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Abstract

Background

Artificial Intelligence (Al) has the potential tosdupt how we diagnose and treat patients. Previous
work by our group has demonstrated that the mgjofipatients and their relatives feel comfortable
with the application of Al to augment surgical cafbe aim of this study was to similarly evaluate

the attitudes of surgeons and the wider surgieaht®wards the role of Al in neurosurgery.

Methods

In a two-stage cross sectional survey, an inijedrequestion qualitative survey was created to
determine the perspective of the surgical team lon Aeurosurgery, including surgeons,
anaesthetists, nurses, and theatre practitioneesnatic analysis was performed to develop a second
stage quantitative survey that was distributedsoigial media. We assessed the extent to which they

agreed and were comfortable with real-world Al ierpentation using a 5-point Likert scale.

Results

In the first stage survey, 33 participants respdn@e main themes were identified: imaging
interpretation and pre-operative diagnosis; coratibn of the surgical team; operative planning;
real-time alert of hazards and complications; aomeous surgery; post-operative management and
follow-up. In the second stage, 100 participaasponded. Responders somewhat agreed or strongly
agreed about Al utilised for imaging interpretat{62%), operative planning (82%), co-ordination of
the surgical team (70%), real-time alert of hazamis complications (85%), and autonomous surgery

(66%). The role of Al within post-operative manageand follow-up was less agreeable (49%).

Conclusion
This survey highlights that the majority of surge@md the wider surgical team both agree and are

comfortable with the application of Al within nesrgery.
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Introduction

Artificial Intelligence (Al) is the ability for a mchine to think and learn. Al's potential disruptitm
workflows and boost in productivity stems from Aébility to amass more experience than any
single human over the course of their life. Allisoanot subject to the pre-existing human
preferences. Combined with advances in computdtmmser and data storage, and the increasing
availability of large high-quality digital data seand machine learning frameworks, there has been a

exponential increase in Al research, particulanlyhie healthcare sector.

The integration of Al into healthcare is likelyaagment decision-making, the ability to predict
patient outcomes and also enhance efficitheveral Al platforms have already been described
within surgery, where they may improve decision-inglacross all phases of crimcluding: pre-
operative diagnosis and surgical plandihdntra-operative surgical workfloW?, providing post-
operative reportingand predicting post-operative outcdfh&imilar assistance has been reported in
neurosurgery, especially within the subspeciattiesncology, spinal, and vascular surgery, by using

platforms for image interpretatidfl’, pre- and intra-operative plannifig*and outcome predictidn
19

In tandem with the practical development of Al fdais, rigorous evaluation of the proposed
innovation must take place. The Idea, Developniexpjoration, Assessment, Long-term study
(IDEAL)?® methodology provides a framework to evaluate aridegsurgical innovation, through five
distinct systematic stages. In addition to the @atabn of the technology, and prior to first-in-ham
studies, there must also be an assessment oftikatpaand clinicians’ perspectives on the

acceptability of a device or technology.

Previously our group published a two-stage cross-sectianmaky to better understand patients’ and
their relatives’ attitudes towards Al, and Al's @akithin neurosurgical procedufésThe survey
demonstrated the extent to which participants abwath Al platforms designed to support the
neurosurgeon, with the purpose of improving thgisaf outcome and reducing the risks of
complications. Responders in this survey largebagieed with Al systems performing surgery
entirely autonomously. Interestingly, respondergsencomfortable with the concept of partially
autonomous surgery, but less so when if they wergatient undergoing partially autonomous
surgery. In essence, respondents were comfortathldive use of Al systems to augment their care

and support the surgeon.

The aim of this study was therefore to similarhalenate the attitudes of surgeons and the wider

surgical team towards the role of Al in neurosuyger
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Methods

A cross-sectional two-stage mixed-method (quantdadnd qualitative) survey was performed. A
gualitative survey was used to comprehensivelyappra surgical team'’s understanding of Al and its
current utility in healthcare, in addition to exaung their attitudes about Al applied in neurosuayge
A quantitative survey was then created to usinghfeeidentified from the initial qualitative survey
further explore attitudes of neurosurgeons usingse-based survey. Ethical approval was not
required for this study as no patient or clinicaladwas collected, and the study was performed to
plan and advise on future resedfcfihe surveys were administered as per recommeymtetisurvey
practicé® and results for both surveys were reported acogridi the American Association for Public
Opinion Research standard definitiGh$1) questionnaires with 50%-80% of all applicatpeestions
answered were considered partial responses; (2}igneaires with more than 80% of all applicable

guestions answered were considered complete respons

Quialitative survey

The qualitative survey (Table 1) was created u€nggle Forms and distributed in June 2020. The
survey was open for a two-week period in June 202@as completed by all members of the
neurosurgical team at an academic neurosciencgsnahiiding surgeons, anaesthetists, nurses, and
theatre practitioners. The survey was organisexdtimd sections: (1) demographics; (2) four open-

ended questions relating to Al.

