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Abstract
Aim: Artificial intelligence (AI) has the potential to improve perioperative diagnosis and decision making. Despite 
promising study results, the majority of AI platforms in surgery currently remain in the research setting. 
Understanding the current knowledge and general attitude of surgeons toward AI applications in their surgical 
practice is essential and can contribute to the future development and uptake of AI in surgery.

Methods: In March 2021, a web-based survey was conducted among members of the Dutch Association of 
Surgery. The survey measured opinions on the existing knowledge, expectations, and concerns on AI among 
surgical residents and surgeons.

Results: A total of 313 respondents completed the survey. Overall, 85% of the respondents agreed that AI could be 
of value in the surgical field and 61% expected AI to improve their diagnostic ability. The outpatient clinic (35.8%) 
and operating room (39.6%) were stated as area of interest for the use of AI. Statistically, surgeons working in an 
academic hospital were more likely to be aware of the possibilities of AI (P = 0.01). The surgeons in this survey 
were not worried about job replacement, however they raised the greatest concerns on accountability issues 
(50.5%), loss of autonomy (46.6%), and risk of bias (43.5%).
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Conclusion: This survey demonstrates that the majority of the surgeons show a positive and open attitude towards 
AI. Although various ethical issues and concerns arise, the expectations regarding the implementation of future 
surgical AI applications are high.
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INTRODUCTION
Since the early 1950s Artificial Intelligence (AI) has been broadly defined as the ability for machines to 
reason and perform cognitive functions that we associate with human thinking such as decision-making, 
problem-solving, and learning[1,2]. In the past decade, novel artificial intelligence technologies have made 
remarkable progress with the further evolution of machine learning and deep learning algorithms[3]. This 
offered the opportunity for autonomous learning, of new pattern recognition and relationships. Deep 
learning has become a component in many areas of everyday life, with applications ranging from virtual 
assistants and speech recognition in mobile phones to self-driving cars[4].

Digitalization in medicine has stimulated the research and development of artificial intelligence applications 
in healthcare. In particular, the widespread adoption of electronic health records, digital imaging, and 
digital diagnostic tests has provided large datasets suitable for computerized algorithms[5]. AI research has 
already been conducted in numerous medical fields and can revolutionize medicine by improving 
treatments, outcome prediction, and efficiency[6]. AI-powered diagnostic algorithms have shown high-level 
performance in the field of radiology[7-9], pathology[10,11], ophthalmology[12,13], and dermatology[14,15], but to 
date the utilization in the surgical field remains limited. The etiology is likely multifactorial, including the 
surgical environment with complex human interaction, lack of perceived necessity, and the limited 
knowledge and evidence of AI applications in the surgical practice[16]. With ongoing advances in 
computational power and robotic platforms, surgeons have the opportunity to play a critical role in the 
further rise and dissemination of AI in hospitals. Several surgical AI platforms have been reported in trials, 
with advancements in preoperative diagnosis and decision making, outcome prediction, surgical planning, 
and intraoperative surgical guidance[17]. Despite the promising results, these AI platforms currently remain 
in the research setting rather than being integrated into clinical practice.

The perceptions and commitment of doctors and their patients towards AI are critical factors for the further 
successful implementation of AI applications in healthcare[18-20]. Understanding the current knowledge and 
general attitude of surgeons toward AI applications in their surgical practice is essential and can contribute 
to the future uptake of AI in the surgical field. With this in mind, we aimed to investigate the existing 
knowledge, expectations, and concerns of AI among surgical residents and surgeons in the Netherlands.

METHODS
This survey was created using Google Forms and distributed for two weeks in March 2021 to the Dutch 
Association for Surgery (Nederlandse Vereniging voor Heelkunde) members by email. The questions were 
developed after review of the current literature and included after consultations with a core group of 
surgeons of the study[2,21-26]. Survey completion was voluntary and anonymous. The web-based survey 
consisted of 21 questions and was organized into five sections: four questions about demographics, four 
about AI knowledge, seven about the expectations of AI, four about the demands and concerns of AI, and 
two about the implementation of AI. It consisted of 13 multiple choice questions. In eight questions, we 
measured respondents’ agreement with various statements on a five-point Likert scale (1 = completely 
disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = completely agree). The study was performed in accordance 
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with the ethical principles as stated in the Declaration of Helsinki.

Statistical analyses
The results are presented as proportions of the participants. For the Likert responses, mean composite 
scores were calculated based on the three related domains: knowledge, expectations, and concerns of AI. 
The Kruskal-Wallis test was used to detect differences according to the location of practice and license 
years. This test was used due to the non-normal distribution of the response. The Mann-Whitney U test was 
implemented to identify the specific group of differences. Statistical analysis was performed in IBM SPSS 
statistics 27. A probability-value (P-value) < 0.05 was considered significant.

