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Objective: To examine the quality of information provided by ar-
tificial intelligence platforms ChatGPT-4 and Claude 2 surround-
ing the management of vestibular schwannomas.
Study design: Cross-sectional.
Setting: Skull base surgeons were involved from different centers
and countries.
Intervention: Thirty-six questions regarding vestibular schwannoma
management were tested. Artificial intelligence responses were subse-
quently evaluated by 19 lateral skull base surgeons using the Quality
Assessment ofMedical Artificial Intelligence (QAMAI) questionnaire,
assessing “Accuracy,” “Clarity,” “Relevance,” “Completeness,”
“Sources,” and “Usefulness.”
Main Outcome Measure: The scores of the answers from both
chatbots were collected and analyzed using the Student t test. Analysis
of responses grouped by stakeholders was performed with McNemar
test. Stuart-Maxwell test was used to compare reading level among
chatbots. Intraclass correlation coefficient was calculated.
Results: ChatGPT-4 demonstrated significantly improved quality
over Claude 2 in 14 of 36 (38.9%) questions, whereas higher-quality
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scores for Claude 2 were only observed in 2 (5.6%) answers.
Chatbots exhibited variation across the dimensions of “Accuracy,”
“Clarity,” “Completeness,” “Relevance,” and “Usefulness,” with
ChatGPT-4 demonstrating a statistically significant superior perfor-
mance. However, no statistically significant difference was found in
the assessment of “Sources.” Additionally, ChatGPT-4 provided in-
formation at a significant lower reading grade level.
Conclusions: Artificial intelligence platforms failed to consis-
tently provide accurate information surrounding the management
of vestibular schwannoma, although ChatGPT-4 achieved significantly
higher scores in most analyzed parameters. These findings dem-
onstrate the potential for significant misinformation for patients
seeking information through these platforms.
Key Words: Acoustic neuroma—AI—Artificial intelligence—
Chatbots—ChatGPT—Claude—GPT—QAMAI—Vestibular
schwannomas—VS.
Otol Neurotol 46:432–436, 2025.
The work of Drs. Polesel and Giudici is partially supported by the
Italian Ministry of Health–Ricerca Corrente (no grant number available).

The authors disclose no conflicts of interest.
Supplemental digital content is available in the text.
DOI: 10.1097/MAO.0000000000004410

zed reproduction of this article is prohibited.

mailto:sia.egidio@gmail.com
http://https://orcid.org/0000-0003-0343-9070
http://https://orcid.org/0000-0002-4635-7959


CHATGPT-4 IN MANAGING VESTIBULAR SCHWANNOMAS 433
INTRODUCTION

Artificial intelligence (AI) is transforming healthcare.
Large Language Models (LLMs) constitute a category of AI
that is engineered to process and generate text that emulates
human language based on patterns and information learned
from vast amounts of data. Autoregressive language models
work by generating text one word or character at a time, con-
sidering the precedingwords to predict the next one. This pro-
cess is similar to how humans construct sentences (1). Chat
Generative Pre-trained Transformer (ChatGPT, version 4)
and Claude 2 have emerged as sophisticated models within
the realm of natural language processing (2,3). Developed
through state-of-the-art deep learning methodologies, they
have undergone thorough training across diverse and expan-
sive datasets, empowering them to generate responses in con-
versations with users that try to emulate human language (4).
In the medical field, although numerous papers analyze

the capabilities of ChatGPT to provide answers and to as-
sist physicians in the diagnostic and therapeutic processes,
there is limited evidence on the use of Claude 2, which has
the ability to handle around 75,000 words per prompt—12
times the standard amount offered by ChatGPT-4. The
Claude 2 platform represents a newer AI with most recent
data availability compared to ChatGPT: Claude 2 has been
trained on data up to early 2023, whereas GPT's knowledge
cutoff is September 2021. ChatGPT has displayed proficiency
in a range of specialized fields, such as obesity, stereotactic ra-
diosurgery, child healthcare, dermatology, radiology, and oph-
thalmology (5–10). Furthermore, it demonstrates notable
capabilities in assisting with decision-making in medical
treatment and diagnosis (11–13). Although AI may not always
show a sufficient accuracy in providing medical answers, it still
holds promising potential to evolve into a valuable tool for
both patients and healthcare professionals and therefore
needs evaluation. Furthermore, it must be considered that
the implementation of ChatGPT in medical care raises con-
cerns regarding privacy, legal, and ethical issues (14–21).
Application of these AI platforms to the study of vestib-

