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Abstract

Aim: The purpose of this study was to determine the quality and accessibility of the outputs from a healthcare-
specific artificial intelligence (Al) platform for common questions during the perioperative period for a common
plastic surgery procedure.

Methods: Doximity GPT (Doximity, San Francisco, CA) and ChatGPT 3.5 (OpenAl, San Francisco, CA) were
utilized to search 20 common perioperative patient inquiries regarding breast augmentation. The structure,
content, and readability of responses were compared using t-tests and chi-square tests, with P < 0.05 used as the
cutoff for significance.

Results: Out of 80 total Al-generated outputs, ChatGPT responses were significantly longer (331 vs. 218 words, P <
0.001). Doximity GPT outputs were structured as a letter from a medical provider to the patient, whereas ChatGPT
outputs were a bulleted list. Doximity GPT outputs were significantly more readable by four validated scales: Flesch
Kincaid Reading Ease (42.6 vs. 29.9, P < 0.001) and Flesch Kincaid Grade Level (11.4 vs. 14.1 grade, P < 0.001),
Coleman-Liau Index (14.9 vs. 17 grade, P < 0.001), and Automated Readability Index (11.3 vs. 14.8 grade, P < 0.0071).
Regarding content, there was no difference between the two platforms regarding the appropriateness of the topic
(99% overall). Medical advice from all outputs was deemed reasonable.
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Conclusion: Doximity's Al platform produces reasonable, accurate information in response to common patient
queries. With continued reinforcement learning with human feedback (RLHF), Doximity GPT has the potential to
be a useful tool to plastic surgeons and can assist with a range of tasks, such as providing basic information on
procedures and writing appeal letters to insurance providers.

Keywords: Artificial intelligence, natural language processing, ChatGPT, Al, generative Al, plastic surgery, Al
integration in surgery

INTRODUCTION

Artificial intelligence (AI) is positioned to be a disruptive technology for healthcare. Over the past several
years, Al has demonstrated exponential growth and transitioned from a theoretical idea to a tangible reality.
This excitement for AT has blossomed within plastic surgery as the literature denotes countless descriptions
of use cases, potential applications, and discussions of ethical implementation" . While the indications for
Al-powered assistance are innumerable within plastic surgery, natural language processing (NLP) - a form
of generative Al - is poised to be rapidly integrated into the clinical workflow for plastic surgeons, practice
managers, and staff. The NLP capabilities of Al allow it to analyze, comprehend, and produce language'.
Prior work analyzing an NLP program demonstrated efficacy in generating medically sound
recommendations for common patient inquiries surrounding perioperative surgery for a breast reduction
procedure'®. Despite the integrity of medical recommendations, this study highlighted limitations in the
accessibility of Al-generated outputs with a higher-than-recommended average reading level of content” .
Such analyses have been duplicated for a variety of large language models (LLMs)"" .

Limitations of this prior work include the assessment of LLMs without a specific emphasis or additional
training in medicine. Doximity has launched a healthcare-specific, Health Insurance Portability and
Accountability Act (HIPAA)-compliant Al tool. This platform, Doximity GPT, was created to facilitate
written outputs specifically designed for healthcare, including patient instructions, appeals to insurance
providers, and educational pamphlets. While backed by the same NLP program as ChatGPT (OpenAl, San
Francisco, CA), Doximity GPT incorporates additional healthcare-specific training and utilizes
reinforcement learning with human feedback (RLHF) to improve ChatGPT’s programming.

As it is being marketed as having specific training in healthcare, one of the aims of this study was to assess
how this might impact outputs from the LLM. To date, no studies have assessed the product of this
healthcare-specific NLP program. In this study, we sought to compare the quality and accessibility of
outputs from Doximity GPT to outputs from a generic NLP program in response to common questions
about breast augmentation procedures, which are among the most frequently performed procedures in the
United States"*.