Quantitative survey

The quantitative survey (Table 2) was designeditihér explore the major themes that emerged
from the qualitative survey. The survey was distiglol during a two-week period in September 2020
to an international audience via social media (TamjtFacebook, LinkedIn) and email to members of
neurosurgical societies. The survey was organigedivo sections: (1) demographics; (2) six
scenarios describing implementation of an Al systéhe six scenarios were developed based on the
thematic analysis of the initial qualitative sunaayd focused on the following themes: imaging
interpretation and pre-operative diagnosis; coration of the surgical team; operative planning;
real-time alert of hazards and complications; aomoous surgery; post-operative management and
follow-up. The responders used a 5-point Likertesta answer two questions based on the scenario:
(1) Do you agree with this use of an Al system2 glrongly disagree; 2 = somewhat disagree; 3 =
neither agree nor disagree; 4 = somewhat agreest®ngly agree); (2) How would you feel if you
were involved in this case as part of the surgiean? (1 = extremely uncomfortable; 2 = somewhat
uncomfortable; 3 = neither comfortable nor unconafole; 4 = somewhat comfortable; 5 = extremely

comfortable).
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Data analysis

The qualitative survey responses were analyseatettify overarching themes. Thematic analysis
methodology was guided by existing literafdr@articipants knowledge about Al use in everydfay |
and its utility was assessed. For the subsequerd tiuestions specifically relating to Al and
neurosurgery (Table 1), free text was analysed tfmranswers and grouped together as codes. The
codes were organised as themes. The perceivedtadearand disadvantages of Al in neurosurgery
were used to guide the development of 6 scenaviigther explore attitudes of the surgical team in
the quantitative second stage survey. The quanétatirvey responses were numerically described
using a 5-point Likert scale, and descriptive asiglperformed. Demographic data on sex, age,
profession, stage of training, country of residerc®l previous experience of Al research, were also

analysed descriptively.
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Results

Quialitative survey

In the first stage survey (Table 1), a total ofc88plete responses were collected. The responders
identified as surgeons (14/33; 42%), anaesth€i®¥83; 30%), nurses (3/33; 9%), theatre
practitioners (4/33; 12%), and, others (2/33; 6¥9st participants (19/33; 58%) acknowledged the
role of Al in everyday life. Eleven more particigargl11/33; 33%) found Al useful but stressed the
importance of first understanding its limitationprmarily concerns about privacy and the potential
negative impact of Al if implemented lacking ovepsi. Only three responders (3/33; 9%) were

unaware of current Al applications in everyday.life

Thematic analysis identified numerous themes fés Adle within neurosurgery: (1) analysis of
preoperative data (11/33; 33%), (2) pre-operatdseasment (11/33; 33%), (3) surgical augmentation,
assistance and automation (17/33; 52%), (4) caaatitin of the surgical team (6/33; 18%), (5) post-
operative assessment and prognosis prediction;(Z138), and, (6) surgical workflow efficiency
(4/33; 12%). Responders believed that Al couldsagsidiagnosis and data analysis (5/33; 15%),
surgical planning (6/33; 18%), and, surgical riskessment (4/33; 12%). Further postulated roles for
Al systems may include enhancing surgical technapaanatomical recognition (15/33; 63%), and
in early detection and assessment of intraoperatiweplications (4/33; 12%). Al was acknowledged
to feasibly predict and improve outcomes (5/33; L3&garding hospital admission and in-patient
management, Al was considered to benefit patienat @33; 18%), support standardization of care
by potentially reducing human error (5/33; 15%) &mreduce, augment and enhance workload
(5/33; 15%). For example, prompt handover and médion sharing for postoperative patient
management, and organization of post-dischargewelip visits. Lastly, responders highlighted the
vital role of Al in education and research (7/3B%2), such as virtual reality-based neuroanatomy
teaching platforms for medical students and sulgiamees, Al-guided robotic surgical trainingdan

radiogenomics algorithms for better understandiragnbneurophysiology.

