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Objective: The Rotterdam computed tomography (CT) score was used to 
evaluate the degree of coma and the prognosis of patients with moderate and 
severe craniocerebral injury, to analyze its feasibility, and to assess its value in 
guiding further clinical applications.

Methods: A total of 120 patients with moderate-to-severe craniocerebral injuries 
were selected as study participants, all of whom were treated at the Department 
of Neurosurgery of the Second Affiliated Hospital of Nantong University. All 120 
patients underwent craniocerebral CT scans. The Glasgow Coma Scale was 
used to evaluate the degree of coma, and the Glasgow Outcome Scale was 
used to evaluate prognosis. The Rotterdam CT scores of patients with different 
degrees of coma and prognoses were compared.

Results: The Rotterdam CT score was significantly lower in patients with 
moderate coma than in those with severe coma (p < 0.05). The Rotterdam CT 
score of patients with a good prognosis was significantly lower than that of 
patients with a poor prognosis (p < 0.05).

Conclusion: The Rotterdam CT score is indicative of the degree of coma in 
patients with moderate and severe craniocerebral injuries and has prognostic 
value. The Rotterdam CT score also shows potential for broader clinical 
application.
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1 Introduction

Traffic accidents and falls from buildings have increased with societal development. 
Craniocerebral injury is the most common cause of death and severe disability among 
various types of trauma. Patients with craniocerebral injuries often present in critical 
condition, with rapid changes, and have high mortality and disability rates. Therefore, 
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early and accurate prognostic prediction is of great significance 
for clinical decision-making, treatment effect evaluation, and the 
reasonable allocation of medical resources (1–3). At present, the 
treatment of patients primarily relies on predicting the condition 
of patients with craniocerebral injury based on their Glasgow 
Coma Scale (GCS) score, which requires relevant physicians to 
evaluate the patients on-site. However, this method involves 
certain subjective factors that are vulnerable to external 
influences and lacks objectivity. It is therefore important to 
identify simple, intuitive methods to assess a patient’s condition. 
Computed tomography (CT), because of its convenience, speed, 
objectivity, and widespread availability, is widely used in clinical 
practice, including in primary hospitals. It is the first choice for 
diagnosing acute craniocerebral injuries. Currently, CT has 
become the main auxiliary diagnostic tool that informs further 
treatment. The selection of high-risk patients for intracranial 
pressure monitoring and early prognostic assessment based on 
CT scan results is of great significance in managing patients with 
craniocerebral injuries. It has been confirmed that some CT 
imaging features correlate with prognosis (4–7). Therefore, this 
study used the Rotterdam CT scoring system to further 
demonstrate the feasibility of this assessment method.

2 Data and methods

2.1 General data

Patients with moderate and severe craniocerebral injuries 
admitted to the Second Affiliated Hospital of Nantong University 
between February 2019 and October 2023 were selected as study 
participants. This study was approved by the Medical Ethics 
Committee of our hospital.

The inclusion criteria were as follows: age > 16 years 
and < 75 years; a clear history of brain trauma; acute moderate-to-
severe craniocerebral injury (GCS score of 3–12 points); time from 
injury to visiting our hospital <12 h; acceptable follow-up; and 
informed consent signed by the guardian.

Exclusion criteria included serious heart, lung, liver, kidney, or 
other chronic diseases (including heart failure, emphysema, hepatitis, 
kidney failure, and uremia); coexisting neurological diseases 
(including Alzheimer’s disease); hematological diseases (including 
hemophilia); intracranial tumors; a history of stroke; serious injuries 
to other organs; pregnancy or lactation; and withdrawal of treatment 
because of hospital transfer or other reasons.

Of the 120 patients initially planned for inclusion in this 
study, 17 were later excluded for various reasons (including 
severe infections and hospital transfers). A total of 103 cases were 
included in the analysis. There were 76 men and 27 women. The 
average age was 46.31 ± 10.24 years, ranging from 18 to 72 years. 
The time from injury to admission ranged from 30 min to 9 h, 
with an average of 2.13 ± 1.32 h. Causes of injury included: 52 
cases of traffic accidents, 21 cases of falls from high places, 13 
cases of fall-related trauma, 10 cases of heavy crushing injuries, 
and seven cases of violent blows. Of these, 78 patients underwent 
surgical treatment.

