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Abstract

Objective: This study investigates the accuracy of large language models (LLMs) on magnetic resonance imaging (MRI) safety-related questions.

Methods: Three experienced radiologists independently prepared 20 multiple-choice questions based on the MRI safety guidelines published by the Turkish
Magnetic Resonance Society. An initial prompt was entered into 4 different LLMs (ChatGPT-3.5, ChatGPT-4, Gemini, and Perplexity) and then a total of 60
questions were asked. The answers received were compared with the answers assigned by the radiologists according to guidelines. The performance of each
model was obtained as accuracy.

Results: In 60 questions, the accuracy rates were 78.3% (47/60) for ChatGPT-3.5, 93.3% (56/60) for ChatGPT-4, 88.3% (53/60) for Gemini, and 86.7% (52/60)
for Perplexity. In addition, ChatGPT-3.5 answered 19/20, 13/20, and 15/20, ChatGPT-4 answered 18/20, 18/20, and 20/20, Gemini answered 19/20, 18/20, and
16/20, and Perplexity answered 20/20, 15/20, and 17/20 correctly to question groups prepared by 3 radiologists, respectively.

Conclusion: Large language models, particularly the most stable and highest performing ChatGPT-4, may be useful to patients and health-care professionals
in providing MRI safety-related information. They have the potential to assist in the future to protect health-care professionals and patients from MRI-related
accidents.
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INTRODUCTION

Large language models (LLMs) are a component of generative artificial intelligence (Al) that are trained with a lot of data and focus on the interac-
tion between humans and computer language.! Such models are developed through unsupervised training where they learn the structures, patterns,
and relationships of language by analyzing large amounts of textual data.> Training with a wide variety and size of data has significantly improved
their ability to better understand human language and generate human-like text. After OpenAl launched ChatGPT in November 2022, it became
very popular and reached millions of users quickly. Due to their high text analysis capabilities, their potential use in many fields of medicine is
being explored.’

Potential uses of LLMs in radiology include topics such as radiology report generation, report structuring, report simplification, and radiological
protocol determination.* In addition, studies testing the accuracy and reliability of LLMs’ knowledge of radiology-related topics and evaluating
their performance in creating patient educational materials have been published.’ Patil et al® analyzed the answers to 318 questions in neuroradiol-
ogy, general and physics, pediatric radiology, ultrasound, and nuclear medicine and compared the performance of ChatGPT and Bard. In this study,
the accuracy rate of ChatGPT was remarkable at 87.11%. Large language models are also promising for facilitating patients’ understanding of
complicated radiologic terminology and providing summary reports to patients. One study investigated the accuracy of LLMs in summarizing full
magnetic resonance imaging (MRI) reports of cancer patients and found satisfactory results.” However, as indicated in these studies, LLMs have
some important limitations and much larger studies are needed to demonstrate the reliability of their potential use.®’

Magnetic resonance imaging is a valuable technique in radiology due to its high soft tissue resolution and its absence of ionizing radiation, and its
use is increasing worldwide.® It generates an electromagnetic force 30-60 thousand times stronger than the magnetic field strength of the earth.’
This strong magnetic field can lead to fatal situations if safety rules are not followed.'° Therefore, patients and health-care professionals must have
adequate knowledge about MRI safety.
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In this study, we tested the accuracy and reliability of LLMs on MRI
safety to investigate their potential future usability by patients and
health-care professionals.

MATERIAL AND METHODS

In this study, 3 radiologists with 19, 14, and 8 years of radiology expe-
rience, respectively, independently prepared 20 multiple-choice ques-
tions (questions group 1, 2, and 3) related to MRI safety. All questions
were based on the MRI safety guidelines of the Turkish Magnetic
Resonance Society (TMRD) (https://tmrd.org.tr/uploads/files/tmrd-m
r-klavuzu.pdf). A total of 60 questions were created, and all ques-
tions were reviewed by another radiologist with 5 years of experience.
Four sample questions and their options are shown in Table 1. Since
no human or animal subjects were used, ethical approval or informed
consent was not required.

