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ABSTRACT

Objectives: Artificial intelligence (Al)-driven clinical decision support systems (CDSSs) can augment an-
tibiotic decision-making capabilities, but physicians’ hesitancy in adopting them may undermine their
utility. We conducted a cross-country comparison of physician perceptions on the barriers and facilita-
tors in accepting an Al-enabled CDSS for antibiotic prescribing.
Methods: We conducted in-depth interviews with physicians from the National Centre for Infectious Dis-
eases (NCID), Singapore, and Christian Medical College Vellore (CMCV), India, between April and Decem-
ber 2022. Our semi-structured in-depth interview guides were anchored on Venkatesh’s UTAUT model.
We used clinical vignettes to illustrate the application of Al in clinical decision support for antibiotic
prescribing and explore medico-legal concerns.
Results: Most NCID physicians felt that an Al-enabled CDSS could facilitate antibiotic prescribing, while
most CMCV physicians were sceptical about the tool’s utility. The hesitancy in adopting an Al-enabled
CDSS stems from concerns about the lack of validated and successful examples, fear of losing autonomy
and clinical skills, difficulty of use, and impediment in work efficiency. Physicians from both sites felt
that a user-friendly interface, integration with workflow, transparency of output, a guiding medico-legal
framework, and training and technical support would improve the uptake of an Al-enabled CDSS.
Conclusion: In conclusion, the acceptance of Al-enabled CDSSs depends on the physician’s confidence
with the tool's recommendations, perceived ease of use, familiarity with Al, the organisation’s digital
culture and support, and the presence of medico-legal governance of Al. Progressive implementation and
continuous feedback are essential to allay scepticism around the utility of Al-enabled CDSSs.

© 2023 The Author(s). Published by Elsevier Ltd on behalf of International Society for Antimicrobial

Chemotherapy.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
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1. Introduction

Antimicrobial resistance (AMR) poses a serious threat to pub-
lic health and clinical care [1]. Antimicrobial resistance occurs
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when microorganisms become resistant to drugs intended to in-
hibit them, rendering human infections more severe and deadly
[2]. In 2019, 1.27 million global deaths were directly attributed
to bacterial AMR [3], with misuse and overuse of antibiotics be-
ing the major drivers of AMR [4,5]. Deaths attributable to AMR
were disproportionately higher in low- and middle-income coun-
tries (LMICs) because of the higher burden of communicable dis-
eases [6]. For example, India has one of the highest burdens of
AMR in the world due to injudicious use of antimicrobials and en-
vironmental contamination [7].

Physicians make their prescribing decisions by first making a
presumptive diagnosis, identifying the right drug for the suspected
pathogen, regulating the dose and frequency of the antimicrobial,
and determining the best administration route to achieve the de-
sired drug level at the site of infection. Although the theory is sim-
ple, it is difficult and complex to execute in practice because of
the need to consider various clinical and non-clinical factors. Fac-
tors such as unclear discriminatory clinical signs and symptoms,
limited differentiating biomarkers, and the lack of cheap and ac-
cessible point-of-care microbiologic diagnostic tests lead to diag-
nostic uncertainty [8]. Hence, there is a tendency for physicians to
over-prescribe antibiotics because of decision fatigue, uncertainty
avoidance, and to meet patient expectations [9-11].

Hospital antimicrobial stewardship programs were found to im-
prove antibiotic use and antibiotic prescribing without compromis-
ing patient safety [12]. Rules-based clinical decision support sys-
tems (CDSSs) were developed to enhance clinical decisions, im-
prove clinical outcomes, and reduce mortality by guiding doctors
in selecting the most appropriate antibiotics for empiric therapy
[13-16]. However, many physicians still prefer to exercise their
professional judgement and tend to override the recommendations
of CDSSs in complex patient situations [17,18].

More recently, artificial intelligence (Al)-driven technologies
have demonstrated superiority in capturing and analysing complex
health problems and are increasingly used in medicine to augment
decision-making [19]. As such, Al-enabled CDSSs leveraging ma-
chine learning present excellent opportunities for a complex ma-
trix of data, such as clinical severity, comorbidities, host immune
status, prior antibiotic use, local resistance profile, and more, to be
analysed prior to the prescription of appropriate antibiotics. How-
ever, many factors determine the feasibility and acceptability of
such systems, such as the lack of trust in Al-derived recommenda-
tions [20-22]. Therefore, it is imperative to understand physicians’
knowledge, attitudes, perceptions, and acceptance of Al-enabled
CDSSs to guide the future design and adoption of such tools. Given
the paucity of cross-country studies [23], which are important for
the scalability of such tools in the future, we aimed to explore the
perspectives of physicians in India and Singapore to understand the
barriers and facilitators to the acceptance of Al-enabled CDSSs for
antibiotic prescribing in different socio-cultural and practice con-
texts.

2. Methods and materials
2.1. Study context

2.1.1. India

Christian Medical College Vellore (CMCV) is a private hospi-
tal, medical centre, and research institute located in Tamil Nadu.
The 3500-bed institution offers medical services across multi-
ple specialities from primary to tertiary care. The medical cen-
tre, equipped with state-of-the-art technologies for diagnosis and
treatment, is India’s largest referral centre for hematologic dis-
eases and bone marrow transplants. Antimicrobial susceptibility
patterns are closely monitored by the institution and regularly up-
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dated through guideline publications. There is no CDSS in the in-
stitution currently (Supplemental Text S1A).

2.1.2. Singapore

The National Centre for Infectious Diseases (NCID), co-located
with Tan Tock Seng Hospital (TTSH), is a 330-bed purpose-built
facility that serves as the designated national centre for manage-
ment of emerging infectious diseases in Singapore. The facility
is equipped with comprehensive diagnostic capabilities and state-
of-the-art healthcare technology to enhance care delivery to pa-
tients. Physicians working in NCID use the same electronic medi-
cal record system as TTSH, which includes a rules-based antibiotic
CDSS named ‘ARUS-C’ (Supplemental Text S1B).

2.2. Study design

We conducted in-depth interviews (IDIs) with physicians work-
ing in the inpatient setting between April and December 2022.
Physicians were sampled from NCID, Singapore and CMCV, In-
dia. We purposively sampled physicians with varying seniority and
pace of innovation adoption to ensure maximum variation. Our
semi-structured IDI guides (Supplemental Table S4) were anchored
on Venkatesh’s Unified Theory of Acceptance and Use of Tech-
nology (UTAUT) model [24], piloted with a few physicians, and
adapted to ensure relevance to each country’s context.

2.3. In-depth interviews

The IDIs, comprising an interviewer and a note-taker, were con-
ducted face-to-face or via video conferencing (i.e., Zoom). We pro-
gressively filled a matrix framework with interview notes to as-
sess for data saturation. The NCID interviews included a vignette to
demonstrate the differences between the rules-based CDSS familiar
to physicians and a future-state Al-enabled CDSS with augmented
diagnostic capabilities (Supplemental Vignette S2). The CMCV in-
terviews included a vignette comprising case scenarios to describe
the workings of an Al-enabled CDSS (Supplemental Vignette S3).

Next, we explored physicians’ perceptions of the performance
and effort expectancies of using an Al-enabled CDSS, the effect
of social influence on its adoption, and the conditions that facili-
tate its adoption. We also discussed the ethical considerations and
medico-legal concerns on the adoption of an Al-enabled CDSS and
asked physicians about features of the tool that would facilitate
their uptake.