METHODS

The new HIPAA-compliant, healthcare-specific Al platform Doximity GPT (Doximity, San Francisco, CA)
is readily accessible to physicians. This AI program was compared to the publicly available NLP ChatGPT
3.5 (OpenAl, San Francisco, CA). Both Al interfaces were accessed in April 2024. A list of 20 frequent
patient inquiries regarding a breast augmentation procedure was generated. The list was adapted from a
previously published study, following the clinical experience of the senior authors (N.S.K. and M.C.) and
their expertise in perioperative management'. Breast augmentation was selected as it is one of the most
frequently performed procedures in the United States annually"*. Inquiries were entered into each of the
two NLPs in two distinct formats: utilizing a general search term (“breast augmentation driving”) and
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Table 1. Listing of inputs into the NLP interfaces
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2:':7,::" General inquiry Specific inquiry

1 Breast augmentation bruising | had a breast augmentation yesterday and now | have bruising. What should | do?

2 Breast augmentation bleeding | had a breast augmentation yesterday and now | have bleeding. What should | do?

3 Breast augmentation size | had a breast augmentation yesterday and am concerned about the size of my

breasts. What should | do?

4 Breast augmentation swelling | had a breast augmentation yesterday and now | have swelling. What should | do?

5 Breast augmentation soreness | had a breast augmentation yesterday and now | have soreness. What should | do?

6 Breast augmentation exercise | had a breast augmentation yesterday. When can | exercise?

7 Breast augmentation driving | had a breast augmentation yesterday. When can | drive?

8 Breast augmentation restarting | had a breast augmentation yesterday. When can | restart my normal medications?
medications

9 Breast augmentation pain | had a breast augmentation yesterday and now | have pain. What should | do?

10 Breast augmentation showering | had a breast augmentation yesterday. When can | shower?

n Breast augmentation dressings | had a breast augmentation yesterday. What do | do with the dressings?

12 Breast augmentation pain medication | had a breast augmentation yesterday. What should | take for pain medication?

13 Breast augmentation drainage | had a breast augmentation yesterday and now | have drainage. What should | do?

14 Breast augmentation diet | had a breast augmentation yesterday. What can | eat?

15 Breast augmentation sleeping | had a breast augmentation yesterday. How can | sleep?

16 Breast augmentation recovery | had a breast augmentation yesterday. How long is the recovery?

17 Breast augmentation bra | had a breast augmentation yesterday. When can | wear a bra?

18 Breast augmentation antibiotics | had a breast augmentation yesterday. Do | need antibiotics?

19 Breast augmentation breast and nipple | had a breast augmentation yesterday. Will I still have breast and nipple sensation?
sensation

20 Breast augmentation follow-up | had a breast augmentation yesterday. When is my follow-up appointment?

appointment

A total of 20 topic areas were assessed. A general and specific query for each topic was placed into both Doximity GPT and ChatGPT. NLP:
Natural language processing.

asking a specific clinical question (“I had a breast augmentation yesterday. When can I drive?”). A list of all
input terms is listed in Table 1. A separate session was created for each inquiry to prohibit any influence
from prior inputs and to limit the effect of learning by part of the NLP. Objective assessment of the NLP
outputs included the length (word length, number of characters, number of sentences) and sentence
structure (words per sentence) of the outputs. The readability of the outputs was also determined by four
validated scoring tools, including the Flesh Kincaid Reading Ease, Flesch Kincaid Grade Level, Coleman-
Liau Index, and the Automated Readability Index. Each of these instruments has been commonly utilized to
assess the readability of plastic surgery educational materials for patients>'>'*’. The Flesch Kincaid Reading
Ease score is reported on a scale from 1 to 100, where higher scores denote a more readable passage. The
Flesch-Kincaid grade level is another standardized metric employed in similar scenarios but focuses on
determining the grade level of schooling necessary for comprehending the output. A Flesch-Kincaid grade
level reported as 5 denotes that the completion of fifth grade is required for an adequate understanding of a
given passage. While the prior two indices primarily utilize syllables per word as the driving metric to
determine readability, the Coleman-Liau Index and Automated Readability Index base their scoring on
character-level metrics with subtle nuances in weighting. Similar to the Flesch-Kincaid grade level, the
Coleman-Liau Index and Automated Readability Index both report the level of schooling required to
understand a given text. Each output was individually analyzed by four distinct reviewers (L.P.R. - senior
medical student, T.J.S. - junior plastic surgery resident, C.J.B. - senior plastic surgery resident, and K.H. -
senior plastic surgery resident) to determine the medical accuracy of the recommendations for each AI-
generated response and cross-referenced based on readily available resources. Given difficulties in
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quantifying how accurate an output was, accuracy was assessed in a binary fashion. Any inaccuracy within
the LLM output classified the entire output as inaccurate. Any discrepancies were discussed with an
independent arbitrator (N.S.K.), who is an expert breast surgeon, until a consensus was reached. Statistical
analysis was accomplished using Microsoft Excel (Version 7, Seattle, WA), performing descriptive statistics,
t-tests, and chi-square tests where appropriate, with a predetermined level of significance of P < 0.05.

