
iScience

Article

ll
OPEN ACCESS
A descriptive study based on the comparison of
ChatGPT and evidence-based neurosurgeons
Jiayu Liu, Jiqi

Zheng, Xintian Cai,

Dongdong Wu,

Chengliang Yin

604269346@qq.com (D.W.)

chengliangyin@163.com (C.Y.)

Highlights
GPT-3.5’s ability was

comparable to

neurosurgeons with low

seniority

GPT-4.0’s ability was

comparable to

neurosurgeons with high

seniority

Future upgrades of

ChatGPT could enhance its

performance and abilities

Liu et al., iScience 26, 107590
September 15, 2023 ª 2023
The Authors.

https://doi.org/10.1016/

j.isci.2023.107590

mailto:604269346@qq.com
mailto:chengliangyin@163.com
https://doi.org/10.1016/j.isci.2023.107590
https://doi.org/10.1016/j.isci.2023.107590
http://crossmark.crossref.org/dialog/?doi=10.1016/j.isci.2023.107590&domain=pdf


iScience

Article

A descriptive study based on the comparison
of ChatGPT and evidence-based neurosurgeons

Jiayu Liu,1 Jiqi Zheng,2 Xintian Cai,3 Dongdong Wu,4,* and Chengliang Yin5,6,*

SUMMARY

ChatGPT is an artificial intelligence product developed byOpenAI. This study aims to investigate whether
ChatGPT can respond in accordance with evidence-based medicine in neurosurgery. We generated 50
neurosurgical questions covering neurosurgical diseases. Each question was posed three times to
GPT-3.5 and GPT-4.0. We also recruited three neurosurgeons with high, middle, and low seniority to
respond to questions. The results were analyzed regarding ChatGPT’s overall performance score, mean
scores by the items’ specialty classification, and question type. In conclusion, GPT-3.5’s ability to respond
in accordancewith evidence-basedmedicinewas comparable to that of neurosurgeons with low seniority,
and GPT-4.0’s ability was comparable to that of neurosurgeons with high seniority. Although ChatGPT is
yet to be comparable to a neurosurgeon with high seniority, future upgrades could enhance its perfor-
mance and abilities.

INTRODUCTION

ChatGPT, an artificial intelligence (AI) product developed by OpenAI, leverages large language models to generate texts similar to those

written by humans, exhibiting immense potential in the medical domain.1 Facilitating unique narrative responses by developing question-

and-answer tasks with the help of a man-machine dialogue interface, ChatGPT presents medical information in a conversational and

interactive way.2,3 With the development of ChatGPT, many researchers have focused on how to apply ChatGPT in medicine. In recent years,

researchers have explored the practical application value of ChatGPT in many aspects, such as medical education,4 clinical management,5

healthcare practice,6 scientific writing,7 clinical decision-making,8 and medical information acquisition.9

Clinical decision support system (CDSS) provides medical information and recommendations for diagnosis and treatments to physicians

and patients.10 CDSS import a large amount of medical knowledge into the computer, which uses algorithms to simulate doctors’ clinical

diagnosis and treatment ideas and independently or assist doctors to diagnose and treat patients.11 Researchers have shown that

ChatGPT can assist with clinical decision support, which achieves optimization of clinical decision-making.12 Some researchers have evaluated

the value of ChatGPT in the CDSS of many clinical disciplines, such as infection,13 emergency,14 surgery,15 ophthalmology,16 and psychiatry.17

Neurosurgical diseases include trauma, tumors, vascular diseases (VDs), and functional neurosurgical diseases, which are complex and

diverse, and their conditions change rapidly, requiring the assistance of CDSS.18 In addition, neurosurgeons have the characteristics of

long training cycles, high training costs, and inconsistent professional levels.19 Although CDSS is neededmore than other clinical specialties,

research on ChatGPT-assisted CDSS in neurosurgery needs further exploration. T. H. Kung et al.20 found that ChatGPT performed well in the

United StatesMedical Licensing Exam (USMLE) without specialized training or reinforcement. Based on this result, we hypothesize that AI will

potentially replace doctors, revolutionizing modern clinical medicine.3,21

With the development of ChatGPT, it is necessary to ascertain the accuracy of ChatGPT’s evidence-based medicine-aligned responses.

This analysis of ChatGPT’s abilities may provide evidence of whether ChatGPT’s ability is comparable to that of an evidence-based doctor in

neurosurgery.

