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Abstract

Purpose: More real-world studies are required to better characterise TBI 
and to identify the most effective treatment approaches. We aimed to describe 
the changes in treatment and outcome among TBI patients in rural China.

Materials and Methods: We performed a retrospective, descriptive, 
cross-sectional analysis of patients presenting TBI in LinYi People’s Hospital in 
2017 and 2023. We analysed demographic data, including age, sex, mortality, 
aetiology, treatment, and functional outcome in 2 months. 

Results: 1. Compared with patients in 2017, patients in 2023 were older, 
and more often had moderate and severe TBI. They showed a greater incidence 
of mortality and poor outcome. More patients in 2023 received multiple surgery 
therapy, and the hospitalization time had shortened.

2. We found that Surgery, APACHE II score, moderate and severe TBI and 
Age were independent short term outcome predictors of patients in 2023 group.

Conclusion: The demographic characteristic and clinical treatment of TBI 
patients has changed significantly in recent years; we should continuously strive 
to improve treatment strategies based on the current actual situation.
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Introduction
Traumatic brain injury (TBI) is one of the leading causes of 

death and disability worldwide, the socioeconomic burden of 
TBI is increasing substantially in China [1]. The preview studies 
indicate potential for identifying best practices through comparative 
effectiveness research [2].   

Rapid population aging, with higher rates of multi morbidity, 
which should lead to changes in management approaches [3]. The 
purpose of this study is to analyze changes in the demographics and 
treatment of patients with TBI at our hospital before and after 6 years.

Material and Methods 
The study followed the principles of the Declaration of Helsinki as 

revised in 2013. This study was approved by the ethics Committee of 
Linyi People’s Hospital (YX200116, 2020.12.10). We confirm that all 
methods were performed in accordance with the relevant guidelines 
and regulations.As this study was a retrospective study and did not 
involve the leakage of subject information, the ethics committee 
approved the exemption of informed consent.

We conducted a descriptive, cross-sectional, retrospective study 
of all patients admitted to our hospital’s neurosurgery department due 
to TBI, we analysed 2 different cohorts: patients admitted in 2017, and 
patients admitted in 2023. 

We gathered data on the following epidemiological variables and 
clinical data: age, sex, mechanism of injury, post-resuscitation GCS 
score (once the patient was stable and before neurosurgery), baseline 
injury severity, Rotterdam CT score, Acute Physiology and Chronic 
Health Evaluation(APACHE) score, comorbidities, duration of stay at 
hospital(in days), mortality, functional status at 2 months according 
to the Glasgow Outcome Scale (GOS), emergency neurosurgery and 
type of intervention (craniotomy/craniectomy), intracranial pressure 
(ICP) monitoring, and use of an external ventricular drain.

GOS≤3 was considered as poor outcome, while GOS≥4 was 
considered as good outcome.

Statistical Analysis 
We excluded patients for whom information on discharge status or 

clinical severity was missing. The distribution pattern of the variables 
was analyzed using the Kolmogorov–Smirnov test. Continuous 
variables were reported as median (25th and 75th percentiles), and 
categorical variables as numbers and percentages. We used the Fisher 
exact test and the chi-square test to compare categorical variables, 
and the rank-sum test to analyse continuous variables (non-normal 
distribution). We also conducted multivariate COX regression analyse 
with stepwise forward selection to identify independent predictors of 
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poor outcome (GOS≤3). Kaplan-Meier survival analysis was done 
with death time. Statistical analysis was performed using IBM SPSS 
Statistics for Windows version 21 (IBM Corp., Armonk, New York, 
United States of America).

Results 
Baseline demographic and clinical characteristics for all the 

patients are shown in Table 1. We enrolled 854 patients in 2017 and 
914 patients in 2023. Compared with patients in 2017, patients in 2023 
group were older, fewer patients were men (72.4% vs 67.2%; P=0.02), 
and more often had moderate and severe TBI. 

There was no statistical difference in Rotterdam CT and admission 
GCS scoring system between the two groups; The APACHE II score, 
the proportion of patients with systemic hypotension and hypoxia in 
the 2023 group were relatively high.  

No significant difference in the etiology was discovered; Table 1 
showed traffic accidents increased from 46.5% in 2017 to 49.3% in 
2023. Falls from the same level or not remain constituted one of the 
main causes of TBI in the two groups.

More patients from the 2023 cohort received multiple surgery 
therapy (including decompressive craniectomy, ICP sensors, and exter 
ventricular drain; P< .001). They showed also a greater incidence of 
mortality and poor outcome. Overall mortality in 2 months increased 
from 2.5% in 2017 to 8.9% in 2023, and 28.1% of patients in 2023 
presented poor outcome (P < 0.001). 

The hospitalization time had shortened in 2023, while no 
significant difference was observed in the hospital cost.

Figure 1 shows the incidence rates of various age groups in 2017 
and 2023. The proportion of injuries among the elderly increased, 
especially among people aged 50-59 and 70-79.

The difference in all-cause death between the 2 groups was 
significant 

(log-rank test, P < 0.001) (Figure 2), the survival curve of patients 
in 2023 significantly decreased within 20 days.

As showed in Figure 3, the multivariate COX regression analysis 
of poor outcome (GOS≤3) at 2 months after TBI in 2023 group found 
that Surgery was independent favorable outcome predictor; APACHE 
II score, moderate and severe TBI and Age were independent 
unfavorable outcome predictors. 

