface or by telephoneising the teacher-learner c@ Teacher-learner
cycle interviews are advocated within realist evaluation as a waydmver usefsideas and assumptions (theories)
about how an intervention works and thus understand how esgonses (mechanisms) are triggered in different
circumstances (contexts) and produce certain outcofflesse theories can then be expressed as context-
mechanism-outcome configurations (CMOSs). In contrast to stdrglealitative interviews, in teacher-learner cycle
interviews,the researcher’s theories are the subject matter and the purpose of the interview is to confirm, falsify,
refine that theoff] Using a semi-structured interview schedule, the interviewer pegbehe interviewee with
theories from the literature concerning how robotic surgeryh@sight to impactsurgeons’ decision making.
Interviewees were asked to reflect on whether or not, and rhwiays, these theories fitted with their experience.

From our review of the literature, we started with the followireptfes:

1. When the team is more experienced in robotic surgery, they understand that the surgeon’s situation awareness is
dependent on them orally communicating information and they rdspprusing more oral communication
about the patient’s state which in turn improves the surgeon’s situation awareness.

2. Surgeons progress more slowly through a robotic procdskrause they do not have tactile information to
inform their assessment of the situation and to determineheshit persist with or revise their course of action,
but this effect becomes less pronounced as experience witticrebrgery increases.

3. The sense of immersion that the robot provides meanshihautgeon is more focused, resulting in improved
decision making and patient outcomes.

4. The ergonomics of the robot mean that the surgeon is lessatl and tired, resulting in better decision making
and reduced conversion to open surgery.



As the literature provided limited information on the contexts in whablotic surgery impacts decision making, and
the mechanisms through which those impacts are achieved, theewteraught to elicit further detail about this.

An iterative approach to data collection and analysis was takentheittheories being revised as the interviews
progressed. Interviews were audio recorded and transcribed verbatim.

Analysis

The interview transcripts were anonymized and entered into NVivBrathework analysis, an approach developed
for analyzing qualitative data for applied policy research, wa§™}seformed by the interview schedule and
reading of preliminary interviews, codes for indexing the data wiergified and agreed by three members of the
research team (RR, NA, SHyhey then indexed four transcripts to test the applicabilitthefdodes and assess
agreement. Where there was variation in the indexing, the codes were efthefinitions were clarified. The
refined codes were applied to all transcripts. The indexed dataumamarized in a matrix display to build up a
picture of the data as a WI‘@kIn the final stage, mapping and interpretation, the matrix vgas to identify
similarities and differenceaa participants’ responses.

Results

Forty-four interviews were conducted across nine hospiteteeen January and August 201terviews ranged
from 29 minutesol hour 40 minutes, with an average (mean) length of interofeéd® minutes. Table 1 provides a
summary of participants and settings. The findings are orgaametd the main theories discussed.

Table 1. Participants by professional group and hospital type.

N =44 N (% of sample)
Professional group
Surgeon 12 (27)
Trainee surgeon 5 (12)
Manager 1)
Anesthesiologist 6 (14)
OR Nurse 13(30)
OR Practitioner 7 (16)
Hospital type
Teaching 21 (48)
District general 17 (39)
Cancer center 6 (13)

Theory 1. Situation awareness

The majority of surgeons perceived that their situation awareéegsstentially reduced during robotic surgery
stating that they are focused on a small area and therefore sut@nMare ofheir environment; they have ‘tunnel
vision’. One surgeon provided the example of ‘sucking fluid’; the surgeon can request that their assistant provide
suction, but they are unawaifethe assistant experiences difficulties fulfilling their request orrédasons why.
Attitudes to the seriousness of this varied. One surgeon described operating with a second surgeon as a ‘wing man’

to counteract the problem of reduced situation awarenessatad #tat he would be very concerned about reduced
situation awareness if he operated without a second surgeon presgher surgeon described being ‘vastly less
aware’ of what is going on in the OR but hehad not been ‘hindered’ by this and did not think it made any difference

to the operationOnly two surgeons felt that their situation awareness is mtcerl. One described still listening to
the ‘banter’ amongst the team in the OR, while the other surgeon made a conscious effort to intermittently ask the
team about the patientstatus.

Team memberslso perceived that the surgeon’s situation awareness is reduced due to their position in the eonsol
e.g. the surgeons do not have lateral vision and theiogefeedback, which can indicate problems, is reduced.
Consequences of the surgeon’s reduced situation awareness described by the team include bgcrarms
impinging upon each other, which could damage the robotemept the surgeon achieving their alRespondents
explained that the surgeon only realizes that the robot armglashing when they are unable to maneuver the
instruments as desire®n one occasion the robot arms nearly collided with a patient’s head; this problem was
averted by th®©R nurse who intervened.