Methods

Study design

We conducted a descriptive study to investigate whether ChatGPT can provide responses in accordance with evidence-based medicine and

compare this ability of ChatGPT with that of neurosurgeons by responding to questions. Specifically, the following were investigated: (1) the

responses of ChatGPT compared to recommendations based on the best available evidence in the guidelines; (2) the responses of ChatGPT

1Department of Neurosurgery, the First Medical Centre, Chinese PLA General Hospital, Beijing 100853, China
2School of Health Humanities, Peking University, Beijing 100191, China
3Department of Graduate School, Xinjiang Medical University, Urumqi 830001, China
4Department of Information, Daping Hospital, Army Medical University, Chongqing 400042, China
5Faculty of Medicine, Macau University of Science and Technology, Macau 999078, China
6Lead contact
*Correspondence: 604269346@qq.com (D.W.), chengliangyin@163.com (C.Y.)
https://doi.org/10.1016/j.isci.2023.107590

iScience 26, 107590, September 15, 2023 ª 2023 The Authors.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1

ll
OPEN ACCESS

mailto:604269346@qq.com
mailto:chengliangyin@163.com
https://doi.org/10.1016/j.isci.2023.107590
http://crossmark.crossref.org/dialog/?doi=10.1016/j.isci.2023.107590&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 1. Assessment of the responses

Question GPT-3.5 GPT-4.0

Low

seniority

Middle

seniority

High

seniority

1. Is it appropriate to perform a lumbar puncture on an acute

craniocerebral injury patient suspected of having a craniocerebral

hematoma?

2 3 3 3 3

2. Is cranial repair necessary for an acute craniocerebral injury

patient with a comminuted skull fracture found during surgery?

3 3 3 1 3

3. Is it appropriate to use sterile gauze to fill the nasal cavity or

external ear canal in a patient with cerebrospinal fluid leakage due

to skull base fracture?

3 3 2 2 3

4. Is scalp reduction and replantation appropriate for a patient with

scalp avulsion more than 12 h after the injury?

3 2 1 2 2

5. A concussion patient whose headache is severe can you use

morphine class drugs?

3 3 2 3 3

6. If patients with acute epidural hematoma are satisfied with

intraoperative brain decompression, is it still necessary to perform

subdural exploration in this situation?

0 2 1 2 2

7. For a patient after intracranial tumor resection, is it appropriate

to raise the wound cavity drainage bag after surgery to quickly

drain the fluid in the wound cavity?

3 3 3 3 3

8. Is surgical treatment appropriate for a small cavernous

hemangioma found deep in the brain stem but asymptomatic?

3 3 3 3 3

9. Is intratumoral mass resection appropriate for patients with

hemangioblastoma growing in the brain stem?

2 2 2 2 3

10. Is maximum safe tumor removal beneficial to the prognosis of a

patient with high-grade glioma?

3 3 3 3 3

11. Can the total radiation dose be reduced appropriately for

patients with high-grade glioma with large tumor volume and

growing in vital functional areas?

3 2 2 2 3

12. Should a glioblastoma patient be treated with temozolomide

during and after radiotherapy?

3 3 2 3 3

13. Should craniospinal axis irradiation be performed for patients

with ependymoma without evidence of intracranial and spinal

tumor spread after surgery?

3 3 2 2 3

14. Is radiotherapy plus temozolomide chemotherapy appropriate

for a WHO Grade 3 glioma patient without 1p/19q combined

deletion found by postoperative pathological examination?

1 3 1 3 3

15. Is total resection appropriate for patients with

medulloblastoma found intraoperatively to invade the fourth

ventricle floor?

1 1 1 0 2

16. Intraoperatively, meningioma was found in a patient with

cavernous sinus lesions involving the inner and outer membranes

of the neck. If the surgeon is not overly keen on total resection, is it

appropriate to use stereotactic radiotherapy to control tumor

growth after surgery?

2 3 3 2 3

17. For patients with meningiomas invading the anterior 1/3 of the

sagittal sinus, can they be resected intraoperatively along with the

sagittal sinus?

1 3 0 2 3

18. Should facial nerve reconstruction be performed as soon as

possible for a patient with acoustic neuroma who accidentally

ruptured the facial nerve during surgery?

3 3 2 3 3

(Continued on next page)
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Table 1. Continued

Question GPT-3.5 GPT-4.0

Low

seniority

Middle

seniority

High

seniority

19. What is the preferred drug treatment for a patient with

prolactinoma?

3 3 3 3 3

20. Is radiotherapy an option for craniopharyngioma? 3 3 3 2 3

21. In a patient with cystic angio-reticulocyte, is it necessary to

resect the nodules during surgery?

0 2 1 3 3

22. What is the standard medicine for primary central nervous

system lymphoma at first diagnosis?

3 3 2 2 3

23. Does intracranial melanoma need to be excised locally? 3 3 1 2 2

24. What is the preferred drug for treating delayed cerebral

ischemia caused by cerebral vasospasm caused by aneurysmal

subarachnoid hemorrhage?