Our first stage survey also explored the resposdaews on the perceived disadvantages of Al
within neurosurgery (Table 1). In an operative emwment, Al systems’ complexity (5/33; 15%) and
surgeons’ reluctancy to change (2/33; 6%) wereidensd barriers to adoption. In relation to patient
management, the responders were concerned abaubéi-specific approach (7/33; 21%) and the
potential loss of human touch (4/33; 12%), in @ddito concerns about overreliance on Al systems
(5/33; 15%). Further disadvantages proposed retatdte technical implementation of Al systems:
controversial reliability of software or data ing@f./33; 33%), loss of surgical skill, additional
“technical training” (11/33; 33%), responsibilitpé ethics (5/33; 15%), and the cost of software or
hardware (3/33; 9%).
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Quantitative survey

We received 100 responses for the quantitativeesuihe majority of responders were male
(70/100; 70%) and aged between 31-40 years o0ld(8131%), although 9% of responders were
aged 61 years or older. We had responses fromagpiéss in 25 countries. The majority of responders
were from the United Kingdom (70/100; 70%) and &n(i/100; 7%). Surgeons were the most
common responders (60/100; 60%), followed by ahaésts (18/100; 18%) and nurses (11/100;
11%). There were 5 responses from theatre prawitsoand 6 responses from ‘other’, including
device representatives. Of the surgeons and amgistththe majority were consultants (surgeons:
62% consultants; anaesthetists: 50% consultartig) most common subspecialties of the consultant
neurosurgeons were oncology (16/37; 43%), pituiteny skull base (16/37; 43%), and spine (11/37;
30%). Of the 100 responders, 17% had been involwgdprevious Al research, 47% had never been
involved with Al research or implementation of Alstems before. However, 36% of responders had

no prior Al research experience, but expressedasted to utilise Al in their own practice.

Overall, the responders largely agreed and feltfodable delivering patient care as part of the
surgical team for the described implementation bffAgures 1 and 2). In the first scenario (Table
2), the surgical team strongly or somewhat agvaddusing Al for imaging interpretation and pre-
operative diagnosis (62%). A similar number of msfers strongly or somewhat agreed with the
application of Al in co-ordination of the surgidgeam (70%) (Scenario 2). Al's utility relating to
operative planning (Scenario 3) and real-time alehazards and complications (Scenario 4) were the
most agreeable scenarios to the responders. Ratili&ed within operative planning, 81% strongly or
somewhat agreed with the application. Similarly,Abused to enhance real-time alert of hazards or
complications, 85% strongly or somewhat agreed7@3d felt extremely or somewhat comfortable as
part of the surgical team (Figure 2). For Al usedhie context of autonomous surgery (Scenario 5),
66% strongly or somewhat agreed with its use, &@%d telt extremely or somewhat comfortable as
part of the surgical team (Figure 2). ConcerningAdl its role within post-operative patient
management and follow-up (Scenario 6), 49% stronglsomewhat agreed and 52% felt extremely

or somewhat comfortable as part of the surgicahtea
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Discussion

Principal findings

We present a comprehensive assessment of thelaftiai the surgeon and surgical teams towards the
implementation of Al using an international twogstacross-sectional survey (Tables 1 and 2). In the
first stage survey, we found that the majorityedponders (91%) were aware of Al and its current
everyday applications. Further, we elicited theaappt value of utilizing Al within neurosurgery,

such as improved surgery (63%) and enhanced diegf8390). The first stage survey also elicited
rational concerns about Al and neurosurgery, ssdheneed to retrain, potential loss of surgical

skill (33%), hesitancy about the reliability of ssre or hardware (33%), and proposed loss of
human healthcare delivery (21%). Our first stageespalso highlighted the importance of ethical
considerations and Al (15%). In our second stageesuassessing the attitudes of the neurosurgical
team towards Al, we received 100 responses fromoRBitries encompassing the entire neurosurgical
team (neurosurgeons, anaesthetists, nurses aricethegctitioners). The six scenarios we developed
assessed how strongly the survey participants dgvib the specific real-world application of Al,

and their comfort at being part of the team deihgpatient care. Responders strongly or somewhat
agreed with Al utilised for imaging interpretati(@2%), operative planning (82%), co-ordination of
the surgical team (70%), real-time alert of hazam$ complications (85%), and autonomous surgery
(66%) (Figure 1). However, although the majorityegpondents welcomed Al in a range of contexts,
the role of Al in the post-operative patient mamaget was less favourable, with 49% strongly or
somewhat agreeing to this utilisation of Al. To thest of our knowledge, this is the first study
exploring the views of international colleaguess@npassing the entire neurosurgical team, and real-

world application of Al in neurosurgery.