ular schwannoma has received little attention to date. Ves-
tibular schwannomas are rare tumors arising from the ves-
tibular nerve that can lead to symptoms like hearing loss,
tinnitus, dizziness, imbalance, facial numbness, and head-
aches. They represent a complex pathology with many
points that are still debated among experts, such as choice
of different managements strategies (observation, surgical
resection, and radiotherapy), function preservation (hear-
ing, balance, facial nerve), and quality of life. Notably, in
the context of a diseasewheremany patients receivemultiple
recommendations on the most appropriate course of treat-
ment, patients oftentimes seek information online. With AI
technology becoming ubiquitously available, patients are ex-
pected to implement this technology when attempting to
learn about their vestibular schwannoma and its treatment.
For these reasons, the central objective of this paper was to
examine the quality of information provided by ChatGPT-4
and Claude 2 surrounding various aspects of management
in vestibular schwannomas. Specifically, questions of vary-
ing difficulty levels were analyzed, simulating potential
Copyright © 2025 Otology & Neurotology, Inc. Un
questions that may be asked by patients, general physicians,
and ENT surgeons.

MATERIALS AND METHODS

Questions and Answers Generation
A team of three researchers (P.B.R., D.B., E.S.) developed

a collection of 36 questions (Supplemental Digital Content
1, http://links.lww.com/MAO/C35) spanning different facets
ofVSmanagement. The questionswere allwritten inAmerican
English, reviewed by the research team, and adjusted for any
inaccuracies or ambiguities until unanimous agreement was
achieved, with particular attention to the fluency and clarity
of the language used. All raters were experts in the field
and fluent in English. Questions were equally divided into
three groups, representing various research possibilities tai-
lored to stakeholders with diverse expertise levels, thereby
encompassing a range of complexities and specificities.
The first group included questions that could be posed by
patients. The second group consisted of questions suitable
for individuals with medical knowledge but not specialized
expertise in skull base surgery, such as general practitioners
and other healthcare professionals. The last group addressed
more in-depth questions that could be raised by surgeons
with experience of managing vestibular schwannomas,
reflecting higher complexity. The questions were directed
to both ChatGPT-4 and Claude 2, and the answers were sub-
sequently collected. Specifically, the questions in the first
group were prompt engineered with the instruction, “Please
provide patient education material in response to the follow-
ing question, ensuring it is accessible at a fifth-grade reading
level.” Then, a second request was made after the initial an-
swer was given, using the phrase: “Please provide biblio-
graphic references toyour sources.” For each question posed,
a fresh chat instance was generated to ensure that the re-
sponses remained uninfluenced by previous answers.

Evaluation
Twenty skull base surgeonswere involved from different cen-

ters and countries to reflect variations in international practice.
Theywere asked to evaluate the answers according to theQuality
Assessment of Medical Artificial Intelligence (QAMAI) tool, in
order to define the quality information provided by AIs (22).
Thus, all answers generated by ChatGPT-4 and Claude 2 were
evaluated by each expert for six parameters (“Accuracy,” “Clar-
ity,” “Relevance,” “Completeness,” “Sources,” “Usefulness”),
and a score ranging from 1 (Strongly Disagree) to 5 (Strongly
Agree) was assigned for each parameter.

Additionally, answers belonging to the first group were
assessed using the Flesch Kincaid Calculator to ascertain
if the AIs adhered to the request to answer at a fifth-grade
reading level (23).