2 3 3 3 3

25. For patients with aneurysmal subarachnoid hemorrhage whose

intraoperative aneurysmal neck is relatively wide, it is hard to

perform spring coil embolization. Should stent-assisted

embolization be selected?

3 3 3 3 3

26. In a patient with a ruptured middle cerebral artery bifurcation

aneurysm with parenchymal hematoma, surgical clipping or

segmental interventional embolization of the aneurysm is

preferred?

3 3 2 3 3

27. Should preoperative hypertension of patients with aneurysmal

subarachnoid hemorrhage be raised to ensure cerebral perfusion?

0 3 2 3 3

28. Should patients with giant intracranial arteriovenous

malformations be surgically removed quickly?

0 3 0 1 2

29. Should internal carotid endarterectomy be performed in

asymptomatic patients with carotid artery stenosis

exceeding 70%?

0 3 0 2 3

30. Should antithrombotic drugs be stopped immediately for

patients with cerebral hemorrhage after taking antithrombotic

drugs?

2 3 2 2 3

31. Can mechanical thrombectomy be performed on a 4-h pre-

cranial circulation artery occlusion patient after thrombolytic

therapy?

2 3 1 1 3

32. Is the combination of aspirin and clopidogrel recommended for

Moyamoya disease patients?

1 2 1 2 3

33. Can Moyamoya disease patients with acute cerebrovascular

event be treated with immediate surgery?

1 2 3 1 3

34. Which treatment option can significantly reduce the dose of

anti-Parkinson’s drugs, subthalamic deep brain stimulation or

medial deep brain stimulation of the pallidum?

1 1 3 3 2

35. Is deep brain stimulation recommended for dystonia in patients

with severe schizophrenia?

1 3 3 1 2

36. Should spinal spongiform vascular malformations be treated

aggressively in patients with mild symptoms caused by repeated

bleeding?

0 0 2 2 3

37. During microvascular decompression for patients with

trigeminal neuralgia, arteries or veins are themost common vessels

that compress the trigeminal nerve?

1 3 3 3 2

(Continued on next page)
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compared to those of neurosurgeons; (3) the responses of ChatGPT and neurosurgeons according to items’ specialty classification; and (4) the

responses of ChatGPT and neurosurgeons according to items’ question types. Because this was not a study of human subjects, neither

receiving approval from the institutional review board nor obtaining informed consent was required.

Study data

We performed this exploratory research on May 9, 2023, and generated a total of 50 questions on neurosurgery according to the guidelines

for neurosurgery of central nervous system (CNS) of trauma, tumor, VD, and functional neurosurgery (FN), including National Comprehensive

Cancer Network (NCCN) guidelines for CNS cancers, European Academy of Neurology, American Stroke Association, Movement Disorder

Society, AmericanAssociation of Neurological Surgeons, Congress of Neurological Surgeons, andChineseMedical Association (Table 1).We

generated the questions, such as answering yes or no, or asking questions about drugs, with simple answers that facilitated us to count the

final answers. We posed each question three times to GPT-3.5 and GPT-4.0. We also recruited three neurosurgeons, each with high, middle,

and low seniority, to write response questions, and the responses were recorded. In this study, we classified neurosurgeons according to the

guidelines set by the National Health Commission of the People’s Republic of China. The classification was based on their experience and

qualifications: (1) low: attending physician (has gotten the doctor qualification and has worked in neurosurgery for more than three years); (2)

middle: associate chief physician (has worked in neurosurgery as attending physician for more than three years); (3) high: chief physician (has

worked in neurosurgery as an associate chief physician for more than three years).

Table 1. Continued

Question GPT-3.5 GPT-4.0

Low

seniority

Middle

seniority

High

seniority

38. Can trigeminal nerve sensory roots be cut off for patients with

trigeminal neuralgia without vascular compression during

microvascular decompression?

0 1 1 0 2

39. When doctors suspect intracranial infection in patients with

intracranial tumors after surgery, is it appropriate to wait for

bacterial culture results before applying antibiotics to treat the

patient?

3 3 3 3 3

40. Can electric field therapy be used as monotherapy in patients

with recurrent glioblastoma?

0 1 0 1 2

41. What is the preferred treatment for patients with brain stem

hemorrhage greater than 5 mL and Glasgow score %7?

0 3 3 2 3

42. What is the most effective symptomatic medication for

Parkinson’s disease?

1 3 3 3 3

43. What is the first-line chemotherapy regimen for WHO Grade 3

oligodendroglioma with 1p/19q combined deletion?

2 3 1 0 2

44. What is the preferred therapeutic target for deep brain

stimulation to control parkinsonism, associated cognitive or

emotional problems, and psychiatric symptoms in patients with

Parkinson’s disease?