Comparison to other studies

Our study demonstrates that neurosurgical heakthmafessionals believe implementation of Al
could improve surgical workflows and support patiesre. This perceived potential benefit is
important, as positive general attitudes towardaml postulated to feature in the overall acceptanc
of AI?®. However, valid concerns from the qualitative syrabout “the loss of human touch” and
post-operative patient management remains a petfpunt in relation to Al. This was also
highlighted in our previous work assessing pat#titudes towards Al in neurosurgery, where most
patients still preferred a human surgeon over &onamous systefh Thus, our research supports
existing literatur& that urges researchers to iteratively questiom*Ho long-standing principles of
medical ethics apply in this new world of technadadjinnovation?”. The application of Al to
healthcare is clearly a positive real-world utilitf/innovative technology, but potential harms of
“algorithmic injustice” — such as predictive potigi® and facial recogniticii— must be at the

forefront of future Al research, regardless of ifioe®.
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In a recent Swiss study exploring the attitudeseafrosurgeons towards machine learning, Staartjes
et al found that of the 362 participants surveyed, 29%8ftenalready implementing machine learning
into their practice and a further 31% for resegratpose¥. The most important reasons for applying
machine learning to clinical practice was impropeeoperative surgical decision making, objectivity
in diagnosis and improved anticipation of compliimas. These findings support our first stage
qualitative survey thematic analysis, and furthghlight the importance of ongoing research

assessing feasibility and safety.

There is limited literature exploring the perceptaf Al elsewhere within healthcare. 8ital
explored the attitudes of UK medical students talsak*, with 89% of 484 survey responders
agreeing with the important role Al will play in&écare and 78% believing that Al learning should
appear within their curriculum. Pinto Dos Sargbal, similarly surveyed 263 German medical
students, and found that 77% felt Al would revalotze radiology and 86% would improve
radiology, in addition to 71% stating that Al shibile included in medical trainifigIn a Korean
study, Ohet al®* surveyed 669 medical students and physiciansamtifthat 83.4% had a
favourable attitude towards Al and medicine. Inualg of dermatologists, Polesieal found that
78% of 1,271 dermatologists surveyed agreed onglyagreed that Al will improve their specialty,
representing an overall optimistic attitude towahd. Taken together, these studies are largely
consistent with our findings, with responders aeleoging the potential utility Al offers across

numerous specialties and the potential to imprateept care.

Our findings echo research into public attitudesatals Al: firstly, the general public “fears” Al
replacing humari§ and secondly, the concern about losing intelligeshaviour in humanis We

must continue to explore the foundation of theseems and include multidisciplinary stakeholders,
including patients, in the development of new staljiechnologies. One such example by our own
group is the iRobotSurgeon surdgywhich aims to explore public opinion about thep@nsibility

and associated liability when surgical robotic eyst cause harm. A study by Boasal has gone
further, investigating the underlying reason fdfatiences in human attitudes towards robdtics

Here, they examined whether individual attitudesaia robots can be differentiated on the basis of
default neural activity pattern during resting staheasured with electroencephalogram. Participants
observed scenarios in which a humanoid robot waete performing various actions embedded in
daily contexts. They found evidence that individoialses toward treating robots as either intentiona
agents or mechanistic artefacts can be detectbeé akural level. Taken together, it is appareat th
research groups are working to decipher how webettier understand our relationship with novel
technologies — demonstrated through sur’é§s- and objective neural measures to understand how

humans might explain the robot’s “reasons” for @usi’.
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Limitations

The present study has several limitations. Thé $bage qualitative survey sample was performeal in
single academic neurosurgical unit in a high-incaitting, perhaps limiting the generalisability of
the findings, and in addition adding a degree aého the scenario development. Similarly, despite
our best efforts to perform an objective analyismatic analysis always contains an inherent @egre

of subjectively.

The second stage quantitative survey was primdistyibuted on social media (Twitter, Facebook,
LinkedIn) and we are therefore unable to recordigately the number of times the survey was
distributed or report an accurate response-rataddlition, people using these platforms were more
likely to be technology-literate, introducing aesgtlon bias. Additionally, our sample size of 100

responders for the second stage survey is moderate.

The fact that the key study findings for the twaggts are broadly consistent with each other, atid wi
related literature, suggest they are likely to hole.
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Conclusion

This two-stage international survey representsygortant further step in developing a rigorous
evidence-base to support the use of Al and neuyesyrTaken together with our previous work, we
have found that both patients and surgeons argtreedo the use of Al in neurosurgery.
Furthermore, many members of the surgical teamessped motivation to participate in future Al
adoption and research. To this end, frameworksi@fical device and technology innovation, such as
IDEAL?°, and CONSORT-AP must be utilised to ensure transparent and ratarsslation of pre-
clinical innovation into clinical practice. This Miacilitate alleviating concerns of patients ahe
surgical team but also ensure we, as a commumgyadhering to the ethical principles of modern

medicine.