RESULTS

In total, eighty NLP outputs were included in the study, half from Doximity GPT and the remainder from
ChatGPT. ChatGPT responses were longer when measured by word count than Doximity GPT outputs
(331 vs. 218 words, P < 0.001). ChatGPT outputs also utilized more overall characters (1,842 vs. 1,139
characters, P < 0.001) and total sentences (16.8 vs. 13.7 sentences, P < 0.001). Sentences were more verbose
for ChatGPT outputs, with nearly 4 additional words per sentence compared to texts produced by Doximity
GPT (20 vs. 16.3 words per sentence, P < 0.001) [Table 2].

Considering the overall structure of the outputs, Doximity GPT outputs were, by default, structured as a
letter to the patient from a medical provider, whereas ChatGPT generated a bulleted list. Overall, the letter
format of Doximity GPT yielded more outputs that appeared more personal and dialogistic in nature.
Regarding readability of the outputs, Doximity GPT outputs were more readable by all four validated
instruments: Flesch Kincaid Reading Ease (42.6 vs. 29.9, P < 0.001), Flesch Kincaid Grade Level (11.4 vs. 14.1
grade, P < 0.001), Coleman-Liau Index (14.9 vs. 17 grade, P < 0.001), and Automated Readability Index (11.3
vs. 14.8 grade, P < 0.001). Regarding content, there was no difference between the two platforms regarding
the appropriateness of the topic (99% overall). All outputs provided a degree of background medical
information on the subject, and 96% also included direct prescriptive advice including contacting the
surgeon in 100% of cases and adhering to postoperative instructions in 90% of instances. Medical advice
from all Al-generated outputs was deemed reasonable. The full list of outputs is provided for reference in
Supplementary Table 1.

DISCUSSION

To our knowledge, this is the first study assessing the performance of the novel healthcare-specific Al
platform, Doximity GPT, in the setting of perioperative management following plastic surgery. We compare
the performance of Doximity GPT and ChatGPT in responding to common perioperative questions for a
breast augmentation procedure based on the accuracy, format, and readability of generated outputs. This
work represents necessary fundamental research to establish the fidelity of NLP-generated responses to
medically sound recommendations before attempting to integrate this technology into patient-facing
clinical practice. This study identifies that Doximity’s AI platform produces reasonable, accurate
information in response to common patient queries about breast augmentation procedures.

A key difference between the Doximity GPT and ChatGPT-generated outputs was observed in the structure
and formatting of the responses. The Doximity GPT outputs were automatically formatted as letters for the
patient on behalf of the provider, signed by the account holder who entered the query. This aligns with the
purpose of the Doximity GPT platform, which is free for all U.S. clinicians and medical students and
intended to facilitate the creation of patient education materials, note templates, and other administrative
tasks. On the other hand, the outputs generated by ChatGPT defaulted to bulleted lists, consistent with an
open-access virtual platform. This difference may be explained by the additional training of Doximity GPT
with healthcare documentation examples.
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Table 2. Objective structural metrics and readability scores for Al generated outputs from Doximity GPT and ChatGPT

Variable Doximity GPT ChatGPT P-value
Word count 218+ 43 331+48 <0.001
Total characters 1139+ 223 1,842 +266 <0.001
Total sentences 13.7+34 16.8+2.9 <0.001
Words per sentence 16.3+23 20+3.6 <0.001
Flesch Kincaid reading ease 42.6+9.5 299+72 <0.001
Flesch Kincaid grade level MN4+15 141+£1.6 <0.001
Coleman Liau index 149+1.6 1711 <0.001
Automated readability index Nn3+17 14.8+19 <0.001

Al: Artificial intelligence.

