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A retrospective evaluation of the potential of ChatGPT in the accurate
diagnosis of acute stroke

Beyza Nur Kuzan'

Ismail Mese? PURPOSE

Servan Ya§ar3 Stroke is a neurological emergency requiring rapid, accurate diagnosis to prevent severe conse-
quences. Early diagnosis is crucial for reducing morbidity and mortality. Artificial intelligence (Al)
diagnosis support tools, such as Chat Generative Pre-trained Transformer (ChatGPT), offer rapid
diagnostic advantages. This study assesses ChatGPT’s accuracy in interpreting diffusion-weighted
TKartal Dr. Lutfi Kirdar City Hospital, Clinic of imaging (DWI) for acute stroke diagnosis.

Radiology, istanbul, Tiirkiye

Taha Yusuf Kuzan3

2(Jskiidar State Hospital, Clinic of Radiology, Istanbul, METHODS
Turkiye A retrospective analysis was conducted to identify the presence of stroke using DWI and apparent

diffusion coefficient (ADC) map images. Patients aged >18 years who exhibited diffusion restriction
and had a clinically explainable condition were included in the study. Patients with artifacts that
affected image homogeneity, accuracy, and clarity, as well as those who had undergone previous
surgery or had a history of stroke, were excluded from the study. ChatGPT was asked four consec-
utive questions regarding the identification of the magnetic resonance imaging (MRI) sequence,
the demonstration of diffusion restriction on the ADC map after sequence recognition, and the
identification of hemispheres and specific lobes. Each question was repeated 10 times to ensure
consistency. Senior radiologists subsequently verified the accuracy of ChatGPT's responses, classi-
fying them as either correct or incorrect. We assumed a response to be incorrect if it was partially
correct or suggested multiple answers. These responses were systematically recorded. We also re-
corded non-responses from ChatGPT-4V when it failed to provide an answer to a query. We as-
sessed ChatGPT-4V's performance by calculating the number and percentage of correct responses,
incorrect responses, and non-responses across all images and questions, a metric known as “accura-
cy!” ChatGPT-4V was considered successful if it answered >80% of the examples correctly.

3Sancaktepe Sehit Prof. Dr. ilhan Varank Training
and Research Hospital, Clinic of Radiology, istanbul,
Turkiye

RESULTS

A total of 530 diffusion MR, of which 266 were stroke images and 264 were normal, were evalu-
ated in the study. For the initial query identifying MRI sequence type, ChatGPT-4V's accuracy was
88.3% for stroke and 90.1% for normal images. For detecting diffusion restriction, ChatGPT-4V had
an accuracy of 79.5% for stroke images, with a 15% false positive rate for normal images. Regarding
identifying the brain or cerebellar hemisphere involved, ChatGPT-4V correctly identified the hemi-
sphere in 26.2% of stroke images. For identifying the specific brain lobe or cerebellar area affected,
ChatGPT-4V had a 20.4% accuracy for stroke images. The diagnostic sensitivity of ChatGPT-4V in
acute stroke was found to be 79.57%, with a specificity of 84.87%, a positive predictive value of
83.86%, a negative predictive value of 80.80%, and a diagnostic odds ratio of 21.86.

CONCLUSION

Despite limitations, ChatGPT shows potential as a supportive tool for healthcare professionals in
Corresponding author: Beyza Nur Kuzan interpreting diffusion examinations in stroke cases, where timely diagnosis is critical.
E-mail: drbeyzauzun@hotmail.com

CLINICAL SIGNIFICANCE

ChatGPT can play an important role in various aspects of stroke cases, such as risk assessment, early
diagnosis, and treatment planning.
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rtificial intelligence (Al) is a set of ap-
Aplications that can be used in almost

any field to support human power
and decision-making processes. Within Al,
there are several subcategories, including
deep learning, machine learning (ML), and
generative Al, with the latter gaining signif-
icant popularity recently. The historical pro-
gression of Al, specifically generative and
multimodal Al, can be traced back to the
early 20™ century with the development of
the Markov chain model in 1906, which laid
the foundation for probabilistic methods in
Al Significant advancements occurred in
the mid-20™ century with the rise of natu-
ral language processing and ML, leading to
early chatbots, such as ELIZA, in the 1960s.?
Notable milestones include the Turing test
in 1950, which set a benchmark for machine
intelligence, and the creation of rule-based
chatbots in the 1960s and 1970s." The inte-
gration of deep learning in the early 2000s
led to the development of large language
models (LLMs), such as OpenAl’s Chat Gen-
erative Pre-trained Transformer (ChatGPT)
and Google’s Bard, which utilize transformer
neural network architectures. These sophisti-
cated conversational agents are advanced Al
systems trained on extensive datasets. These
models predict the next word in a sentence,
enabling them to generate coherent and
contextually relevant text based on the input
they receive.’

