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A B S T R A C T

Large language models (LLM) have been promising recently in the medical field, with numerous applications in 
clinical neuroscience. OpenAI’s launch of Generative Pre-trained Transformer 3.5 (GPT-3.5) in November 2022 
and its successor, Generative Pre-trained Transformer 4 (GPT 4) in March 2023 have garnered widespread 
attention and debate surrounding natural language processing (NLP) and LLM advancements. Transformer 
models are trained on natural language datasets to predict and generate sequences of characters. Using internal 
weights from training, they produce tokens that align with their understanding of the initial input. This paper 
delves into ChatGPT’s potential as a learning tool in neurosurgery while contextualizing its abilities for passing 
medical licensing exams and neurosurgery written boards. Additionally, possibilities for creating personalized 
case presentations and study material are discussed alongside ChatGPT’s capacity to optimize the research 
workflow and perform a concise literature review. However, such tools need to be used with caution, given the 
possibility of artificial intelligence hallucinations and other concerns such as user overreliance, and compla
cency. Overall, this opinion paper raises key points surrounding ChatGPT’s role in neurosurgical education.

1. Introduction

Neurosurgery remains at the forefront of technological innovation, 

including the integration of artificial intelligence (AI) into practice [1]. 
Traditionally, neurosurgical training has relied on a mentor–mentee 
model, wherein the trainee learns through hands-on training, teaching 
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sessions, and mentorship with experienced surgeons. Large language 
model (LLM) and large multimodal model (LMM) are two examples of 
Generative AI that have allowed users to interact with these models 
using natural language. Generative AI models refer to a particular class 
that can create new data based on patterns and structures learned from 
existing datasets [2]. OpenAI’s launch of Chat Generative Pre-trained 
Transformer (GPT)-3.5 in November 2022 and its successor GPT-4 in 
March 2023 have garnered widespread attention and debate (Table 1) 
[3].

2. Mechanism of LLMs

The “large” in LLM and LMM refers to the models’ size, often 
requiring billions or trillions of parameters in the model to function well, 
and the size of the datasets used to train them. In brief, LLMs and LMMs 
are a set of models designed to create human-accessible content, 
including language, audio, and video, produce new content, write code, 
and provide valuable discussions on neurosurgical topics [2]. They 
function by converting user inputs into a series of numbers, often rep
resented as vectors or tensors called “tokens” [2]. Their outputs predict 
the next most probable set of vectors or tensors until an arbitrarily 
defined stopping point is reached. These outputs are then converted 
back into language, audio, or video for the end user to experience. 
ChatGPT generates content by predicting sequences of tokens corre
sponding to natural language, using probability distributions learned 
during its training [4]. Thus, these models act as a function that converts 
user inputs into human-accessible outputs. ChatGPT is built based on the 
GPT-3.5 architecture. While GPT-3.5 has 6.7 billion parameters 
compared to GPT-3’s 175 billion, it still performs well in various natural 

language processing tasks due to reinforcement learning from human 
feedback on large online data sets.

3. Applications

Different studies [5,6] have evaluated ChatGPT’s proficiency in 
medical contexts. One study has shown that ChatGPT may produce 
differential diagnoses with reasonable accuracy, although slightly lower 
than the physician’s accuracy rate [7]. ChatGPT also approaches the 
passing range in some (but not all analyses) of the United States Medical 
Licensing Examination (USMLE) Step exams [8,9], and answering 
questions on the neurosurgery written boards [10]. More recently, GPT- 
4 achieved an accuracy of over 80 % across all three USMLE step exams 
[11]. These promising studies indicate that ChatGPT can provide 
contextual responses on neurosurgical topics [12].

ChatGPT can be a versatile source of clinical presentations for 
neurosurgical trainees to practice critical thinking and improve their 
judgment. By typing ‘practice neurosurgery cases’ into ChatGPT, the 
user is provided with a list of comprehensive simulated neurosurgical 
cases, including information on clinical presentation, diagnostic 
workup, surgical approaches, postoperative course, and appropriate 
follow-up management (Fig. 1). Additionally, ChatGPT can be prompted 
to generate questions (i.e., multiple choice, short answer) (Fig. 2) and 
detailed answers for a personalized learning experience (Fig. 3). The 
content of these scenarios can be expanded or modified with keywords, 
such as specific conditions the user would like to emphasize or exclude. 
For instance, content can be tailored based on focus areas such as neuro- 
oncology, epilepsy, and neurovascular pathologies. Additionally, two 

Table 1 
Arguments for and against usage of ChatGPT in neurosurgery.