2.4. Analysis

Interviews were audio-recorded, transcribed verbatim by an ex-
ternal party, and checked by study team members. Study team
members coded the transcripts using the deductive-inductive-
deductive framework method [25]. We achieved data familiariza-
tion through notetaking during the interviews and transcript re-
views. After which, all coders independently performed deductive
coding on one transcript and calibrated the coding during team
meetings. Coding was conducted by two and three independent
researchers in Singapore and India, respectively. New categories
that arose from the coding were discussed during team meetings,
and disagreements were resolved with reasoning and team voting.
We also conducted regular meetings between both sites to ensure
agreement with the process and codes. After finalizing the coding
categories, essential themes from both countries were charted into
a thematic matrix and juxtaposed to highlight the similarities and
differences between the two settings. NVivo 12 Pro was used to
organize the qualitative data [26].
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Table 1
Demographic characteristics of participants in India and Singapore.
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No. of participants

Demographic characteristics India (N=30) Singapore (N=15)
Age (in y)

Median (Min, Max) 37.5 (31, 61) 32 (26, 64)
Years of practice as a physician, n (%)

<2 0 2 (13.3)
2-5 5(16.7) 2 (13.3)
>5-9 7 (23.3) 3 (20.0)
>9 18 (60.0) 8 (53.3)
Sex, n (%)

Male 21 (70.0) 9 (60.0)
Female 9 (30.0) 6 (40.0)
Basic medical education, n (%)

Local 30 (100.0) 9 (60.0)
Overseas 0 6 (40.0)
Professional designation, n (%)

Medical Officers/ Residents/Senior Residents 0 8 (53.3)
Senior Resident Physicians 3(10.0) 1(6.7)
Consultants/Assistant and associate professors 18 (60.0) 3(20.0)
Senior Consultants/Professors) 9 (30.0) 3 (20.0)
Specialty of practice, n (%)

Nephrology and Urology 3(10.0) 0
Infectious Diseases 5(16.7) 15 (100)
Respiratory medicine 3(10.0) 0
Critical care (Medical & Surgical) 7 (23.3) 0
Haematology 3(10.0) 0

Other medical specialities* 9 (30.0) 0

NOTE. Other medical specialties include general medicine (3), gastroenterology and hepatology (2), rheumatology, endocrinology, dermatology, and orthopaedics.

3. Results

We interviewed 30 and 15 physicians in CMCV and NCID, re-
spectively. The baseline characteristics of the physicians are pre-
sented in Table 1. Table 2 shows the component definitions of the
UTAUT model and the themes and representative quotes from the
India and Singapore interviews. The major themes from our anal-
ysis were aligned with the UTAUT model. Physicians’ desired fea-
tures for the Al tool are classified under facilitating conditions. We
additionally included ethical considerations in Table 2.

3.1. Performance expectancy

Most physicians in Singapore felt that the Al tool could facilitate
antibiotic prescribing, while most Indian physicians were sceptical
about the Al tool’s utility. Physicians from both sites were similarly
concerned about the impediment of clinical judgement and work
efficiency with the use of Al-enabled CDSSs.

3.1.1. Perceived usefulness of Al-enabled CDSS

Most CMCV physicians were sceptical of the utility of an Al-
enabled CDSS. They felt that the tool would not value-add to their
antibiotic prescribing decisions, given the availability of expert spe-
cialists that physicians could consult for difficult decisions. They
felt that decision-making for antibiotics is complex and involves
considerations which the Al-enabled CDSS may neglect, such as
the complexity of multiple morbidities, varied geographies, differ-
ent susceptibility patterns, and changes in clinical condition. Physi-
cians in CMCV also highlighted patients’ economic status as an im-
portant consideration for antibiotic decisions and would like the
Al-enabled CDSS to consider the patient’s socioeconomic status be-
fore making antibiotic recommendations.

“Short answer, it sounds good. But at a practical level, I don’t know
to what extent that can be useful. I'll tell you the reason because,
like for instance, even in our setup, one thing is the huge burden of
comorbidities, which most of our patients will have.” (India, Con-
sultant)
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On the contrary, NCID physicians felt that a trusted Al-enabled
CDSS would help them arrive at decisions quicker with summa-
rized patient information. The Al-enabled CDSS could also help
to affirm physicians’ antibiotic prescribing decisions in some in-
stances.

“Oh well if it's fast enough, it will definitely be a lot quicker, be-
cause now we have to consider all those different things by our-
selves right without a system in place but if the system can do it
for you and it already takes all that into consideration, it will be
much easier.” (Singapore, Medical Officer)

3.1.2. Al-enabled CDSS may impair clinical judgement

Physicians from both settings were worried that an Al-enabled
CDSS might encourage over-reliance on the system and diminish
their ability to make prescribing decisions. As NCID and CMCV are
teaching hospitals, many senior physicians were concerned that
they would be unable to teach younger professionals how to think
critically and make decisions on antibiotic prescribing.

“The thing is, I think that it’s not that good for our trainees, be-
cause they are not able to make those decisions without the aid of
that machine.” (India, Senior Consultant)

3.1.3. Al-enabled CDSS may impede work efficiency

Some physicians in both sites were concerned that the incorpo-
ration of an Al-enabled CDSS in their clinical workflow would slow
down processes instead of speeding them up.

“I may need to type in the information and wait for the system
to run. You'll get a bit irritated, because now you need even more
input, and most of such black box [systems] they need a bit more
computational power so it might be even slower as opposed to a
rule-based ARUS-C. So, my main worry is that it slows down the
workflow even more.” (Singapore, Medical Officer)

3.2. Effort expectancy

Most NCID physicians felt that minimal effort would be re-
quired to learn to use a new Al-enabled CDSS due to familiarity
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with the rules-based ARUS-C implemented in NCID. However, some
NCID physicians and most CMCV physicians were concerned about
the additional effort needed to input the required data. They ex-
pressed familiarity with the application of Al but could not en-

Table 2

Themes and representative quotes from the India and Singapore interviews.
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visage the integration of an Al-enabled CDSS into their everyday
work. Hence, they felt that the tool would be effortful to use.

“That’s what technology should do, as long as the data is taken in
automatically and there’s somebody else, I mean, I can’t sit and

Themes

Singapore NCID representative Quotes

India CMC Vellore representative Quotes

Performance expectancy

(The degree an individual believes that the system helps improve job performance)

Perceived usefulness of Al-enabled
CDSS

Singapore: Physicians feel that an
Al-enabled CDSS would help them to
arrive at decisions faster and serves as
a tool to support their antibiotic
prescribing decision.

India: Most physicians are sceptical of
the Al-enabled CDSS as they felt that
it would not add value to physicians’
capabilities.

Al-enabled CDSS may impair clinical
judgement

Physicians expressed concern that the
use of such tools may encourage
over-reliance on the use of the system
and diminish their ability to make
antibiotic prescribing decisions.

Al-enabled CDSS may impede work
efficiency

Junior physicians felt that an
Al-enabled CDSS might slow down the
entire workflow. The need to bypass
the system becomes an impediment
to their daily workflow if the
recommendations are not deemed to
be accurate.

“Oh well if it’s fast enough, it will definitely be a lot quicker,
because now we have to consider all those different things
by ourselves right without a system in place but if the
system can do it for you and it already takes all that into
consideration, it will be much easier.” (Medical Officer)

“I would use it for the purposes of complicated cases, I think
it's useful to always have a check against my biases.”
(Medical Officer)

“As a physician, there is a temptation to just rely on Al and
basically just fall back on it.” (Medical Officer)

“I'm just scared that the junior[s] will just use it without
thinking, without reasoning, you know? [The tool] will stop
people from learning and reasoning. (Senior Consultant).”

