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Abstract

Artificial intelligence (AI) can be described as a set of tools and programs that operate in similar ways to normal human brain functions during regular tasks. Radiology is a medical specialty that is naturally related to technology, and the introduction of AI to radiology offers opportunities to improve the speed, accuracy, and quality of image interpretation. The applications of AI to radiology have gained a lot of grounds in the developed world, but this is still considered alien in some of the low-middle-income countries.

This study aims at evaluating the knowledge level, attitude, and perception of radiologists in Nigeria toward the introduction of AI to the practice of radiology.

This was a cross-sectional survey carried out on a group of radiologists from all over Nigeria, who were attending an update course in medical imaging. The survey was carried out using a structured interviewee-administered questionnaire to assess knowledge, attitude, and perception of the respondents on the use of AI, machine learning, and deep learning systems in medical imaging.

One hundred and sixty-three radiologists participated in the study. It was observed that only 12% had good knowledge of AI. Fifty-eight percent of the respondents were willing to embrace the applications if these were introduced in their hospitals. Sixty percent of the respondents had a positive perception toward the opportunity of using of AI systems in radiology practice within their facilities. There was a strong association between the respondents’ knowledge levels and their respective attitude levels with 82% of those with good knowledge having a positive attitude (P < 0.001).

Knowledge of AI systems in medical imaging is still limited in developing countries like Nigeria, and acceptability of these systems is dependent on the level of knowledge of their applications in medical imaging.
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INTRODUCTION

Artificial intelligence (AI) is an interdisciplinary approach that uses principles and devices from computation, mathematics, logic, mechanics, and even biology to solve the problem of understanding, modeling, and replicating the intelligence and cognitive processes.[1] A simpler definition by Oxford Living Dictionary is computer systems able to perform tasks normally requiring human intelligence, e.g., visual perception, speech recognition, decision-making, and language translating.[2]

AI which was first coined in 1956 by computer scientists at IBM who referred to it as a machine or computer that demonstrates intelligence in performing tasks commonly associated with human beings.[3] It is an umbrella term that comprises two components, namely, machine learning (ML) and brain-inspired deep learning (DL).[4] ML is a term introduced by Arthur Samuel in 1959 to define a field of AI, which focuses on the ability of machines to train themselves without being explicitly programmed. It is a traditional AI method, which relies largely on predefined engineered feature algorithms with explicit parameters based on expert knowledge and learns automatically from data accumulation.[5-7]

DL is a “subset of ML and it is a complex interconnection, which improves ML function in systems.” DL means that “the computer has multiple layers of algorithms interconnected and stratified into hierarchies of importance. These layers accumulate data from inputs and provide an output that can change step-by-step once the AI system learns new features from the data. Such multilayered algorithms form large artificial neural networks.” DL algorithms can automatically learn feature representations from data without the need for prior definition by human experts.[8-11]

AI has been introduced to almost all sectors of life and one of its most practical applications is in the field of medicine.[4] It has become a major constituent of many applications in health care, including drug discovery, remote patient monitoring, medical diagnostics, and radiology.[12-14] Radiology is a medical specialty that is naturally related to technology and is very much dependent on machines. This is a major reason why it has experienced nearly constant evolution in comparison to other medical specialties.[4]

In less than a decade, computers and algorithms based on DL have gained the power to equal or exceed humans in a number of simple tasks, such as the detection of pneumonia on a chest X-ray or the analysis of white matter lesions on MRI scans of the brain. AI can and will optimize radiologists’ workflows, facilitate quantitative radiology, and assist in discovering genomic markers.[10,14]

There are many AI applications that have already been deployed in high-income countries, and a lot of controversies have also arisen on its use in medical diagnosis and oncology worldwide. A crucial and pertinent question that concerns radiologists is what expectation level is realistic and how severe will the impact of the new technology be on the radiological profession?[15,16]

While some radiologists feel that it should be completely embraced, others are skeptical on the future of radiology practice and potential for abuse and misuse of AI systems.[4]

In the developing/resource-poor setting countries, the use of AI remains relatively nascent[17] and little has been documented in the academic literature on AI applications for health in these settings.