While ChatGPT responses provide more detailed information for each query, Doximity GPT outputs were
determined to be significantly more readable. Still, readability remains a limitation with NLP-generated
outputs as both LLMs generated responses at a reading level higher than national recommendations"”.
With continued RLHF, Doximity GPT has the potential to be a useful tool for plastic surgeons and can
assist with a range of tasks, such as providing basic information on procedures and writing appeal letters to
insurance providers.

Excitement regarding the possibility of incorporating NLPs into clinical workflow is evidenced by an
exponential rise of exploratory papers in the literature discussing potential applications. These studies have
focused on analyzing and comparing generic NLPs against one another. Garg et al. compared ChatGPT to
Google Bard (Google, Mountain View, CA) for outputs regarding patient education materials for facial
aesthetic surgery. This group specifically requested outputs be at the eighth-grade reading level. Despite this
request to the LLMs, the generated outputs had an average reading level at the tenth-grade level"®. Lim and
associates analyzed four generic LLMs to determine the applicability of Al-generated outputs for common
perioperative questions for patients undergoing abdominoplasty. All LLMs generated information higher
than the national recommended reading levels for medical literature. This group also investigated more
subjective aspects of the Al-generated outputs, such as patient friendliness, which may be an important
feature if such technology is integrated in a direct patient-facing manner"?. In terms of improving the
readability of content, Vallurupalli et al. suggest that LLMs may function more efficiently in simplifying pre-
written patient instructions to an appropriate reading level compared to producing novel outputs at the
recommended reading level by the National Institute of Health"'. Further assessment of this theory
represents future work from our group.

While Doximity GPT represents a novel, healthcare-specific LLM, it has several limitations. First, Doximity
GPT lacks working knowledge for information published after September 2021. This is a limitation not
unique to Doximity GPT but common among LLMs. ChatGPT 3.5, for instance, is temporally limited to
information published prior to January 2022. Given there is only a three-month difference between the two
LLMs, the impact of this variance on their working knowledge is likely limited. In the analysis and
comparison of LLMs, it is essential to consider the temporal limitations of each LLM. Continual
programming of NLPs is required to maintain the most up-to-date programs as medical knowledge
constantly evolves. This highlights an important consideration when using any AI-powered tool: each
platform must be employed with awareness of its temporal limitations in knowledge. Furthermore, while
the Doximity GPT markets a healthcare-trained LLM, the details of what additional functionality this
provides are unclear given its proprietary nature. Another limitation of Doximity GPT is that while it has
specific medical reinforcement, it does not have specific plastic surgery training or reinforcement. Studies
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have demonstrated a lack of sufficient understanding and knowledge of plastic surgery within the broader
healthcare workforce"*. A plastic surgery-specific Al tool or an NLP with additional plastic surgery
training represents an opportunity to improve the knowledge and applicability of LLM integration within
plastic surgery. Analyses of generic Al chatbots on plastic surgery in-service training examinations, for
example, have demonstrated a wide range of accuracy, scoring at levels comparable to a first-year plastic
surgery trainee”””. The creation of a specialty-specific LLM has been previously explored, particularly in
the field of otolaryngology, where an ENT-specific LLM called ChatENT was found to outperform existing
LLMs and exhibited promise in medical and patient education””. An opportunity exists to develop a plastic
surgery-focused LLM to deliver the most accurate and accessible information to patients and plastic
surgeons alike. This LLM should also be able to be customized by surgeons so that individual surgeon
preferences regarding perioperative instructions can be programmed. To ensure safety in the clinical
application of these tools, appropriate escalation of patient inquiries for scenarios that merit urgent or
emergent medical attention must be incorporated into the AI tool. Patients will inevitably utilize Al
platforms to seek medical counsel independent of physician supervision. Patients have long used the
Internet for self-diagnosis, self-referral, and research of their conditions”***. Thus, studies of this nature are
critical to ensure the reliability and accuracy of Al-generated health information to protect patients from
misinformation”®.