“I may need to type in the information and wait for the
system to run. You'll get a bit irritated, because now you
need even more input, and most of such black box [systems]
they need a bit more computational power so it might be
even slower as opposed to a rule-based ARUS-C. So, my main
worry is that it slows down the workflow even more.”
(Medical Officer)

“I'm slightly sceptical about it. But I know
people who've worked in that, and they say
that it helps in that. Yeah, so in the papers
that we read, they use a lot of Al data.”
(Consultant)

“Short answer, it sounds good. But at a
practical level, [ don’'t know to what extent
that can be useful. I'll tell you the reason
because, like for instance, even in our setup,
one thing is the huge burden of
comorbidities, which most of our patients
will have.” (Consultant)

“I think over time people won’t know how to
decide. It will make people, doctors dumb,
over a period of time, because everyone will
just key in and what is the Al telling, ok I'll
prescribe that. It's over time.” (Senior
Consultants)

“The thing is, I think that it’s not that good
for our trainees, because they are not able to
make those decisions without the aid of that
machine.” (Senior Consultant)

“That’s all based on how efficiently you put it
together. Al can slow things; Al can fasten
things up.” (Senior Consultant)

Effort expectancy

(The ease of use and complexity of the system)

Familiarisation with a new system
Physicians anticipate having to put in
more effort to get used to the system
at the beginning.

An apprehension of the time
required to use the system
Singapore: Two junior physicians
mentioned that they would require
more effort to input data into the Al
system instead of concluding the case
quickly if it is straightforward.

India: Most physicians expressed that
while they were familiar with the
application of Al, they could not
visualise how such a tool could be
integrated into their everyday work.

“Oh well, I've been changing computer systems every six
months ... It's definitely difficult, but you're forced to be
functional within the first week. Then you get a bit better at
the first month mark.” (Medical Officer)

“It seems alright to use just that there are certain parts
where you have to input some information also. I foresee that
it might slow down the process a little bit.” (Medical Officer)

“I don’t like to begin, to work with any new
system, initially maybe a difficult one, but
anything if it’s got integrated and if the
interface is good, we, we will go for it.”
(Senior Resident)

“What technology should do, as long as the
data is taken in automatically and there’s
somebody else, I mean, I can’t sit and feed all
the data. They should employ somebody to
put the data in.” (Senior Consultant)

Social influence

(The degree to which an individual perceives how others believe he or she should use the new system)

Professional hierarchy influences
decision-making in antibiotic
prescribing

"It makes a difference because if your senior clinician does
not want to follow the recommendations, then you as a
junior do not have a choice you just follow, because you're
not the one making the final decision. You're not the one, the
most legally responsible for it." (Medical Officer)
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“That’s what if you can show us that it’s
good. Like we have HICC guidelines. We know
that this is something developed by our own
institution based on our AMR. So, we teach all
our registrars and interns please look at this.
Or if it’s Stanford, we know that this is a
quick reference. So, if you can show us a
resource, which is useful, there is no reason
why we would not use it.” (Consultant)

(continued on next page)
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Table 2 (continued)
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Themes

Singapore NCID representative Quotes

India CMC Vellore representative Quotes

Patient perceptions have minimal
influence on physicians’ use of an
Al-enabled CDSS

Singapore: Some physicians felt that
some patients would prefer the
human touch and the physician’s
acumen in clinical decision-making,
while others felt that patients would
be unaware of the use of Al and be
unconcerned about the
decision-making process.

India: Patients do not participate in
decision-making for antibiotics.
Hence, most would not discuss the
use of Al with their patients.

“I think most would be encouraged by it. Because technically,
it's evidence based, and if it’s accurate, it's better than
human error ... but there may be a percentage will be much
smaller, [of] people that will be like, “Oh, you're just trusting
in formulations. You're not even diagnosing [as] a doctor.”
(Medical Officer)

“I think a lot of times patients are not very aware of how we
make our decision in terms of antibiotics. They're not fully
aware of it at least ... I think if we did use this system, I
don’t think most doctors would say “oh, we use the
computer system to decide what kind of antibiotics we
should give you.”.” (Medical Officer)

“Why should the patient know we’re using
AI? So, we are looking at so much of resource.
No, even drugs, there are resources. What do
you call it ... Drug Information. I don’t know,
we don't tell the patient that we’re using it.”
(Consultant)

Facilitating conditions

(The degree to which an individual believes that an organizational and technical infrastructure exists to support the use of the system)

Workflow integration
Many physicians prefer to integrate

the Al-enabled CDSS into their current

clinical system for ease of use.

Validated and up-to-date algorithms

Most participants expressed the need
for rigorous scientific testing and
experimentation before such a tool
could be incorporated into practice.

Good IT infrastructure

Physicians feel that it is necessary for

the institution’s hardware (e.g.,
desktop) to support the processing
power required for Al-enabled CDSS.

Training and technical support
Support and training prior to
implementation.

Voluntary use vs. Mandatory use
Mandating the system will cause
resistance in uptake, over-reliance on
the system, workflow impediment,
and might take away the physician’s
autonomy.

Co-creation is necessary
Singapore: Co-creation of the
Al-enabled CDSS with a sample of

representative physicians is lauded by

physicians.
India: Co-creation was mentioned by
a few physicians but unimportant.

“I think it should be integrated. It's [to do with] ease of
drawing the [Al-enabled CDSS] out, and then I presume it
would be easier on the back end for the software to draw on
all the clinical information of the patient.” (Medical Officer)

“I think they have to try it themselves to see whether it
actually works. A lot of times when these things are pushed
out and you've never tried it before, on paper it looks good
but actually in practice it is very challenging.” (Senior
Resident)

“So, if there were a central repository of that information
that allowed the Al programme to be, updated on a daily
basis, that might be cool. I'd have to see if it's able to be
validated.” (Senior Consultant)

“I think a good Al will need to have a good set of hardware
that can allow this all these calculations to be done without
lagging up the whole system. No matter how good or
well-intentioned it is, if it takes forever just to load, and the
hardware cannot keep up with even the basic processing of
the app, people actually do find it burdensome to use.”
(Resident)

“Educate. This is assuming they fully trust the system-that it
works, and it’s accurate. Then it’s to educate everyone else
that it is accurate. And to show us how it is accurate. So that
we are not blindly following." (Medical Officer)

"I guess making it mandatory would be good but I would see
some resistance. I suppose you need to kind of look at
readiness from the perspective of the stakeholders, before we
decide about making it mandatory." (Consultant)

“I think it would interfere if it was made mandatory. ARUS-C
already a interferes a little bit, because it is more in the
speed of working, and sometimes you've already made a
certain decision as to how you want to treat the patient and,
[the system] kind of goes against. This new system, [ guess it
could potentially interfere. The better [the] programme is the
less likely it is to interfere.” (Medical Officer)

"Co-creation will allow you to get more buy-in, I feel, right
from the start? And then once you get that buy-in then it’s
easier to push it out to people." (Consultant)

"Your sample size needs to be very accurate, so you cannot
just be asking senior clinicians, the reason is because senior
clinicians may be a bit out of touch in terms of how things
work on call." (Medical Officer)
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“See, Emergency Department, we don’t have
time. Okay, so if you're going to have multiple
things to enter into that app, nobody’s going
to use it. So, the shorter and the sweeter it is,
the better... just don’t make it cumbersome.
For too many things to fill...I won't just fill in.
Because there’s too much work and not
enough time to fill a lot of facts into a
system.” (Consultant)