The aim of this study was to evaluate the knowledge of the use and application of AI, ML, and DL systems in medical imaging among radiologists in Nigeria and to assess their acceptability (attitude and perception) of the introduction of these systems into radiology practice in their localities.
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MATERIALS AND METHODS

This was a cross-sectional survey carried out on a group of resident doctors who were attending an update course in medical imaging from all over Nigeria and consultant radiologists, who were lecturers at the update course. The update course was conducted at the University College Hospital, Ibadan, in August 2019. Total sampling of the update course attendees was done after obtaining informed consent from the participants. The survey was carried out using a hard copy, structured, interviewee-administered questionnaire, which covered information on the sociodemographic characteristics (age, sex, specialization, and current job status) and awareness and knowledge on the use of AI, ML, and DL systems in medical imaging. It also assessed the attitude of radiologists toward the use of AI, ML, and DL systems in imaging as well as their perception on their benefits in medical imaging. A classification module was derived to categorize the knowledge level, attitude, and perception on AI, ML, and DL systems. The level of knowledge was assessed based on the classification of score 0–9 (poor knowledge), 10–20 (fair knowledge), and 21–29 (good knowledge).

The data collected from the structured questionnaires were entered into a Statistical Package for the Social Sciences (SPSS) software version 20 (SPSS Inc., Chicago, IL, USA) spreadsheet and were analyzed. The descriptive data were summarized using frequency tables and charts. Chi-squared test was used to test the association between two categorical variables, Student’s t-test was used to test the association between a categorical and a continuous variable, and analysis of variance was used to analyze the association between a continuous variable and two or more categorical variables. To corroborate the results obtained from Chi-square test of independence, the Pearson’s Product-Moment Correlation was used to check the association between the variables. P ≤ 0.05 was considered statistically significant.
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RESULTS

One hundred and sixty-three doctors from all over the country participated in the study. These included 99 (61%) male and 64 (39%) female participants.

The age distribution of the participants was between 23 and 60 years, with a mean age of 36 ± 4.89 years. The distribution of the participants by the work status showed that 8 (5%) were consultant radiologists, 70 (43%) were senior registrars, and 84 (52%) were junior registrars.
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Knowledge about the uses and applications of artificial intelligence

The participants were asked some questions on whether they have heard about AI, ML, and DL. They were also asked if AI is more proficient in reading some medical imaging compared with human beings and their knowledge about the different jobs/disciplines where AI is currently being deployed. The overall scores of the knowledge assessment of the respondents were pooled together, and out of a total obtainable score of 29, the average score was approximately 13, with lowest and highest score of 1 and 26 respectively.

It was observed that only about 12% of the respondents had good knowledge, 38% of the respondents had a poor knowledge, and about half of the respondents (50%) had fair knowledge of the use and application on AI, ML, and DL systems in general as well as in medical imaging [Figure 1].

[image: Figure 1]A pie chart showing the overall knowledge of the participants about artificial intelligence, machine learning, and deep learning



The distribution of knowledge level on the use of AI, ML, and DL systems among the different categories (consultant radiologists, senior registrars, and registrars) showed that most of the respondents across these different categories had only fair knowledge or poor knowledge on the use of these systems (77% of the consultant radiologists, 87% of the senior registrars, and 90.5% of the junior registrars). Those with good knowledge were only 22%, 12.9%, and 9.5% of the consultant radiologists, senior registrars, and junior registrars, respectively [Figure 2]. Although the level of knowledge appeared to increase with participants’ current job status, this was not statistically significant (P = 0.724).

[image: Figure 2]A bar chart showing the knowledge of the participants about the use and application of artificial intelligence based on status categories



Only about a quarter (24%) of the respondents were duly aware of the disciplines (such as law enforcement agents, jury members, counselors, and board directors), where AI is not being currently employed.
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Attitude of participants toward the introduction of artificial intelligence to medical imaging

Participants were asked if they will be willing to embrace AI if introduced to their facilities or whether they would rather work in a facility without AI. They were also asked if they would choose another career path if in future IR becomes an integral part of medical imaging.

