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Summary: Objectives. The development of artificial intelligence-powered language models, such as Chatbot
Generative Pre-trained Transformer (ChatGPT) or Large Language Model Meta Al (Llama), is emerging in
medicine. Patients and practitioners have full access to chatbots that may provide medical information. The aim
of this study was to explore the performance and accuracy of ChatGPT and Llama in treatment decision-
making for bilateral vocal fold paralysis (BVFP).

Methods. Data of 20 clinical cases, treated between 2018 and 2023, were retrospectively collected from four
tertiary laryngology centers in Europe. The cases were defined as the most common or most challenging sce-
narios regarding BVFP treatment. The treatment proposals were discussed in their local multidisciplinary teams
(MDT). Each case was presented to ChatGPT-4.0 and Llama Chat-2.0, and potential treatment strategies were
requested. The Artificial Intelligence Performance Instrument (AIPI) treatment subscore was used to compare
both Chatbots’ performances to MDT treatment proposal.

Results. Most common etiology of BVFP was thyroid surgery. A form of partial arytenoidectomy with or
without posterior transverse cordotomy was the MDT proposal for most cases. The accuracy of both Chatbots
was very low regarding their treatment proposals, with a maximum AIPI treatment score in 5% of the cases. In
most cases even harmful assertions were made, including the suggestion of vocal fold medialisation to treat
patients with stridor and dyspnea. ChatGPT-4.0 performed significantly better in suggesting the correct
treatment as part of the treatment proposal (50%) compared to Llama Chat-2.0 (15%).

Conclusion. ChatGPT and Llama are judged as inaccurate in proposing correct treatment for BVFP.
ChatGPT significantly outperformed Llama. Treatment decision-making for a complex condition such as BVFP
is clearly beyond the Chatbot’s knowledge expertise. This study highlights the complexity and heterogeneity of
BVFP treatment, and the need for further guidelines dedicated to the management of BVFP.
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INTRODUCTION AND OBJECTIVE
Since the introduction of ChatGPT (Chatbot Generative Pre-
trained Transformer) to the public in November 2022 by
Open Al (San Francisco) large language models (LLM)
powered by artificial intelligence (Al) algorithms are changing
the way patients and healthcare professionals access and
analyze medical information. Chatbots can respond to
simple-to-complicated questions and they have the potential
to support clinical decision-making utilizing the rapid access
to information for both patients and healthcare professionals
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that is continuously updated.’ There might be enhanced ac-
curacy as well as chatbots analyze relevant data at once.”

ChatGPT is currently one of the most popular con-
versational chatbots with more than 175 billion para-
meters in the freely accessible GPT-3.5 version. Llama
(Large Language Model Meta Al) is a small but powerful
open-source LLM, launched by Meta (Meta Al, San
Francisco). The Llama 2.0 model was trained on 2 trillion
tokens (part of a text). Both are auto-regressive common-
domain LLM that are pretrained on web-scale natural
language by predicting the next token, and then fine-tuned
to follow large-scale human instructions. Common-do-
main models were not trained to capture the medical-
domain knowledge specifically or in detail, resulting in
models that often provide incorrect medical responses.”
The learning approach for both Llama and ChatGPT is
unsupervised, meaning they do not rely on human-labeled
data to learn. They train on extensive text data sourced
from the internet or other resources, creating new text
based on recognized patterns. Llama is based on a wide
spectrum of texts, from scientific articles to news stories,
while ChatGPT’s training primarily comprises internet
text like web pages and social media content. This sug-
gests Llama might be a better fit for generating specialized
language, such as in the medical field, whereas ChatGPT
may perform better in creating informal or conversational
language.
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Bilateral vocal fold paralysis (BVFP) is a complete im-
mobility of both vocal folds caused by damage or dys-
function of both recurrent laryngeal or vagus nerves. It
often results in inspiratory dyspnea, due to the paramedian
position of the vocal folds and the narrowing of the airway
at the glottic level. It is a rare disease with an approximate
incidence of 0.95 cases per 100,000 persons.” The most
frequent etiology in adults is neurogenic injury with re-
sultant bilateral recurrent laryngeal nerve paralysis caused
by iatrogenic injury, cancer or neurological disease. The
management of acquired BVFP in adults remains con-
troversial and often unsatisfactory as most current surgical
approaches, including both reversible and irreversible
techniques, lead to a compromise between voice, airway,
and swallowing.”® Tt is important to distinguish between
mechanical restriction of cricoarytenoid joint mobility
causing immobility of the bilateral vocal folds, and true
paralysis following neurogenic injury.

