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Evolution of a Large Language Model for Preoperative
Assessment Based on the Japanese Circulation Society 2022
Guideline on Perioperative Cardiovascular Assessment and
Management for Non-Cardiac Surgery
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Background: The Japanese Circulation Society 2022 Guideline on Perioperative Cardiovascular Assessment and Management for
Non-Cardiac Surgery standardizes preoperative cardiovascular assessments. The present study investigated the efficacy of a large
language model (LLM) in providing accurate responses meeting the JCS 2022 Guideline.

Methods and Results: Data on consultation requests, physicians’ cardiovascular records, and patients’ response content were
analyzed. Virtual scenarios were created using real-world clinical data, and a LLM was then consulted for such scenarios.

Conclusions: Google BARD could accurately provide responses in accordance with the JCS 2022 Guideline in low-risk cases.
Google Gemini has significantly improved its accuracy in intermediate- and high-risk cases.
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the number of surgeries among older individuals.

However, older patients have a higher surgical risk
than younger ones. Therefore, surgeons consult cardi-
ologists before performing surgeries on older individuals.
The Japanese Circulation Society introduced the Japanese
Circulation Society 2022 Guideline on Perioperative
Cardiovascular Assessment and Management for Non-
Cardiac Surgery in 2022 (JCS 2022 Guideline).! The
Japanese version was published on March 11, 2022, and
the English version was released on August 22, 2023.
Standardization of medical care is an important issue, and
medical care should be provided based on treatment
guidelines. The JCS 2022 Guideline shows the importance
of decision-making in the preoperative medical team, which
includes surgeons and cardiologists. However, several
hospitals do not have cardiologists. Several studies have
examined the usefulness of large language models (LLMs)
in various fields.2 ' However, no study has validated the
efficacy of LLMs in providing responses about preoperative
evaluation meeting the guidelines.

T he aging population has resulted in an increase in

Therefore, the present study aimed to evaluate the
efficacy of a LLM in providing accurate responses meeting
the JCS 2022 Guideline. This research used Google BARD
and Google Gemini, which are LLMs that can be used by
anyone for free and refer to the latest guidelines on the
Internet. The Google BARD platform has been updated
to Google Gemini. An evaluation of the reliability of
LLMs was conducted before and after the update in
February 2024.

Methods

The ethics committee of the National Center for Geriatrics
and Gerontology approved this study (no. 1668-2). Further,
the External Service Usage Manager of the Department of
Cardiology at the National Center for Geriatrics and
Gerontology (for external services that do not handle
confidential information) was approved by the external
service usage permission application. We analyzed data on
consultation requests, cardiovascular records of the physi-
cians, and response content of the patients in which surgery
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was performed from October 1, 2022, to December 31,
2022. The High Care Unit was considered important for
management after surgery by the surgical department.
Further, the request and response contents were examined
using text mining with KH Coder 3.Beta.07f.12-14 Because
the original clinical data were written in Japanese, the
analysis up to this point was performed in Japanese. Based
on the results of the analysis of the request content, virtual
scenarios were created in English, and the patient in these
scenarios was consulted with both Google BARD and
Google Gemini in English. The responses created by
Google BARD and Google Gemini were evaluated by a
cardiovascular specialist in terms of ‘comprehensibility’,
‘appropriateness’, ‘absence of relevant content’, ‘confabu-
lation’, and ‘clinical decisions’. These evaluation points
were used in a previous cardiology study.5 Figure 1A shows
the overall research and evaluation methods.

