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Abstract: In recent years, the potential applications of Large Language Models (LLMs) in the medical
field have become increasingly evident, particularly in the complex and precise domain of neurosurgery.

This review provides an overview of the current use of LLMs in neurosurgery, emphasizing their roles in

clinical decision-making, education and training, and scientific research. Firstly, LLMs contribute to the
automatic generation and interpretation of neuroimaging reports, assist in developing surgical plans,

facilitate risk assessments, and support patient follow-up management. These applications enhance
clinical efficiency and improve the quality of decision-making. Secondly, LLMs play a pivotal role in
neurosurgical education and training, including the construction of knowledge bases, case simulations,

ongoing education, and the development of surgical skills. In conclusion, the diverse applications of
LLMs in neurosurgery not only improve the efficiency of clinical practice but also offer new opportunities
for research innovation within the field.
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1. Introduction

In recent years, with the rapid development of Al technology, Large Language Models (LLMs) are
driving innovation and change in various industries at an astonishing rate with their powerful natural
language processing capabilities. The healthcare industry shoulders a major mission as a key field
concerned with human life and health and dedicated to improving patients' health and well-being 1. In
this context, the introduction of LLMs has become a key force in enhancing healthcare efficiency,
optimizing patient experience, and driving research innovation 1,

Specifically, LLMs with speech recognition, medical text analysis, medical record management,
accurate diagnosis and other applications, help healthcare workers to reduce workload and improve the
quality of diagnosis and treatment, and at the same time provide more powerful data support and
reasoning ability for medical research [-%1.This paper focuses on the application of in the field of
neurosurgery, and analyzes how it can assist doctors by means of intelligent technology LLMs in clinical
decision-making, optimize patients' personalized treatment plans, accelerate research results the
translation of , and thus help neurosurgery the field of enter a new era of efficient and precise medical
services.
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Figure 1: Application of LLMs in Neurosurgery
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2. LLMs to aid clinical decision making in neurosurgery
2.1 Automated generation and interpretation of neuroimaging reports based on LLMs

Automatic generation and interpretation of neuroimaging reports based on LLMs is an emerging
research direction in recent years, aiming to utilize the powerful natural language processing capabilities
of LLMs to automatically generate neuroimaging reports and assist physicians in their interpretation,
thereby improving diagnostic efficiency and accuracy ["!. Traditional image reports rely on the expertise
and experience of radiologists, which is time-consuming and susceptible to subjective factors. And the
introduction of LLMs is expected to solve these problems. For example, Zhong et al. proposed the
ChatRadio-Valuer model, which is based on LLMs, trained with supervised fine-tuning on radiological
reports from a single institution, and is able to adapt to clinical-grade events from six different institutions
for disease diagnosis tasks covering multiple systems such as the chest, abdomen, musculoskeletal, head,
and maxillofacial neck. The model consistently outperforms state-of-the-art models, including ChatGPT
(GPT-3.5-Turbo) and GPT-4, among others, in radiological reporting diagnosis [*]. In addition, Li et al.
proposed a cue-guided method based on pre-trained LLMs for generating structured chest X-ray reports.
The method first identifies anatomical regions in chest radiographs and generates sentences centered on
key visual elements to build the basis of a structured report. The detected anatomical structures are then
converted into textual cues that guide LLMs to generate reports tailored to specific anatomical regions
and clinical contexts 1. These studies show that LLMs have great potential for automated neuroimaging
report generation, generating more accurate and structured reports and providing valuable supporting
information to clinicians.

However, LLMs still face some challenges in automating the generation and interpretation of
neuroimaging reports. For example, how to ensure the accuracy and reliability of reports generated by
LLMs, prevent the occurrence ofat "phantom" phenomenon, and how to cope with the complexity and
diversity of medical imaging data are urgent issues ', In addition, how to integrate LLMs with existing
medical imaging systems and how to protect patients' privacy are also issues to be considered. However,
in view of the continuous advancement of LLMs technology and the in-depth advancement of related
research, the automatic generation and interpretation of neuroimaging reports based on LLMs will most
likely become a key aspect of in clinical practicethe field of neurosurgery in the future.