The field of radiology is undergoing a
significant transformation with the intro-
duction of Al. This transformation includes
Al-powered tools and plug-ins that can an-
alyze large multi-view datasets, identifying
patterns that are not easily detected by the
human eye. Al algorithms can also assist ra-
diologists by automating routine tasks.*
These innovations have led to improved
image quality, reductions in scan times, and
the development of predictive analytics for
patient outcomes. Another critical aspect of
this Al-driven transformation is the ability to
personalize patient care.®

* Chat Generative Pre-trained Transformer
(ChatGPT ) is a tool that can potentially as-
sist healthcare professionals in diagnosing
diseases.

* Although ChatGPT offers rapid and com-
prehensive responses, as well as convenient
accessibility, it also has certain drawbacks,
including sometimes inconsistent outputs
and the necessity for supervision.

* The findings of this study indicate that,
despite its current limitations, ChatGPT
demonstrated a 79.5% success rate in deter-
mining diffusion restriction in stroke cases.

The role of Al becomes even more critical
in situations where the timing of diagnosis af-
fects morbidity and mortality, such as stroke
cases. Rapid imaging is crucial in stroke cas-
es because timely intervention can signifi-
cantly reduce the risk of long-term disability
and improve patient outcomes.® Al creates
a diagnostic advantage in these emergency
cases due to its easy accessibility and rapid
decision-making features.’” It offers a promis-
ing solution to bridge the gap, particularly in
cases where the limited availability of radiol-
ogists presents a significant challenge.?

In November 2023, OpenAl unveiled a
groundbreaking update to ChatGPT with the
introduction of its Generative Pre-trained
Transformer 4, enhanced with vision capabil-
ities, known as GPT-4V.>'° This update trans-
forms ChatGPT from merely a tool for textual
analysis into a versatile assistant capable of
handling a wide range of tasks that require
an understanding of both language and vi-
sual data. In arecent article by Kim et al.”’, the
authors used ChatGPT-4V to interpret radiol-
ogy examinations, despite it scoring lower
than the students. In another article by Deng
et al.’?, it was found to have limited accuracy
and precision, inconsistent performance, and
a tendency to “hallucinate”. Despite these
reports, the use of ChatGPT-4V in radiology,
especially in stroke imaging, remains largely
unexplored. Because of its rapid interpreta-
tion and practical accessibility, the use of
ChatGPT in the diagnosis of stroke should
be investigated in large case series. Clinical
application and dissemination of ChatGPT
by verifying its diagnostic performance and
suitability for stroke diagnosis will develop
this field.

In this study, we aim to evaluate the di-
agnostic accuracy and effectiveness of inter-
preting diffusion-weighted imaging (DWI)
using ChatGPT in the diagnosis of acute
stroke. Our method involves a structured
approach to posing specific questions of
varying difficulty, each designed to address
different aspects of image interpretation in
stroke imaging, from identifying the mag-
netic resonance imaging (MRI) sequence to
pinpointing the specific location and lobe of
the acute infarct.

Methods

Patient selection

This study was conducted in accordance
with ethical standards and was approved
by the Institutional Review Board of San-
caktepe Sehit Prof. Dr. ilhan Varank Tran-
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ing and Research Hospital (approval num-
ber: 33/14.02.2024). The requirement for
informed written consent was waived due to
the retrospective nature of the study.