The initial prompt was then entered into ChatGPT-3.5 and 4 (https
://chat.openai.com/), Gemini, (https:/gemini.google.com/app), and
Perplexity (https://www.perplexity.ai/) chatbots. All questions were
entered into 4 different language models with default parameters in
March 2024. All questions and options are entered in English. Role-
modeling technique was used in prompting. The initial prompt entered
into the chatbots is as follows;

Initial Prompt

“As a highly experienced radiologist with 25 years of experience,
answer these questions about magnetic resonance imaging (MRI)
safety, there is only one correct answer.”

The results were then analyzed and compared with the correct answers
assigned by the radiologists according to guidelines. The flowchart of
our study is shown in Figure 1.

RESULTS

A total of 60 questions prepared by 3 radiologists were asked to 4 dif-
ferent LLMs. The accuracy rates were 78.3% (47/60) for ChatGPT 3.5,
93.3% (56/60) for ChatGPT-4, 88.3% (53/60) for Gemini, and 86.7%
(52/60) for Perplexity. In other words, ChatGPT-4 performed the best
compared to other LLM models, answering 56 out of 60 questions
correctly.

ChatGPT-3.5 answered 19/20, 13/20, 15/20, ChatGPT-4 18/20, 18/20,
20/20, Gemini 19/20, 18/20, 16/20, and Perplexity 20/20, 15/20, 17/20
correctly to 3 radiologists’ questions, respectively (Table 2).

The comparative graph of LLMs’ answers to radiologist question
groups is given in Figure 2.

MAIN POINTS

e In this study, we analyzed the responses of large language mod-
els (LLMs) to magnetic resonance imaging (MRI) safety-related
questions.

¢ ChatGPT-4 outperformed the other LLMs by answering 56 out of 60
multiple-choice questions correctly, with an accuracy of 93.3%.

e The accuracy rates of Gemini, Perplexity, and ChatGPT-3.5 are
88.3%, 86.7%, and 78.3%, respectively.

» Large language models can potentially assist patients and health-care
professionals in MRI safety, as in many domains of radiology.

Table 1. Four Sample Questions

1. Which of the following can cause strong gravitational or ejection
effects (missile or projectile effect) and related injuries?

a. Static magnetic field
b. Gradient magnetic field
Radiofrequency energy

°

2. In which MRI security zone is the MRI device located?

a. Zonel

b. Zone?2

c. Zone3

d. Zone 4

3. Which gas is discharged during the quench process in MRI?
a. Nitrogen

b. Hydrogen

c. Helium

d. Oxygen

4. Which of the implants and materials implanted in the human body is
not classified as active in terms of MRI safety?

Aneurysm clips

Pacemaker

Implantable cardioverter defibrillator
Neurostimulation system

Ao op

MRI, magnetic resonance imaging.

The correct and incorrect answers of 4 different LLMs to a total of 60
questions are visualized in Figure 3.

DISCUSSION

In this study, we investigated the accuracy of LLMs in MRI safety-
related questions. Three different radiologists independently prepared
a total of 60 questions based on the TMRD MRI safety guidelines.
ChatGPT-3.5 and 4, Gemini, and Perplexity chatbots were used with
default parameters. All questions were presented to LLMs with a role-
modeling initial prompt technique. The answers were compared to the
gold standard of correct answers. As a result, ChatGPT-4 showed the
highest performance with 93.3% accuracy, answering 56 out of 60
questions correctly. ChatGPT-3.5 gave the correct answer to 47 out of
60 questions and showed the lowest performance with 78.3% accu-
racy. Gemini and Perplexity performed competitively with 88.3% and
86.7%, respectively.

In the field of natural language processing, LLMs, which are con-
stantly making groundbreaking advances, are models for under-
standing, designing, reconstructing, and processing text.!! Since
November 2022, many companies have increasingly made continu-
ously updated LLMs available to the general public. Although LLMs
are trained for human-like speech, their perspective has broadened
as the application has developed. Aiming to maximize productivity
in health care and medical fields as in many industrial fields, these
LLMs promise potential areas of use in radiology, which is directly
affected by high technological developments. On the other hand,
many radiology-based studies testing the accuracy and reliability of
these LLMs, which have some concerns and limitations, have been
published.'>!3

Lee et al" investigated the accuracy of ChatGPT’s answers to
MRI-related questions.'* In this study, the authors asked 50 sim-
ple MRI-related questions and categorized the answers as correct,
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Prompt

As a highly experienced radiologist with 25
MRI Safety years of experience, answer these questions
Guideline about magnetic resonance imaging (MRI)
safety, there is only one correct answer.
Radiologist 1 1
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Figure 1. The flowchart of this study.