RESULTS
A total of 313 respondents out of 1832 members of the Dutch Association for Surgery completed the survey 
(17%), including 222 surgeons (71%) and 91 surgical residents (29%) [Table 1]. The majority of the surgeons 
[number (n) = 122, 55%] had more than 10 years of experience. Overall, 72% worked in a district general 
hospital and 28% worked in an academic hospital. Of the surgeons, the most commonly noted subspecialty 
was gastrointestinal and oncological surgery followed by trauma surgery, vascular surgery, and pediatric 
surgery [Table 1]. The majority of the respondents indicated that they had not used AI in their hospital yet 
(n = 259, 82.7%), and only a minority declared to actively follow developments of AI in professional and 
scientific journals (n = 84, 27%) [Table 2]. Of the respondents, 40% indicated to be aware of the possibilities 
of AI (n = 126 agreed or wholly agreed) [Figure 1]. A substantial share of the respondents was interested in 
further education on artificial intelligence (n = 215, 69% agreed or completely agreed).

Expectations and implementation of AI
More than 50% of the respondents agreed to each of the following statements: “AI can be of value in the 
surgical field” (85%); “I expect to improve my diagnostic ability with the help of AI” (61%); and “The 
benefits of AI will outweigh the potential risks” (55%) [Figure 1]. Fewer than half of the respondents 
expected that the help of AI would reduce complications (45%), and 40% of the participants disagreed that 
AI could become superior to a surgeon’s clinical experience. The respondents indicated the outpatient clinic 
[n = 112 (35.8%)] and the operating room [n = 124 (39.6%)] as the most valuable place for the 
implementation of AI [Table 2]. The greatest potential for AI applications in the operating room was 
expected in intraoperative image processing for surgical guidance (57.5%), followed by automated 
performance metrics of surgeons (23.6%). The great majority of the respondents highlighted the need for 
surgeons to participate in a multidisciplinary AI team at their own hospital (82.1%) [Table 2]. Of the 
respondents, 50.8% highlighted the need for the Dutch Association for Surgery in the Netherlands to fulfill 
an advisory and coordinating role, while 43.5% preferred a more proactive role in the development and 
implementation of AI.

Risks and concerns of AI
The great majority of the respondents (83.1%) stated that the surgeon is responsible in the event a surgical 
complication arises while the surgeon uses an AI tool for surgical guidance. The top three most significant 
concerns about the use of AI were accountability issues (50.5%), loss of autonomy (46.6%), and risk of bias 
(43.5%) [Figure 2]. A minority of the respondents (15.3%) expressed their concerns on privacy issues, and 
only 11.5% of the respondents were concerned about the lack of scientific substantiation. Only 6.7% of the 
respondents agreed to be worried that AI will replace them at their job. Most survey respondents were not 
willing to undergo surgery on their gallbladder in the future when it is performed by a fully autonomous 
robot controlled by AI (78%).
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Table 1. Demographic distribution of respondents

Demographic n (%)

Function

Surgeon 222 (71)

Resident 91 (29)

Surgeon’s location of practice

Academic hospital 63 (28)

District general hospital 159 (72)

Surgeon’s license years

1-10 years 100 (45)

11-20 years 80 (36)

> 20 years 42 (19)

Surgeon’s specialization

Gastrointestinal and oncological surgery 127 (57)

Traumatology 45 (20)

Vascular surgery 42 (19)

Paediatric surgery 8 (4)

Subgroup analysis according to the characteristics of the surgeons
Comparing the mean composite scores between the groups showed significant differences in the type of 
practice [Table 3]. Surgeons working in an academic hospital were significantly more likely to believe they 
have more knowledge of AI (P = 0.01) compared to the surgeons in district general hospitals. In response to 
the question considering the job replacement, surgeons in academic hospitals had significantly less concerns 
than surgeons in district general hospitals (P = 0.005). No significant differences were visible for the 
composite scores according to the years of surgical license.

DISCUSSION
Our survey provides preliminary insight into the perspectives of surgeons and surgical residents towards 
future artificial intelligent technologies in the surgical field. The findings demonstrate that the majority of 
the surgeons showed a positive and open attitude towards AI. Overall, the respondents largely agreed that 
AI could improve the quality of care in hospitals. The outpatient clinic and operating room were stated as 
the main areas of interest for the use of AI. To facilitate adequate adoption and implementation of AI, 
surgeons stated to be most willing to participate in multidisciplinary AI teams in hospitals. The expectations 
regarding the implementation of surgical AI applications were high, and surgeons were willing to undergo 
further learning.