“But it has to be more categorically proven.
That I'm just wondering whether there are
RCTs already there or if there are not, why
not plan a randomized control trial, one arm
with Al, one arm usual care. And you we
need to prove that Al is better, in what all
ways? Only then we can say it’s worth going
that way.” (Senior Consultant)

“So, I think it has to be field tested here. If
we find that it is something I mean like what
it's suggesting is what is the best evidence
based and cost-effective, then why not?”
(India, Consultant)

“We will have to have sessions on how to use
your app or whatever it is that you're going
to provide us. Short of that, where to put the
right information inside that app.”
(Consultant)

“Yes, | mean, so, if you make something
compulsory, then there is more you know,
what do you say, rigidity using it, because
you feel you will lose your freedom. But if
you say you use it for complex for these types
of infections, and people will be more open, I
feel.” (Senior Consultant)

“We should do it on a trial basis system
probably for three to six months and see how
it goes. If it was excellent system then all the
stakeholders are happy with it, we can even
make it to certain extent mandatory and
certain extent flexible and open for
discussion.” (Consultant)

“I think we will have a team meeting and
probably in the department discussion and

we decide it. I don’t think, I don’t feel it will
be right for some practitioners or even some
to develop this, just probably means that
there’s something about the system that is

not reliable.” (Consultant)

(continued on next page)
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Table 2 (continued)
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Themes

Singapore NCID representative Quotes

India CMC Vellore representative Quotes

Feedback is necessary and should be
prompt

Feedback has to be prompt and taken
seriously.

Customisability is unnecessary

Al should be updated regularly
Senior physicians stated that the
Al-enabled CDSS should be as updated
as possible.

Integration of nationwide data in
the Al system

Physicians would like the Al-enabled
CDSS to be calibrated with nationwide
data.

Easy presentation of AI's rationale
Most physicians expressed that they
do not need to understand the inner
workings of the Al system but would
like the Al-enabled CDSS to provide a
short explanation to explain the
rationale behind the recommendation.
Cost-effectiveness considerations
Physicians brought up the need to
consider patients’ financials.

"[ think that feedback is important because, if it can be acted
on quickly then they are obviously good and tangible

outcomes to that are felt on the ground. It's both the issue of

work efficiency and also of morale as well." (Resident)

"I would say customizability is probably secondary in my
mind." (Senior Resident)

"If there were a central repository of that information that
allowed the Al programme to be updated on a daily basis,

that might be cool. I'd have to see if it’s able to be validated.”

(Senior Consultant)

"What I'm trying to say is that if a patient hospital hops,
does it obtain all the culture results from all the other
hospitals also? I think it will make a difference because
sometimes where the patient might have been- all this
would be missed out." (Medical Officer)

"I have no understanding of that model." (Medical Officer)
"I guess the way of presenting it, I mean to people on the
ground, especially physicians are that we don’t really need a
lot of information like a whole course, but we just need
perhaps just a few lines just to explain the rationale.”
(Resident)

“It maybe, okay in a simple thing, but
patients are never simple. Their financials are
never simple. So, if you have multiple options,
let’s say Amikacin, Piperacillin Tazobactam, so
Amikacin, we have much cheaper option for
me to give my patient than some. So yeah,
multiple options.” Consultant)

Ethics

(Any other medico-legal or ethical considerations on the use of Al)

Prioritizing patient safety
Physicians would prioritise patients’
safety over AMR.

Transparency of Al
Interpretability promotes trust in the
Al-enabled CDSS.

Accountability in Al

Some senior physicians mentioned the
need for proper and continued
oversight of Al-enabled CDSS.

Supportive medico-legal framework
While most physicians felt that
physicians are responsible for
medical-legal liabilities as they are
the ultimate decision makers, others
felt that the hospital should also take
responsibility for the Al-enabled CDSS
recommendations if the adoption of it
is mandatory.

Retaining physicians’ autonomy
Physicians felt that Al should not and
will not affect the physicians’
autonomy if it is voluntary.

“For some reason, the Al doesn’t take into account that
patient had seizure before, and then you follow Ertapenem,
and then patient had seizure and patient die from seizure,
which we know may or may not be related to Ertapenem
lowering the seizure threshold, then whether the Al is
responsible or not.” (Senior Resident)

"I would be a later adopter rather than an early adopter for
the purposes of ensuring that some of these cases are ironed
out before I adopt it." (Senior Resident)

“Of course, I mean for everything, [knowing| how you arrive
at a certain recommendation- is better. [The
recommendation] will be more trustworthy if you know how
the system generates all those recommendations.” (Principal
Resident Physician)

“I think there needs to be a panel of people. I don’t know
how frequently they should meet up but there should be a
determined frequency to evaluate the rules in that Al-derived
CDS. Evidence is turning up quite fast sometimes. [As]
evidence appears then how [quickly] you meet up and
discuss, “Should we build this in, should we not build this in
yet?".” (Consultant)

“I guess at the end of the day, if you don’t make it a hard
stop, the responsibility is in the clinicians because we can
choose to follow, or we can choose to override.” (Senior
Resident)

“I think if you make it mandatory, it is the hospital’s
responsibility. ... If you make it mandatory the risk is that
the hospital, then becomes liable." (Senior Consultant)

“If you have a system that is built well and can minimize
those errors, I'm all for it. Overall, I don’t think we should
see it as an impediment to the professional autonomy of the
clinicians as long as the system is well-built, and it is
accurate. And there are no glitches or problems with it. I
don’t see an issue with it. In fact, I feel it's our duty to
embrace such things which would improve patient
outcomes.” (Consultant)

“I will take it with a pinch of salt. I'll always
take it with a pinch of salt because I trust
myself better than a machine, [ will definitely
consider but I just don’t want to totally
depend up on.” (Consultant)

“Like even choosing an antibiotic you need to
take care of the patients...like financial
resources, conditions. Many decisions not
simple, like some antibiotic resistance and all
the bugs, it’s not only that you want to make
a decision here. There’s a lot more things
need to go into it.” (Senior Resident)

“And lastly, we need some kind of audit
mechanism in place. I'm not sure. Yeah, |
guess it should be intradepartmental, which
goes upwards to ID or whichever...multiple
departments.” (Consultant)

“I still think the liability is going to be on the
physician. I don’t think you can pin it on the
Al At least that's what the current law is.
Whatever system is used, the liability is
physicians.” (Consultant)

“There’s some science to it [Al-based tool].
There’s some evidence to do it. But I don’t
think it will completely ever replace the art
of going and standing by the bedside and
evaluating and changing decisions...I don’t
think you can ever come to a point when you
say the Al will prescribe and doctors can’t. If
it comes to that, then yes, it's a major
infringement of autonomy. And I think all of
us will be up in arms.” (Consultant)

NOTE. All the themes derived from the interviews are classified under the constructs of the UTAUT model - ‘Performance expectancy’, ‘Effort expectancy’, ‘Social influence’,
and ‘Facilitating conditions’. Physicians’ opinions are summarized for each theme and their representative quotes are listed in the columns beside the themes.
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feed all the data. They should employ somebody to put the data
in.” (India, Senior Consultant)

3.3. Social influence

Social influence comprises physicians’ work relationships and
their relationships with their patients. Work relationships influ-
ence the adoption of the Al-enabled CDSS in both India and Singa-
pore, but physicians’ impressions of patients’ perceptions differed
between both settings.