Since Doximity GPT and ChatGPT are backed by the same NLP program, they are subject to similar
training data biases. While the data were largely deemed clinically reasonable by the study team, previous
studies have identified inaccuracies and inadequacies when utilizing ChatGPT to answer common
postoperative questions”””*. Additionally, the ever-evolving nature of clinical dogmas and accepted
practices may not always align with the knowledge cut-oft dates of these LLMs. Doximity GPT’s knowledge
of clinical data extends only until September 2021, so novel medical or surgical information will not be
included in any outputs. This highlights the importance of clinicians prioritizing clinical judgment and
thoroughly reviewing any AI-generated output prior to distribution to patients.

The ethical implications of incorporating Al tools into plastic surgery practice also warrant further
discussion. Previous studies have highlighted the importance of informed consent, privacy protection, bias
reduction, and regulation for these technologies®*". Kenig et al. described the need for a partnership
between physicians and lawmakers when creating guidelines and regulations for the use of Al in clinical
practice, to ensure that the highest standards of quality and transparency are upheld®. They also suggest
the creation of an independent body to aid in the testing and validation of healthcare-specific AT models.
Further, these tools must be trained with diverse training data, as bias from training datasets may affect the
accuracy of Al-generated responses for patients of diverse backgrounds. Periodic review and validation of
AT models used in healthcare can aid in fostering fairness, equity, and higher quality of patient-facing data.

Limitations of this study include the comparison between Doximity GPT and only one other NLP. While
ChatGPT has been demonstrated previously to have the highest working knowledge in plastic surgery, this
may have changed or evolved since that time. Furthermore, Doximity GPT is powered by the updated
ChatGPT 4.0. We elected to use ChatGPT 3.5 for comparison in this study, given it is freely accessible.
Differences assessed by this study may be attributable to the subtle nuances between the two versions of the
LLM. Assessment for the accuracy of LLM outputs is a time-consuming process to review each output, and
it remains difficult to objectively determine accuracy other than relying on the clinical judgment of the
study team. Future studies should seek to develop methodologies or tools that can more objectively
determine medical accuracy on a broader scale. This difficulty further contributed to limiting the scope of
the study, as the study team prioritized critical evaluation of each individual output rather than reviewing
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more LLM outputs spanning more plastic surgery procedures. This focus on a singular topic within plastic
surgery may not be representative of either LLM’s overall working knowledge or capabilities in other topic
areas within plastic surgery. Future work will aim to develop an efficient methodology for analyzing a
higher volume of LLM outputs so that more individual queries can be readily analyzed and subsequent
studies can include a wider range of procedures and topics within plastic surgery. While a distinct session
was created to limit the effect of learning from the NLPs, it would be interesting to assess what impact
repeated use of the same NLP may have on the fidelity of Al-generated outputs used in a clinical scenario.

In summary, this study represents the first attempt to classify the effectiveness of Doximity GPT at
producing medically sound, readable responses for a commonly performed plastic surgery procedure. This
initial work highlights the promise of RLHF as a mechanism to establish a plastic surgery-focused Al
platform that can help augment the patient experience and assist surgical practices with their clinical
workflow'.

An initial assessment of the medical accuracy and linguistic readability of healthcare-specific AI-generated
outputs demonstrated reasonable responses to common patient questions following breast augmentation.
Future studies can aim to develop quantifiable methodologies for evaluating the clinical accuracy of AI-
generated information for a broader range of surgical procedures. This could inform surgeons across
different subspecialties within plastic surgery seeking to incorporate LLMs into their clinical practice and
may serve as a useful tool for plastic surgery patients in the 21st century.
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