The execution of this study did not require the approval
of an ethics committee as it did not involve patients or ani-
mals. The study was conducted in accordancewith the Hel-
sinki Declaration principles.

Statistical Analysis
Experts' evaluations were reported overall and by each pa-

rameter, grouping scores into three levels: strongly disagree
Otology & Neurotology, Vol. 46, No. 4, 2025
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TABLE 1. Overall evaluation (mean value) of ChatGPT-4 and
Claude 2

Parameter ChatGPT-4 Claude 2 Student t Test

Accuracy 129.5 118.4 p < 0.001
Clarity 145.5 137.4 p = 0.007
Relevance 132.7 127.2 p = 0.048
Completeness 119.1 108.5 p = 0.001
Sources 99.5 100.3 p = 0.847
Usefulness 124.7 118.3 p = 0.042
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and disagree, neutral, agree and strongly agree. Differences
between ChatGPT-4 and Claude 2 were evaluated through
the McNemar test (a statistical test for dependent classifica-
tion factors or paired proportions). For each expert, an over-
all score was further calculated summing up the rates over
the 36 questions; overall score was summarized as mean
values, and differences between chatbots were compared
through Student t tests. Inter-rater reliability was analyzed
using intraclass correlation coefficient (ICC) considering
the score as an ordinal variable. ICC estimates and their
95% confidence intervals were calculated based on individual-
surgeon rating, absolute-agreement, two-way random-
effects model (24). An ICC below 0.50 was considered
to indicate poor; >0.50 and ≤0.75, moderate; >0.75 and
≤0.90, good; and >0.90, excellent correlations. Heatmap cor-
relation matrix was used to visualize the strength of relation-
ships between the six parameters. The Stuart-Maxwell mar-
ginal homogeneity test was used to compare ChatGPT-4
versus Claude 2 according to the Flesch Kincaid Calculator
evaluation of answers. We used R version 4.2.3 (R Core
Team 2023) and the following R packages: Likert (version
1.3.5), irr (version 0.84.1), and DescTools (version 0.99.54).
All statistical tests were two-sided, and p < 0.05 were consid-
ered statistically significant.

RESULTS

Out of the 20 skull base surgeons contacted, 18 agreed to
participate, whereas 1 more expert was recommended by a
FIG. 1. Overall rating of ChatGPT-4 and Claude 2.
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surgeon already involved. Finally, a total of 19 skull base
surgeons participated in the study, evaluating all the an-
swers according to the QAMAI questionnaire. Initial com-
parisons between the two chatbots were made for each
question by considering the sum of the scores collected
for each parameter. Sixteen out of 36 questions showed sig-
nificantly different scores between ChatGPT-4 and Claude
2: specifically, ChatGPT-4 showed higher scores for 14 an-
swers (38.9%), whereas for 2 answers (5.6%), higher scores
were observed in Claude 2 (Supplemental Digital Content 2,
http://links.lww.com/MAO/C35).

A further comparison among chatbots was conducted by
analyzing scores across different parameters, as shown in
Table 1. Significantly higher scores in “Accuracy,” “Clarity,”
“Relevance” (bordering significance), “Completeness,” and
“Utility” were observed for ChatGPT-4, whereas the param-
eter “Sources” did not show a statistically significant differ-
ence between the two AIs.

ChatGPT-4 also exhibited a statistically significant higher
rate of agreement/strong agreement than Claude 2 (Fig. 1).
“Sources” was the only parameter that did not reach statisti-
cal significance between the two chatbots (p = 0.300).
Agreement of experts with the answers by ChatGPT-4
ranged from 46 to 77% and from 35 to 69% for Claude 2.

A more detailed analysis was conducted, grouping the an-
swers by stakeholders (Table 2). The answers generated by
ChatGPT-4 and Claude 2 on questions belonging to the pa-
tients group and non-ENT group did not differ in all the con-
sidered parameters, although ChatGPT-4 showed a nonsig-
nificant superiority on overall evaluation. On the contrary,
within the ENT surgeon/resident group, ChatGPT-4 was sig-
nificantly superior to Claude 2 for all considered parameters
(60.9% versus 46.5%; p < 0.001), except for the parameter
“Sources” (difference among chatbots of 0.4%; p = 1.000).