3.3.1. Professional hierarchy influences decision-making in antibiotic
prescribing

Work relationships exert varied influences across different cul-
tures and settings. A few physicians at NCID and CMCV mentioned
that they would be influenced by colleagues to use an Al-enabled
CDSS at work, with professional hierarchy exerting more influence
than peers. Senior physicians and professors at CMCV would en-
courage their juniors to use the tool if they were using it.

“It makes a difference because if your senior clinician does not
want to follow the recommendations, then you as a junior do not
have a choice you just follow because you're not the one making
the final decision. You're not the one, the most legally responsible
for it so to speak.” (Singapore, Medical Officer)

3.3.2. Patient perceptions have minimal influence on physicians’ use
of an Al-enabled CDSS

Patients do not participate in decision-making for antibiotics in
the Indian setting. A patient may discuss the financial implication
of using an antibiotic with the doctor but prefers the doctor to
make treatment decisions on his/her behalf. Therefore, most Indian
physicians did not feel the need to discuss use of an Al-enabled
CDSS with their patients.

“Why should the patient know we're using AI? So, we are looking
at so many resources. No, even drugs, there are resources, what do
you call them. Drug Information. I don’t know, we don't tell the
patient that we’re using it.” (India, Consultant)

Shared decision-making is becoming popular in Singapore, al-
though it is still uncommon in antibiotic prescribing in inpatient
settings. Some Singaporean physicians felt that patients would
prefer the human touch and the physician’s acumen in clinical
decision-making over an Al-enabled CDSS. Others felt that patients,
being unaware of the use of Al in their treatment decisions, would
not be overly concerned about the physician’s decision-making
process. In the case where patients are aware of the doctor’s use of
an Al-enabled CDSS in their care, one physician felt that most pa-
tients would encourage the evidence-based approach, but a small
number of them would still prefer the doctor’s acumen.

“I think most would be encouraged by it. Because technically, it's
evidence based, and if it’s accurate, it’s better than human error ...
but a much smaller percent [of] people will be like, “Oh, you're just
trusting in formulations. You're not even diagnosing [as] a doctor.”
(Singapore, Medical Officer)

3.4. Facilitating conditions

There were similarities and differences in the conditions that
facilitate the adoption of Al-enabled CDSSs in the two institutions.

3.4.1. Workflow integration

Most physicians preferred the Al-enabled CDSS to be integrated
with their workflows. They envisioned a well-integrated tool to
be one that pulled all relevant information from clinical databases
without the need for physicians to input any data.
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“I think it should be integrated. It’s [to do with] ease of drawing
the [Al-enabled CDSS] out, and then I presume it would be easier
on the back end for the software to draw on all the clinical infor-
mation of the patient.” (Singapore, Medical Officer)

Physicians in CMCV also expressed that working with a new
system is challenging and any change to the existing workflows
would be difficult to incorporate if they were on a different plat-
form like the phone.

“I don’t like to begin, to work with any new system, initially maybe
a difficult one, but anything if it’s got integrated and if the inter-
face is good, we, we will go for it.” (India, Senior Resident)

3.4.2. Validated and up-to-date algorithms

Most physicians in both sites expressed the need for rigorous
scientific testing and validation before an Al-enabled CDSS could
be incorporated into clinical practice.

“So, I think it has to be field tested here. If we find that it is some-
thing I mean like what it’s suggesting is what is the best evidence
based and cost-effective, then why not?” (India, Consultant)

3.4.3. Training and technical support during implementation and
testing

Technical support for troubleshooting and attending to feedback
was considered important in the implementation of an Al-enabled
CDSS. Physicians in CMCV also mentioned education and increased
exposure across departments as important steps in the initial de-
ployment of a new technology.

“We will have to have sessions on how to use your app or what-
ever it is that you're going to provide us. Short of that, where to
put the right information inside that app.” (India, Consultant)

3.4.4. Other facilitating conditions that are important to NCID
physicians

Other facilitating conditions mentioned by NCID physicians in-
clude taking feedback seriously and acting on it promptly, having
good IT infrastructure to support the processing power required for
the Al-enabled CDSS, and being able to interpret the system’s out-
put. Although understanding how the Al system arrived at the rec-
ommendations is important, most physicians expressed that they
do not need to understand the inner workings of the system but
would instead prefer short explanations on the rationale behind
the recommendations for them to trust the system.

"l guess the way of presenting it, | mean to people on the ground,
especially physicians is that we don’t really need a lot of informa-
tion like a whole course but we just need perhaps just a few lines
just to explain the rationale.” (Singapore, Resident)

Co-creation of the Al-enabled CDSS with a sample of represen-
tative physicians is lauded by NCID physicians. However, they did
not find customizability necessary. Co-creation was also welcomed
by a few physicians in CMCV.

“So, co-creation will allow you to get more buy-in, I feel, right from
the start? And then once you get that buy-in then it'’s easier to
push it out to people.” (Singapore, Consultant)

3.4.5. Adoption of Al-enabled CDSSs to be voluntary instead of
mandatory

Mandating the use of Al tools may cause resistance in uptake,
over-reliance on the system, workflow impediment, and loss of the
physician’s autonomy. Physicians in CMCV also expressed that they
were more likely to adopt the Al-enabled CDSS if they had the
freedom to explore the tool and discover its benefits than if they
were mandated to use it.
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“I guess, making it mandatory would be good but I would see some
resistance. I suppose you need to kind of look at readiness from
the perspective of the stakeholders before we decide about making
it mandatory." (Singapore, Consultant)

“We should do it on a trial basis system probably for three to six
months and see how it goes. If it was excellent system then all
the stakeholders are happy with it, we can even make it to certain
extent mandatory and certain extent flexible and open for discus-
sion.” (India, Consultant)

3.5. Ethical considerations

Ethical considerations are not part of the UTAUT model but are
essential for the use of Al in medicine for patients’ safety and to
facilitate its acceptance and adoption. Prioritizing patient safety,
transparency and accountability of Al, retaining physicians’ auton-
omy, and having a supportive medico-legal framework are themes
that emerged from the interviews.

3.5.1. Prioritizing patient safety

An Al-enabled CDSS tool would need to perform adequate risk
assessments before making antibiotic recommendations, to ensure
patient safety and physician confidence in its use. Some physicians
felt that the considerations of the Al-enabled CDSS could be lim-
ited and may compromise patient safety.

“For some reason, the Al doesn’t take into account that patient had
seizure before, and then you follow Ertapenem, and then patient
had seizure and patient die from seizure, which we know may or
may not be related to Ertapenem lowering the seizure threshold,
then whether the Al is responsible or not.” (Singapore, Senior Res-
ident)

3.5.2. Transparency and accountability of Al

Transparency in Al is fundamental to its interpretability, which
in turn promotes trustworthiness in the Al system. Some physi-
cians from both sites would like to have information on how the
recommendations were made by the Al-enabled CDSS to trust its
recommendations.

“Of course, I mean for everything, [knowing] how you arrive at a
certain recommendation- is better. [The recommendation] will be
more trustworthy if you know how the system generates all those
recommendations.” (Singapore, Principal Resident Physician)

Senior physicians in both sites also mentioned the need for
proper and continued oversight of Al-enabled CDSSs for account-
ability. Audits and evidence reviews are important to ensure that
the recommendations made by the Al-enabled CDSSs are relevant
and up to date.