0 1 1 1 3

45. What is the preferred lipid-lowering drug for non-cardiogenic

ischemic stroke patients with low-density

lipoprotein R2.6 mmol/L?

2 3 2 3 3

46. What is the first therapeutic agent to relieve acromegaly in

patients with growth hormone adenoma?

1 2 3 3 3

47. What is the preferred treatment for patients with subarachnoid

hemorrhage and acute hydrocephalus with increased intracranial

pressure and impaired consciousness?

3 3 1 3 3

48. What is the preferred treatment drug for patients with

trigeminal neuralgia?

3 3 3 3 3

49. What is the preferred treatment for focal epilepsy patients over

65 years old?

0 3 1 3 3

50. What are the treatment options for patients with primary

systemic dystonia who do not improve after oral medication or

botulinum toxin treatment?

3 3 3 2 3
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Three senior neurosurgeons not involved in this study assessed the responses as ‘‘consistent’’ or ‘‘inconsistent’’ with solid recommenda-

tions based on the best available evidence in the above guidelines. Senior neurosurgeons are the highest level of physicians, with more expe-

rience and expertise than high-, middle-, and low-seniority neurosurgeons. They make a career of researching medical science and technol-

ogy, saving lives, and treating diseases. In our study, we recruited three neurosurgeons, with high, middle, and low seniority, to respond to

questions, and three senior neurosurgeons assessed the responses as ‘‘consistent’’ or ‘‘inconsistent.’’ ‘‘Inconsistent’’ means that the answer

did not match the answer to the question determined by the three senior neurosurgeons based on guidelines and personal experience. The

total score for each question is rated on a scale from 0 to 3 according to the number of ‘‘consistent’’ responses. Divergent opinions were

resolved via discussion.

Data measurement

The response data of ChatGPT and neurosurgeons were compared. We divided questions into trauma, tumor, VD, and FN according to

neurosurgery subspecialties. Themean scores were analyzed based on specialty classification and question type, which were further classified

into treatment strategy (TS), intraoperative strategy (IS), and medicine option (MO). The mean scores were analyzed according to the ques-

tions’ specialty classification and question type.

Statistical analysis

SPSS statistical software 25.0 (IBM Corp., Armonk, New York, USA) was used for data analysis. Numerical variables are expressed as the

mean G SD. Qualitative variables are described as the absolute value of cases in the distinctive group. Student’s t test was performed to

evaluate the data with a normal distribution. Repeatedmeasure analysis of variancewas used for statistical assessment. Significant differences

between groups were indicated when p < 0.05.

RESULTS

Baseline characteristics

GPT-3.5 had 42.00% (21/50) of responses in accordance with guidelines, with 22.00% (11/50) inconsistent, and 36.00% questions (11/50) for

which one response or two responses were inappropriate. GPT-4.0 had 72.00% (36/50) of responses in accordance with guidelines, with

2.00% (1/50) inconsistent and 26.00% questions (13/50) for which one response or two responses were inappropriate.

Three neurosurgeons with low seniority had 40.00% (20/50) of responses in accordance with guidelines, with 8.00% (4/50) inconsistent, and

52.00% questions (26/50) for which one response or two responses were inappropriate. Three neurosurgeons with middle seniority had

46.00% (23/50) of responses in accordance with guidelines, with 1.20% (3/50) inconsistent, and 48.00% questions (24/50) for which one

response or two responses were inappropriate. Three neurosurgeons with high seniority had 78.00% (39/50) of responses in accordance

with guidelines, with no inconsistency, and 22.00% of questions (11/50) for which one response or two responses were inappropriate.

(Figure 1A).

Figure 1. The comparison of ChatGPT and evidence-based neurosurgeons

(A–D) Statistical results (A) the accuracy in different groups; (B) comparison of mean scores in different groups; (C) comparison of mean scores according to

question type; (D) comparison of mean scores according to specialty classification.
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Comparison of mean scores

Themean score was 1.780G 1.217 in GPT-3.5 and 2.580G 0.758 in GPT-4.0 (p < 0.001). Themean score was 1.980G 1.000 in the low-seniority

group, 2.200G 0.904 in the middle-seniority group, and 2.780G 0.418 in the high-seniority group. The mean score significantly differed be-

tween the group of GPT-3.5 and middle seniority (p = 0.024) and GPT-3.5 and high seniority (p < 0.001). The mean score also significantly

differed between the group of GPT-4.0 and low seniority (p < 0.001) and GPT-4.0 and middle seniority (p = 0.005). We recorded no be-

tween-group differences in the mean score in group GPT-3.5 and low seniority (p = 0.242) and GPT-4.0 and high seniority (p = 0.058).

