
Heliyon 9 (2023) e21792

Available online 4 November 2023
2405-8440/© 2023 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Risk factors for mortality in brain injury patients who have severe 
hypernatremia and received continuous 
venovenous hemofiltration 

Hao Wu a,b,1, Xiayin Li a,b,1, Lijuan Zhao a,1, Jinguo Yuan a, Yan Xing a, Ming Bai a,**, 
Shiren Sun a,* 

a Department of Nephrology, Xijing Hospital, the Fourth Military Medical University, No. 127 Changle West, Road, Xi’an, Shanxi, 710032, China 
b Xi’an Medical University, Xi ’an, Shanxi, China   

A R T I C L E  I N F O   

Keywords: 
Brain injury 
Continuous venovenous hemofiltration 
Mortality 
Risk factor 
Severe hypernatremia 

A B S T R A C T   

Background and objectives: The mortality rate for people with brain injuries is increased when 
hypernatremia is present. Patients with severe hypernatremia, who have a significant short-term 
mortality rate, were shown to benefit from continuous venovenous hemofiltration (CVVH), which 
has been indicated to be successful. Exploring the risk factors for short-term mortality in brain 
injury patients who underwent CVVH and had severe hypernatremia was the aim of the current 
study. 
Materials and methods: Retrospective screening was performed on patients with brain injuries who 
underwent CVVH at Xijing Hospital between 1 December 2010 and 31 December 2021 and who 
have a diagnosis of severe hypernatremia. The outcomes included 28-day patient mortality and 
hospital stay duration. The patient survival rate was examined using the Kaplan-Meier survival 
curve. To determine the risk factors for short-term death for patients, univariate and multivariate 
Cox regression analysis models were used. 
Results: Our current study included a total of 83 individuals. The included patients had a median 
age of 49 (IQR 35–59) years. Of the included patients, 58 patients (69.9 %) died within 28 days. 
The median length of hospital stay for the patient was 13 (IQR 7–21) days. The APACHE II score, 
SOFA score, GCS, PLT count, INR, stroke, mechanical ventilation, and vasopressor reliance were 
related to 28-day mortality according to the univariate Cox analysis. INR (HR = 1.004, 95 % Cl: 
1.001–1.006, P = 0.008), stroke (HR = 1.971, 95 % Cl: 1.031–3.768, P = 0.04), mechanical 
ventilation (HR = 3.948, 95 % Cl: 1.090–14.294, P = 0.036), and vasopressor dependency (HR =
2.262, 95 % Cl: 1.099–4.655, P = 0.027) were independently associated with the risk of 28-day 
death rates, according to multivariate Cox regression analysis. 
Conclusions: Brain injuries who have severe hypernatremia requires CVVH, which has high short- 
term patient mortality. Mechanical ventilation, INR increase, stroke, and vasopressor dependence 
are independently associated with increased patient mortality risk.  
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1. Introduction 

At least 50 million patients suffer from brain injury every year worldwide, and more than 35 % of these patients experience 
hypernatremia [1–3]. Hypernatremia is a serious complication after brain injury, and it is also a risk factor for patient mortality. The 
blood sodium level had a substantial influence on the prognosis of patients with brain injury. The mortality rate increased with the 
increasing of serum sodium concentration [4]. Patients with hypernatremia with brain injury had a death rate of 20 %, while those 
with severe hypernatremia had a mortality rate as high as 80 % [5,6]. 

The relationship between hypernatremia and brain injury is complex. Several factors can trigger hypernatremia in patients with 
brain injury, such as central diabetes insipidus, the administration of hypertonic fluids (i.e., mannitol or hypertonic saline), iatrogenic 
sodium overload, inadequate water intake, and excessive water loss [7]. According to the etiology, the conventional therapy for 
hypernatremia in clinical practice is reducing the bloodstream levels of serum sodium, including fluid replacement, sodium intake 
limitation, and promotion of sodium excretion. However, these treatments are often insufficient to normalize serum sodium levels 
within 24–48 h for patients with acute severe hypernatremia or to achieve a correction rate of less than 20 % after 72 h for those with 
chronic severe hypernatremia [8]. Severe hypernatremia patients typically require continuous venovenous hemofiltration (CVVH). 
Many studies have focused on the effects of hypernatremia, blood sodium variability, and continuous infusion of hypertonic saline on 
the prognosis of brain injury patients [5,9–12]. Few studies have explored the influence of mortality and death risk factors on brain 
injury patients who also have severe hypernatremia treated by CVVH. Our previous study found that although the effect of CVVH in the 
treatment of severe hypernatremia was better than that of conventional treatment, the mortality rate was close to 60 % [13]. Our other 
study further explored the risk factors that impact mortality in individuals with serious conditions with significant hypernatremia 
treated by CVVH [14], but the inclusion of patients with multiple etiologies limited the expansion of the results. There is no research 
available right now on the risks of dying in CVVH-treated brain injury patients who have severe hypernatremia. 