2.2 Methods

All 103 patients with moderate and severe craniocerebral 
injuries underwent craniocerebral CT scans using a 256-slice spiral 
CT scanning machine (GE Company, USA). The scanning time was 
2–3 s, and the scanning plane was parallel to the canthomeatal line, 
with one layer every 5 mm. The Rotterdam CT scoring method was 
used by two experienced physicians to evaluate the images based 
on midline shift, basal cisterna status, bleeding status, and 
other signs.

2.3 Research indicators

(1) Rotterdam CT score: The score was determined based on CT 
findings. Scoring criteria were as follows: basal cisterna status: two points 
for displacement, one point for compression, and zero points for 
normalcy; midline displacement: one point for a shift >5 mm and zero 
points for a shift ≤5 mm; ventricular hemorrhage or traumatic 
subarachnoid hemorrhage: one point for presence and zero points for 
absence; and space-occupying lesions, such as hematomas or contusions: 
one point for presence and zero points for absence. The total score plus 
one resulted in a maximum of six points, which was used to predict 
prognosis (8, 9) (Typical cases: Figures 1A,B, 2A,B). (2) Coma degree: The 
degree of coma was assessed using the GCS. The scale includes 15 items 
across the dimensions of speech, movement, and eye-opening, with a 
score range of three to 15 points. Scores ≥13, 9–12, and 3–8 were classified 
as mild, moderate, and severe comas, respectively (10). (3) Prognosis: 
Patients were followed up for 6 months after treatment using the Glasgow 
Outcome Scale (GOS). Prognosis was classified as follows: death, plant 
survival, severe disability (inability to live independently, requiring care), 
moderate disability (ability to live independently but requiring protective 
work conditions), and good recovery (ability to live independently with 
normal work and life). Scores 4–5 were classified as a good prognosis, 
whereas scores 1–3 were classified as a poor prognosis (11).

2.4 Statistical analysis

SPSS 26.0 statistical software was used for analysis. Statistical data 
were expressed as rates (%). Measurement data conforming to a normal 
distribution were expressed as mean ± standard deviation (x ± s), and a 
T-test was used for comparison. Statistical significance was set at 
p < 0.05.

3 Results

3.1 Comparison of surgery requirements 
with Rotterdam CT scores

Among the 103 patients with moderate-to-severe craniocerebral 
injury, 78 (75.73%) underwent surgery and 25 (24.27%) did not. The 
Rotterdam CT scores of surgical patients were compared with those 
of nonsurgical patients, and the difference was statistically significant 
(p < 0.05) (Table 1).
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3.2 Comparison of Rotterdam CT scores in 
patients with different degrees of coma

Among the 103 patients with moderate-to-severe 
craniocerebral injury, 36 (34.95%) were in a moderate coma and 
67 (65.05%) were in a severe coma. The Rotterdam CT scores of 
patients in moderate coma were compared with those of patients 
in severe coma, and the difference was statistically significant 
(p < 0.05) (Table 1).

3.3 Comparison of Rotterdam CT scores in 
patients with different prognoses

Among the 103 patients with moderate-to-severe 
craniocerebral injury, 71 (68.93%) had a good prognosis, and 32 
(31.07%) had a poor prognosis. The Rotterdam CT scores of 
patients with a good prognosis were compared with those of 
patients with a poor prognosis, and the difference was statistically 
significant (p < 0.05) (Table 1).

FIGURE 1

(A, B) A 66-year-old male patient with cerebral hemorrhage was admitted to the hospital and underwent surgical treatment. The final prognosis was 
not good. Rotterdam CT score are as follows: basal cisterna status: one point for compression (white arrow); midline displacement: one point for a 
shift >5 mm (blue line); ventricular hemorrhage: one point for presence (blue arrow); and space-occupying lesions, such as hematomas or contusions: 
one point for presence (green arrow). The total score plus one resulted in five points, which was used to predict prognosis.