Inter-rater reliability, i.e., the agreement among the 19 ex-
perts, was good for most of the parameters for both chatbots,
as measured as the interclass correlation coefficient (Table 3).
zed reproduction of this article is prohibited.
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TABLE 2. Percentage of raters reporting agreement/strong agreement (score 4–5) according to stakeholders and parameters

Overall

Parameter

Stakeholders Accuracy Clarity Relevance Completeness Sources Usefulness

Patient
ChatGPT-4 40.8% 44.7% 66.7% 51.3% 25.0% 21.1% 36.0%
Claude 2 38.2% 36.8% 60.5% 46.1% 25.4% 24.1% 36.0%
McNemar test p = 0.099 p = 0.060 p = 0.201 p = 0.201 p = 1.000 p = 0.476 p = 1.000

General practitioner/non-ENT surgeon
ChatGPT-4 60.6% 65.1% 82.7% 66.9% 55.0% 32.1% 62.0%
Claude 2 57.8% 58.0% 81.0% 65.9% 45.7% 35.6% 60.6%
McNemar test p = 0.055 p = 0.077 p = 0.626 p = 0.894 p = 0.018 p = 0.403 p = 0.804

ENT resident/surgeon
ChatGPT-4 60.9% 67.1% 81.6% 71.1% 57.5% 26.8% 61.4%
Claude 2 46.5% 49.1% 64.9% 57.5% 34.6% 27.2% 45.6%
McNemar test p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p = 1.000 p < 0.001
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Only the parameters “Clarity” for ChatGPT-4 and “Sources”
for Claude 2 had moderate reliability (ICC < 0.70).
Finally, the reading level of the answers generated by

ChatGPT and Claude 2 for the patient group was analyzed
with the Flesch Kincaid readability calculator (Table 4). In
general, ChatGPT-4 presented lower complexity than Claude
2 (p = 0.023), requiring an easy-fairly easy English in 75.0%
of cases compared to 16.7% for Claude 2. Moreover, the av-
erage words per sentence were lower for ChatGPT-4 (mean:
9.6 words, SD = 1.8) than for Claude 2 (mean: 11.8 words,
SD = 2.3; p = 0.002).
The heatmap correlation matrix to visualize the strength of

relationships between the six parameters is included as Sup-
plemental Digital Content 3, http://links.lww.com/MAO/C35.

DISCUSSION

This study focused on assessing the quality of responses
provided by ChatGPT-4 and Claude 2 regarding the manage-
ment of vestibular schwannomas. The results revealed a sig-
nificant disparity in information quality, with ChatGPT-4
outperforming Claude 2 in 39% of the questions while
underperforming in only 6%, and demonstrating statistically
superior performance across the dimensions of “Accuracy,”
“Clarity,” “Completeness,” “Relevance,” and “Usefulness”.
Answers generated by ChatGPT-4 showed higher levels of
agreement among experts, especially when answering
questions from the ENT resident/skull base surgeon per-
spective. Additionally, patient-oriented answers generated
by ChatGPT-4 employed simpler and more easily under-
standable language. Despite the overall higher quality of
ChatGPT-4's answers, citing appropriate sources represents
a significant limitation for both chatbots.
TABLE 3. Inter-rater reliability (intraclass coefficients)

Parameter

Intraclass Correlation Coefficient (95% CI)

ChatGPT-4 Claude 2

Accuracy 0.75 (0.62–0.86) 0.87 (0.80–0.93)
Clarity 0.69 (0.53–0.82) 0.78 (0.65–0.88)
Relevance 0.76 (0.63–0.86) 0.83 (0.73–0.90)
Completeness 0.83 (0.74–0.90) 0.86 (0.79–0.92)
Sources 0.83 (0.72–0.90) 0.67 (0.49–0.81)
Utility 0.75 (0.59–0.85) 0.86 (0.77–0.92)

Copyright © 2025 Otology & Neurotology, Inc. Un
Even though AI is a relatively new technology, evidence
of improvement of intelligent chatbots in the medical fields
with newer software versions is already reported (11–13,25). In
the United States, ChatGPT-3.5's performance was equivalent
to that of a third-year medical student, whereas ChatGPT-4
demonstrated its reliability in clinical reasoning and medical
knowledge in non-English languages by passing the Japanese
Medical Licensing Examination (26,27).