The overarching strategy described by the surgeons to in@it@aston awareness, in line with our initial theory,
was to establish good communication links between the surgeoneatehth. Good communication was seen as an
essential part of robotic surgery. Trust between the surgedthe team was also emphadjas the surgeon has to
rely on the rest of the team to communicate information outditteeir field of vision to avoid complications. If the
surgeon trusts their team to communicate problems to, tth@in concern over their reduced situation awarergess i
lessenedOne surgeon commented that a more experienced team might beabktter communicate the necessary
information to them.

Communication was also described by the OR teams as the m#ggystmincrease situation awareness, who saw it
as thet responsibility to act as the ‘surgeon’s eyes and ears’. In contrast to our initial theory, the information that
they described communicating to the surgeon was less abquatibat state and more often about the robot, as in
the examples described abovex® noted that they just ‘tell the surgeon’ when there are problems and that
everyone in their team knows to do this whether it is themselvigge robot that is struggling. Others described that
it is important, because of the physical separation of thesnrfjom the team, that team members have voices that
are ‘strong enough for the surgeon to hear’. Good communication was seen as dependent on the relationship
between the surgeon and team. While this is dependent on inalipidrsonalities and approaches, training together
as a team and having a dedicated team were strategies that were corsydererviewees to increase team
members’ confidence to speak up. As one nurse said about training as a team:

‘I just think having been away, just you got to know the surgeons better and [...] you're just that much happier
saying, can we start, can we slow down a bit, can we do this cgexkto get that, it just sort of levels the hierarchy
so much, which made it much easier to work with people.’

Another strategy described by the OR teams was positioning tBele@o that the surgeon has a direct view of the
patient and the assistant when they look up from the robothey arénot hidden in a corner.’

Theory 2: Lack of tactile information

Several surgeons described initial experiences with the robot wherdo the absence of tactile information, they
had not realized how much force they were applying and congbgired, for example, snapped a suture.
However, none of the surgeons considered the lack of tactileniafian a significant problem. While a couple of
the surgeons described being ‘a bit more careful’, ‘a bit more hesitant’, the surgeons we interviewed did not consider

that the lack of tactile information led to a longer operatioration. They felt that they had adapted quickly to
relying on visual cues, learning to look for tension. Sev&regeons related this to their experience of laparoscopic
surgery; with laparoscopic surgery, they had already leammbitl with reduced tactile information. As one surgeon
described, ‘from previous experience you know what you’re looking for, so you know the tension that you’re putting

on the tissues from what you can actually see.” Interviewees contrasted this with the experience of urology susgeo
who had moved straight from doing open prostatectomiesing doem robotically.

Theory 3: Immersion

The majority of the surgeons we interviewed agreed that thé mbduces a sense of immersi@ne surgeon
described how they can ‘lose themselves’ during the operation and, referring to level of concentratierdescribed

this feeling as ‘quite intense’. Other surgeons commented that it is not that the robot createsa af immersion
but just that they have to concentrate more because they déssveperience with robotic surgery than with
laparoscopic surgery. Two surgeons refuted the idea thatltbe produces a sense of immersion, commenting that
they are immersed in the procedure regardless of whetheajfitasolscopic or robotic and that technology should not
determine whether the surgeon is immersed.

A number of theories about the contexts in which a senseméiigion occurs were suggested by the participants.
One surgeon anticipated that, whiile already experiences a sense of immersion when using the ttubdeeling

will probably increase when the ‘mundane’ and routine tasks related to using the robot, e.g. psitignuing, have
been mastered. In contrast, another surgeon commentétefieats immersed using the console, particularly during
complex cases, but that this feeling would probably lessen time, i.e. thait was a feature of his limited
experience with the robot. One surgeon described immersion as legiegdént on who he has assisting i.éeif
trusts the assistahe can be immersed as the assistant fulfils requests with ‘silver service’, whereas otherwise he is
‘constantly looking’ as there is anxiety about where the assistant is ‘pointing the instrument’. The creation of trust
was also associated with training as a team, as one surgedbetscr



‘We learned to trust each other. We came back from [the training] with that certainlddge that between us we
knew what we knew ang../ we would each remember something and we would be able to pull it off.

Some surgeons described AR as quiet during robotic surgery, enhancingrtisencentration, and that there are
no distractions. In comparison, in open and laparoscopic chsesyrigeon can chat with the assistant and team.

Perceptions of the impact of the sense of immersion varied. Sesp®ndents commented that heightened
concentration might lead to better decision making, but howhy was not articulated. One surgeon described the
sense of immersion as making him more focused, which should enaiee precise dissection. Others felt unable
to comment on whether immersion would be reflected in patiesbmgs. One surgeon saié felt the sense of
immersion would not impact his decision making, excepthbhabay persevere longer with an operation bechese

is less aware of timéowever, this could cause concern if the patient is operated on for an ‘excess amount of time’.