Results

Figure 1B depicts a self-organizing map of consultation
requests from surgeons for preoperative consultations. At
the top of the figure, the following three clusters were
created: ‘abdominal surgery’, ‘anesthesia type’, and ‘heart
failure (HF)’. The clusters for ‘past medical history’, ‘chest
pain’, and ‘acute myocardial infarction (AMI)/angina
pectoris (AP)’ were adjacent to these clusters. This suggests
that surgeons in the digestive surgery department were more
likely to place more emphasis on these items. The cluster
for ‘echocardiogram’, ‘hypertension (HT)’, and ‘blood
pressure (BP)’ was adjacent to the cluster for ‘orthopedic
surgery’. Both surgeons and orthopedic surgeons might
emphasize ‘arrhythmia’, ‘ultrasound cardiography (UCG)’,
and ‘electrocardiogram (ECG)’. Figure 1C shows a self-
organizing map of the responses from the cardiovascular
department. The word ‘guideline’ was located in the upper
right corner, surrounded by words related to the ‘revised
Cardiac Risk Index (RCRI)’ and ‘risk’. Other terms were
listed outside these clusters. Figure 1D,E shows the results
of the response analysis based on the surgical risk itself.
Figure 1D presents the results of the response analysis of
the consultation comments to the cardiovascular depart-
ment. Figure 1E depicts the results of the response analysis
from the cardiovascular department. Figure 2A shows the
clinical characteristics of the patients by plotting sex, age,
and left ventricular ejection fraction (LVEF). Based on the
clinical characteristics of the patients, as shown in
Figure 2A, and Figure 1B,D, we created virtual cases and
consulted Google BARD and Google Gemini (Figure 2B).
In case 1, the patient was young and had a relatively high
LVEF. Hence, the patient generally belonged to the low-risk
group in the graph, as shown in Figure 2A. The patient had
few significant medical histories but had no history of
medication use. In case 2, the patient had an average age
and LVEF. Thus, the patient belonged to the intermediate-
risk group, based on the graph shown in Figure 2A. The
patient presented with HT, which was treated with
olmesartan. In case 3, the patient was old and had a low
LVEF. Therefore, the patient belonged to the high-risk
group, based on the graph shown in Figure 2A. The patient
had a history of myocardial infarction and had been taking
several medications. The validity of the responses of
Google BARD and Google Gemini for each case was
evaluated by a cardiovascular specialist. Figure 3 shows the
summary of the virtual cases. Figure 4 presents a concise

summary of the study results.

Discussion

The present study aimed to assess the efficacy of LLM in
accurately generating responses to preoperative consulta-
tions consistent with the JCS 2022 Guideline, which was
published in English on August 22, 2023. Google BARD
and Google Gemini are the only LLM that can generate
responses based on real-time information and can be used
for free. Hence, rather than ChatGPT, it was utilized in
this research.

As shown in Figure 1A, the consultation content from
surgical departments (Figure 1B), and the medical records
and response content from the cardiovascular department
(Figure 1C) were compared. Results showed that the block
for abdominal surgery in the upper right corner of
Figure 1B was connected to medical history and other
items. However, in the case of requests from orthopedic
surgery, it was connected to BP and HT. Based on these
results, abdominal surgery focused on medical history.
Further, orthopedic surgeons often perform surgeries on
fractures. Hence, they are focused on BP increases caused
by pain. As the surgical risk increased, the surgical depart-
ments were more likely to mention diabetes (Figure 1D). In
contrast, as shown in Figure 1C,E, the cardiovascular
department responded in accordance with the JCS 2022
Guideline, picking up RCRI items and responding. In the
case of high-risk surgery, the cardiovascular department
often encouraged the external surgical departments to
continue taking medications, particularly S-blockers, in
accordance with the JCS 2022 Guideline (Figure 1E).

However, to evaluate the use of LLMs as an alternative
to preoperative cardiovascular consultations in the future,
the accuracy of LLMs in answering consultation requests
from surgeons was investigated. Therefore, based on
Figure 1B,D, and Figure 2A, virtual scenarios were created
by dividing cases into high, intermediate, and low risks,
according to the patient’s age, and cardiac function, which
are items that were often described by surgeons in clinical
practice, and the surgical risk in accordance with the JCS
2022 Guideline. LLM was consulted for these virtual
scenarios.