The majority of the participants felt positive about the value (85%) and diagnostic ability (61%) of AI in the 
surgical field. In addition, it is encouraging that a greater share of the respondents believed that the benefits 
of AI applications will outweigh the risks. However, the respondents did see difficulties and concerns in 
utilizing AI in surgical care safely. The surgeons in this survey raised the greatest concern on liability issues. 
In general, medical malpractice law states that physicians provide a standard of care that can be expected of 
relevant members of the same specialty[27]. Since AI is not (yet) the legal standard of care, physicians are 
currently at risk of facing liability when injury results after following AI recommendations[28]. However, 
once AI is proven safe and of support to physicians, malpractice law might even require the use of AI[29]. In 
this survey, 83% of respondents felt that responsibility should be held with the surgeon. Defining the 
relevant standards of care will become a central issue in the further implementation of AI. Surgical societies 
can contribute by developing standardized datasets, stimulating research, and evaluating whether specific AI 
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Table 2. Self-assessed knowledge, surgical expectations, and risks and concerns of AI

Statement/question Responses n (%)

Knowledge of AI

Yes 54 (17.3)I have made clinical use of AI in my hospital

No 259 (82.7) 

Yes 84 (26.8) I actively follow the developments of AI in professional and scientific journals

No 229 (73.2)

Surgical expectations of AI

Outpatient clinic 112 (35.8)

Operating room 124 (39.6)

Surgical ward/emergency 
department

44 (14.1)

What department in your hospital could have the most significant potential value from 
AI?

Other 33 (10.5)

Intraoperative image processing for 
surgical

180 (57.5)

Guidance 74 (23.6)

Automated performance metrics of 
surgeons

23 (7.3)

Black box 18 (5.8)

What kind of application of AI in the operating room has the greatest potential?

Surgical planning/efficiency of the 
OR

18 (5.8)

Other

Implementation of AI

Advisory and coordinating task 159 (50.8)

Active central role 136 (43.5)

No role 17 (5.4)

What role should the Dutch Association for surgery take in the development and 
implementation of AI?

Other 1 (0.3)

Risks and concerns

Surgeon 260 (83.1)

Hospital 16 (5.1)

Company of the software/algorithm 12 (3.8)

Patient, who signed consent 5 (1.6)

Who should be held liable in the event of a complication, when the surgeon uses an AI 
tool for surgical guidance?

Other 20 (6.4)

Yes 69 (22)Are you willing to undergo surgery on your gallbladder performed by a future fully 
autonomous robot controlled by AI? No 244 (78)

AI: Artificial intelligence.

Table 3. Subgroup analysis according to the characteristics of the surgeons

License years Hospital
1-10 years 
(n = 100)

11-20 years 
(n = 80)

> 20 years 
(n = 42) P Academic hospital 

(n = 63)
District general hospital 

(n = 159) P

Knowledge (*) 3.5 3.6 3.4 0.191 3.7 3.5 0.01

Expectations (**) 3.6 3.7 3.5 0.27 3.6 3.6 0.896

Concerns (***) 1.7 1.6 1.6 0.839 1.4 1.7 0.005

Mean composite score, based on Likert scale of 1-5: 1 = completely disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = completely agree. P values 

are based on Kruskal-Wallis test. *I am aware of the possibilities of AI, I am interested in further education about AI. **The benefits of AI will 

outweigh the potential risks, I expect to reduce complications with help of AI, I expect to improve my diagnostic ability with help of AI, AI can be 
of value in the surgical field, AI could become superior to a surgeon’s clinical experience. ***I am worried AI will replace my job. AI: Artificial 
intelligence.
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Figure 1. Respondents’ expectations regarding AI. *The percentages may not add up to 100% due to rounding. AI: Artificial intelligence.

Figure 2. Showing the scoring responses for the perceived concerns of the use of artificial intelligence. The percentage does not equal 
100%, as it is a multiple-response question.

applications should be incorporated as the standard of care in practice guidelines[2]. In 2019, the Dutch 
Association for Surgery established an innovation working group with the mission to explore the current 
use and expectations of innovative developments in surgical practice. The working group covers, among 
other topics such as imaging technology, robotics, and biological imaging, the introduction and 
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implementation of AI in surgery and stimulates partnerships with technical universities and companies. 
Early efforts of education can persuade surgeons to embrace clinically relevant AI development more easily. 
Involvement of surgical societies can resolve the threat of medical and legal implications and stimulate 
hospitals to deploy AI systems safely.