Two recent systematic reviews on the management of
BVFP have shown significant heterogeneity among studies
and a lack of large cohort-controlled randomized studies.”*
To date only one large multicenter registry is known in
Germany and Austria, showing highly variable treatment
decisions for BVFP.® This limits the ability to draw reliable
conclusions about the superiority of one technique over
others in terms of surgical, voice and respiratory outcomes,
complications, and revision surgery. Given the complexity
of clinical decision-making in BVFP, Al Chatbots could
assist physicians in making informed decisions and improve
the overall quality and efficiency of health care.’

The objective of the present study was to explore the
potential and accuracy of ChatGPT 4.0 and Llama Chat
2.0, in treatment decision-making for BVFP, which may be
considered as a complicated laryngological condition.

METHODS

Setting and patients

Twenty recent retrospective cases, treated for BVFP be-
tween 2018 and 2023, from four different expert lar-
yngology centers in Europe (Charing Cross Hospital,
Imperial Health College, London, United Kingdom,;
Helsinki University Central Hospital, Helsinki, Finland;
Foch Hospital, Paris Saclay University, Paris, France;
CHU Saint Pierre, Brussels, Belgium) were anonymously
included. The main authors defined the cases as either the
most common or the most challenging scenarios of long-
term BVFP treatment. Patients suffered with neurogenic
BVFP affecting breathing for at least 8 months. The
treatment proposals for all cases were discussed in their
local multidisciplinary teams (MDT). At least two senior
laryngologists and a speech and language pathologist at-
tended the MDT in all four centers, and scope videos were
presented as well to illustrate the cases being discussed. The
(surgical) management of each case was registered as
“Human expert treatment proposal,” and the outcome
after treatment was also registered for each case. The

retrospective use of anonymized patient data for this study
has been approved or exempted by the local Institutional
Board Review (IRB). Helsinki University Hospital Head
and Neck Centre IRB number is 45/HUS/53/2023,
University Hospital of Brussels (CHU Saint-Pierre) IRB
number is CHU-SP-B0762023230708 and NHS Research
Ethics Committee provided proof of exemption for the
London cases.

Chatbot interrogation and performance assessment
The data of the 20 cases with complete information in-
cluding past medical history, symptoms, comorbidities, and
clinical examinations were presented to ChatGPT and
Llama through standardized sentences. The information on
clinical examination in these standardized sentences in-
cluded a narrative description of scope videos that were
presented during the MDT. Both Chatbots were system-
atically interrogated for primary and secondary (alter-
native) medical or surgical management proposals, with
descriptive open-ended questions, based on the data pro-
vided.
An example of one of the standardized sentences is:

“I have a 59 year old male patient with the following history:
Thyroid cancer treated with total thyroidectomy. Nowadays,
the symptoms are: dyspnoea during minimal exercise. And
the clinical examination shows: Bilateral vocal fold paralysis
in adducted position, minimal glottic opening, ante-
romedially prolapsed right arytenoid cartilage. 1 have 2
questions for you: 1) What is the primary medical or surgical
management that you propose. 2) What is the secondary
(alternative) medical or surgical management that you
propose?”