“We need some kind of audit mechanism in place. I'm not sure.
Yeah, I guess it should be intradepartmental, which goes upwards
to ID or whichever...multiple departments.” (India, Consultant)

3.5.3. Supportive medico-legal framework

A supportive medico-legal framework is essential to instill con-
fidence in Al adoption in clinical decision-making, as liabilities as-
sociated with Al-enabled technologies are not yet established or
well regulated. While most physicians felt that they are responsible
for medico-legal liabilities as the ultimate decision-makers, oth-
ers felt that the hospital should take responsibility for recommen-
dations made by Al-enabled CDSSs, if their adoption were made
mandatory.

“I think if you make it mandatory, it is the hospital’s responsibil-
ity. ... If you make it mandatory the risk is that the hospital then
becomes liable.” (Singapore, Senior Consultant)
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“I still think the liability is going to be on the physician. I don’t
think you can pin it on the Al At least that’s what the current
law is. Whatever system is used, the liability is physicians.” (India,
Consultant)

3.5.4. Retaining physicians’ autonomy

Most physicians in NCID were not concerned about Al infringing
physicians’ autonomy as they are the final decision makers regard-
ing their patients’ care. They felt that an Al-enabled CDSS would
not affect physicians’ autonomy if its adoption is voluntary. Physi-
cians were more concerned about the accuracy of the Al-enabled
CDSS than infringement of physicians’ autonomy.

“If you have a system that is built well and can minimize those
errors, I'm all for it. Overall, I don’t think we should see it as an
impediment to the professional autonomy of the clinicians as long
as the system is well-built, and it is accurate. And there are no
glitches or problems with it. I don’t see an issue with it. In fact,
I feel it’s our duty to embrace such things which would improve
patient outcomes.” (Singapore, Consultant)

Physicians in CMCV were more sceptical about the Al-enabled
CDSS making complex decisions for antibiotic prescribing. They felt
strongly that the CDSS should not replace a physician’s decision-
making process and autonomy.

“There’s some science to it [Al based tool]. There’s some evidence
to do it. But I don’t think it will completely ever replace the art
of going and standing by the bedside and evaluating and changing
decisions. I don’t think you can ever come to a point when you say
the Al will prescribe and doctors can't. If it comes to that, then yes,
it’s a major infringement of autonomy. And I think all of us will be
up in arms.” (India, Consultant)

4. Discussion

This study explored the perceptions and concerns of physicians
in India and Singapore on an Al-enabled CDSS for antibiotic pre-
scribing and identified the barriers and facilitators for implemen-
tation. Physicians in Singapore were more accepting of such a tool,
while physicians in India were sceptical about the value of an Al-
enabled CDSS in helping them to make antibiotic prescribing deci-
sions. Notable facilitating conditions at both sites include integrat-
ing the CDSS with the physicians’ workflows, validating the accu-
racy of the CDSS’s algorithms and antibiotic recommendations, and
training in and technical support for the use of the system. Other
essential factors influencing the adoption of an Al-enabled CDSS
include co-creating the tool with physicians and allowing volun-
tary use. To our knowledge, this study is the first physician-focused
qualitative study that has explored the acceptance of Al-enabled
CDSSs in different cultural and practice contexts. By comparing the
perceptions of physicians in India and Singapore, we gained deeper
insights and a better understanding of the concerns and factors in-
fluencing the acceptance of such tools that can be generalized to
other countries.

Familiarity with digital technology in healthcare influences
physicians’ acceptance of integrating a new technology in daily
clinical practice. Global comparisons of digital adoption demon-
strate a digital divide between high income countries and LMICs
[27], and India and Singapore are observed to be at different ends
along the spectrum of digital health technology adoption. In our
study, we noted that the optimism among NCID physicians about
the utility of Al-enabled CDSS stems from the experience of using a
rules-based CDSS (ARUS-C) in current day-to-day clinical practice.
Solutions targeted at digital inclusion and equity, tailored to the
local context, could potentially narrow the gap in digital divide.

Our study illustrated the importance of study context in shap-
ing the acceptability of the Al-enabled CDSS. With regard to de-
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sirable features of Al-enabled CDSSs, a unique theme from the in-
terviews with Indian physicians was the tool’s ability to provide
an antibiotic of choice after weighing the cost of medicines with
the socioeconomic situation of the patient. A recent study about
physicians’ perceptions on the use of an Al-enabled CDSS for on-
cology across India, China, Brazil, South Korea, and Mexico also re-
ported cost consideration as a desirable feature [28]. This theme
relates to the local context of poverty and out-of-pocket expendi-
ture for medicines in India which is vastly different from the con-
text in Singapore. The difference in physicians’ acceptance of an
Al-enabled CDSS for antibiotic prescribing in India and Singapore
further highlights the relevance of studying the context in which
innovations will be implemented.

Conditions that facilitate physicians’ intention to adopt an Al-
enabled CDSS centered around factors that enhance users’ experi-
ence (i.e., workflow integration, IT infrastructure, ease of use, ade-
quate training and support). These factors are essential for success-
ful implementation but might be constrained by the availability of
resources. Regardless, the Al tool needs to be tested and validated
to instill confidence in physicians to increase its uptake [29]. The
loss of autonomy in clinical decision making and the concern that
the Al tool could impede a physician’s clinical judgement was a
common theme in both India and Singapore. Apart from the fear
of losing autonomy in healthcare, it is often cited as the biggest
threat to future developments in Al tools for everyday life [30].
However, a complete reliance on Al is unlikely to happen because
physicians are liable for their clinical decisions. On the contrary,
Al could help physicians address administrative issues, overcome
decision fatigue, and solve complex problems. Nonetheless, physi-
cians’ concerns about these issues may implicate Al implementa-
tion in healthcare and should be addressed early in the implemen-
tation cycle.

Work relationships exert limited influence on physicians’ inten-
tion to adopt an Al-enabled CDSS in our study. Although most par-
ticipants indicated that their decision to use an Al tool is indepen-
dent of work relationships, seniors in the medical profession may
influence juniors to adopt Al if they use it. Hence, getting buy-in
from senior physicians is crucial for the implementation and scal-
ing of Al-enabled CDSSs.

Many participants felt the non-necessity to discuss Al-based de-
cision support with their patients as most patients would be obliv-
ious to the decision-making mechanisms physicians use for their
treatment. In the Asian context, doctors assume a paternalistic role
in decision-making due to patients’ prioritisation of the value of
health over autonomy [31,32]. Most patients in India still prefer
physicians to make treatment decisions on their behalf [32], but
in Singapore, there is a gradual shift from paternalism to more
shared decision-making between patients and physicians as health
literacy increases in the population [31]. Given the fiduciary nature
of the patient-physician relationship and the spectrum of decision-
making preferences, ethical frameworks are necessary to safeguard
patient interests [33].

Technology adoption often lags in health care because of pa-
tient safety concerns, regulatory barriers, and other ethical con-
siderations. Although the UTAUT model has been widely used
to explain user intention to adopt technology, the model failed
to account for medico-legal and ethical considerations that may
arise from Al use. These considerations are some reasons for hes-
itancy in Al adoption among our participants. Therefore, medi-
cal boards and institutions need to step up the oversight of Al
to enable its implementation. While many countries have de-
veloped frameworks to guide the ethical use of Al, the Euro-
pean Union is the only entity with the Al legal act [34]. Sin-
gapore has recently launched the A.L Verify—the world’s first
Al governance testing framework and toolkit for companies to
demonstrate and verify responsible Al [35]. This move is a step

84

Journal of Global Antimicrobial Resistance 35 (2023) 76-85

forward to instill confidence in the providers and consumers
of Al

This study provided insights relevant to implementing Al-
enabled decision-support tools in health care. However, the study
is limited by providing perspectives only from physicians. Pa-
tients’ and administrators’ perspectives would have added to a
more holistic understanding of the use of Al in health care set-
tings. Another study limitation is the coverage of only one cen-
tre in India and one centre in Singapore, and the differences in
the specialties of the centres in both countries. Sampling to in-
clude more than one institution in each country would have added
greater breadth and variation to the sample. Because the progres-
sion and widespread use of Al is inevitable, future studies should
consider assessing the ethical and medico-legal concerns of Al-
enabled CDSS and include physicians with more diverse techno-
logical backgrounds.

