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INTRODUCTION

Prior research has demonstrated that communication breakdowns and mental model 

(MM) misalignments among cardiac surgery team members may lead to adverse events 

and compromise patient safety [1-4]. However, the potential of using large language 

models (LLM) to analyze team communications and detect these misalignments remains 

unexplored, presenting an opportunity to develop innovative tools for improving team 

communication and patient outcomes in the operating room (OR). The primary aim of 

this study was to evaluate the performance of an LLM in generating synthetic team 

communication exchanges during critical phases of cardiac surgery, demonstrating instances 

of team MM alignment and misalignment. A second aim was to evaluate the correct 

classification rates of two different LLMs in detecting team MM alignment/misalignment 

based on the LLM-generated synthetic communication scripts.

MATERIALS AND METHODS

This study did not involve human research subjects and was conducted entirely with 

synthetic data generated by LLMs. Based on five previous studies in cardiac surgery 

[1-5], we selected three critical intraoperative phases in which mental model misalignments 

between surgeons, anesthesiologists, and perfusionists appear most significant and impactful 
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as they relate to patient safety and surgical outcomes. These phases were: 1. Cannulation and 
Initiation of Cardiopulmonary Bypass (CPB); 2. Cross-clamp Application and Cardioplegia 
Delivery; and 3. Separation from CPB.

We used expert-generated hand-crafted prompting [7] using the previous studies mentioned 

above [1-5] and instructing the Claude 3.5 Sonnet LLM to generate realistic scenarios 

of communication exchanges (i.e., scenario scripts) between a surgeon, anesthesiologist, 

and perfusionist that demonstrate team MM alignments (four scripts per phase) and 

misalignments (four scripts per phase), totaling 24 scenarios.

An interprofessional team of cardiac surgery experts (1 surgeon, 1 anesthesiologist, and 

4 perfusionists), part of our research group, evaluated each scenario generated by the 

LLM based on the level of realism (Not Realistic at All / Moderately Realistic / Very 
Realistic), expert’s determination of team MM Alignment/Misalignment, and the level of 

misalignment (Low, Moderate, High) when applicable. Each scenario was evaluated by 

3 experts, independently, using an online survey platform (REDCap). The final expert 

evaluation metrics for each scenario were determined by the majority of the three experts' 

evaluations. Scenarios that were determined by experts as “Not Realistic at All” or that 

the experts disagreed with the LLM Alignment/Misalignment determination (i.e., discrepant 

scenarios) were excluded from the LLM performance evaluation.

To evaluate the LLM performance, we used the LLM self-generated prompting method [7] 

to instruct both Claude Sonnet 3.5 (Normal style) and GPT-4o to create their own optimized 

evaluation prompt to analyze each scenario for Alignment/ Misalignment determination 

and level of misalignment when applicable. The same five studies [1-5] used for scenario 

generation were uploaded to the LLMs for prompt creation. After the removal of “Not 
Realistic at All” and discrepant scenarios based on the expert evaluation, the remaining 

scenarios were analyzed on both LLMs using their respective optimized evaluation prompts, 

and the correct classification rate was reported for each model. All LLM procedures, 

including scenario generation, prompt generation, and evaluation, were conducted in 

separate LLM instances.

RESULTS

A total of 24 synthetic scenarios were generated by Claude 3.5 Sonnet, eight per critical 

phase, with 50% (four per phase) demonstrating team MM alignment and 50% (four per 

phase) MM misalignment. Cardiac surgery experts evaluated five (20.8 %) scenarios as Very 
Realistic - all communications are possible to occur in the OR, 15 (62.5%) as Moderately 
Realistic - minor issues that may not reflect real intraoperative communications, and four 

(16.7%) as Not Realistic at All - present major misrepresentations. Experts agreed with the 

Claude 3.5 Sonnet determination of MM Alignment/Misalignment in 23 (95.8%) scenarios 

and disagreed only in one scenario (discrepant scenario ID: 1.2 in Fig. 1).

After excluding the four “Not Realistic at All” scenarios and one discrepant scenario (Fig. 

1 - in red), a total of 19 scenarios (Fig. 1 - in green) were used to evaluate the LLMs’ 

performance on detecting team MM alignment/misalignment. Both LLMs Claude 3.5 
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Sonnet and GPT-4o correctly classified 19 (100%) of the scenarios as either mental model 

alignment (10 scenarios) or misalignment (9 scenarios). Among the nine MM misalignment 

scenarios, all of which were correctly classified as MM misalignment by both LLMs, the 

level of misalignment (low, moderate, or high) was correctly identified by Claude 3.5 Sonnet 
for three (33.3%) scenarios and GPT-4o for five (55.5%) scenarios (Fig. 2).

DISCUSSION

The findings of this study suggest that LLMs can generate team communication scenarios 

in cardiac surgery with a moderate-to-high degree of realism, accurately demonstrating 

examples of team MM alignments and misalignments. The ability of both Claude 3.5 
Sonnet and GPT-4o to correctly classify all expert-validated scenarios demonstrates the 

potential of AI-driven tools in assessing team MM alignment and identifying potential 

misalignments that could compromise patient safety. However, the discrepancies in the 

assessment of misalignment levels highlight areas where further refinement and model 

fine-tuning are needed. Future research should explore how these models perform in 

real-time intraoperative settings based on real-life team communication exchanges among 

cardiac surgery team members. LLMs fine-tuned to the cardiac surgery field could be used 

to drive an intraoperative AI Coach [6] that monitors OR communications in real time 

and recommends patient safety interventions such as a safety-pause timeout when a high 

MM misalignment is detected. Such a system has the potential to improve surgical team 

coordination, shared mental models, and patient safety.
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Fig. 1 –. Human Expert Evaluations of LLM-generated Cardiac Surgery Scenarios.
*Red indicates excluded and Green included scenarios based on human expert evalutation.
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Fig. 2 –. Agreement (green) and Disagreement (red) between Clinical Experts and LLMs on MM 
misalignment.

Dias et al. Page 6

Hamlyn Symp Med Robot. Author manuscript; available in PMC 2025 July 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	References
	Fig. 1 –
	Fig. 2 –