FIGURE 2

(A, B) A 60-year-old male patient with brain trauma was admitted to the hospital and underwent surgical treatment. The final prognosis was not good. 
Rotterdam CT score are as follows: basal cisterna status: two points for displacement (white arrow); midline displacement: one point for a shift >5 mm 
(blue line); ventricular hemorrhage or traumatic subarachnoid hemorrhage: one point for presence (blue arrow); and space-occupying lesions, such as 
hematomas or contusions: one point for presence (green arrow). The total score plus one resulted in six points, which was used to predict prognosis.

https://doi.org/10.3389/fneur.2025.1554181
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Ni et al. 10.3389/fneur.2025.1554181

Frontiers in Neurology 04 frontiersin.org

4 Discussion

Craniocerebral injury is a common condition in neurosurgery 
with a high disability and fatality rate. It seriously affects the 
survival and prognosis of patients and garners substantial clinical 
attention (12). Despite improvements in living standards and the 
rapid development of mechanical engineering, transportation, 
construction, and other industries, its incidence remains high. As 
the conditions of patients with craniocerebral injury are complex 
and changeable, timely and accurate diagnosis and evaluation are 
essential prerequisites for ensuring effective treatment (13). CT 
is the main examination method for craniocerebral injury 
because it can visually display the correlation between patients’ 
intracranial tissues (14). Rotterdam CT scoring is a new CT 
classification method proposed by Maas et  al. (15). Maas 
randomly evaluated the injury condition and prognosis of 
patients with craniocerebral injury and found that this 
classification method was more effective than the Marshall CT 
classification method proposed earlier (14, 16). The Rotterdam 
CT score quantifies multiple CT signs, such as midline 
displacement, intracranial hemorrhage, and basal cisternal 
compression. It has the advantages of convenient calculation, 
good repeatability, and high specificity and sensitivity (17, 18). 
There are some limitations in evaluating injuries based on the 
characteristics of individual CT images. For example, in cases of 
diffuse craniocerebral injury with diffuse swelling of brain tissue, 
the midline may not be displaced or may be slightly displaced 
even when the injury is severe and intracranial pressure is high, 
resulting in inaccurate predictions. The Rotterdam CT score 
synthesizes all the important features of CT images, enabling it 
to reflect the real situation of the injury (19–21).

In this study, 78 of 103 patients with moderate and severe 
craniocerebral injury required surgical treatment, accounting for 
75.73%. For these patients, the primary consideration is to save lives 
after surgery, but this also indicates that their condition is relatively 
severe. The Rotterdam CT scores of surgical patients were compared 
with those of non-surgical patients, and the difference was statistically 
significant (p < 0.05). This finding demonstrates that patients with 
high Rotterdam CT scores have more severe disease and a high risk of 
requiring surgery (17, 22). Patients with moderate and severe 
craniocerebral injuries tend to exhibit more pronounced brain tissue 
swelling and hematomas, resulting in increased intracranial pressure 
and compression of the midline structure, basal cisterna, and 
ventricles (18, 21, 23). Therefore, higher Rotterdam CT scores 
correlate with more severe disease.

The GCS has long been recognized as an important tool for evaluating 
the degree and severity of coma in patients with craniocerebral injury and 
is widely used clinically (10). In this study, among the 103 patients with 
moderate and severe craniocerebral injuries, 34.95% were in moderate 
coma (GCS score of 9–12 points), and 65.05% were in severe coma (GCS 
score of 3–8 points). The Rotterdam CT scores of patients in severe coma 
were significantly higher than those of patients in moderate coma. The 
difference was statistically significant (p < 0.05). These results indicate that 
the Rotterdam CT score objectively reflects the degree of coma in patients 
with moderate and severe craniocerebral injuries and provides a reference 
for diagnosing the condition.