A retrospective analysis was conducted
on DWI and apparent diffusion coefficient
(ADC) maps acquired between January 2022
and January 2024 using the institutional Pic-
ture Archiving and Communication System
(Simplex PACS, Ankara, Tlirkiye). The patients
presenting with acute stroke symptoms
(weakness in the half of the body, difficulty in
understanding and speaking, facial asymme-
try, diplopia, and vision loss) were evaluated
in the emergency unit, and those in which
stroke was considered in the preliminary di-
agnosis were imaged with diffusion MRI. In
patients whose symptoms regressed during
24-hour observation, the diagnosis of tran-
sient ischemic attack (TIA) was considered,
and these patients were not included in the
study. The inclusion criteria were adults aged
>18 years who had diffusion restriction and
explained the clinical condition. Exclusion
criteria were the presence of image artifacts
that could affect the interpretation of the
scans, previous history of stroke or neuro-
surgical intervention, pediatric patients aged
<18 years, or lacunar infarcts <1 cm; patients
diagnosed with TIA were excluded for the
clarity, reliability, and homogeneity of the
analyzed data. Images of patients without
diffusion restriction and stroke symptoms
in diffusion-weighted examinations were in-
cluded in the study as normal images. In the
study, 530 images, 266 stroke images, and
264 normal images were evaluated.

Radiologist assessment

All images were obtained using two iden-
tical 1.5T MRI (GE Healthcare SIGNA™) de-
vices of the same model. DWI and ADC map
images of patients meeting the inclusion cri-
teria were evaluated independently by two
radiologists with 8 and 9 years of experience
in this field. The assessments were conducted
by consensus, with both radiologists collabo-
rating to determine the presence or absence
of diffusion restriction. This consensus-based
approach was performed to provide a re-
liable reference for ChatGPT evaluations.
The imaging parameters were standardized
across all scans according to the MRI proto-
col, including a b value of 0-1,000 s/mm?, TR/
TE of 5,000/60 ms, a slice thickness of 5 mm,
and a matrix size of 128 x 128. A total of 530
images were included in the study, compris-
ing 264 images from patients with normal
DWI and ADC findings and 266 images from
patients diagnosed with acute stroke based
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on DWI scans, exhibiting diffusion restriction
in the DWI and ADC sequences (Figure 1).

ChatGPT-4V assessment of
sion-weighted imaging scans

diffu-

The selection criteria for MRI slices focused
on those exhibiting the most representative
areas of diffusion restriction. Random slices
were selected if no diffusion restriction was
present, prioritizing those with the highest
probability of infarction, particularly in the
middle cerebral artery region. High-quality
images were chosen to ensure clarity in inter-
pretation. The images used for input were in
JPEG format, with a file size of approximate-
ly 500 kB each and a resolution of 512 x 512
pixels.

ChatGPT-4V was utilized to interpret the
DWI scans. ChatGPT-4V can be influenced by
file names or any hinted answers placed as
textin the image, as it seems to draw context
from them when generating responses.'
Therefore, before starting, all information was
deleted from the text and the image names
were standardized, starting sequentially (Fig-
ure 2). DWI images were anonymized before
being uploaded to the ChatGPT platform for
interpretation using standardized prompts.
The questions were asked for each scan,
and prompts were in English, a language in
which the language model demonstrated
high comprehension capacity.”® The four
specific questions posed to ChatGPT-4V
were carefully chosen to evaluate its ability
to interpret DWI scans accurately (Figure 3).
First, ChatGPT-4V was asked to identify the
type of MRI sequence to ensure it correctly
understood the image’s context. Once the
sequence type was identified, an additional
ADC map was provided to check for diffusion
restrictions. The last two questions tested
ChatGPT-4V’s ability to discern detailed an-
atomical structures and spatial orientation
within the brain, which are crucial for precise
medical interpretation.

Each question was asked 10 times for
every image to ensure consistency in re-
sponses. Although a larger number of iter-
ations could provide more comprehensive
insights, it was impractical within the scope
of the study. The session was restarted after
each set of questions to ensure that ChatGPT
was not influenced by prior interactions. The
accuracy of ChatGPT’s responses was subse-
quently verified by senior radiologists in a
binary manner: either correct or incorrect. If
aresponse was partially correct or suggested
multiple answers, it was assumed to be incor-
rect. These responses were systematically re-

corded. If ChatGPT-4V did not provide an an-
swer to a query, this non-response was also
recorded. The performance of ChatGPT-4V
was assessed using the number and percent-
age of correct responses, incorrect respons-
es, and non-responses across all images and
questions, referred to as “accuracy” (Figures
4-7). Due to consistency concerns, ChatGPT
4V was deemed successful only if it answered
>80% of the examples correctly and was al-
lowed to move on to the next question. If

this threshold was not met, subsequent
questions would not be asked, ensuring that
only complete and accurate analyses were
recorded. The success rate was calculated by
dividing the number of correct answers by
the total number of answers given.