Figure 3 shows the virtual scenarios. Figure 4 shows the
results of the evaluation by one cardiovascular specialist.
Google BARD can generate fairly reasonable responses in
low-risk cases. However, in intermediate- and high-risk
cases, the amount of patient information, medical history,
and cardiac function information increases. The present
study showed that Google BARD could not generate
satisfactory responses. In addition, due to unknown reasons,
adding information about valvular disease or low cardiac
function caused Google BARD to start quoting other
information from the Internet that was not in accordance
with the guidelines, or to fabricate information. However,
Google Gemini had the ability to provide answers to
questions that were not adequately addressed in Google
BARD, as shown in Figure 4. It is anticipated that there
will be significant advancements in LLM in the future.
Although actual cardiologists might be able to deduce the
surgeon’s intentions (Figure 1C,E), search for relevant
information in medical records, and make recommenda-
tions for medication, this remains challenging for LLM:s.

Despite its limitations, the transition from Google
BARD to Google Gemini has significantly enhanced the
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Figure 1.
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(A) The original clinical data were written in Japanese. Thus, the analysis was performed in Japanese. Based on the
results of the analysis on consultation requests, a virtual scenario was created in English, and preoperative consultation was
performed in English using Google BARD/Gemini. The responses created by Google BARD/Gemini were evaluated by a
cardiovascular specialist in terms of understandability, appropriateness, absence of missing information, fabrication, and clinical
evaluation. (B) Self-organizing maps were created using KH Coder for the consultation requests from surgery for preoperative
consultations. The maps were divided into three main clusters, which were as follows: abdominal surgery; anesthesia type; and
heart failure (HF). The areas related to ‘previous medical history’, ‘chest pain’, and ‘acute myocardial infarction (AMI)/angina
pectoris (AP) were adjacent to these clusters. This suggests that surgical departments focus on these items. The cluster for
‘echocardiography’, ‘hypertension (HT)’, and ‘blood pressure (BP) was adjacent to the cluster for ‘orthopedic surgery’. Hence,
‘arrhythmia’, ‘ultrasound echocardiography (UCG)’, and ‘electrocardiograph (ECG)’ can be important for both surgical and
orthopedic departments. (C) Self-organizing map of the response content from the cardiovascular department. The word ‘guideline’
was located in the upper right corner, surrounded by words related to ‘revised Cardiac Risk Index (RCRI) and ‘risk’. Other words
related to other matters were listed outside of these areas. (D) Response to the request to the cardiovascular department, analyzed
according to surgical risk. (E) Response from the cardiovascular department, analyzed according to surgical risk.
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Figure 2. (A) A graph of sex, age, and left ventricular ejection fraction (LVEF) was created to capture the clinical characteristics
of actual patients. (B) Virtual cases were created based on the clinical characteristics of the patients, as depicted in Figure 1B,C,
and Figure 2A. Al artificial intelligence.
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Case 1: 60-Year-Old, Radius Fracture,
No PMH

You are a cardiologist. You have been consulted for a preoperative cardiac function requestfoz
the following case. please prepare a response in accordance with JCS 2022 Guidelines on
Perioperative Cardiovascular Assessmentand Management for Non-Cardiac Surgery.

The patientis a 60-year-old male. He is scheduled to underpgo osteosynthesis of a distal right
radius fracture under general anesthesia. He has no significant medical history and no chest
pain or other symptoms. He has no history of myocardial infarction or angina, and no history of
arrhythmia He isin sinusrhythm at rest and a stress ECG was negative. Echocardiography
|showed good cardiacfunction and no obvicusvalvulardisease.

s surgery still possible and are there any precautions that should be taken during surgery?

Case 2: 78-Year-Old, Cholecystectomy,
Good LV systolic function, Mild AR, Taking ARB.

You are a cardiologist. You have been consulted for a preoperative cardiac function requestfoz
the following case; please prepare a response in accordance with JCS 2022 Guidelines on
 Perioperative Cardiovascular Assessmentand Management for Non-Cardiac Surgery.