(Figure 1B).

Comparison of mean scores according to the question type

In TS, the mean score was 1.750G 1.260 in GPT-3.5 and 2.500G 0.885 in GPT-4.0 (p = 0.004). The mean score was 2.000G 1.022 in the low-

seniority group, 2.080G 0.881 in the middle-seniority group, and 2.790G 0.415 in the high-seniority group. The mean score of GPT-3.5 in TS

was significantly lower than that of the high-seniority group (p = 0.001). We recorded no between-group differences in other groups.

In IS, themean score was 1.670G 1.291 in GPT-3.5 and 2.530G 0.743 in GPT-4.0 (p = 0.007). Themean score was 1.730G 1.100 in the low-

seniority group, 1.930G 1.033 in the middle-seniority group, and 2.600G 0.507 in the high-seniority group. The mean score of GPT-3.5 was

significantly lower than that of the high-seniority group (p = 0.005). The mean score of GPT-4.0 was significantly higher than that of the low-

and middle-seniority group (p = 0.013, p = 0.014, respectively). We recorded no between-group differences in other groups.

In MO, the mean score was 2.000G 1.095 in GPT-3.5 and 2.820G 0.405 in GPT-4.0 (p = 0.020). The mean score was 2.270G 0.786 in the

low-seniority group, 2.820G 0.405 in the middle-seniority group, and 3.000G 0.000 in the high-seniority group. The mean score of GPT-3.5

was significantly lower than that of themiddle- and high-seniority groups (p = 0.042, p = 0.013, respectively). We recorded no between-group

differences in other groups. (Table 2 and Figure 1C).

Comparison of mean scores according to specialty classification

In trauma, the mean score was 2.330G 1.211 in GPT-3.5 and 2.670G 0.516 in GPT-4.0 (p = 0.465). The mean score was 2.000G 0.894 in the

low-seniority group, 2.170G 0.753 in the middle-seniority group, and 2.670G 0.516 in the high-seniority group. The mean score of GPT-4.0

was significantly higher than that of the low-seniority group (p = 0.025). We recorded no between-group differences in other groups.

In tumor, the mean score was 2.150G 1.089 in GPT-3.5 and 2.600G 0.681 in GPT-4.0 (p = 0.025). The mean score was 1.900G 1.021 in the

low-seniority group, 2.200G 0.951 in the middle-seniority group, and 2.800G 0.417 in the high-seniority group. The mean score of GPT-3.5

was significantly lower than that of the high-seniority group (p = 0.012). The mean score of GPT-4.0 was significantly higher than that of the

low-seniority group (p = 0.005). We recorded no between-group differences in other groups.

In VD, themean score was 1.470G 1.246 inGPT-3.5 and 2.670G 0.816 inGPT-4.0 (p = 0.002). Themean score was 1.870G 1.060 in the low-

seniority group, 2.270G 0.799 in the middle-seniority group, and 2.930G 0.258 in the high-seniority group. The mean score of GPT-3.5 was

significantly lower than that of themiddle- and high-seniority groups (p = 0.013, p < 0.001, respectively). Themean score of GPT-4.0 was signif-

icantly higher than that of the low-seniority group (p = 0.041). We recorded no between-group differences in other groups.

In FN, themean score was 1.110G 1.167 inGPT-3.5 and 2.330G 1.000 inGPT-4.0 (p = 0.010). Themean score was 2.330G 1.000 in the low-

seniority group, 2.110G 1.167 in the middle-seniority group, and 2.560G 0.527 in the high-seniority group. The mean score of GPT-3.5 was

significantly lower than that of the low- and high-seniority groups (p = 0.002, p = 0.005, respectively). We recorded no between-group differ-

ences in other groups. (Table 3 and Figure 1D).

DISCUSSION

With the development of ChatGPT, many researchers have evaluated its application value in the medical field. Sallam22 indicated that

ChatGPTwas an efficient and promising tool for scientific research, healthcare practice, and education. ChatGPT can conduct comprehensive

Table 2. Comparison of mean scores according to question type

Characteristic

GPT-

3.5

GPT-

4.0

low

seniority

middle

seniority

high

seniority

Mean

scores

p value

(with

GPT-3.5)

p value

(with

GPT-4.0)

Mean

scores

p value

(with

GPT-3.5)

p value

(with

GPT-4.0)