2.2 LLMs in neurosurgical surgical programming

The application of LLMs in neurosurgical surgical protocol development is gradually showing its
potential. LLMs are able to process huge amounts of medical literature, clinical guidelines, and patient
data, which help doctors develop more personalized and precise surgical protocols for their patients 11,
For example, LLMs can analyze a patient's imaging data, medical history, and clinical presentation to
predict the risk of surgery and provide doctors with recommendations for multiple surgical options.
Miragall et al. point out that Artificial Intelligence (Al) is able to analyze complex medical imaging data
to support surgeons to conduct preoperative evaluations and perform "virtual" surgeries. "virtual" surgery
and develop personalized treatment strategies ['?!. In addition, LLMs can assist surgeons in intraoperative
decision making, e.g., by providing real-time feedback and guidance to the surgeon to improve the
accuracy of the surgery and reduce the incidence of complications. Sun et al. have shown that the
application of Virtual Reality (VR) and Augmented Reality (AR) technologies in hip surgery has great
potential, particularly in surgical simulation, training, and can assist orthopedic surgeons to perform
surgery more accurately and safely ['31. The combination of these technologies with LLMs is expected to
further enhance the intelligence of surgical programming.

However, the use of LLMs in surgical programming is still in its early stages and faces a number of
challenges. For example, how to ensure the accuracy, reliability, and ethical compliance of LLMs and
how to effectively integrate the output of LLMs into clinical workflow are challenges that need to be
explored in depth and resolved . In addition, the training of LLMs requires a large amount of labeled data,
while medical data is often private and sensitive, how to protect patient privacy is also an important
consideration. Nevertheless, with the technology continued breakthroughs and research progressively
deepened, the future of is promising. LLMs in neurosurgery program, which is expected to bring better
treatment results for patients.

2.3 Risk assessment of complications after neurosurgery assisted by LLMs

LLMs have also shown great potential in the risk assessment of postoperative complications in
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neurosurgery. While traditional postoperative risk assessment methods often rely on clinicians'
experience and limited patient data, LLMs can more accurately predict a patient's risk of postoperative
complications by analyzing a large number of patient charts, surgical records, and imaging data. For
example, Pfitzner et al. used a machine learning model to analyze perioperative data of pancreatic surgery
patients to predict the occurrence of patient death and specific serious complications, and their model's
Area Under the Precision-Recall Curve (AUPRC) in predicting these two aspects reached respectively
0.51 and 0.53 [, Although the study was not directly targeted at neurosurgery, the methodology and
results suggest the feasibility of risk prediction models based on machine learning and large amounts of
data for postoperative complication assessment. In addition, the study by Fritz et al. also emphasized the
role of machine learning in the prediction of postoperative complications and suggested that machine
learning-assisted risk assessment in a telemedicine setting could improve the accuracy of clinicians in
predicting postoperative complications 1],

LLMs not only allow for risk prediction, but also help physicians identify high-risk patients so that
they can take more proactive preventive measures. By analyzing a patient's past medical history, surgical
details and intraoperative monitoring data, LLMs can provide physicians with a personalized risk
assessment report with appropriate intervention recommendations. For example, Taha et al. noted that
applications of Al in healthcare include predicting perioperative risks, detecting intraoperative events,
and identifying postoperative complications, leading to early intervention "¢l Although this study
focuses on anesthesia practice, the emphasis behind it on the role of Al technology in risk assessment
and early intervention is equally applicable to the field of neurosurgery. In the future, with the continuous
development and improvement of LLMs technology, its application in risk assessment of postoperative
complications in neurosurgery will be more extensive and in-depth, and it is expected to significantly
improve the prognosis and survival of patients.

2.4 LLMs in neurosurgical patient follow-up management

The application of LLMs in neurosurgical patient follow-up management has also gradually
demonstrated the potential of. LLMs are able to analyze a patient's electronic medical record, surgical
record and follow-up data, automatically generate a personalized follow-up plan, and dynamically adjust
it according to changes in the patient's condition. For example, LLMs can automatically identify a
patient's potential risk of complications based on his or her postoperative imaging findings and clinical
symptoms, and alert the physician to intervene in a timely manner. In addition, LLMs can assist patients
in self-health management, e.g., through the technology of natural language interaction, it can provide
patients with post-operative rehabilitation guidance, medication reminder, and follow-up appointments,
thus improving the patients' satisfaction with their visits to [7],