Discussion 
Our study showed significant differences in the population 

attended at our hospital due to TBI in recent years. We also observed 
changes in the management of these patients. The results of this study 
inform policymaking for targeted TBI prevention and management, 
and provide evidence for decision making on clinical scenarios.

The socioeconomic burden of TBI is increasing substantially, 
including acute care, rehabilitation, and permanent neurologic 
disability [4]. We considered short-term poor outcome as the endpoint 
event and conducted a multivariate COX regression analysis. The 
outcome predictors for poor prognosis are more socially significant.

Table 1: Comparison of demographic and clinical data.
2017(n=854) 2023(n=914) P值

Age 48(26,62) 53(31,71) 0.002
Male,n(%) 618(72.4) 614(67.2) 0.02

GCS score, n(%) <0.001
Severe (3-8) 136(15.9) 233(25.5)
Moderate (9-12) 211(24.7) 359(39.3)
Mild (13-15) 507(59.4) 322(35.2)

Rotterdam CT scoring 
system 5(3,7) 6(3,9) 0.721

GCS scoring 6(4,8) 5(4,7) 0.583
APACHE Ⅱ 25(19,30) 28(20,36) 0.021
Systemic hypotension 15(1.7) 28(3.1) <0.001
hypoxia 101(11.8) 143(15.6) <0.001

Aetiology n(%) 0.089
Traffic accidents 397(46.5) 451(49.3)
Fall 401(47.0) 421(46.1)
Violence 56(6.5) 42(4.6)

Surgery, n(%) <0.001
Decompressive 
craniectomy 204(23.9) 301(32.9)

ICP sensors 163(19.1) 322(35.2)
Exter ventricular drain 231(27.0) 358(39.1)

Mortality, n(%) 21(2.5) 81(8.9) <0.001
GOS 1-3, n(%) 118(13.8) 257(28.1) <0.001
Hospital stay, days 14(8,22) 11(5,19) <0.001
Hospital cost, ¥ 17182.33(8850.15,45869.67) 17384.31(7002.93,69479.62) 0.69

Note: GCS: Glasgow Coma Scale; GOS: Glasgow Outcome Scale.

Figure 1: Comparison of incidence in different age groups over two periods. 

Figure 2: Kaplan-Meier curves for the two groups.
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In the 2023 group, the frequency of mortality and poor outcome 
increased, this may be explained by the higher proportion of elderly, 
multi morbid patients, resulting in poorer surgical prognosis and 
functional recovery. The proportion of patients with severe TBI was 
25.5%, similar to finding (20%) from the latest research on China [5].

As life expectancy has continued to increase, age-related problems 
have become increasingly common [6,7]. This may have played a 
role in the change in surgical indication. Population ageing is more 
frequent in developed countries, such as USA Europe, and is also 
observed in our population [8]. The incidence of TBI in the elderly 
population is estimated to have doubled over the past 20 year [5,9]. 

We found higher APACHE  score caused more deaths. This 
scoring system includes acute physiological and chronic health 
conditions, which is especially suitable for elderly patients. In the 
CENTER-TBI study [10], injury severity score, presence of hypoxia, 
systemic hypotension, were significantly associated with hospital 
survival in patients with TBI. 

Worldwide, moderate and severe TBI accounts for 19% of all 
cases; and the mortality rates range from 0.9 to 7.6 per 100 persons 
overall [11,12]. In this study, the mortality rate was 8.9% in 2023 
group, the management of polytrauma and elderly patients with 
multiple complications will be a challenge for future treatment.

The development of driver education programmers leads to 
a decrease in the incidence of traffic accidents in developed cities 
[13.14]. But in rural China, the most common cause of TBI is still 
traffic accident at present [1,6]. 

The changing age structure of Chinese population combined with 
further improvements in road-traffic safety will lead to a proportional 
increase of domestic injuries, particularly in those older than 65 
years, this underscores the need to develop new approaches to the 
management of these patients.

Surgical interventions show therapeutic benefits in patients with 
signs of brain herniation [15]. Moreover, pre-emptively treating 
impending brain herniation is preferable [16,17]. The effectiveness 
of surgical interventions in our study is of particular relevance given 
the lack of benefit reported in the overall TBI population in previous 
clinical trials [18]. The overall surgical efficiency cannot be easily 
demonstrated due to methodological differences among studies. 

Figure 3: Independent risk factors for short-term prognosis of patients in 
2023

Surgical interventions have not consistently been shown to reduce 
morbidity and mortality or to improve quality of life in the short 
term [19]. Decompressive craniectomy is increasingly recommended 
in China [20]. As shown by the multivariate analyses, surgery was 
associated with decrease in the likelihood of disability. Our study 
had several limitations. First, this was a single-center retrospective 
analysis, we only analysed data on patients admitted to our hospital; 
Second, no information on long-term complications and outcomes 
was collected. Finally, the contributions of multiple surgery were not 
subjected to more detailed subgroup analyses.    

The outcome of TBI is greatly influenced by the epidemiological 
characteristics of the population under study [21]. The risk factors for 
outcome of TBI patients will change over time, so more large-scale 
clinical studies are needed to clarify the relevant predictors and collect 
data on longer-term outcomes.

Conclusion 
The epidemiology of TBI has changed over time, which has also 

changed the management of the condition, with the need to introduce 
new approaches and strategies focused on achieving better outcomes. 

Data Availability Statement 
Supplementary information is not publicly available but is 

available from corresponding author on reasonable request.
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