Category Pros Cons

Educational 
Use

• Interactive learning and 
personalized feedback [26]

• Accessible and scalable [27]
• Accurate at the level of 

undergraduate medical 
education [8]

• Hallucinations and 
misinformation [28,29]

• Lack of face-to-face patient 
interactions

• Substituting clinical 
judgment for AI judgment 
[30]

Research • Assisting in idea generation 
[31]

• Semi-automated literature 
screening [16]

• Accelerating research 
processes and productivity 
[32]

• Sentiment analysis

• AI-generated misinformation 
released into literature [33]

• Biases in AI-assisted reviews

Clinical 
Decision 
Support

• Quick access to clinical 
guidelines [34]

• Direct answers to questions 
with evidence-based recom
mendations [12,25]

• Standardization of medical 
care [17]

• Reduces time spent on 
routine decision-making and 
chart review for patients 
with extensive medical 
history

• Medico-legal uncertainty 
Unsafe recommendations 

[35]
• Challenges of integrating AI 

into existing clinical 
workflows [36,37]

• Overreliance on AI- 
generated judgment [38]

• Costly, especially in low- to 
middle-income countries 
without sufficient internet 
infrastructure [39]

• Risk of cybersecurity threats 
[40]

Patient 
Interaction

• Live patient translation 
services [41]

• Standardized informed 
consent process

• Patient-accessible language 
for complex medical 
conditions

• Responses to common 
patient questions [42]

• Misinformation [20]
• Unsafe treatment 

recommendations [18,43]
• Patients misunderstanding 

AI-generated plans [44]
• Cybersecurity threats [40]
• Patient mistrust in AI

Fig. 1. Screenshot of a simulated neurosurgical trauma case provided by 
ChatGPT 4o with clinical presentation, brief neurological exam, imaging find
ings, laboratory values, and operative course. Some strengths include the self- 
paced nature and customized aspect of the platform, which can generate 
diverse cases for the learners. Missing details may also be customized through 
the prompt by commanding more detailed explanations. However, notable 
limitations include the absence of imaging modalities for the case, limited real- 
time decision-making, oversimplification, lack of rationale for the surgical ap
proaches, and limited allusions and references to the literature and stan
dard guidelines.
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co-authors (A.P.W., S.M.) are investigating ChatGPT’s performance 
compared to a national cohort of Post-Graduate-Year 6 neurosurgical 
residents on a Royal College-style written examination. This study aims 
to compare the performance of students versus ChatGPT and GPT-4 on 
factual knowledge and judgment in clinical decision-making within a 
Canadian context.

ChatGPT can provide medical and neurosurgical education by 
enhancing learning, knowledge expansion, decision-making aid, and 
better comprehension of neuroanatomy [13–15]. ChatGPT may also 
offer simulated cases for medical students of rare conditions they may 
not have already encountered during their neurosurgical rotations or are 
not routinely present in clinical practice. Since learning can be enhanced 
by incorporating multiple educational modalities [15], one can specu
late about the power of educational tools that could be created with high 
sensitivity if software similar to LLMs were combined with image-based 
AI technology that could supplement imaging studies such as magnetic 
resonance imaging and computed tomography. Currently, in the context 
of neurosurgery management, precise differentiation in a minor area of 
pixels may be critical, and it would be imperative that future models 
master such nuanced interpretations to render the anatomical details of 
the brain and spine accurately.

ChatGPT is also a powerful tool for thesis submissions and research 
publications [16]. The software can perform a concise literature review, 
identifying relevant studies, accelerating efforts at the initial stage of the 
research. Additionally, through a faster extraction process, identifying 
gaps in the research landscape become easier, enabling a more mean
ingful contribution. Therefore, by automating these areas and opti
mizing the workflow, researchers may allocate more time to 
experimental design, data analysis, and other crucial aspects of the 
respective research. While ChatGPT has the potential to transform 
neurosurgical education, the price of efficiency offered by ChatGPT may 
come at the cost of learner complacency and over-reliance on the 
technology [17]. One example can be AI-led personal statements that 
can be crafted for admission to competitive neurosurgical programs. 
These letters are often well-scripted but lack the trainees’ authenticity, 
cognitive thinking, and reflective practice. Efforts have been made in 
this light by academicians and institutes to detect GPT-related para
graphs and prevent their use in various peer-reviewed journals and 
university exam committees. Another significant area of concern regards 
AI accuracy ‘hallucinations,’ which occur when the system provides 
factually incorrect responses that may also be unrelated to the posed 
question. This phenomenon is a reminder that using ChatGPT requires 
caution and should not be a substitute for real-life expert insights gained 
over decades of clinical practice. Instead, ChatGPT could be used as a 
supportive tool. With constantly evolving advancements in neurosur
gery, based on recent studies [18,19], it would be difficult for ChatGPT 
to discriminate, critically appraise, and synthesize evidence since these 
skills are built on years of experience through clinical encounters with 
real-life decision-making and seeing the consequences play out and 
learning from them.