Each clinical case was presented to ChatGPT and Llama,
and potential treatment strategies were requested, with
each answer being collected. To ensure consistency, all
questions were entered into ChatGPT by one researcher
(JL) and into Llama Chat by another researcher (ED). The
same input was used for both Chatbots, and unconditional
prompts (new chats) were used for each question to mini-
mize bias. Appendices A and B in Supplementary
Information show the input that was used for both Chat-
bots. ChatGPT version 4.0 was used on an automatic set-
ting. Llama Chat version 2.0 70b was used on an automatic
setting with the standard system prompt: “you are a helpful
assistant and incorporate any applicable medical guide-
lines.”

The descriptions of the treatment proposals of both
Chatbots were compared with the Human expert proposal.
An exact match was determined when the Chatbot pro-
posal included all the MDT recommendations, but may
have included extra, and potentially harmful, procedures as
part of their treatment proposal that were not considered in
the Human expert proposal. The treatment subscore of the
Artificial Intelligence Performance Instrument (AIPI) was
used to assess both Chatbots’ performance, compared to
Human expert treatment proposal.'’ AIPI is a validated
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TABLE 1.

Artificial Intelligence Performance Instrument (AIPI)

Treatment Score'’

0 No adequate therapeutic approach

1 An association of pertinent, necessary, and inadequate therapeutic
findings

2 All pertinent but incomplete therapeutic findings

3 All pertinent and necessary therapeutic findings

instrument assessing the accuracy and performance of
chatbot in the management of real clinical cases. A max-
imum score of 3 relates to good clinical performance, a
score of 0 relates to inadequate clinical performance
(Table 1). The AIPI treatment score was calculated for each
case and each Chatbots’ response by one researcher (ED)
and was based on the Human expert treatment proposal.
As the Chatbots were asked for their primary and sec-
ondary medical or surgical management proposals, and the
Human expert treatment proposal only showed the final
MDT outcome, the order of treatment proposals suggested
by the Chatbots were not taken into account during cal-
culation of AIPI treatment score and scoring for exact
match on treatment proposal.

Statistical analysis

Statistical analyses were performed through Prism
Graphpad 10.1.0. Chi-square test was used to analyze dif-
ferences between exact matches on treatment proposals by
Chatbots and Human proposals. To quantify agreement
between respectively ChatGPT 4.0 and Llama Chat 2.0
with Human expert treatment proposal, Cohen’s kappa
was calculated. Spearman correlation analysis was used to
test correlation between ChatGPT 4.0 and Llama Chat 2.0
AIPI treatment scores. A 2-sided P < 0.05 was considered
statistically significant.

RESULTS

The clinical characteristics of the 20 cases with long-
standing BVFP recruited from the international expert
laryngology centers were reported in Table 2. Among them,
7, 8, and 5 cases were recruited from London, Helsinki,
Paris or Brussels, respectively. The complete findings in-
cluding narrative context provided by the Chatbots and
AIPI scores are available in Appendices A and B in
Supplementary Information. The mean age of patients was
64 (SD 14) years. There were 11 males and 9 females. Most
common etiology of BVFP was thyroid surgery. A form of
partial arytenoidectomy with or without posterior trans-
verse cordotomy or supraglottoplasty was the Human ex-
pert treatment proposal for most cases.

The results showed a majority of inadequate treatment
proposals by both Chatbots for the treatment of real BVFP
cases, including vocal fold injection medialisation, ar-
ytenoid adduction, type 1 thyroplasty, acupuncture, tra-
cheoesophageal puncture, cricoarytenoid joint fixation and
cricopharyngeal myotomy. However, for many cases both

Chatbots provided at least the suggestion of a tracheotomy
as management for BVFP, which was not the choice of
treatment by the Human experts in all cases, but is deemed
a valid treatment option for BVFP. However, tracheotomy
was also suggested as primary treatment by Llama in cases
that already were tracheostomised. ChatGPT was con-
sistent in suggesting a nonspecified form of ar-
ytenoidectomy, the main Human treatment proposal, in all
20 cases, whereas Llama suggested this form of manage-
ment in only four cases. Only in the nonsurgically managed
case (case 3) both Chatbots provided the correct treatment
proposal without any inadequate suggestions.