Theory 4: Impact of ergonomics

The surgeons discussed their experiences of using theanothdihe extent to which ergonomics affected their levels
of stress and tiredness in comparison to laparoscopic summe surgeons discussed that, for them, performing
operations using the robot is more stressful than laparoscoggergubecause they are in the early stages of
implementation i.e. have not used the robot on many occasiotigs context the surgeons stated that they shared
the operation with a colleague. They explained that sharingpi@tion reduced their levels of stress, as opposed to
the ergonomics of the roboOther surgeons felt that the robot was an improvement on &ugmic surgery
(ergonomically); how and why it was an improvement was not &sjylored although one surgeon described that
they were in a ‘less awkward position’. The surgeons also discussed that using the robot might be physically less
tiring than laparoscopic surgery, but it is mentally more saumzthey have less experience of robotic surgery than
laparoscopic surgeryror this reason, they have a higher level of concentratioa lfonger time using the robot; in
comparison, they could relax on occasion during laparoscopés.ca

Two surgeons described how the level of stress is affectectbhyotl the team acts; as one surgeon described it:

‘I think it probably makes you physically less tired. I think you're probably mentally more tired [...] We've all done
less robotics than we have laparoscopic, so you're carrying more of a burden I think robotically. And sometimes
you feel like you’re only the person in theatre that knows what’s going on. [ ...] Because you re there, and you're the
only one there looking.’

The extent to which the robot reduces surgeons’ stress levels was also described as dependent on the stage of the
procedure. For example, talking about suturing, one surgeon s

‘If I was doing that laparoscopically, it would be a nightmare. It’s just a joy to do it robotically because of the
ergonomics.’

In contrast, this surgeon described how with dissectionftis’ of bleeding is increased, because the magnified
image means that he notices tiny blood vessels that he wauthtice otherwise. It was also noted that stress can
be dependent on the type of operation performed e.g. a lmxicamesection is stressful using both approaches,
whereas operations that do not go down to the pelvic #8motess stressful and demanding. However, being able to
take breaks when using the robot was noteallsnefit.

The extent to which the ergonomics of the robot impactectoision making, particularly the decision to convert to
open surgery, was difficult to ascertain. It was suggested by segspmndents that if the surgeds more
comfortable during surgery he or she might persevere wdiffieult operation rather than convert to open surgery.
It was also noted that the surgeomn take five minutes’ to consider their decisions during robotic surgery, whereas

they might feel more pressure in decision making dumdpgioscopic surgery. However, it was also acknowledged
that the decision to convert to open surgery is often tduercumstances outside the surgeon’s control, e.g.
conversion was described as a ‘technical’ matter that was not linked to ergonomics or how stressed the surgeon was.

One surgeon stated that, if anythidge would persevere longer with laparoscopic surgery because thia¢ is
technigue with which he has more experience and so feels morderanf

How and why the ergonomics of the robot reduced surgeons’ stress levels was also postulated by the wider surgical
team. Team members discussed a humber of ergonomic befigfiesrobot, e.g. because the surgeon is sat down
must mean that they are more relaxed, the surgeon can adjust the console’s head piece, the console is padded, andit

is easier to have coffee breaks as no scrubbing or de-scrublvggpired to step away from the console. However,
it was also suggested that stress might be dependent on the surgeon’s experience i.e. those learning how to use the



robot do not seem as relaxed using the console. Participantaaitsb that if a surgeon found a stage of the

procedure difficult, this would cause stress regardless argmomics of the robot. The difference between mental
and physical tiredness was also highlighted by the teame slescribed that the surgeon gets tired looking at the 3D
image, that robotic surgery is stressful for their eyes andresgonore mental concentration. It was also noted that
the surgeon can be hunched in the same position for hours.

Discussion

Robotic surgery is a complex interactive system. Whilst thisni@ogy promises many benefits for patients, the
introduction of interactive systems into healthcare practi@natsults in unintended consequences that are difficult
to predi¢f’] We have drawn on the experience of OR teams to understand the thatawtbotic surgery has on
Surgeons’ intra-operative decision making. Using the approach of realist evaluat®rhave not only identified
some of the consequences of robotic surgery for the pexeassl outcomes of surgeon decision making but have
also begun to unpack how these impacts are achieved and thasontelich these impacts are likely to occur.