Fifty-eight percent of the respondents were willing to embrace AI, ML, and DL systems if these were introduced in their hospitals, whereas about 8% of the respondents had a negative attitude toward embracing the use of AI/ML/DL systems. About a third (34%) of the respondents were neutral in their attitude [Figure 3].

[image: Figure 3]A pie chart showing the overall attitude of the participants toward the introduction of artificial intelligence to medical imaging



The responses of the participants’ attitude toward the use of AI and ML systems distributed by current job status showed that more than half of the resident doctors (about 56% of the senior registrars and 57% of the junior registrars) and 75% of the consultants had a positive attitude. Less than 10% of the resident doctors and none of the consultant radiologists had a negative attitude toward the use of AI and ML systems. The rest (25% of the consultant radiologists, 36% of the senior registrars, and 33% of the junior registrars) were neutral. There was no statistically significant association between current job status and the respondents’ level of attitude (P = 0.82).

It was further revealed from the study that 120 (80.6%) of the participants indicated that they were in agreement toward upgrading their knowledge on the use of AI, ML, and DL, whereas 94 (59%) claimed that they were interested in undergoing further trainings on AI-, ML-, and DL-related programs even if they had to pay out-of-pocket to acquire it.
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Perception of the participants on the opportunities available with the use of artificial intelligence and the effect it will have on the profession

Opinions of the respondents were sought on whether AI would enhance and augment imaging interpretation and increase productivity or replace human radiologists. They were also asked if AI was going to be subjected to misuse and abuse.

Up to 72% of the respondents were in agreement with the claim that AI systems will offer a major opportunity to enhance and augment image interpretation. About 59% of the respondents expressed their agreement to the assertion that radiological practice would certainly benefit from AI and ML systems that can read and interpret multiple images quickly due to the increasing number of images to be read by the radiologist.

Only 47 (29.4%) of the respondents agreed with the fact that AI, ML, and DL systems will take over the job of radiologists if they are integrated into radiological image analysis and reporting. Sixty-five (40.6%) respondents disagreed, whereas the remaining 30% were undecided.

Fifty-one (32.2%) respondents agreed with the claim that some medical students have reportedly decided not to specialize in radiology because they fear that the radiologist’s job will cease to exist due to introduction of AI systems; 22.2% of the respondents expressed disagreement to the assertion and 51% were undecided. It was observed that 121 (75.7%) respondents were in agreement with the fact that AI is subject to abuse and misuse, whereas 91 (58%) agreed that AI software should be licensed and renewed yearly for strict control to prevent quackery.

Sixty percent of the total respondents had a positive perception toward the opportunity of using of AI, ML, and DL systems in radiology practice within their facilities, whereas only 5% of the respondents had a negative perception toward the use of AI/ML/DL systems. About a third (35%) of the respondents, however, were indifferent [Figure 4].

[image: Figure 4]A pie chart showing the overall perception of the participants on the role of artificial intelligence and the opportunities available in medical imaging



There was no statistically significant association between current job status and the respondents’ level of perception (P = 0.38).
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Relationship between the respondents’ knowledge levels and their respective attitude levels

There was a strong association between the respondents’ knowledge levels and their respective attitude levels with 82% of those with good knowledge having a positive attitude (P < 0.001). A higher proportion (74%) of those with good knowledge had a positive perception, compared with 52% of those with fair knowledge and 66% of those with poor knowledge. This was, however, not statistically significant (P = 0.25).

To corroborate the results obtained from the Chi-square test of independence, the Pearson’s Product-Moment Correlation was used to check the association between the variables.

It was deduced that there was a positively, fairly weak correlation between respondents’ knowledge on AI/ML systems and their attitude levels to the use of the system, an association that was found to be statistically significant at 5% significance level (r = 0.376, P < 0.001).