Mean

scores

p value

(with GPT-3.5)

p value

(with

GPT-4.0)

treatment

strategy

1.750 G

1.260

2.500 G

0.885

2.000 G

1.022

0.377 0.056 2.080 G

0.881

0.224 0.076 2.790 G

0.415

0.001 0.110

intraoperative

strategy

1.670 G

1.291

2.530 G

0.743

1.730 G

1.100

0.806 0.013 1.930 G

1.033

0.452 0.014 2.600 G

0.507

0.005 0.719

medicine

option

2.000 G

1.095

2.820 G

0.405

2.270 G

0.786

0.432 0.052 2.820 G

0.405

0.042 1.000 3.000 G

0.000

0.013 0.167
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literature reviews and involve improved language and the ability to express and communicate research ideas and results.7 Regardingmedical

education, ChatGPT can provide professional academic guidance in the qualification examination for physicians,20 medical student educa-

tion,23 and communication skills.4 In addition, ChatGPT can help streamline the clinical workflow with possible cost savings and increased

efficiency.24,25

The application of ChatGPT in neurosurgery mainly includes medical and surgical education, administrative assistance, and clinical

decision-making. Sevgi et al.26 found that although using ChatGPT for neurosurgery training might revolutionize learning for medical

students, residents, and neurosurgeons, it should not be considered a dependable source of information. Its reliability should be further

evaluated and improved. Besides, Singh et al.27 presented the future applications and drawbacks of ChatGPT integration in medical and

surgical education, clinical decision-making, and administrative assistance. They indicated that ChatGPT might be a helpful tool for neuro-

surgical medical education, planning and decision-making, and the productivity and effectiveness of clinicians soon.

Some researchers have found the capability of ChatGPT in CDSS. ChatGPT can provide general basic answers regarding medical knowl-

edge, lifestyle, treatment, and radiology.15,28 Haemmerli et al.29 found ChatGPT performed well for adjuvant treatment recommendations

andmay become a promising assisted tool for physicians. Based on this, ChatGPT could also be considered in helping create policies related

to concussion and repetitive brain trauma associated with neurodegenerative disease risk. To further explore the application of ChatGPT in

neurosurgery, we first analyzed ChatGPT’s ability to be comparable to the evidence-based neurosurgeon’s ability.

Is ChatGPT’s ability comparable to that of evidence-based neurosurgeons?

We conducted tests on GPT-3.5 and GPT-4 to evaluate their abilities to respond in accordance with evidence-based medicine. In this study,

althoughGPT-3.5 had poor performance to some extent, GPT-4.0 had a correct response rate of 72.00%, meaning that GPT-4.0 could answer

consistently with recommendations from evidence-based medicine in most cases. This finding underscores that most medical responses

provided by GPT-4.0 were based on the latest medical evidence and were consistent with experts’ opinions and guidelines, even without

explicit training on a medical database. However, GPT-3.5 and GPT-4.0 produced some responses needed to meet evidence-based medi-

cine. For example, ChatGPT provided an answer that contradicts guidelines regarding whether electric field therapy can be used as mono-

therapy in patients with recurrent glioblastoma30 (Figure 2). ChatGPT’s advice is based on the latest scientific evidence and adheres to expert

guidelines and treatment protocols, but its dataset dates from 2021 and is not updated in real time.31 Life science and medicine develop

rapidly, and new knowledge is produced constantly. Even human medical experts should keep learning new things and continually update

their knowledge base. The neurosurgical field involves highly complex, specialized, and in-depth content. The GPT-4.0 responses are highly

consistent with evidence-based medicine, despite not being trained explicitly on medical databases. ChatGPT is as good as the dataset it is

trained on, which is the same as all AI programs.32 We believe that if ChatGPT is trained on medical databases, the professional response

standards might be further improved, revolutionizing modern clinical medicine.33,34

In this study, we compared the responses of ChatGPT to those of neurosurgeons. Statistical results show that GPT-3.5’s ability to respond

in accordance with evidence-based medicine was comparable to that of neurosurgeons with low seniority, and GPT-4.0’s ability was compa-

rable to that of neurosurgeons with high seniority. It seems that ChatGPT, and specifically GPT-4.0, responded better than most neurosur-

geons. We believe that as ChatGPT continues to upgrade, it will add a new dimension to healthcare.35 With the exponential growth of

the amount of information accumulated by AI, it provides better assistance for doctors’ clinical diagnosis and treatment at the individual level,

such as optimal treatment strategies, IS, targeted therapy, and personalized treatment. However, it should be noted that biomedical research

and clinical knowledge results cannot be equated. There is a complex transformation relationship between the two, and this transformation

process has difficulty reflecting the open data sources. In the face of highly specialized and complex medical knowledge, ChatGPT operates

based on statistics and association. It is good at simple thinking activities such as word processing and common dialogue. However, it is diffi-

cult to form objective knowledge reflecting human physiological or pathological activities, which often requires a rigorous logical reasoning