In addition, LLMs can assist physicians in remote monitoring during follow-up visits. By analyzing
the physiological data, symptom descriptions and lifestyle information uploaded by the patient, LLMs
can detect changes in the patient's condition in a timely manner and send early warnings to the doctor.
This type of remote monitoring not only improves the efficiency of follow-up visits, but also reduces the
number of patient trips to and from the hospital and lowers healthcare costs. For example, in diabetes
management, a system based on LLMs can analyze a patient's blood glucose data and lifestyle habits to
predict the trend of blood glucose fluctuations and provide personalized dietary and exercise advice to
the patient, thus helping him or her to better control his or her blood glucose level ['#],

3. The use of the LLMs in neurosurgical education and training
3.1 LLMs to aid in neurosurgical knowledge base construction and maintenance

LLMs also have great application value in the construction and maintenance of knowledge bases in
the field of neurosurgery. Traditional knowledge base construction often relies on manual organization
and updating, which is not only time-consuming and labor-intensive but also prone to errors. On the other
hand, LLMs can automatically extract key information from a large amount of medical literature, clinical
guidelines and case reports through natural language processing technology, and store them in a
structured way in the knowledge base. For example, LLMs can recognize medical entities (e.g., diseases,
drugs, surgical methods) and establish relationships among them to build a comprehensive neurosurgical
knowledge graph. In addition, LLMs are capable of automatically updating the content of the knowledge
base based on the latest research advances and clinical practice outcomes, ensuring its currency and
accuracy. For example, in the field of software engineering, LLMs have been used to optimize processes
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and outcomes by analyzing a large body of literature to build a knowledge base '), In the field of food
science, researchers have also utilized the pre-trained BioBERT language model, to build a knowledge
base of food ingredients 2. These studies show that LLMs have a wide range of applications in
knowledge base construction.

However, there are some challenges in the application of LLMs in knowledge base construction and
maintenance. For example, LLMs may create "illusions", i.e., generate information that seems reasonable
but is actually inaccurate !, Therefore, there is a need to manually review and validate the content
generated by LLMs to ensure the quality of the knowledge base. Moreover, if there are deviations in the
training data of LLMs, it will lead to less comprehensive or accurate knowledge in certain domains in
the knowledge base. To solve these problems, the accuracy and reliability of the information generated
by LLMs can be improved by through combining them with external knowledge bases techniques such
as Retrieval-Augmented Generation (RAG) !, It is also necessary to continuously optimize the training
methods of LLMs, to ensure their professionalism and authority.

3.2 Neurosurgical case simulation and teaching based on LLMs

Neurosurgical case simulation and teaching based on LLMs is becoming an emerging direction for
education and training in the field of neurosurgery. LLMs are capable of generating realistic case
descriptions, including patient histories, examination findings, and imaging data, which provide trainees
with rich learning resources. For example, LLMs can generate a wide variety of cases based on different
disease types and severity, exposing trainees to a wider range of clinical scenarios. In addition, LLMs
can simulate a patient's response to a treatment regimen, helping trainees understand the natural course
of a disease and the effects of treatment. Such simulations are not limited to textual descriptions, but can
also be combined with VR and AR technologies to create immersive simulation environments where
trainees are trained to operate in a virtual operating room. The effectiveness of this type of simulation
training was demonstrated by Eagleson et al. who showed that there was a correlation between AR and
VR based neurosurgical simulation training and trainee's ability to spatially reason with 3D images [??!,
In addition, LLMs can provide personalized feedback and guidance based on trainees' performance to
help them acquire knowledge and skills in the field of neurosurgery more quickly. For example, LLMs
can analyze a trainee's operations in a simulated surgery, point out their deficiencies, and provide
suggestions for improvement. This type of personalized instruction can significantly improve learning
efficiency and effectiveness.