It was also deduced that there was a negatively, very weak correlation between respondents’ knowledge on AI/ML systems and their perception levels to the use of the system, an association that was found to be extremely insignificant (r = −0.01, P = 0.901).
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DISCUSSION

AI is defined as a set of tools and programs that make software “smarter” to the extent that it operates in similar ways to normal human brain functions during regular tasks, and an outside observer will think that the output is generated by a human being. Examples of such tasks include common sense reasoning, forming an opinion, or social behavior’.[18]

The introduction of DL, a subset of AI, to radiology offers opportunities to improve the speed, accuracy, and quality of image interpretation and diagnosis.[11,12] Consultant radiologists, trainees, and potential future radiologists, however, need to understand the roles of AI and the impact it will have on the radiological profession.

This study captures the views of radiologists in a developing country at different levels of their careers as it pertains to AI and its subsets, namely, DL and ML. The findings from the study showed that radiologists in the study setting are not very knowledgeable about the use and applications of AI and its subsets and that the knowledge increased with the number of years in practice with the junior residents having the least knowledge. The increased knowledge among older practicing radiologists can be attributed to exposures during international/regional conferences and refresher courses.

Some radiologists believe that AI is a threat to the specialty and some have predicted that AI will put radiologists out of business in 5–10 years, along with other medical image interpreters, such as pathologists.[19] There is also the fear of job loss by radiologists, which will reduce training opportunities in the near future. This was not corroborated in this study as 72% of the participants claimed that AI systems will offer a major opportunity to enhance and augment image interpretation, whereas 59% agreed that radiological practice would certainly benefit from AI and ML.

In some developing countries, medical students are being advised against considering radiology as a postgraduate option, because they believe that the radiologists’ jobs would be replaced by AI.[20,21] This advice is causing a lot of anxiety among junior medical trainees in radiology, who are now having a doubt about having a career in diagnostic radiology.[15,22]

Only 32.2% of the respondents agreed with this fact in this study, while majority had a positive perception toward opportunity of using of AI, ML, and DL systems in radiology practice within their facilities.

Since AI is still a new field in the low socioeconomic countries, there is a concern that the concept might not be embraced by the radiologists. The findings from this study showed that more than half of the consultant radiologists were willing to embrace AI if introduced to their facilities. They were also ready to undergo additional training in AI even if they had to pay out of pocket. However, majority of the resident doctors were indifferent about whether they will embrace AI or not. This indifference may be ascribed to their little knowledge about its role and application in medical imaging. To overcome these challenges, specific AI and informatics module should be included as a matter of urgency in the radiology training curricula to integrate the knowledge of AI early in their carrier.[23,24]

A crucial question that concerns many radiologists on a global level is what expectation is realistic and how severe will the impact of this new technology be on the radiological profession? So much fear has been generated by statements in public media globally, predicting the imminent extinction of radiology due to AI taking over the jobs of radiologists.[15,16,22]

A primary driver behind the emergence of AI in medical imaging has been the desire for greater efficacy and efficiency in clinical care, especially in developed countries, but in the developing country, the desire for AI is to augment the acute shortage of radiologists.[25,26] Many respondents in this study agreed with the statement that “routine tasks in the radiology workflow will now be performed faster and better by AI algorithms”[16,17,27] and therefore welcome the incorporation of AI into radiological practice. A major concern of radiologists seems to be the abuse and misuse of AI by unqualified nonmedically qualified people, who are rich enough to acquire imaging modalities on private practice level. These nonmedically qualified individual may then do away with the services of radiologists or reduce drastically the number in their employment to maximize gain. It is, therefore, advocated that AI licenses should be strictly controlled at global level with a provision for yearly renewal to prevent quackery.
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CONCLUSION

Knowledge of AI, ML, and DL systems in medical imaging is still limited in developing countries like Nigeria, and acceptability of these systems depends on the level of knowledge of their applications in medical imaging. There is a need for more awareness and training on the application of AI, ML, and DL systems in imaging among consultant radiologists and trainees in developing countries as well as provision of technological support for AI advancement in this region. There is also a call for strict control of AI application to prevent misuse and quackery.
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