Statistical analysis

The primary outcome measure was the
accuracy and success rate of ChatGPT's re-

1082 images

(Between January 2022- January 2024)

552 excluded (no DWI, no ADC, image artifacts,
history of previous strokes or neurosurgical

interventions, pediatric cases, conventional MR
examinations with no stroke symptoms )

530 images

* Brain diffusion weighted imaging (DWTI)
within 24 hours after symptom onset

Image Review

l

l

‘ 266 stroke images ‘

‘ 264 normal images ‘

l

ChatGPT analysis
(Questions 1-4)

Figure 1. Flowchart of the study population and process. ChatGPT, Chat Generative Pre-trained Transformer.

. You

Could you help me identify the MRI sequence type used in this image?

@ ChatGPT

The MRI sequence used in the image you provided is a Diffusion-Weighted Imaging (DWI) sequence.

You can identify it as such because of the bright appearance in the central part of the brain, which is

typical in DWI when there's restricted diffusion of water molecules, often indicative of acute ischemic

stroke or other similar conditions. Additionally, the information in the left upper corner of the image

includes "DIFFUZYON" which confirms that it is indeed a diffusion-weighted sequence.

Figure 2. ChatGPT-4V can be influenced by filenames and image text as clues in interpretation. ChatGPT,

Chat Generative Pre-trained Transformer.

ChatGPT in acute stroke diagnosis « 1 89



Figure 3. Diagram of question texts and diffusion images asked to ChatGPT. ChatGPT, Chat Generative Pre-

&

QUESTION 1 Could you help me identify the MRI sequence type used in this image?

I have now uploaded an Apparent Diffusion Coefficient map
QUESTION 2 corresponding to the same scan. Could you analyze this image to assess
if there is any evidence of diffusion restriction?

\ 4

After analyzing the ADC map, can you now help identify which
QUESTION 3 hemisphere of the brain or the cerebellum is involved based on the
images I've uploaded?

4

Now that we've identified the hemisphere or the cerebellum involved,
QUESTION 4 could you help determine the specific lobe of the brain or region of
the cerebellum.

trained Transformer.

sponses. The true positive (N,) and true
negative (N,) are the number of patients
correctly diagnosed as acute stroke and nor-
mal, respectively. In addition, normal cases
wrongly diagnosed as stroke and incorrectly
diagnosed stroke cases are assigned as (N,,)
and (N,,), respectively. The sensitivity, spec-
ificity, positive predictive value, negative
predictive value, and accuracy of ChatGPT in
the diagnosis of acute stroke were calculat-
ed.The SPSS 23.0 (IBM Inc., Armonk, NY, USA)
software package was used for statistical
analysis.

Results

In this retrospective study, the perfor-
mance of ChatGPT-4V in interpreting DWI
scans and ADC maps for a total of 530 im-
ages, including 266 stroke images and 264
normal images, was evaluated with various
parameters. The results are divided into re-
sponses to four specific questions aimed
at analyzing the capability of ChatGPT-4V
in identifying critical aspects of DWI scans.
Correct interpretations, incorrect interpre-
tations, no responses, and success rates are
shown inTable 1.

For the first question regarding the identi-
fication of the MRI sequence type, ChatGPT-
4V accurately identified the MRI sequence
in 235 images, resulting in an 88.3% suc-
cess rate in the group of 266 stroke images.
Overall, out of 2,660 interpretations, 2,098

Table 1. Performance analysis of ChatGPT-4V in interpreting diffusion-weighted imaging scans and apparent diffusion coefficient maps for
stroke diagnosis

Group

Correct interpretations

Incorrect interpretations

No response Success rate*

Question 1: Identification of the magnetic resonance imaging sequence type

Stroke

(n =266)

Normal images

Images 78.9% (2,098/2,660)