In this study, we evaluated the incidence of death in brain injury patients receiving CVVH treatment for severe hypernatremia, and 
we also identified the risk factors for patient mortality, which will aid clinicians in identifying patients at high risk and offering 
personalized treatment to enhance the quality of life for patients. 

2. Materials and Methods 

2.1. Population and setting 

Retrospective screening was performed on patients with brain injuries who underwent CVVH at Xijing Hospital between 1 
December 2010 and 31 December 2021 and who had a diagnosis of severe hypernatremia (Na+＞160 mEq/L). Patients who met any of 
all of the following characteristics were disqualified: 1. age <18 years old; 2. severe infection; 3. the occurrence of severe hyper-
natremia before admission; and 4. chronic kidney disease in the past (eGFR≤30 ml/min/1.73 m2). The Declaration of Helsinki was 
followed when conducting the study. Our hospital’s committee on ethics provided its approval to this present study, and considering 
that it is a retrospective, noninterventional study, official informed permission for participation was not needed. 

2.2. Data collection 

Data on the individuals undergoing treatment were obtained from the Xijing Hospital’s digital medical records. Baseline charac-
teristics consisted of patient demographics, vital signs, laboratory results, and admission diagnosis. The diagnosis on admission was 
recorded and included ischemic stroke, hemorrhagic stroke, encephalitis, and brain tumor after an operation. The Glasgow Coma Score 
(GCS), the Sequential Organ Failure Assessment (SOFA), and the Acute Physiology and Chronic Health Evaluation (APACHE) II scores 
were adopted to evaluate the degree of severity of the condition on the initial day of admission. The sodium-related characteristics 
listed below were recorded: timing of hypernatremia emergence, time from admittance to the beginning of hypernatremia, the blood 
sodium level just before discharge or death, and serum sodium concentration before starting CVVH. The start, stop, and treatment 
times of CRRT (continuous renal replacement therapy) were recorded. Other kinds of treatments include vasopressor, operation, and 
mechanical ventilation. 

2.3. CRRT protocol 

Detailed method descriptions for the treatment of CVVH have been published previously [15]. A Prismaflex twin lumen catheter 
was inserted into the vein in the femur to provide temporary vascular access. The Prismaflex HF 100 Set system (Gambro Hospal, 
Stockholm, Sweden), with a membrane area of 0.9 m2 and 50 % predilution route, was used for the CVVH treatment. The replacement 
fluid rate was set at 2 L/h and the blood flow rate was 180 ml/min. The sodium concentration was controlled by adding 3 % sodium 
chloride, which was initially set to be 8 mmol/L lower than the serum level, and it was decreased by 2 mmol/L every 4 h. CVVH was 
continued until either the patient’s hypernatremia was corrected or they passed away. 
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2.4. Definitions 

A blood sodium level of more than 160 mEq/L has been deemed as severe hypernatremia [16]. For each study participant, we 
identified the serum sodium levels before and after CRRT treatment and the duration of CRRT treatment. Brain injury was categorized 
into stroke (ischemic or hemorrhagic) and no-stroke (brain tumor or encephalitis). The outcome was 28-day mortality and hospital 
stay. The patients who were still alive were followed-up over the phone when they were discharged. 

2.5. Statistical analysis 

Continuous variables were expressed differently based on their normality. The mean ± standard deviation (SD) was used to report 
normally distributed variables and were compared using a t-test. For nonnormally distributed variables, the median (interquartile 
range) was presented and compared using the Wilcoxon test. Categorical variables were compared using the chi-square or Fisher’s 
exact test and presented as frequencies and percentages. 

The cumulative survival of the patients was analyzed using the Kaplan‒Meier survival curve, and log-rank tests were adopted to 
compare the survival variation across groups. The independent risk factors for 28-day mortality were identified using a multivariate 
Cox regression analysis model. The variables included in the multivariate Cox regression analysis model had statistical significance (P 
< 0.05) in the univariate analysis. Optimal cutoff values for continuous variables were evaluated by calculating the area under the 
receiver operating characteristic curve (AUC-ROC). Statistical significance was set at a two-tailed P value < 0.05. SPSS 20.0 (SPSS Inc, 
Chicago, IL) and R version 4.2.2 (The R Foundation for Statistical Computing, Austria, Vienna) were used to analyze the data in the 
present research. 

3. Results 

3.1. Patient characteristics 

From 1 December 2010 to 31 December 2021, a total of 87 people with brain injuries who also had severe hypernatremia received 
CVVH. After the screening, in addition to 2 patients being excluded due to serious infections, 2 patients were excluded because they 
were below the age of 18. In the course of the research, 83 patients were included in the research (Fig. 1). 