Table 3. Comparison of mean scores according to specialty classification

Characteristic GPT-3.5 GPT-4.0

low seniority middle seniority high seniority

Mean

scores

p value

(with

GPT-3.5)

p value

(with

GPT-4.0)

Mean

scores

p value

(with

GPT-3.5)

p value

(with

GPT-4.0)

Mean

scores

p value

(with

GPT-3.5)

p value

(with

GPT-4.0)

trauma 2.330 G

1.211

2.670 G

0.516

2.000 G

0.894

0.530 0.025 2.170 G

0.753

0.793 0.203 2.670 G

0.516

0.465 –

Tumor 2.150 G

1.089

2.600 G

0.681

1.900 G

1.021

0.234 0.005 2.200 G

0.951

0.858 0.057 2.800 G

0.417

0.012 0.163

vascular disease 1.470 G

1.246

2.670 G

0.816

1.870 G

1.060

0.271 0.041 2.270 G

0.799

0.013 0.138 2.930 G

0.258

<0.001 0.262

functional

neurosurgery

1.110 G

1.167

2.330 G

1.000

2.330 G

1.000

0.002 1.000 2.110 G

1.167

0.053 0.559 2.560 G

0.527

0.005 0.512
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process, and sometimes personal experience and even intuition. Therefore, clinicians do not need to worry about this.32 The profession of

doctors continues to show its value because of the complexity of various factors and the variability of individual differences in patient diag-

nosis and treatment in the office and the operating room.32 At this time, only humandoctors can play the role of comprehensive judgment and

clinical treatment.

Comparison of mean scores according to classification

Performance comparison betweenGPT-3.5 andGPT-4.0 across neurosurgery subspecialties and question types revealed that GPT-4.0 gener-

ally outperformedGPT-3.5, despite no significant difference in themean scores for most items. According to question type, we found that the

deficiencies of GPT-3.5 were improved in GPT-4.0, both in treatment or IS and MOs. In particular, GPT-4.0 performed better than neurosur-

geons with low and middle seniority in IS.36,37 This result indicates that ChatGPT can better assist the clinical medical practice in the

development of ChatGPT, which can better integrate the latest achievements of contemporary science and technology to improve the level

of human medical treatment further.

In addition, the initial version of GPT was trained on a 40 GB text dataset using amodified transformer architecture and had amodel size of

1.5 billion parameters. Later on,OpenAI introducedGPT-3 in 2020. To enhance the output of GPT-3.0,OpenAI introduced a newmodel called

InstructGPT, also known as GPT-3.5, particularly for conversational models. It is based on GPT-3.0 but improves its language capabilities and

ability to follow provided instructions. Themodels of GPT-3.5 introduce a significant element: human training. TheGPT-4.0 dialoguemodel is

a fine-tuned version of GPT-3.5. However, it works within even stricter guardrails, an early prototype of AI alignment with human values by

forcing it to comply with many rules. This enhancement enables the model to understand the context better and distinguish nuances, result-

ing in more accurate and coherent responses. Furthermore, GPT-4.0 has a maximum token limit of 25,000 words, significantly increasing from

GPT-3.5’s 3,125 words (https://openai.com). Our study also suggests that ChatGPT’s knowledge in specific fields (e.g., MO) remains insuffi-

cient, but these deficiencies can be optimized by upgrading ChatGPT.

According to question type, we also found similar results in which the performance of GPT-4.0 is better than neurosurgeons with low and

middle seniority. Although ChatGPT has been used in the medical field, the results of this study show that ChatGPT can provide detailed,

specific, and personalized responses to medical problems in various subspecialties of neurosurgery, demonstrating its potential for medical

diagnosis and treatment.38,39

Ethical consideration

Firstly, many studies have found that AI-assisted CDSS can optimize procedures and improve clinical practice efficiency; most are theoretical

and retrospective studies and lack high-quality clinical trials.24,25,40 Secondly, the clinical application of AI requires regulation. Researchers

must perform clinical studies according to relevant regulations. Only products approved by medical regulatory authorities can be used in

Figure 2. Screenshot of ChatGPT’s answer to a question
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clinical practice in compliance.33,41 Thirdly, using conversational AI for specialized research will likely introduce inaccuracies, bias, and plagia-

rism.23 Physicians who use ChatGPT risk being misled by false or biased information. As an AI, ChatGPT lacks autonomous consciousness,

does not take a position on its output, and does not bear any legal or ethical responsibility. Therefore, humans should always remain account-

able for scientific practice. In the future clinical application of ChatGPT, it is crucial to fully consider relevant ethical issues to ensure that AI

products meet the corresponding ethical requirements in clinical practice.