ChatGPT significantly performed better in mentioning
the exact Human proposed treatment as part of their
treatment proposal than Llama (chi-square test,
P < 0.0001, Figure 1). ChatGPT mentioned the correct
form of treatment as based on the Human expert treatment
proposal in 50% (n = 10) of the cases (cases 2, 3, 4; cases 7,
8, 9; cases 16, 17, 18; and case 20). Llama proposed the
correct form of treatment in 15% (n = 3) of the cases (cases
3, 8, and 18). The AIPI treatment score for each case and
each Chatbots’ response are shown in Figure 2. Mean AIPI
treatment score for ChatGPT was 1.1 (SD 0.45), and 0.85
(SD 0.67) for Llama. Cohen’s kappa showed a slight
agreement for both ChatGPT (0.110, SE 0.026) and Llama
(0.124, SE 0.031) versus Human expert treatment proposal.
Spearman’s correlation between ChatGPT and Llama
AIPI treatment outcomes was 0.47 (95% CI 0.022-0.76).

DISCUSSION
The results support that the tested Al Chatbots, ChatGPT
and Llama, are inadequate in proposing the correct treat-
ment for a complex condition such as BVFP. Chat-GPT
was already being used for clinical decision making and
interesting results have been reported for common otolar-
yngological conditions.'”'”"” In this work, we have tested
the use of two commonly used Chatbots, Chat-GPT and
Llama, for a complex otolaryngological condition. The
accuracy of overall treatment proposals by both Chatbots
is very low, with an AIPI treatment score of 3 in only 5% of
the cases. In most cases, even harmful assertions (halluci-
nations'') were made, including the suggestion of vocal
fold medialization techniques to treat patients with BVFP
with stridor and dyspnea, and surgical treatment to un-
related anatomical area’s (such as cricopharyngeus
myotomy). Of the two Chatbots, ChatGPT significantly
performed better than Llama in suggesting the correct
treatment as part of the treatment proposal in 50% of the
cases, versus 15% of the cases. Other studies conducted in
otolaryngology practice showed a better accuracy rate of
ChatGPT regarding treatment options.'’”'*'” A recent
clinical study with general otolaryngology practice cases,
including two cases of unilateral and BVFP, showed that
treatments proposed by ChatGPT were judged as pertinent
in 22% of the cases.'” The level of difficulty of the clinical
cases was not predictive for the performance of ChatGPT.
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FIGURE 1. Exact match treatment mentioned in management
proposal by ChatGPT 4.0 and Llama 2.0. Chi-square test 19.216
with 1 degree of freedom, 2-tailed P value <0.0001.
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FIGURE 2. AIPI treatment scores of ChatGPT 4.0 and Llama
Chat 2.0. AIPI treatment score'’: (0) No adequate therapeutic
approach, (1) An association of pertinent, necessary, and in-
adequate therapeutic findings, (2) All pertinent but incomplete
therapeutic findings, (3) All pertinent and necessary therapeutic
findings. AIPI, Artificial Intelligence Performance Instrument.

Another recent study, on accuracy of ChatGPT in head
and neck oncological board decisions, showed an adequate
judgment on therapeutic management in even 65% of cases,
using the AIPI score.'” However, in this study ChatGPT
had some difficulties with proposing adequate therapeutic
options for complicated laryngeal cancer cases. The find-
ings of these studies and our present study suggest that the
performance of ChatGPT is very unpredictable and varies
widely from one clinical case to another, likely based on the
complexity of the case and the fact that BVFP is rare in
comparison to other more common otorhinolaryngologic
practice cases.