Interestingly, only 15% of the respondents noted privacy in their top three concerns. This finding is 
consistent with a previous study by Scheetz et al.[21]. In this survey of 632 trainees and fellows in 
ophthalmology, radiology, and dermatology, privacy did not belong to the top three ranked potential 
concerns. This could be explained by the fact that physicians have confidence in the current level of data 
protection and privacy at their hospitals. Another explanation could be the increasingly stringent data 
legislation. In 2018, the European Union took the lead in data legislation with the implementation of the 
General Data Protection Regulation (GDPR)[30,31]. The GDPR mandates that adequate measures are taken to 
guarantee data security when personal data are collected, such as the provision of informed consent, 
improved transparency, and anonymization of data. Adequate legislation will be crucial for harmonizing AI 
in healthcare. The large volume of personal data that AI generates should be handled cautiously since a loss 
of trust from patients and physicians could result in a significant drawback for the implementation of AI[32].

Surgeons in academic positions expressed a significantly higher knowledge of the possibilities of AI than 
their colleagues in district general hospitals. A clear explanation is not found, but the amount of education 
and research facilities in academic hospitals could play a role in this difference. Since the majority of AI 
applications are still in their research phase, most AI research programs will be enrolled more easily in 
academic medical centers. A previous survey on pathologists’ perspectives of AI presented similar results, 
showing academic pathologists were significantly more optimistic about AI tool integration than their 
colleagues in community hospitals[33].

The majority of the respondents considered the operating room as the desired setting for the deployment of 
AI tools. Regarding the potential for AI applications in the operating room, most respondents favored 
intraoperative image processing tools for surgical guidance. The remaining majority envisioned more 
potential in educational purposes through automated performance metrics of surgeons. Minimal invasive 
surgery appears to be most suitable for intraoperative analysis due to the great volume of (visual) data[26,34]. 
AI has been used on laparoscopic videos for phase recognition[35], tool and gesture detection[36], and 
identification of surgical anatomy[37,38]. However, the translation from research to the clinical 
implementation of AI in the operating room remains challenging[39]. Prospective participation of surgeons 
in model design and development will help researchers ensure that valuable clinical steps are taken.

Surgeons are less worried about job replacement compared to their colleagues in radiology. According to 
previous surveys in radiology and radiation oncology, 34%-42% of the physicians had a fear of (partial) 
replacement compared to 7% of the surgeons in this survey[23,25,40,41]. Surgeons’ low concern on job 
replacement could be explained by the nature of their job, which requires fine complex manipulation during 
surgery and direct human interaction with patients. Occupations involving the complex perception of visual 
cues and delicate manipulation tasks in an unstructured work environment are considered unlikely to be 
substituted by algorithms in the near future[42]. The fact that surgeons are not susceptible to computerization 
is supported by a study of Frey et al.[42]. In this study, a machine learning algorithm was applied to 702 jobs, 
and jobs were ranked according to their susceptibility to computerization. The algorithm used variables 
currently identified as bottlenecks in machine learning, including perception and manipulation, creative 
intelligence, and social intelligence tasks. While 47% of the job market was felt to be at risk for job losses, 
surgeons were least likely to be supplanted with an automation risk of 0.4%. It is, therefore, unlikely that AI 
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will fully replace surgeons in the foreseeable future. Perhaps the most important reason is that patients will 
always require human interaction and empathy[43].

This survey has limitations. The first is the response rate of 17% of the Dutch Association for Surgery, of 
whom nearly 30% were surgical residents. Although this is comparable with previous online surveys, this 
could have resulted in selection bias[21,40]. Second, surgeons working in academic hospitals and surgeons with 
more than 20 years’ experience were underrepresented. Some statistically significant differences were small, 
and one can question the clinical relevance. Thirdly, the respondents may represent disproportionately 
those surgeons with significant interest in artificial intelligence. Furthermore, respondents with limited 
knowledge of AI technology could have different and incorrect conceptualizations of AI. In our survey, only 
17% of the respondents stated to make clinical use of AI. These findings are in line with previous surveys in 
other medical specialties, however this could have resulted in bias[23,44]. For example, surgeons could have 
confused AI with other innovative technologies, especially augmented reality. Finally, this questionnaire was 
designed for this survey, and its validity was not evaluated. The short, yet diverse range of questions in this 
survey does not obtain a fine-grained analysis of surgeons’ opinions. Further research should address a 
more comprehensive account of the perceptions of surgeons, to obtain a richer understanding. Irrespective 
of these limitations, this survey provides interesting insights into surgeons’ current views on AI in the 
surgical field. The majority of the surgeons have high expectations regarding future surgical AI applications. 
The respondents have highlighted various ethical issues and concerns but remain positive and have an open 
attitude towards AI. How AI will change the surgical landscape remains to be seen since AI is entering the 
domain of non-routine cognitive tasks. Technological developments are changing rapidly, and more and 
more AI applications are taken out into practice. Continued evaluation of physicians’ perceptions is needed 
to ensure that data scientists will work on clinical valuable AI applications that meet the standards of their 
end users.
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