(n = 264) 81.4% (2,148/2,640)
(T: t_a IS';?,?ges 79.7% (4,246/5,300)
Question 2: Identification of diffusion restriction

ok yages 68.3% (1,605/2350)
[\:loin;g;mages 80.2% (1,909/2,380)
Total images

(n=473) 74.4% (3,514/4,730)

Question 3: The hemisphere of the brain or cerebellum involved

Stroke

(n=187)

images 32.4% (605/1,870)

Question 4: The specific lobe of the brain or region of the cerebellum affected

Stroke

(n=49)

images 35.19% (172/490)

11.4% (305/2,660)

9.2% (244/2,640)

10.4% (549/5,300)

14.6% (343/2,350)

13.5% (320/2,380)

14.0% (663/4,730)

53.5% (1,002/1,870)

52.0% (255/490)

9.7% (257/2,660) 88.3%
9.4% (248/2,640) 90.1%
9.5% (505/5,300) 89.2%
17.1% (402/2,350) 79.6%
6.3% (151/2,380) 84.9%
11.7% (553/4,730) 82.2%
14.1% (263/1,870) 26.2%

12.9% (63/490) 20.4%

*, achieved by attaining =80% correct interpretations in responded queries for each case; ChatGPT, Chat Generative Pre-trained Transformer.
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were correct (78.9%), 257 did not receive
a response (9.7%), and 305 were incorrect
(11.4%). Similarly, in the group of 264 images
with normal DWI findings, ChatGPT-4V suc-
cessfully identified the sequence in 238 im-
ages (90.1%). Out of 2,640 interpretations for
this group, 2,148 were correct (81.4%), 248
received no response (9.4%), and 244 were
incorrect (9.2%).

. You

In the second question concerning
the identification of diffusion restriction,
ChatGPT-4V successfully identified diffu-
sion restriction in 187 out of 235 stroke im-
ages, indicating a 79.5% success rate for
this subgroup. Out of 2,350 interpretations,
1,605 were correct (68.3%), 402 received no
response (17.1%), and 343 were incorrect
(14.6%). Conversely, ChatGPT-4V incorrect-

I have now uploaded an Apparent Diffusion Coefficient map corresponding to the same scan.
Could you analyze this image to assess if there is any evidence of diffusion restriction?

@ ChatGPT

The image you've provided is an Apparent Diffusion Coefficient (ADC) map, which is commonly used in
conjunction with DWI1 (Diffusion Weighted Imaging) sequences. In ADC maps, areas of restricted

diffusion typically appear darker. This contrast is because ADC maps guantify the diffusion of water

molecules: lower ADC values (darker areas) indicate reduced water molecule mobility, which is often

asscciated with pathological conditions such as acute ischemic stroke.

From the image, it appears there are darker regions within the brain, suggesting possible areas of
restricted diffusion. This could indicate an acute ischemic event or other types of brain pathology where

diffusion is impaired. However, a definitive interpretation and diagnosis should involve a comprehensive

a evaluation by a medical professional, taking into account clinical findings and other diagnostic tests.

o You

| have now uploaded an Apparent Diffusion Coefficient map corresponding to the same scan
Could you analyze this image to assess if there is any evidence of diffusion restriction?

@ ChatGPT

This Apparent Diffusion Coefficient (ADC) map corresponds to the previously discussed Diffusion

Weighted Imaging (DWI) scans. On ADC maps, areas without restricted diffusion typically appear

normal or bright, indicating the normal mobility of water molecules within the brain tissue.

In this ADC map, there appears to be no significant dark areas, which suggests that there is no evidence

of restricted diffusion in the brain. This would imply that there are no acute ischemic changes or other
pathologies that significantly impair the diffusion of water molecules in the areas visible in this scan.

This interpretation must be confirmed with clinical correlation and comprehensive analysis to rule out

b any pathology not immediately evident on the ADC map.

Figure 4. ChatGPT's interpretations (a, b) in apparent diffusion coefficient images without diffusion
restriction for acute stroke. ChatGPT, Chat Generative Pre-trained Transformer.

ly identified diffusion restriction in 36 out
of 238 normal images (15.1%), with 1,909
correct interpretations (indicating no diffu-
sion restriction, 80.2%), 151 non-responses
(6.3%), and 320 incorrect interpretations
(13.5%).