Table 2. Accuracy of Large Language Models

Accuracy (Questions Group 1) Accuracy (Questions Group 2) Accuracy (Questions Group 3) Accuracy (Total)
ChatGPT-3.5 95% (19/20) 65% (13/20) 75% (15/20) 78.3% (47/60)
ChatGPT-4 90% (18/20) 90% (18/20) 100% (20/20) 93.3% (56/60)
Gemini 95% (19/20) 90% (18/20) 80% (16/20) 88.3% (53/60)
Perplexity 100% (20/20) 75% (15/20) 85% (17/20) 86.7% (52/60)
Accuracy of LLMs for Each Questions Group
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Figure 2. Comparative graph of large language models’ answers to radiologist question groups.

partially correct, and incorrect. In addition, they asked 75 multiple-
choice questions on basic electromagnetism, MR magnets, gradi-
ents, radiofrequency and coils, and site planning, and the answers
were analyzed by independent researchers. As a result, ChatGPT
answered the 50 questions in the first step 86% and 88% correctly
according to the 2 observers, respectively. The 75 multiple-choice
questions in the second step were answered correctly between
40% and 66.7% depending on the topic. In our study, ChatGPT-3.5
answered 95%, 65%, and 75% correctly to the question groups pre-
pared by 3 radiologists based on MR safety guidelines, respectively.
ChatGPT-4 answered 90%, 90%, and 100% of the questions cor-
rectly, respectively. From this point of view, ChatGPT-4 is more
successful and shows a more balanced accuracy value than the
ChatGPT-3.5 version.
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Magnetic resonance imaging is one of the most important radiology
examinations without ionizing radiation and provides a high level of
anatomical detail and functional imaging."® It has strong static and
gradient magnetic fields and radiofrequency energy. The strong static
magnetic field causes a ferromagnetic effect and when used inappropri-
ately, metal materials in the patient’s body or the acquisition room can
cause fatal injuries.'® It also has the potential for many safety hazards,
including tissue burns, nerve stimulation, acoustic noise, hearing loss,
and contrast media complications.!” There are also some rules to be
considered for pregnant, children, and claustrophobic patients.'® For all
these reasons, radiologists, MRI technicians, and patients should have
detailed information to prevent fatal errors. At this point, LLMs can
benefit health-care professionals and patients regarding MRI safety in
the future. If they can be securely integrated into hospital systems in
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Correct and Incorrect Answers for Each Model (Total: 60 Questions)
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Figure 3. The correct and incorrect answers of 4 different large language
models to a total of 60 questions.

the future, an application can be created that can detect the presence
of any metal (e.g., pacemaker, aneurysm clip, orthopedic prosthesis)
in the patient’s body from the patient history and alert the technician.
Thus, some potential errors that may occur under a heavy workload can
be prevented. In addition, patients can access answers to their questions
about MRI safety in a simplified way through LLMs. According to the
results of our study, ChatGPT-4, which shows the highest performance
with 93.3% accuracy, is promising for this purpose. However, LLMs,
which have limitations such as timeliness problems, ethical concerns,
confidentiality, bias, and hallucination generation, need much wider
validation to be used in this field.'**

There are several limitations of our study. First, the number of questions
prepared was small. This is because the TMRD MRI safety guideline
was used. This guideline is summarized. Large language models can
be tested with a wider variety of questions than more comprehensive
guidelines in the literature. Second, the questions were only prepared
and entered into the LLMs in English. In the future, the performance
of LLMs in different languages could be compared. Third, it should be
noted that ChatGPT-4 is a paid LLM, and this may create limitations in
its widespread use. Finally, the questions had a multiple-choice format
with only 1 correct answer. In future larger studies, open-ended ques-
tions could be asked, and the answers provided by the LLMs could be
analyzed by experienced radiologists.

In conclusion, although MRI is generally safe, it is a modality that
can cause accidents with fatal consequences if several safety rules are
not followed. Large language models can potentially provide infor-
mation and decision support to radiologists, technicians, and patients
on MRI safety, as in many areas of radiology. Furthermore, given the
widespread use of LLMs in the community, they have the potential to
increase the general population’s level of knowledge about MRI safety.
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