Reducing adverse prognosis and improving the quality of life of 
patients are the main goals of clinical treatment for craniocerebral 
injuries. The Rotterdam CT score can serve as an independent predictor 
of adverse prognosis in patients with craniocerebral injury (24, 25). In 
this study, after a 6-month follow-up of patients with moderate and 
severe craniocerebral injury, it was found that among the 103 patients, 
68.93% had a good prognosis (GOS score 4–5 points), and 31.07% had 
a poor prognosis (GOS score 1–3 points). The Rotterdam CT scores of 
patients with a poor prognosis were significantly higher than those of 
patients with a good prognosis (p < 0.05). These results indicate that the 
Rotterdam CT score has predictive value for the prognosis of patients 
with craniocerebral injuries. This may be attributed to the severity of 
craniocerebral injury and brainstem involvement, which lead to limb 
motor function impairment and consciousness disturbances, ultimately 
affecting prognosis.

In summary, the Rotterdam CT score is closely related to 
whether patients with moderate or severe craniocerebral injury 
require surgery, their degree of coma, and their GOS score. This 
scoring system provides valuable guidance for assessing patient 
condition and prognosis.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding author.

Ethics statement

The studies involving humans were approved by Ethics Committee 
of Affiliated Hospital 2 of Nantong University. The studies were 
conducted in accordance with the local legislation and institutional 

TABLE 1 Comparison of research indexes and Rotterdam CT scores (x ± s, points).

Index Group Num Rotterdam CT score t-value p-value

Repuiers surgery or no
Surgery 78 4.96 ± 0.71

12.489 <0.05
No Surgery 25 3.01 ± 0.57

Degree of coma
Middle coma 36 3.34 ± 0.75

9.448 <0.05
Severe coma 67 4.83 ± 0.77

Prognosis
Favorable prognosis 71 3.24 ± 0.68

9.297 <0.05
Poor prognosis 32 4.67 ± 0.81

https://doi.org/10.3389/fneur.2025.1554181
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Ni et al. 10.3389/fneur.2025.1554181

Frontiers in Neurology 05 frontiersin.org

requirements. The participants provided their written informed 
consent to participate in this study.

Author contributions

JN: Data curation, Writing – original draft. WZ: Investigation, 
Software, Writing  – review & editing. ZW: Conceptualization, 
Methodology, Writing  – original draft. XW: Conceptualization, 
Funding acquisition, Writing – review & editing.

Funding

The author(s) declare that financial support was received for 
the research and/or publication of this article. The Science and 
Technology Program of Nantong Health Committee, No. 
MSZ2024038; Science and Technology Program of Nantong City, 
No. Key003; and the Project Supported by Science Foundation of 
Kangda College of Nanjing Medical University, No. 
KD2024KYJJ289; Nantong Young Medical Expert (No. 46).

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. Nordness MF, Maiga AW, Wilson LD, Koyama T, Rivera EL, Rakhit S, et al. Effect 

of propranolol and clonidine after severe traumatic brain injury: a pilot randomized 
clinical trial. Crit Care. (2023) 27:228. doi: 10.1186/s13054-023-04479-6

 2. Wu X, Sun Y, Xu X, Steyerberg EW, Helmrich IRAR, Lecky F, et al. Mortality 
prediction in severe traumatic brain injury using traditional and machine learning 
algorithms. J Neurotrauma. (2023) 40:1366–75. doi: 10.1089/neu.2022.0221

 3. Wang X, Wang Z, Sun C, Cui Z. Clinical study of Dexmedetomidine in combination 
with Butorphanol for the treatment of Traumatic Brain Injury (TBI). Turk Neurosurg. 
(2024) 34:14–9. doi: 10.5137/1019-5149.JTN.36585-21.2

 4. Jiang B, Ozkara BB, Creeden S, Zhu G, Ding VY, Chen H, et al. Validation of a deep 
learning model for traumatic brain injury detection and NIRIS grading on non-contrast 
CT: a multi-reader study with promising results and opportunities for improvement. 
Neuroradiology. (2023) 65:1605–17. doi: 10.1007/s00234-023-03170-5

 5. Zhao ZJ, Chen D, Zhou LY, Sun ZL, Wang BC, Feng DF. Prognostic value of 
different computed tomography scoring Systems in Patients with Severe Traumatic Brain 
Injury Undergoing Decompressive Craniectomy. J Comput Assist Tomogr. (2022) 
46:800–7. doi: 10.1097/RCT.0000000000001343