For the third question, regarding the
hemisphere of the brain or cerebellum in-
volved, ChatGPT-4V correctly identified the
involved hemisphere in 49 out of 187 stroke
images (26.2%). Out of 1,870 interpretations,
605 were correct (32.4%), 263 did not receive
aresponse (14.1%), and 1,002 were incorrect
(53.5%).

In the final question about the specific
lobe of the brain or region of the cerebellum
affected, ChatGPT-4V accurately identified
the affected region in 10 out of 49 stroke
images (20.4%). Out of 490 interpretations,
172 were correct (35.1%), 63 received no
response (12.9%), and 255 were incorrect
(52.0%). Further analysis revealed that
ChatGPT-4V'’s interpretations were most suc-
cessful for the frontal lobe (33.3%, 3 out of 9)
and parietal lobe (30.0%, 3 out of 10), where-
as its success rates for the temporal and oc-
cipital lobes were lower, at 15.0% (3 out of
20) and 10.0% (1 out of 10), respectively.

The diagnostic performance results ob-
tained by comparing the images of stroke
and normal with ChatGPT are shown in Table
2. Accordingly, 187 true positive interpreta-
tions and 48 false negative interpretations
were made on the diffusion images of 235
stroke images. A total of 202 true negative
interpretations and 38 false positive interpre-
tations were made on the diffusion images
of 238 normal images. Accordingly, the diag-
nostic sensitivity of ChatGPT was calculated
as 79.57%, specificity as 84.87%, positive pre-
dictive value as 83.86%, negative predictive
value as 80.80%, and diagnostic odds ratio as
21.86.

Discussion

The pivotal aspect of this study is the
evaluation of ChatGPT-4V’s ability to inter-
pret DWI scans and ADC maps for stroke
diagnosis. Our investigation reveals that
Al, specifically advanced language models
with enhanced vision capabilities, can con-
tribute to the analysis of medical imaging in
stroke imaging. The detailed analysis showed
ChatGPT-4V’s success in identifying MRI se-
quence types and assessing the presence of
diffusion restriction, illustrating its utility in
basic diagnostic tasks.

ChatGPT in acute stroke diagnosis ¢ 1 91



. You
| have now uploaded an Apparent Diffusion Coefficient map corresponding to the same scan.
Could you analyze this image to assess if there is any evidence of diffusion restriction?

& ChatGPT

In this Apparent Diffusion Coefficient (ADC) map, areas of restricted diffusion typically appear darker
due to the lower ADC values indicating impeded water molecule movement. From your image, there do
not seem to be prominent dark areas, which suggests no significant evidence of restricted diffusionin
the brain regions shown.

This means there might not be any acute ischemic changes or similar pathologies that significantty
restrict water molecule diffusion in these areas of the brain. However, a complete and accurate
assessment would require a detailed analysis involving a professional radiologist and correlation with
clinical findings.

@ You

| have now uploaded an Apparent Diffusion Coefficient map corresponding to the same scan.
Could you analyze this image to assess if there is any evidence of diffusion restriction?
@& ChatGPT
This Apparent Diffusion Coefficient (ADC) map corresponds to the previously discussed Diffusion
Weighted Imaging (DWI1) scan. On an ADC map, areas of restricted diffusion typically appear darker
compared to surrounding brain tissue because lower ADC values indicate decreased water molecule
movement, which is common in acute ischemic strokes and other similar pathologies.

In this image, there is a noticeable dark area in the left frontal region, confirming the evidence of
diffusion restriction suggested by the bright area in the DWI scan. This dark appearance in the ADC
map supports the diagnosis of restricted diffusion, likely indicating an acute ischemic event or similar

patholegy in that region of the brain.

This finding should be interpreted alongside clinical symptoms and possibly further diagnostic testing

to provide a comprehensive evaluation and appropriate management of the condition

Figure 5. ChatGPT's incorrect (a) and correct (b) interpretation of diffusion restriction in acute stroke images.
ChatGPT, Chat Generative Pre-trained Transformer.
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ChatGPT and other general-purpose LLMs
are usually designed to include inherent ran-
domness, which means that their outputs
can vary across multiple runs with the same
prompt. This feature can enhance user en-
gagement by generating more diverse and
dynamic conversations. However, it under-
mines the precision of GPT-4V when inter-
preting medical images.