IThe patientis a 78-year-old man He is scheduled to undergo cholecystectomy under general
|anesthesia. Hehas a historyof. hypertensnon andls takmg%osamn_ He hasno cheﬁt pam or
other symptoms. He has no history y : : pectoris,

EKG showed sinus rhythm and edaomrdl_tgranhy showed onlymodelate aortic Egggﬂ_atim

with a left ventricular ejection fraction of 60%.
Is surgery still possible and are there any precautions that should be taken during surgery?

Case 3: 90-Year-Old, Hepatectomy, OMI EF=40%,
Taking aspirin, BB, statins, ARB, MRA and SGLT21.

You are a cardiologist. You have been consulted for a preoperative cardiac function requestfoz
the following case; please prepare a response according to JCS 2022 Guidelines on Perioperative
CardiovascularAssessment and Management for Non-Cardiac Surgery.

IThe patientisa 9 dmale He is scheduled to undergoa partial he; under
|zeneral anesthesia. He has no chest pain or other symptoms, but he has a history of myocardial

infarction an abnormal Q wave onthe ECG, and a left ventricular ejection fraction of 40%on

echocardiogrmphy. Heis currently taking aspirin_ carvedilol, statins, olmesartan_ spironolactone)

and SGLT2 inhibitors.

[s surgery still possible and are there any precautions that should be taken during surgery?

Ask
BARD/Gemini

Google BARD Google Gemim TR T
Response Response n
Cardiologist

Figure 3. Three virtual cases were created for consultation with Google BARD and Google Gemini based on the clinical data. The
sentences in black letters are instructions to Google BARD/Gemini and questions common to each case. In case 1, the patient
was at low risk (as shown in the graph in Figure 2A), young, and had a relatively high left ventricular ejection fraction (LVEF). The
patient had no significant past medical history (PMH), as shown in Figure 1B. In case 2, the patient was at average risk (as shown
in the graph in Figure 2A), with blood pressure of 140/90mmHg, and a history of hypertension. In case 3, the patient was at high
risk (as shown in the graph in Figure 2A), aged 75 years, and had a LVEF of 40%. The patient had a history of myocardial infarction
and was taking several medications. The responses created by Google BARD and Google Gemini were evaluated by a
cardiovascular specialist in terms of ‘comprehensibility’, ‘appropriateness’, ‘absence of relevant content’, ‘confabulation’, and
‘clinical decisions’. Images reproduced with permission from Servier Medical Art under a Creative Commons Attribution 3.0
Unported License (https://creativecommons.org/licenses/by/3.0/). AR, aortic valve regurgitation; ARB, angiotensin receptor
blocker; BB, B-blocker; ECG, electrocardiogram; EF, ejection fraction; EKG, electrocardiogram; LV, left ventricle; MRA,
mineralocorticoid receptor antagonist; OMI, old myocardial infarction; SGLT2i, Sodium-Glucose Transport Protein 2 inhibitor.
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Figure 4. Results of the evaluation of the responses created by Google BARD and Google Gemini for preoperative consultations.
The evaluations were made in terms of ‘comprehensibility’, ‘appropriateness’, ‘absence of relevant content’, ‘confabulation’, and
‘clinical decisions’. The colors in the figure represent the following: Green, the cardiologist considered the item to be appropriate;
Red, the cardiologist considered the item to be inappropriate; Orange squares, items highlighted with orange squares were
inaccurate in Google BARD but correct in Google Gemini. Images reproduced with permission from Servier Medical Art under a
Creative Commons Attribution 3.0 Unported License (https://creativecommons.org/licenses/by/3.0/). AR, aortic valve regurgitation;
ARB, angiotensin receptor blocker; BB, B-blocker; EF, ejection fraction; LV, left ventricle; MRA, mineralocorticoid receptor
antagonist; OMI, old myocardial infarction; PMH, past medical history; SGLT2i, Sodium-Glucose Transport Protein 2 inhibitor.

ability to comply with guidelines, and practical implemen-
tation is imminent.

Conclusions

Google Gemini compensated for deficiencies in Google
BARD and can now handle cardiology consults for
intermediate-and high-risk patients, in addition to low-

risk patients. This improvement is promising for future
practical use.
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