At the same time, LLMs can be used in neurosurgical case simulation and teaching not only to provide
cases and feedback, but also to assist in building more intelligent teaching systems. In addition, LLMs
can be used to create interactive learning platforms that allow trainees to deepen their understanding
through questions and discussions. For example, trainees can ask LLMs questions about a case, and
LLMs can provide detailed answers based on their knowledge base and reasoning skills. This interactive
learning approach can stimulate trainees' interest in learning and improve their learning outcomes.Chan
et al. showed that users began to view LLMs as personal assistants or partners rather than just sources of
information, which suggests that LLMs have a great potential in the educational domain 31, Overall,
neurosurgical case simulation and teaching based on LLMs has great potential to provide a richer, more
personalized, and more effective learning experience.

3.3 LLMs assisted neurosurgery skills training

The application of LLMs in surgical skills training in the field of neurosurgery also has very
promising prospects. LLMs can assist in building smarter and more personalized training systems. For
example, LLMs can provide trainees with real-time feedback and guidance by analyzing surgical videos
and operation data, thus improving the efficiency and quality of training. Varas et al. point out that LLMs
have the potential to transcribe, translate, and summarize feedback, which can help trainees better
understand their own operations and make improvements 4!, In addition, LLMs can dynamically adjust
the content and difficulty of training according to the trainee's learning progress and skill level, enabling
personalized instruction.

In addition to providing feedback and personalized instruction, LLMs can assist in creating more
realistic surgical simulation environments. For example, LLMs can generate a variety of complex
surgical scenarios and cases for trainees to practice over and over again in a virtual environment, thus
improving their surgical skills and resilience. Chen et al. developed a realistic Willis ring simulator for
training neurosurgeons to perform aneurysm clamping, and LLMs can further enhance the interactivity
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and feedback mechanisms of such simulators, for example that provide more detailed feedback and
guidance by analyzing the trainee's actions (>, In addition, LLMs can assist in generating linguistic
descriptions of surgical operations, providing trainees with more comprehensive learning resources.
Wang et al. showed that LLMs can provide linguistic descriptions for video editing, which can also be
applied to the analysis and learning of surgical videos %!, In conclusion, LLMs also have a promising
application in neurosurgical surgical skills training, which can help trainees master surgical skills more
efficiently and safely.

4. The application of LLMs in neurosurgical research
4.1 LLMs assisted clinical data mining and analysis in neurosurgery

Traditional clinical data analysis often relies on manual extraction and statistical analysis. The
emergence of LLMs provides new ways to process and analyze large amounts of clinical data in an
automated and efficient manner. For example, LLMs can assist in extracting key clinical information
from electronic medical records, such as patient history, surgical records, and imaging reports, and
structuring them for subsequent analysis. A study has shown that LLMs can achieve an accuracy of 94%-
97% in extracting key information from pathology reports, which greatly improves efficiency and
accuracy compared to manual extraction [?’. The use of LLMs in clinical data analysis is not limited to
the processing of structured data. They can also process unstructured data such as text reports and
imaging descriptions, which is particularly important in the field of neurosurgery. For example, LLMs
can be used to automate the generation and interpretation of neuroimaging reports, thereby reducing the
workload of radiologists and improving the efficiency and accuracy of diagnosis.

In addition, LLMs can be used to analyze patient follow-up records and identify patients who may
require further intervention, enabling more effective patient management. For example, LLMs can assist
physicians in analyzing a patient's follow-up records and predicting the patient's disease control, which
can help physicians make timely adjustments to treatment plans. However, the application of LLMs in
clinical data analysis still faces some challenges, such as data privacy protection, interpretability of
models, and adaptability to clinical practice, which need to be further addressed in future studies.

4.2 LLMs in neurosurgical research literature review

The application of LLMs in neurosurgical research literature review is gradually showing its
advantages. Unlike traditional literature review methods that require a lot of time and effort, LLMs can
efficiently analyze a huge amount of research literature through natural language processing technology,
quickly distill core information, and generate well-organized review content. For example, Ye et al.
proposed a semi-automated LLMs-assisted workflow, which significantly reduces the manual workload
in systematic reviews by extracting identifiers, validators, and data fields from the literature , and
identified 1.53% of articles missed in manual reviews in a case study [?®!. These studies show that LLMs
can assist researchers in conducting literature reviews more efficiently, but also emphasize the
importance of manual validation to ensure the accuracy and reliability of the review.