5. Conclusions

In conclusion, the acceptance of Al-enabled CDSSs depends on
the physician’s confidence with the tool’s recommendations, per-
ceived ease of use, familiarity with Al, the organisation’s digital
culture and support, and the presence of medico-legal governance
of Al. New Al-enabled technologies should be tailored to the lo-
cal practice context in health care to facilitate their acceptance
and adoption. Progressive implementation of evidence-based best
practices and continuous feedback are essential to allay scepticism
around the utility of Al-enabled CDSSs.

Funding: This project has been supported by Fondation Botnar
(REG-20-003) and Wellcome Trust (223550/Z/21/Z) through the In-
ternational Digital Health & Al Research Collaborative (I-DAIR).

Competing interests: None declared

Ethical approval: Singapore: This study was approved by the Na-
tional Healthcare Group Domain Specific Review Board. NHG DSRB
Ref: 2021/01086. India: This study was approved by the Institu-
tional Review Board and Ethics Committee of Christian Medical
College, Vellore (IRB N0.14340 dated 24.11.2021). Informed consent
was obtained from all the participants prior to study commence-
ment.

Availability of data and material: All relevant data are presented
in these manuscripts. Interview transcripts will not be available to
the public.

Acknowledgements: We would like to thank the physicians from
NCID and CMC Vellore who have taken time to participate in our
interviews. The CMC Vellore team would also like to thank Ms. Ro-
hini Karthikeyan and Ms. K Ramya for their help in conducting the
interviews.

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.jgar.2023.08.016.

References

[1] World Health Organization Antimicrobial resistance: global report on surveil-
lance. World Health Organization; 2014.

[2] Wise R, Hart T, Cars O, Streulens M, Helmuth R, Huovinen P, et al. Antimicro-
bial resistance. British Medical Journal Publishing Group; 1998.

[3] Murray CJ, Ikuta KS, Sharara F, Swetschinski L, Aguilar GR, Gray A, et al. Global
burden of bacterial antimicrobial resistance in 2019: a systematic analysis. The
Lancet 2022;399(10325):629-55. doi:10.1016/S0140-6736(21)02724-0.

[4] Livermore DM. Minimising antibiotic resistance. Lancet Infect
2005;5(7):450-9. doi:10.1016/51473-3099(05)70166-3.

Dis


https://doi.org/10.1016/j.jgar.2023.08.016
http://refhub.elsevier.com/S2213-7165(23)00140-6/sbref0001
http://refhub.elsevier.com/S2213-7165(23)00140-6/sbref0002
https://doi.org/10.1016/S0140-6736(21)02724-0
https://doi.org/10.1016/s1473-3099(05)70166-3

Z. Huang, M.M. George, Y.-R. Tan et al.

[5] Byrne MK, Miellet S, McGlinn A, Fish ], Meedya S, Reynolds N, et al. The drivers
of antibiotic use and misuse: the development and investigation of a theory
driven community measure. BMC Public Health 2019;19:1425. doi:10.1186/
512889-019-7796-8.

Sulis G, Sayood S, Gandra S. Antimicrobial resistance in low- and middle-
income countries: current status and future directions. Expert Rev Anti Infect
Ther 2022;20:147-60. doi:10.1080/14787210.2021.1951705.

Taneja N, Sharma M. Antimicrobial resistance in the environment: the Indian
scenario. Indian ] Med Res 2019;149:119-28. doi:10.4103/ijmr.ijmr_331_18.
Leekha S, Terrell CL, Edson RS, editors. General principles of antimicrobial ther-
apy. Mayo Clinic Proceedings. Elsevier; 2011 https://doi.org/10.4065/mcp.2010.
0639.

Christensen I, Haug JB, Berild D, Bjernholt JV, Skodvin B, Jelsness-Jergensen LP.
Factors affecting antibiotic prescription among hospital physicians in a
low-antimicrobial-resistance country: a qualitative study. Antibiotics (Basel)
2022;11:98. doi:10.3390/antibiotics11010098.

Chan Y, Ibrahim MB, Wong C, Ooi C, Chow A. Determinants of antibiotic
prescribing for upper respiratory tract infections in an emergency depart-
ment with good primary care access: a qualitative analysis. Epidemiol Infect
2019:147. doi:10.1017/s095026881800331x.

Wojcik G, Ring N, McCulloch C, Willis DS, Williams B, Kydonaki K. Understand-
ing the complexities of antibiotic prescribing behaviour in acute hospitals: a
systematic review and meta-ethnography. Arch Public Health 2021;79:134.
doi:10.1186/s13690-021-00624-1.

Chua AQ, Kwa AL-H, Tan TY, Legido-Quigley H, Hsu LY. Ten-year narrative re-
view on antimicrobial resistance in Singapore. Singapore Med ] 2019;60:387.
doi:10.11622/smedj.2019088.

Osheroff JA, Teich JM, Levick D, Saldana L, Velasco FT, Sittig DF, et al. Improv-
ing outcomes with clinical decision support: an implementer’s guide. Himss
Publishing; 2012.

Neugebauer M, Ebert M, Vogelmann R. A clinical decision support system
improves antibiotic therapy for upper urinary tract infection in a random-
ized single-blinded study. BMC Health Serv Res 2020;20:185. doi:10.1186/
$12913-020-5045-6.

Khadem TM, Ergen H]J, Salata HJ, Andrzejewski C, McCreary EK, Abdel Mas-
sih RC, et al. Impact of Clinical Decision Support System Implementation at a
community hospital with an existing tele-antimicrobial stewardship program.
Open Forum Infect Dis 2022;9:0fac235. doi:10.1093/ofid/ofac235.

Chow AL, Lye DC, Arah OA. Mortality benefits of antibiotic computerised de-
cision support system: modifying effects of age. Sci Rep 2015;5(1):1-11.
doi:10.1038/srep17346.

Chow A, Lye DC, Arah OA. Psychosocial determinants of physicians’ acceptance
of recommendations by antibiotic computerised decision support systems: a
mixed methods study. Int ] Antimicrob Agents 2015;45:295-304. doi:10.1016/
j.jantimicag.2014.10.009.

Chow AL, Lye DC, Arah OA. Patient and physician predictors of patient receipt
of therapies recommended by a computerized decision support system when
initially prescribed broad-spectrum antibiotics: a cohort study. ] Am Med In-
form Assoc 2016;23(e1):e58-70. doi:10.1093/jamia/ocv120.

Sutton RT, Pincock D, Baumgart DC, Sadowski DC, Fedorak RN, Kroeker KI. An
overview of clinical decision support systems: benefits, risks, and strategies for
success. NPJ Digit Med 2020;3:17. doi:10.1038/s41746-020-0221-y.