4. Limitations

Some of ChatGPT’s current limitations can be attributed to the 
incorrect generalization of the training data evoked by the input 
prompts and the tendency of ChatGPT (which operates on the GPT-3.5/ 
4-Turbo models) that is trained to predict human-like responses and 
favor conversational text rather than producing ground truth answers. 
As such, the goal of ChatGPT’s generated responses is attuned to pro
ducing probabilistically feasible responses that simply ’look right’ 
instead of solely focusing on the accuracy of the conveyed information. 
One should not overly rely on the answers provided; as such, its appli
cability as a source of information is a point of contention [18]. In a 
narrow field, small numbers of incorrect training data can represent and 
impact a large proportion of the data [20]. They can result in a higher 
frequency of factual errors when prompts relate to information not 

Fig. 2. Screenshot of ChatGPT 4o generating a sample list of multiple-choice 
questions with answers relating to high-grade gliomas.

Fig. 3. An excerpt of ChatGPT 4o elaborates on one of the previous multiple- 
choice questions.
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widely available or of broad interest. This is particularly true when it 
comes to various neurosurgical topics. Another byproduct of this 
concern is that LLMs may fall short in offering the full spectrum of 
opinions within the literature and missing critical, nuanced viewpoints. 
This limitation may cultivate, at best, an incomplete and, at worst, a 
biased understanding of the neurosurgical topic, which may, ultimately, 
contribute to suboptimal care and compromise patient safety [21]. This 
is especially true when considering LLMs’ limitations for understanding 
and contextualizing longer input text.

ChatGPT may also pose concerns for providing unreferenced infor
mation and assertions that require user validation to avoid potential 
misinformation in the realm of neurosurgical education [22]. False in
formation produced by ChatGPT may exacerbate the infodemic, a situ
ation in which an abundance of information, including erroneous data, 
may jeopardize patient safety and undermine public health initiatives 
[23]. Furthermore, its use in neurosurgery education can worsen 
educational disparities by impeding equitable learning opportunities, 
especially in areas where ChatGPT is not widely accessible due to so
cioeconomic, technological, or linguistic barriers [24]. The information 
ChatGPT returns may also be biased to exclude studies and research not 
published in languages supported by the chatbot. To ensure that 
ChatGPT is responsibly integrated into educational frameworks around 
the world, addressing these complications calls for strong validation 
procedures and an understanding of the infodemic’s effects. Overall, 
these limitations should be carefully assessed and considered.

5. Future directions

In its current stage of development, ChatGPT’s supporting role is best 
employed in acquiring clinical neurosurgical concepts and comparing 
hypothetical scenarios. It should not be used to guide patient care 
management directly given the potential for errors and misuse. A sig
nificant part of neurosurgical education is tactile and kinesthetic, which 
involves learning by performing procedures in the operating room, 
which this type of LLM would not be a substitute for. Incorporating the 
history, physical examination, radiographic findings, and patient pref
erence in the decision-making process is complex. Accuracy limitations 
of current artificial intelligence platforms may limit their use to sup
plement traditional patient management and medical education. 
Currently, they are no substitute to for decades of neurosurgical 
training. It would be challenging for ChatGPT to provide a gestalt 
bedside assessment of the patient, which is often acquired after decades 
of training and exposure to hundreds, if not thousands, of cases. 
Recently, AtlasGPT has emerged as a specialty-focused LLM which has 
been trained on 250,000 pages of peer-reviewed neurosurgery-special
ized data and articles to assemble highly accurate and contextually 
relevant responses [25]. With its retrieval-augmented regeneration ar
chitecture, it would be curious to see how this platform can address the 
limitations of traditional LLMs as an augmenting tool in neurosurgery 
education and management [25].

6. Conclusion

Looking ahead, the adoption of ChatGPT and other LLMs into 
neurosurgical education appears to offer numerous benefits, but they 
ought to be pursued with caution. Their focus remains an augmenting 
tool rather than one that replaces human expertise. ChatGPT’s responses 
pose inherent risks in information validity and underlying biases that 
will continue to require vigilant human oversight. With the potential for 
AI-generated misinformation and overreliance being tangible risks, it is 
imperative that stakeholders, including clinicians, surgeons, re
searchers, educators, and policymakers, collaborate in unison. Devel
oping frameworks that leverage the strengths of these AI technologies to 
ensure their ethical and efficacious use within educational and, ulti
mately, clinical setting can improve patient outcomes. As such, ChatGPT 
holds a cautious but optimistic promise for the future of neurosurgery.
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