In addition, private entities own and controlmanyAI technologies, raising privacy and data security issues. The nature of the use of AI could

mean institutions such as corporations, hospitals, and the publicmight have convenience in obtaining and utilizing patient health information.

Regarding the ‘‘black box,’’ AI sometimes cannot easily be regulated by human medical experts.42,43 The learning algorithms’ methods and

‘‘reasoning’’ used for reaching their conclusions can be partially or entirely opaque to human observers.44 This opacity may also threaten the

security of personal health information.

Although ChatGPT shares some similarities with the human mind regarding knowledge generation, the differences between the two are

striking. ChatGPT is a machine learning model algorithm, and the essence of its output language is still derived from the understanding of

semantic rules. At the same time, human beings canmake differentiated expressions according to different situations and scenes, and human

beings have a broader process of individual cognitive modeling. The ability to have a more profound sense of the social environment func-

tions thatmachines do not have for the time being alsomakes human intelligence full of possibilities. We believe that nomatter howChatGPT

develops in the future, it will not be able to replace the role of doctors in clinical diagnosis and treatment but will be able to assist clinical

practice better.45 Neurosurgeons should exercise caution when using ChatGPT and consider it a supplement to their clinical knowledge

and experience.28

In summary, GPT-3.5’s ability to respond in accordance with evidence-based medicine was comparable to that of neurosurgeons with low

seniority, and GPT-4.0’s ability was comparable to that of neurosurgeons with high seniority. Although ChatGPT is not yet comparable to

neurosurgeons with high seniority, future upgrades could enhance its performance and abilities. Neurosurgeons and neuroscientists should

be aware of the progress of this AI chatbot and contemplate its potential integration into clinical practice.

Limitations of the study

This study has several limitations. First, the number of questions needed to be increased. The questions created have not been divided into

questions that directly question neurosurgical information and require the ability to interpret based on this information. Second, the sample

size in this study was insufficient, and the group of neurosurgeons recruited for this study was limited. We focus on the high, middle, and low

seniority of neurosurgeons, and the grouping still needs to be improved. In the future, further inclusion in the research subjects can be based

on specific doctor titles and levels to obtain more robust results. Third, this study did not include neurosurgeons from hospitals of different

levels and lacked comparative data between ChatGPT and neurosurgeons in different hospitals. It still needs to be further improved in the

future.
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RESOURCE AVAILABILITY

Lead contact

Further information and requests for resources and reagents should be directed to and will be fulfilled by the lead contact, Chengliang Yin

(chengliangyin@163.com).

Materials availability

This study did not generate new unique reagents.

Data and code availability

d All data reported in this paper will be shared by lead contact upon reasonable request.

d This paper does not report original code.

d Any additional information required to reanalyze the data reported in this paper is available from the lead contact upon request.

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Not applicable.

METHOD DETAILS

We performed this exploratory research on May 9, 2023, and generated a total of 50 questions on neurosurgery according to the guidelines

for neurosurgery of central nervous system (CNS) of trauma, tumour, vascular disease (VD) and functional neurosurgery (FN), including Na-

tional Comprehensive Cancer Network (NCCN) guidelines for CNS cancers, European Academy of Neurology, American Stroke Association,

Movement Disorder Society, American Association of Neurological Surgeons, Congress of Neurological Surgeons. (Table 1) We generated

the questions, such as answering yes or no, or asking questions about drugs, with simple answers that facilitated us to count the final answers.

We posed each question three times to GPT-3.5 and GPT-4.0. We also recruited three neurosurgeons, each with high, middle, and low

seniority, to write response questions, and the responses were recorded. Three senior neurosurgeons not involved in this study assessed

the responses as ‘‘consistent’’ or ‘‘inconsistent’’ with solid recommendations based on the best available evidence in the above guidelines.

In our study, we recruited three neurosurgeons, each with high, middle, and low seniority, to respond to questions, and three senior neuro-

surgeons assessed the responses as ‘‘consistent’’ or ‘‘inconsistent.’’ ‘‘Inconsistent’’ means that the answer did not match the answer to the

question determined by three senior neurosurgeons based on guidelines and personal experience. The total score for each question is rated

on a scale from 0 to 3 according to the number of ‘‘consistent’’ responses. Divergent opinions were resolved via discussion.

QUANTIFICATION AND STATISTICAL ANALYSIS

SPSS statistical software 25.0 (IBM Corp., Armonk, New York, USA) was used for data analysis. Numerical variables are expressed as the

mean G SD. Qualitative variables are described as the absolute value of cases in the distinctive group. Student’s t-test was performed to

evaluate the data with a normal distribution. Repeatedmeasure analysis of variancewas used for statistical assessment. Significant differences

between groups were indicated when p < 0.05.

ADDITIONAL RESOURCES

Not applicable.
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