10
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Abbreviation List

Al — Artificial Intelligence
IDEAL - Idea, Development, Exploration, Assessménng-term study



Figure 1. Figure summarizing the responses from participatisn asked “to what extent they agreed with
the implementation of Al” in the given scenarioridg our quantitative second stage survey.

"Do you agree with this use of an Al system?"
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Figure 2. Figure summarizing the responses from participafiesn asked “to what extent they felt
comfortable as part of the surgical team” in theegiscenario, during our quantitative second stageey.

“How would you feel if you were involved in this case as part of thegszal

team?”
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Table 1. First stage qualitative survey: open questions.

Q1

What do you know about Atrtificial Intelligence (Aénd its applications in everyday life?

Q2

What do you see as its roles in neurosurgery?

Q3

What do you think might be the advantages of Ahéarosurgery?

Q4

What do you think might be the disadvantages ofhAleurosurgery?




Table 2. Second stage quantitative survey: scenarios.

Scenario 1

An Al system isdesigned to analyze and inter pret radiological imagesfor
identifying suspected lesions.

A patient presents with persistent headaches andsswith their balance. A plain CT|
demonstrates a well circumscribed intracerebraditeAn Al system interprets the
scan and suggests a potential metastatic lesianAThystem automatically books th
patient a staging CT scan, an MRI to further deliaghe lesion, and suggests furthe
management, such as steroids and transfer taaryereurosurgical centre
automatically.

Scenario 2

An Al system isused to facilitate the optimum patient pathway for a patient
requiring an operation.

A patient is seen in clinic and requires an urdemibar decompression and laminectomyj.

The Al system aggregates patient variables, co-itibds, age, radiology findings and
suggests a full patient pathway, including operatlate, pre-assessment and any other

personal requirements automatically. The Al sysédso takes into account other planning

issues such as full lists, and priorities the ofyegaschedule.

Scenario 3

An Al-virtual reality system isused in stereotactic neurosurgery to create 3D
brain models, and to plan safetrajectoriesfor eectrodesimplantation.

A patient suffering from recurrent drug-resistartapacitating seizures might benefit from
surgery. Stereoelectroencephalography is plannatettify the foci of seizure onset zone

and whether this is amenable to surgery. A newyAtesn, adopting a virtual reality
algorithm, is used to generate a 3D virtual anataiminodel of critical structures and

regions of interests from radiological images. Rhaystem then utilises the VR-generated
3D model to plan safe trajectories and target regjfor stereotactic electrodes implanting.

Further, during the insertion of electrodes, araimperative augmented reality interface
appears to ensure safe placement of the electrodes.

Scenario 4

An Al system isused intra-operatively for real-time anatomical assessment
and detection of potential risks.

A patient undergoes surgery for removal of a suggkitontotemporal glioma adjacent to
eloquent brain regions. The patient cannot tolematawake craniotomy. To minimize rish
of surgical complications, a new Al system is aédphtraoperatively. During the

operation, the system is connected to the cametteeafurgical microscope and, using

augmented reality, displays the principal anatohstactures and landmarks in real-timg.

It further delineates the contour of the lesion ahdws the safest surgical corridor. Whilg
approaching the lesion, the Al system notifiesshigeon of adjacent eloquent brain
topography, and, signals an alert if there is Huglygical risk to aid surgical intraoperative
decision making.

Scenario 5

An Al system connected to an autonomous robotic arm has been developed to
support the surgeon during complex spine surgery.

An Al system has been developed to control a rolaotin to assist the surgeon in screw
placement during spine surgery. The trajectorigb®fscrews are automatically determin
by using the Al system and preoperative spine sdamsher, the Al system is able to
decide on the ideal screw length and material. Alhguided robotic arm is operated to
autonomously insert screws and rods as appropriate.

Scenario 6

An Al system isused to co-ordinate thefollow up of patients.

A new Al-assisted follow up system is used to namitischarged patients that underwery
neurosurgery. The Al system utilises patients’ basenformation and clinical data
collected throughout their hospital admission. Ahsystem autonomously delivers
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telephone calls and interacts with patients vi@amatted speech. The Al system ascertail




evaluation of patients’ satisfaction, recovery wfgical wound, postoperative
complications, objective function, and patient-néed outcomes. The Al system then
books outpatient follow-up appointments based diepaneed and urgency.