The potential applications of LLMs, such
as ChatGPT, in radiology are inspiring."
While they can indeed assist radiologists in
interpreting images and providing initial as-
sessments, it is crucial to remember that they
are not infallible.* As with any tool, it has its
limitations and can sometimes provide in-
correct interpretations. The study by Akinci
D’Antonoli et al.”® likely highlights both the
benefits and the challenges of using LLMs in
radiology. Although ChatGPT can give false
interpretations, it tends to assist experts
and give confidence in speeding up certain
tasks.”

The potential clinical effects of incorpo-
rating ChatGPT-4V into radiological practice
could be transformative. In settings where
radiologists are scarce or imaging interpre-
tation needs to be expedited, ChatGPT-4V
could serve as a support tool. This could be
particularly impactful in stroke care, where
prompt diagnosis is essential.

Although there are existing studies on
ChatGPT's role in stroke care, such as “Stroke
care in the ChatGPT era: potential use in early
symptom recognition” by Lam and Au'® and
“exploring the use of ChatGPT in predicting
anterior circulation stroke functional out-
comes after mechanical thrombectomy: a
pilot study” by Pedro et al.””, our study is pi-
oneering in evaluating ChatGPT-4V’s compe-
tence in interpreting stroke images directly.
This lack of precedent underscores the nov-
elty and potential significance of our findings
in the context of Al-assisted diagnostics.

Inthe Chen et al.’® study of large vessel oc-
clusion cases, ChatGPT agreed with the phy-
sician’s decision to perform thrombectomy
in 54.3% of cases. ChatGPT had mathemat-
ical, logical, and misinterpretation errors in
8.8% of cases. Despite the mistakes, ChatGPT
could make nuanced clinical judgments and
perform multilevel reasoning.’® Conversely,
the article by Saenger et al.” highlighted the
diagnostic delay and error caused by misin-
terpretation from ChatGPT. The patient, who
had consulted ChatGPT about his symp-

Kuzan et al.



You
After analyzing the ADC map, can you now help identify which hemisphere of the brain or the
cerebellum is involved based on the images I've uploaded?

© ChatGPT
In the MRl images you've uploaded, the abnormalities are located in the right hemisphere of the brain.
This is evident from the brighter areas in the diffusion-weighted imaging (OWI) scan and the
corresponding darker areas on the apparent diffusion coefficient (ADC) map. These imaging features

suggest restricted diffusion often associated with conditions like acute ischemic strokes.
a

o You

Could you help determine the specific lobe of the brain or region of the cerebellum that is
affected based on the uploaded MRl images?

© ChatGPT
To determine the specific lobe of the brain affected by the abnormalities shown in your MRl images, we

can analyze the regions where changes are visible in both the diffusion-weighted imaging (DWI) and the

apparent diffusion coefficient (ADC) maps.
Based on the images:

+ Location: The abnormalities are primarily seen in the right hemisphere.

« Affected Areas: The bright areas on the DWI and the corresponding dark areas on the ADC map
are primarily located arcund the right frontal and parietal lobes.

« Possible Involvement: The involvement seems to be at the cortical level, predominantly affecting
the gray matter regions of these lobes.

These areas typically suggest a restriction in diffusion, which could be due to acute ischemic changes
or other pathologies like tumors or abscesses affecting those parts of the brain. Given the typical
appearance and location, it is likely an ischemic event, but clinical correlation and further imaging (like a

b

perfusion study or follow-up MRIs) would be crucial for a more definitive diagnosis.

Figure 6. ChatGPT's correct interpretations (a, b) about the location of diffusion restriction in acute stroke
images. ChatGPT, Chat Generative Pre-trained Transformer.

Table 2. Diagnostic performance of diffusion restriction test in stroke and normal patients

toms, had made an underestimation and did
not apply to a healthcare institution. As the
symptoms progressed, the patient was ad-
mitted to the hospital and diagnosed with
a TIA. The author reported that this resulted
in a serious treatment delay and a potentially
life-threatening situation. It was emphasized
that with the widespread use of Al, attention
should be drawn to such risks, and the final
say in the medical decision-making process
should belong to healthcare professionals.™

Notably, ChatGPT-4V demonstrated a
higher success rate in interpreting abnormal-
ities in the frontal and parietal lobes com-
pared with the temporal and occipital lobes.
This variation in success may be attributed
to the distinctiveness of imaging features or
the complexity of the regions involved, sug-
gesting areas for further model training and
improvement.