The findings suggest a number of revisions to the thedigesissed in the interviews. They highlight the role of the
team in maintaining the surgeon’s situation awareness, fitting with ideas previously postulated in theatitre. V¢
anticipated this would involve teams providing surgeorih wiformation about the patient state but the state of the
robot also needs to be communicated. However, the findings ajgesiuhat, for this to occur, tleeneeds to ba
positive relationship between surgeon and team. That relationshypbe impacted by the way in which robotic
surgery is introduced, with training as a team and having @ated robotic team being associated with positive
relationships between the surgeon and team so that team mdadiecsnfident to speak up. The findings also
reveal the intertwined nature of surgeon situation awareness and the surgeon’s level of concentration when
undertaking robotic surgery; when the surgeon trusts the teamake him aware of changes outside of his field of
view, he feels confident to remain in the console, resultingdaoged distraction and increased concentration. What
is less clear is how this impacts patient outcomes. Thenengic console can reduce stress and tiredness, enabling
the surgeon to persist longer with the operation and potgntamllicing the number of conversions to open surgery,
but this is only when the surgeon is experienced in robotigesy Interestingly, in contrast to some of the
literature, lack of tactile information did not present a condernthe surgeons in our study. A revised set of
theories, formulated as CMO configurations, presented in Table 2. Giveralist evaluation’s concern with
identifying what works, for whom, in what circumstances, thesertbs describe what is needed to produce a
positive outcome. The implication is that, in the absence of thessay contextual factors, the mechanism that
produces the desire outcome will not be triggefeat example, if there is not a positive relationship between the
surgeon and the OR team so that the team communicate inforrmatl@surgeon, this could lead to complications
and increased distraction for the surgeon.

Table 2. Revised theories presented as CMO configurations.

CONTEXT + MECHANISM = OUTCOME
RESOURCE RESPONSE
Positive + Team Surgeon adjusts their cours¢ = | Complications avoided
relationship communicates to | of action based on the
between surgeor surgeon information

and OR team

information about
patient and robot

Surgeon feels confident to
remain in console

Reduced distraction and
increased concentration

Surgeon
experienced in
robotic surgey

Ergonomic
console

Surgeon feels comfortable t
persist longer with the
operation

Reduced levels of stress and
tiredness

Reduced conversion to open
surgery

These findings have a number of implications for the desigrirpl@mentation of surgical robots. While there is
recent research exploring how to provide haptic feedback isticoburgeny”]”’] from the perspective of the users
the lack of tactile information does not, after a short learnergpg@, hinder their ability to assess the situation and



determine the appropriate course of action. Concerns thataeeparsistent relate to the impact on thrgeon’s
situation awareness and, where this is not addressed, potential benefitotof surgery in terms of reduced
distraction and increased concentration will not be obtained. Weestugwpt, to realize the benefits of robotic
surgery for surgeon decision making and avoid any negative amrsmEp, implementation of robotic surgery
should involve (a) training for teams that acknowledges the need for the team to maintain the surgeon’s situation
awareness, and (b) whole team training and/or a dedicated robotic tee@stablish positive strategies of
communication between the surgeon and the team.

Limitations

A limitation of this research is that, although conducted ower different hospitals, it has been concerned with one
surgical specialty, colorectal surgery. However, informal disicuns with urology and gynecology surgeons suggest
that they experience similar impacts of robotic surgery. turéuresearch, we will be conducting interviews across a
range of surgical specialties to assess the extent to whicmdiregh are specific to colorectal surgery and to revise
our CMO configurations to reflect the experience of a bromdege of surgical specialties.

Another limitation of this research relates to the challenges assbaidgth conducting interviews to understand
decision making. Decision making in the OR has predominantly seetied through interviefil“[™ > but to
develop a rich, nuanced understand of the complexity of clinieaisidn making requires comprehensive data,
gathered through multiple meth£onsequently, in the next phase of this research, we will be testimgvised
theories through a multi-method multi-site case oWe will be conducting structured observations of both
robotic and laparoscopic operations using OTAS (Observational Te&kmssessment for Surg@ which will
provide a quantitative measure of the situation awareness of theedifsub-teams in the OR. Post-operation, we
will ask participants to complete questionnaires to gather their pemcgmtiche mental and physical demand and
the extent of distractidi§ This will be complemented by detailed analysis of video dada &llows us to
understand how these impacts are achieved, interviews with pariciparunderstand their reasoning, and
ethnographic observations to understand the contexts thatrin@ia these mechanisms.

Conclusion

This is the first study to explore how robotic surgery intpaecision making. It reveals both potential benefits and
challenges of robotic surgery for decision making, which coaigeftonsequences for patient outcomes. While the
assumption underlying the introduction of robotic surgerthat the increased precision provided by the robot
results in improved patient outcomes, our findings suggesira complex picture. This is a topic that needs to be
considered and addressed by healthcare providers when implemebuitig surgery into their organization
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