In general, our data demonstrated that ChatGPT-4 showed
a higher capacity in answering questions related to the man-
agement of VS than Claude 2. Given the lower rate of agree-
ment, it could have been expected that Claude 2 would have
produced more neutral responses than disagreeing ones;
however, scores given from the experts showed a higher
grade of disagreement for the answer generated from Claude
2. Moreover, it is interesting to note that the agreement of
chatbots varied according to the complexity of the posed
questions. As the complexity of the questions increased,
ChatGPT-4 performed better in agreement than Claude 2.
Finally, it is noteworthy that a few responses generated by
AI show significant disagreement among authors, which
could potentially lead to substandard patient care or even
patient harm.

Given the increasing use of AI, the analysis of the quality
of the answers generated by the two chatbots in the first
group reflects the quality of information that patients could
access through AI, which may impacts on the relationship
between doctors and patients (28). Although both platforms
provided answers that would likely be interpretable by the
average patient, ChatGPT-4 responded with answers that
were easier to comprehend while Claude 2 wrote with a
higher reading grade. Generally speaking, in our experience,
the Claude 2 user interface carried an advantage over
ChatGPT. For instance, to obtain the list of references, a
TABLE 4. Flesch Kincaid Calculator evaluation of question
and answers by ChatGPT-4 versus Claude 2

Reading—Grade Level Questions ChatGPT-4 Claude 2

Very easy 0 (0.0%) 0 (0.0%) 0 (0.0%)
Easy–fairly easy 2 (16.7%) 9 (75.0%) 2 (16.7%)
Plain English 5 (41.7%) 1 (8.3%) 7 (58.3%)
Fairly difficult or higher 5 (41.7%) 2 (16.7%) 3 (25.0%)

Stuart-Maxwell test: p = 0.023

Otology & Neurotology, Vol. 46, No. 4, 2025
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plugin was necessary for ChatGPT-4 (which is not available
for the free version, ChatGPT-3.5), whereas Claude 2 was
able to provide references without any plugins. Interestingly,
both platforms struggled to provide accurate references for
the answers they provided. Hyperlinks within references
were often nonfunctional—a finding commonly experienced
in Claude 2. Similarly, references provided often included
references for NF2-related schwannomatosis, which would
be irrelevant to most users.
A further possible consequence of the use of AIs in every-

day life could consist in influencing the questionnaires used
for the evaluation of quality of life (QOL). Lately, particular
attention is being paid to satisfaction/regret regarding the diag-
nosis and the therapeutic choice: according to this, a specific
domain has been introduced in the Mayo Clinic VSQOL
(29,30). Similarly, it is generally acknowledged in the litera-
ture that apprehension about the correct therapeutic choice
and expectations regarding outcomes impact the quality of life
of patients with vestibular schwannoma (31,32). In light of
this, the easy accessibility to AI for medical information could
have an impact on QOL evaluation; thus, it is important to as-
sess appropriateness of AIs for adequate counseling (33).
This study is limited to the current state of AI, which will

continue to evolve. Furthermore, this study considered ques-
tions on a rare tumor, which can have impacted the capability
of both chatbots in finding appropriate scientific evidence
and in formulating answers.
In conclusion, ChatGPT-4 achieved significantly higher

scores in most of the analyzed items, but citing appropriate
sources represented a significant limitation for both
ChatGPT-4 and Claude 2. Answers given by the chatbots pre-
sented good reliability, although both software did not seem to
be able to replace the role of expert clinicians in the manage-
ment of VS.
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