 6. Zheng RZ, Zhao ZJ, Yang XT, Jiang SW, Li YD, Li WJ, et al. Initial CT-based 
radiomics nomogram for predicting in-hospital mortality in patients with traumatic 
brain injury: a multicenter development and validation study. Neurol Sci. (2022) 
43:4363–72. doi: 10.1007/s10072-022-05954-8

 7. Zheng R, Zhuang Z, Zhao C, Zhao Z, Yang X, Zhou Y, et al. Chinese admission 
warning strategy for predicting the hospital discharge outcome in patients with 
traumatic brain injury. J Clin Med. (2022) 11:974. doi: 10.3390/jcm11040974

 8. Fujimoto K, Miura M, Otsuka T, Kuratsu J. Sequential changes in Rotterdam CT scores 
related to outcomes for patients with traumatic brain injury who undergo decompressive 
craniectomy. J Neurosurg. (2016) 124:1640–5. doi: 10.3171/2015.4.JNS142760

 9. Yu S, Choi HJ, Kim BC, Ha M, Kim K, Lee JH, et al. KNTDB Investigators. 
Prognosis Prediction in Severe Traumatic Brain Injury According to Initial Time of 
Brain Computed Tomography Scan Using the Rotterdam Scoring System. Korean J 
Neurotrauma. (2022) 18:161–168. doi: 10.13004/kjnt.2022.18.e53

 10. Jain S, Iverson LM. Glasgow coma scale. Treasure Island, FL: StatPearls 
Publishing (2024).

 11. Rezakhah A, Kobets AJ, Emami Sigaroudi F, Mahdkhah A, Barshan J, Gharajedaghi 
A, et al. Correlation between clinical findings at admission and Glasgow outcome scale 
score in children with traumatic brain injury. World Neurosurg. (2023) 175:e1300–6. doi: 
10.1016/j.wneu.2023.04.121

 12. Wang X, Chen Y, Wang Z, Zhang Y, Cui Z, Sun C. Effect of Dezocine on 
hemodynamic indexes of postoperative patients with traumatic brain injury (TBI)---A 
pilot study. Front Pharmacol. (2022) 13:665107. doi: 10.3389/fphar.2022.665107

 13. Miranda SP, Morris RS, Rabas M, Creutzfeldt CJ, Cooper Z. Early shared decision-
making for older adults with traumatic brain injury: using time-limited trials and understanding 
their limitations. Neurocrit Care. (2023) 39:284–93. doi: 10.1007/s12028-023-01764-8

 14. Vande Vyvere T, Pisică D, Wilms G, Claes L, Van Dyck P, Snoeckx A, et al. Imaging 
findings in acute traumatic brain injury: a National Institute of Neurological Disorders 
and Stroke common data element-based pictorial review and analysis of over 4000 
admission brain computed tomography scans from the collaborative European 
NeuroTrauma effectiveness research in traumatic brain injury (CENTER-TBI) study. J 
Neurotrauma. (2024) 41:2248–97. doi: 10.1089/neu.2023.0553

 15. Maas AI, Hukkelhoven CW, Marshall LF, Steyerberg EW. Prediction of outcome 
in traumatic brain injury with computed tomographic characteristics: a comparison 
between the computed tomographic classification and combinations of computed 
tomographic predictors. Neurosurgery. (2005) 57:1173–82. doi: 
10.1227/01.neu.0000186013.63046.6b

 16. Marshall LF, Marshall SB, Klauber MR, Van Berkum CM, Eisenberg H, Jane JA, 
et al. The diagnosis of head injury requires a classification based on computed axial 
tomography. J Neurotrauma. (1992) 9:S287–92.