LLMs not only speed up the process of literature review, but also help researchers discover new
research directions and trends. By analyzing a large amount of literature data, LLMs can identify research
hotspots, unsolved problems, and potential innovations in the field of neurosurgery. For example, Roman
et al. conducted a systematic review of ChatGPT in neurosurgery, exploring its potential in surgical
planning, image recognition, and medical diagnosis, and emphasizing its limitations and the need for
manual validation ). These studies show that the application of LLMs in literature reviews is not limited
to information extraction, but can also help researchers better understand the current state of the field and
provide directions for future research.

5. Summary and discussion

LLMs have demonstrated immense potential in the healthcare sector, particularly in the specialized
field of neurosurgery. Their applications span various crucial domains, including clinical decision-
making, education and training, as well as research and innovation. In the realm of clinical decision-
making, LLMs play a pivotal role in the automatic generation and interpretation of neuroimaging reports.
This capability holds the promise of significantly enhancing diagnostic efficiency and accuracy, enabling
quicker and more precise evaluations of complex imaging data. However, challenges persist, such as the
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"hallucination" phenomenon, where the model may generate inaccurate or fabricated information, and
the inherent complexity of medical data, which still needs to be addressed in order to improve the overall
reliability of these models.

Additionally, LLMs are making strides in assisting clinicians in formulating surgical plans. By
analyzing vast amounts of medical data, these models offer personalized suggestions tailored to each
patient's unique conditions, which could ultimately improve the quality of care. Nevertheless, the
accuracy of these suggestions, along with the ethical implications of incorporating Al-driven advice into
critical healthcare decisions, remains an area of ongoing research. Ensuring the ethical standards of LLMs
in clinical settings is a priority, as their use may have profound implications on patient safety and the
overall decision-making process. In postoperative care, LLMs exhibit significant potential in improving
patient prognosis and management, particularly in the assessment of postoperative complications and
long-term follow-up. By assisting healthcare professionals in identifying potential risks and providing
personalized recommendations, these models can enhance the quality of patient care post-surgery and
support clinicians in proactive decision-making. When it comes to education and training, LLMs are
revolutionizing the way neurosurgeons and medical professionals access and assimilate knowledge. By
assisting in the construction and maintenance of an up-to-date neurosurgical knowledge base, these
models provide physicians with easy access to relevant information and research, helping them stay
informed about the latest advancements. Furthermore, LLM-based case simulations and teaching
platforms offer young doctors valuable practice opportunities, enabling them to develop their skills in a
controlled, risk-free environment. In the context of continuing medical education, LLMs facilitate
ongoing professional development, supporting the advancement of surgical techniques and expertise
throughout a physician’s career. In scientific research, LLMs assist in mining and analyzing clinical data,
enabling researchers to uncover new patterns and insights that might otherwise be difficult to detect.
Their ability to process large volumes of complex data quickly and efficiently presents an opportunity to
accelerate the pace of research, leading to innovations and discoveries that could benefit the entire
medical community. However, while LLMs show significant promise in research applications, their
integration into the field of neurosurgery is still in its early stages, and several challenges remain. Issues
such as data privacy, model interpretability, and the establishment of ethical guidelines for their use in
clinical and research environments need to be addressed through further study and validation.

Looking toward the future, as LLM technology continues to evolve, its applications within
neurosurgery are expected to become even more extensive and integrated. These advancements will not
only streamline clinical workflows and enhance patient management, but also foster greater innovation
in the field. LLMs have the potential to transform scientific research, leading to breakthroughs that could
reshape neurosurgical practices and improve patient outcomes. Future research should focus on resolving
the current challenges associated with LLMs, particularly how to ensure the accuracy and reliability of
their outputs. Protecting patient privacy remains a top concern, requiring the development of secure
protocols for handling sensitive data. Additionally, integrating LLMs effectively into existing clinical
and educational systems will be crucial to maximizing their impact and utility. As the field of
neurosurgery continues to evolve, the potential applications of LLMs will expand further, with exciting
possibilities such as personalized treatment planning and the development of new medical devices. The
intersection of LLMs and neurosurgery is not merely a technological revolution—it represents a shift in
the very concepts of medicine, bringing about a new era of intelligent, precise, and individualized care.
By addressing the existing challenges and continually exploring new applications, LLMs have the
potential to revolutionize neurosurgery, improving patient outcomes and propelling the field into a future
of greater innovation and excellence.
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