Khairat S, Marc D, Crosby W, Al Sanousi A. Reasons for physicians not
adopting clinical decision support systems: critical analysis. J]MIR Med Inform
2018;6:e24. doi:10.2196/medinform.8912.

[6

17

8

[

[10]

(1]

[12]

(13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

85

Journal of Global Antimicrobial Resistance 35 (2023) 76-85

[21] Amann ], Blasimme A, Vayena E, Frey D, Madai VI. Explainability for artificial
intelligence in healthcare: a multidisciplinary perspective. BMC Med Inform
Decis Mak 2020;20:1-9. doi:10.1186/s12911-020-01332-6.

[22] Asan O, Bayrak AE, Choudhury A. Artificial intelligence and human trust in

healthcare: focus on clinicians. ] Med Internet Res 2020;22:e15154. doi:10.

2196/15154.

Ciecierski-Holmes T, Singh R, Axt M, Brenner S, Barteit S. Artificial intelli-

gence for strengthening healthcare systems in low- and middle-income coun-

tries: a systematic scoping review. NP] Digit Med 2022;5:162. doi:10.1038/
s41746-022-00700-y.

[24] Venkatesh V, Morris MG, Davis GB, Davis FD. User acceptance of information

technology: toward a unified view. MIS Quarterly 2003:425-78. doi:10.2307/

30036540.

Moseholm E, Fetters MD. Conceptual models to guide integration dur-

ing analysis in convergent mixed methods studies. Methodol Innov

2017;10:2059799117703118. doi:10.1177/2059799117703118.

[26] QSR International Pty Ltd. (2020), NVivo (released in March 2020)

[27] Hilbert M. The bad news is that the digital access divide is here to stay: do-

mestically installed bandwidths among 172 countries for 1986-2014. Telecom-

mun Policy 2016;40:567-81. doi:10.1016/j.telpol.2016.01.006.

Emani S, Rui A, Rocha HAL, Rizvi RF, Juagaba SF, Jackson GP, et al. Physicians’

perceptions of and satisfaction with artificial intelligence in cancer treatment:

a clinical decision support system experience and implications for low-middle-

income countries. JMIR Cancer 2022;8:e31461. doi:10.2196/31461.

Bajwa ], Munir U, Nori A, Williams B. Artificial intelligence in healthcare:

transforming the practice of medicine. Future Healthc ] 2021;8:e188-94.

doi:10.7861/fhj.2021-0095.

[30] Sankaran S, Zhang C, Aarts H, Markopoulos P. Exploring peoples’ perception of

autonomy and reactance in everyday Al interactions. Front Psychol 2021;12.

doi:10.3389/fpsyg.2021.713074.

Lee KH, Low LL, Lu SY, Lee CE. Implementation of social prescribing: lessons

learnt from contextualising an intervention in a community hospital in Singa-

pore. Lancet Reg Health West Pac 2022;35:100561. doi:10.1016/j.lanwpc.2022.

100561.

Sankar SD, Dhanapal B, Shankar G, Krishnaraj B, Karra S, Natesan V. Desire for

information and preference for participation in treatment decisions in patients

with cancer presenting to the department of general surgery in a tertiary care
hospital in India. ] Glob Oncol 2018;4:1-10. doi:10.1200/jgo.17.00144.

Ludewigs S, Narchi ], Kiefer L, Winkler EC. Ethics of the fiduciary relationship

between patient and physician: the case of informed consent. ] Med Ethics

2022. doi:10.1136/jme-2022-108539.

European Commission. Proposal for a regulation of the European Parliament

and of the council laying down harmonised rules on artificial intelligence (ar-

tificial intelligence act) and amending certain union legislative acts. 2021 21th

April 2021. Contract No.: 9th March 2023.

Infocomm Media Development Authority. Singapore launches world’s first

Al testing framework and toolkit to promote transparency; invites com-

panies to pilot and contribute to international standards development

2022 [updated 13 January 2023]. Available from: https://www.imda.gov.

sg/Content-and-News/Press-Releases-and-Speeches/Press-Releases/2022/

Singapore-launches-worlds-first- Al-testing- framework-and- toolkit-to-

promote-transparency-Invites-companies-to- pilot-and-contribute-to-

international-standards-development.

(23]

(25]

(28]

[29]

[31]

(32]

[33]

(34]

[35]


https://doi.org/10.1186/s12889-019-7796-8
https://doi.org/10.1080/14787210.2021.1951705
https://doi.org/10.4103/ijmr.ijmr_331_18
https://doi.org/10.4065/mcp.2010.0639
https://doi.org/10.3390/antibiotics11010098
https://doi.org/10.1017/s095026881800331x
https://doi.org/10.1186/s13690-021-00624-1
https://doi.org/10.11622/smedj.2019088
http://refhub.elsevier.com/S2213-7165(23)00140-6/sbref0013
https://doi.org/10.1186/s12913-020-5045-6
https://doi.org/10.1093/ofid/ofac235
https://doi.org/10.1038/srep17346
https://doi.org/10.1016/j.ijantimicag.2014.10.009
https://doi.org/10.1093/jamia/ocv120
https://doi.org/10.1038/s41746-020-0221-y
https://doi.org/10.2196/medinform.8912
https://doi.org/10.1186/s12911-020-01332-6
https://doi.org/10.2196/15154
https://doi.org/10.1038/s41746-022-00700-y
https://doi.org/10.2307/30036540
https://doi.org/10.1177/2059799117703118
https://doi.org/10.1016/j.telpol.2016.01.006
https://doi.org/10.2196/31461
https://doi.org/10.7861/fhj.2021-0095
https://doi.org/10.3389/fpsyg.2021.713074
https://doi.org/10.1016/j.lanwpc.2022.100561
https://doi.org/10.1200/jgo.17.00144
https://doi.org/10.1136/jme-2022-108539
https://www.imda.gov.sg/Content-and-News/Press-Releases-and-Speeches/Press-Releases/2022/Singapore-launches-worlds-first-AI-testing-framework-and-toolkit-to-promote-transparency-Invites-companies-to-pilot-and-contribute-to-international-standards-development

	Are physicians ready for precision antibiotic prescribing? A qualitative analysis of the acceptance of artificial intelligence-enabled clinical decision support systems in India and Singapore
	1 Introduction
	2 Methods and materials
	2.1 Study context
	2.1.1 India
	2.1.2 Singapore

	2.2 Study design
	2.3 In-depth interviews
	2.4 Analysis

	3 Results
	3.1 Performance expectancy
	3.1.1 Perceived usefulness of AI-enabled CDSS
	3.1.2 AI-enabled CDSS may impair clinical judgement
	3.1.3 AI-enabled CDSS may impede work efficiency

	3.2 Effort expectancy
	3.3 Social influence
	3.3.1 Professional hierarchy influences decision-making in antibiotic prescribing
	3.3.2 Patient perceptions have minimal influence on physicians’ use of an AI-enabled CDSS

	3.4 Facilitating conditions
	3.4.1 Workflow integration
	3.4.2 Validated and up-to-date algorithms
	3.4.3 Training and technical support during implementation and testing
	3.4.4 Other facilitating conditions that are important to NCID physicians
	3.4.5 Adoption of AI-enabled CDSSs to be voluntary instead of mandatory

	3.5 Ethical considerations
	3.5.1 Prioritizing patient safety
	3.5.2 Transparency and accountability of AI
	3.5.3 Supportive medico-legal framework
	3.5.4 Retaining physicians’ autonomy


	4 Discussion
	5 Conclusions
	Supplementary materials
	References