 17. Amakhian AO, Obi-Egbedi-Ejakpovi EB, Morgan E, Adeyekun AA, Abubakar 
MM. Correlation between optic nerve sheath diameter at initial head CT and the 
Rotterdam CT score. Cureus. (2023) 15:e41995. doi: 10.7759/cureus.41995

 18. Maas AI, Steyerberg EW, Butcher I, Dammers R, Lu J, Marmarou A, et al. 
Prognostic value of computerized tomography scan characteristics in traumatic brain 
injury: results from the IMPACT study. J Neurotrauma. (2007) 24:303–14. doi: 
10.1089/neu.2006.0033

 19. Sekar A, Datta D, Patnaik A. Rotterdam CT score as a predictor of surgical 
outcome in children with traumatic brain injury. Indian J Pediatr. (2024) 91:90. doi: 
10.1007/s12098-023-04837-w

 20. Katar S, Aydin Ozturk P, Ozel M, Arac S, Evran S, Cevik S, et al. The use of 
Rotterdam CT score for prediction of outcomes in pediatric traumatic brain injury 
patients admitted to emergency service. Pediatr Neurosurg. (2020) 55:237–43. doi: 
10.1159/000510016

 21. Talari HR, Hamidian Y, Moussavi N, Fakharian E, Abedzadeh-Kalahroudi M, 
Akbari H, et al. The prognostic value of Rotterdam computed tomography score in 
predicting early outcomes among children with traumatic brain injury. World Neurosurg. 
(2019) 125:e139–45. doi: 10.1016/j.wneu.2018.12.221

 22. Yu S, Choi HJ, Kim BC, Ha M, Kim K, Lee JH, et al. Prognosis prediction in severe 
traumatic brain injury according to initial time of brain computed tomography scan 
using the Rotterdam scoring system. Korean. J Neurotrauma. (2022) 18:161–8.

 23. Rodrigues de Souza M, Aparecida Côrtes M, Lucena C, da Silva G, Jorge Fontoura Solla 
D, Garcia Marques E, et al. Evaluation of computed tomography scoring Systems in the 
Prediction of short-term mortality in traumatic brain injury patients from a low- to middle-
income country. Neurotrauma Rep. (2022) 3:168–77. doi: 10.1089/neur.2021.0067

 24. Hsu CJ, Hueng DY. Letter to the editor. Rotterdam CT score. J Neurosurg. (2023) 
139:1493–4. doi: 10.3171/2023.4.JNS23782

 25. Goswami B, Nanda V, Kataria S, Kataria D. Prediction of in-hospital mortality in 
patients with traumatic brain injury using the Rotterdam and Marshall CT scores: A 
retrospective study from Western India. Cureus. (2023) 15:e41548. doi: 10.7759/cureus.41548

https://doi.org/10.3389/fneur.2025.1554181
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1186/s13054-023-04479-6
https://doi.org/10.1089/neu.2022.0221
https://doi.org/10.5137/1019-5149.JTN.36585-21.2
https://doi.org/10.1007/s00234-023-03170-5
https://doi.org/10.1097/RCT.0000000000001343
https://doi.org/10.1007/s10072-022-05954-8
https://doi.org/10.3390/jcm11040974
https://doi.org/10.3171/2015.4.JNS142760
https://doi.org/10.13004/kjnt.2022.18.e53
https://doi.org/10.1016/j.wneu.2023.04.121
https://doi.org/10.3389/fphar.2022.665107
https://doi.org/10.1007/s12028-023-01764-8
https://doi.org/10.1089/neu.2023.0553
https://doi.org/10.1227/01.neu.0000186013.63046.6b
https://doi.org/10.7759/cureus.41995
https://doi.org/10.1089/neu.2006.0033
https://doi.org/10.1007/s12098-023-04837-w
https://doi.org/10.1159/000510016
https://doi.org/10.1016/j.wneu.2018.12.221
https://doi.org/10.1089/neur.2021.0067
https://doi.org/10.3171/2023.4.JNS23782
https://doi.org/10.7759/cureus.41548

	Feasibility study on intracranial pressure and prognosis of patients with moderate and severe craniocerebral injury using the Rotterdam computed tomography score: an observational study
	1 Introduction
	2 Data and methods
	2.1 General data
	2.2 Methods
	2.3 Research indicators
	2.4 Statistical analysis

	3 Results
	3.1 Comparison of surgery requirements with Rotterdam CT scores
	3.2 Comparison of Rotterdam CT scores in patients with different degrees of coma
	3.3 Comparison of Rotterdam CT scores in patients with different prognoses

	4 Discussion

	References