One challenge highlighted by our study is
the inconsistent interpretation capabilities of
ChatGPT-4V. While showing promise in cer-
tain analytical tasks, its performance varied,
suggesting that although Al can augment
radiological assessments, it currently cannot
replace the nuanced judgment of human ex-
perts.

The study also draws attention to the lack
of transparency in how ChatGPT-4V arrives
at its conclusions, a common limitation in Al
technologies known as the “black box” issue.
This lack of insight into the decision-making
process can be a significant barrier to clinical
adoption, as understanding the rationale be-
hind diagnostic recommendations is crucial
for trust and reliability.

Despite its diagnostic advantages,
ChatGPT is not yet a method that can be used
independently in time-sensitive situations,
such as stroke. The most appropriate use of
ChatGPT is as a diagnostic support algorithm
under the supervision of a radiologist. If
healthcare practitioners utilize ChatGPT, the
results must be verified by the radiologist for
complete and accurate interpretation.

TP N FP FN Sensitivity Specificity PPV NPV Accuracy
Number 187/235 202/238 187/223 202/250 389/473
Percentage 187 202 36 48 79.57% 84.87% 83.86% 80.80% 82.24%
95% ClI 73.85%-84.54% 79.68%-89.18% 79.24%-87.60%  76.48%-84.49%  78.49%-85.58%

TP, true positive; TN, true negative; FP, false positive; FN, false negative; PPV, positive predictive value; NPV, negative predictive value; Cl, confidence interval.
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. You

I have now uploaded an Apparent Diffusion Coafficient map corresponding to the same scan

Could you analyze this image to assess if there is any evidence of diffusion restriction?

I have now uploaded an Apparent Diffusion Coefficient map corresponding to the same scan.

To assess if there is evidence of diffusion restriction, I'll analyze the provided ADC map

Could you analyze this image to assess if there is any evidence of diffusion restriction? @ ChatGPT
@ ChatGPT
Upon analyzing the ADC map:
Identification of Diffusion Restriction: In the ADC map, areas of diffusion restriction typically appear
darker
Analysis:
* The ADC map shows an area of lower signal intensity (darker region) in the left temporal lobe. Anslysts

* This suggests diffusion restriction in the left temporal region

Therefore, there is significant evidence of diffusion restriction in the left temporal lobe visible in this

ADC map

values appear darker and

on or high cellularity

* In the ADC map you provided, there do not appear to be significant regions of hypointensity

dark are.

that would indicate restricted diffy

n. This suggests that there is no evidence of

diffusion restriction in the brain regions shown in this image.

s of interest or additional sequences that could aid in a more detailed

I have now uploaded an Apparent Diffusion Coefficient map corresponding to the same scan.
Could you analyze this image to assess if there is any evidence of diffusion restriction?

& ChatGPT

| apologize for any inconvenience. | am not gualified to provide a definitive interpretation of medica

c images. Please consult a radiologist for an expert evaluation and diagnosis.

Figure 7. ChatGPT's correct (a) and incorrect (b) interpretation and non-response (c) about diffusion restriction in acute stroke images. ChatGPT, Chat Generative

Pre-trained Transformer.

The limitations of our study include its ret-
rospective design, the potential for selection
bias in the images used, and the reliance on
a single Al tool for analysis. The evaluation of
ChatGPT'’s performance by a single radiolo-
gist presents certain limitations, particularly
given the potential for ChatGPT to provide
partial or multiple answers. Additionally, not
including lacunar infarcts in the study due to
diagnostic difficulties may have limited the
number of patients. These factors may affect
the generalizability of our findings. Future

studies should aim to expand the dataset,
include prospective analyses, and compare
the performance of ChatGPT-4V with other
Al models and diagnostic tools. Investigating
the integration of Al tools into clinical work-
flows and their impact on patient outcomes
would also be valuable.

In conclusion, despite the current limita-
tions, ChatGPT is a tool with the potential to
assist the radiologist in stroke cases where
diagnosis timing is very important.
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