The primary limitation of the present study is the low
number of clinical cases. Also, in this study, only one
subscore of the AIPI was used, which was not validated for
use on its own.'’ The results of the present study suggest
that treatment decision-making for BVFP is beyond the
Chatbot’s knowledge and expertise. Their knowledge is

trained on information available on the Internet, and two
recent systematic reviews on management of BVFP have
shown significant heterogeneity among studies, highly
variable forms of treatment, and a lack of standardized
treatment protocols.”* Based on the available literature, no
reliable conclusions can be drawn about the superiority of
one technique over others in terms of surgical, voice and
respiratory outcomes, complications, and revision surgery.
As the condition is rare, and surgical treatment is highly
dependent on the experience and skills of the surgeon, and
available equipment, it is very difficult to design a rando-
mized study to answer these questions. The lack of guide-
lines dedicated to the management of BVFP is a shortfall in
literature, and this study highlights the complexity and
heterogeneity of BVFP management. Guidelines may also
improve the body of evidence used to assess the perfor-
mance and accuracy of the chatbots. There is a need for
expert consensus on treatment approach for BVFP. The
primary strength of this study were the comparison of
ChatGPT and Llama and the inclusion of real clinical
cases. To the best of our knowledge, there is no study as-
sessing the accuracy of Llama in otolaryngology. More-
over, to date, only few studies included real clinical
cases.'”'* '* As our study shows that the performance of
Llama is even worse than ChatGPT in terms of accuracy of
treatment proposal for a complex condition as BVFP, there
would be a need for more clinical studies comparing the
accuracy of multiple chatbots in clinical decision making.

In the present study, the two most used Chatbots,
ChatGPT and Llama, were evaluated. However, these are
not specifically designed for the medical domain, although
in practice they might be counseled by doctors and patients
for medical advice. Glass Al (San Francisco), and in-
dependent start-up, combines LLMs with clinical guide-
lines created and peer-reviewed by an academic physician
team employed by Glass Al, to create differential diagnosis
and evidence-based clinical plan outputs.'” It also collects
user data to continually enhance the underlying LLM:s,
which might cause ethical issues with professional health-
care users entering confidential patient details without
permission. The platform was picked up early across social
media platforms, particularly on X (formerly Twitter),
garnering significant interest from physicians, nurses, and
medical trainees, and has signed up more than 59,000 users.
Google is developing and testing Med-PaLM, a LLM de-
signed to provide high-quality answers to medical ques-
tions. It is not accessible for the wide public yet, but was
recently published in Nature, showing their Al system to be
the first to surpass the pass mark on US Medical License
Exam (USMLE) style questions.'® However, several other
Al healthcare startups, including Babylon Health (which
was supported by the UK National Health Service) and
Cass, have faced scrutiny for assertions regarding the su-
perior capabilities of their Al systems and the potential
dissemination of harmful advice.'’

All healthcare professionals need to understand the
capabilities of advanced Al tools, although clinical



10

Journal of Voice, Vol. xx, No. xx, Xxxxx

judgment and human expertise cannot be replaced by a
chatbot. As shown in the present study, chatbots can
provide harmful assertions (hallucinations) about areas
beyond the Chatbot’s knowledge expertise or even fabric
sources, potentially causing medical malpractice.'’ Asses-
sing the safety and efficacy of these chatbots in answering
clinical questions is critical to determine their suitability in
facilitating complex decision-making.

CONCLUSION

The tested Al Chatbots, ChatGPT 4.0 and Llama 2.0, are
inadequate in proposing the appropriate treatment for
BVFP. Of the two Chatbots, ChatGPT significantly out-
performed Llama in proposing a correct form of treatment
for BVFP. Both chatbots mentioned many inadequate, and
even harmful forms of treatment alongside the correct one
for the same cases. Treatment decision-making for a com-
plex condition as BVFP is clearly beyond the Chatbot’s
knowledge expertise and the lack of guidelines dedicated to
the management of BVFP partly explains their difficulties
with suggesting the correct form of treatment for individual
real patient cases. There is a need for expert consensus on
treatment approach for BVFP. An international consensus
study using a Delphi method and focus groups has been
designed by our research group to develop a guideline
protocol regarding diagnosis, treatment options and pa-
tient selection for treatment of acquired BVFP in adults.
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