Table 1 displays the baseline characteristics and clinical outcomes of brain injury patients who also had hypernatremia. In the non- 
survival group, there were more patients with ischemic stroke, hemorrhagic stroke and brain tumor, and the APACHE II score, SOFA 
score, PLT and fibrinogen degradation product (FDP) were higher, while the GCS score and encephalitis were relatively less than those 
in the survival group. In the non-survival group, there were more stroke patients and more patients who needed vasopressor and 
mechanical ventilation. The patients had a median age of 49 (IQR 35–59) years. Forty-eight (57.8 %) and 35 (42.2 %) were male and 
female, respectively. Of the included patients, the median RRSeNa was 0.9 (IQR 0.6–1.2) mEq/L/hour, the median APACHE II score 
was 26 (IQR 20–30), the median SOFA score was 11 (IQR 8–15), the median GCS was 3 (IQR 3–6), and the median CVVH time was 28 
(IQR 21–48) hours. Fifty-one (61.4 %) patients had an operation, 51 (61.4 %) patients had a vasopressor dependency, 66 (79.5 %) 
patients had mechanical ventilation, and 49 (59 %) patients had a stroke. The median sodium levels in the blood before CVVH, serum 
creatinine level at admission, 24-h liquid intake, and 24-h liquid output were 172.9 (IQR 165.5–179.6) mEq/L, 128 (IQR 94–199) 
μmol/L, 3925.0 (IQR 2464.0–5500.0) ml, and 3000.0 (IQR 1550.0–4500.0) ml, respectively. 

3.2. Patient outcome 

The clinical outcome of hypernatremia in patients with brain injury is also shown in Table 2. Fifty-eight patients (69.9 %) died 
within 28 days after the initiation of CVVH. No patient was lost to follow-up. The accumulated 28-day patient mortality proportion was 
69.9 % (Fig. 2). The median patient survival time was 12 days. The median length of hospital stay for the patient was 13 (7–21) days. 

Fig. 1. Patient inclusion flow chart.  
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Table 1 
Characteristics of patients.  

Characteristic All（n = 83） Survival（n = 25) Non-Survival (n = 58) P Value 

Age, years 49.0（35.0–59.0） 45.0 (38.0–60.0) 50.5 (34.0–58.0) 0.721 
APACHEII score 26.0（20.0–30.0) 21.0 (18.0–26.0) 27.0 (23.0–30.0) 0.001 
SOFA score 11.0（8.0–15.0） 7.0 (5.0–10.0) 12.5（9.0–16.0） ＜0.001 
GCS 3.0（3.0–6.0） 6.0（3.0–10.0） 3.0（3.0–5.0） 0.001 
Body temperature, ◦C 37.8（36.9–38.6） 37.8 (36.9–38.3) 37.9 (36.9–38.8) 0.717 
Heart rate, bpm 101（84–118） 101.0 (80.0–112.0) 101.0 (88.0–120.0) 0.335 
MAP, mmHg 86.3（79.3–95.3） 86.0 (80.0–95.3) 86.5 (78.7–94.7) 0.929 
RRSeNa, mEq/L/hour 0.9（0.6–1.2） 0.8 (0.5–1.1) 0.9 (0.5–1.2) 0.558 
Serum sodium before CVVH, mEq/L 172.9（165.5–179.6） 172.0 (166.7–177.5) 174.3 (165.0–179.6) 0.766 
CVVH time, hours 28（21–48） 40.0 (27.5–52.0) 24.0 (20.0–48.0) 0.07 
24-h liquid intake, ml 3925.0 (2464.0–5500.0) 3697.0 (2500.0–4510.0) 4147.5 (2464.0–5804.0) 0.177 
24-h liquid output, ml 3000.0 (1550.0–4500.0) 3000.0 (1800.0–3690.0) 3032.5 (1500.0–4820.0) 0.402 
WBC,10^9/L 9.5（14.1–18.6） 14.1 (8.9–17.8) 14.3 (10.3–18.6) 0.725 
PLT,10^9/L 138（83–243） 226.0 (123.0–268.0) 118.5 (79.0–210.0) 0.013 
Hb, g/L 121（105–143） 129.0 (113.0–145.0) 120.5 (101.0–136.0) 0.204 
Serum creatinine, μmol/L 128（94–209） 128.0 (89.0–209.0) 129.0 (104.0–185.0) 0.655 
PH, mmol/L 7.3（7.3–7.4） 7.3 (7.3–7.4) 7.3 (7.3–7.4) 0.605 
PT, S 13.3（12.1–14.7） 13.3 (12.1–14.9) 13.5 (12.1–14.5) 0.858 
APTT, S 28.8（23.8–33.7） 26.8 (22.7–32.8) 29.4 (24.4–33.7) 0.565 
D-dimmer, mg/l 4.8（1.9–26.4） 4.3 (1.6–20.3) 5.3 (2.2–27.5) 0.475 
FDP, μg/ml 12.6（5.8–46） 6.4 (4.3–14.0) 14.4 (7.1–56.7) 0.009 
INR 1.2（1.0–1.3） 1.1 (1.0–1.3) 1.2 (1.0–1.3) 0.299 
Male, n (%) 48（57.8） 14 (56.0) 34 (58.6) 0.824 
Stroke, n (%) 49（59.0） 7 (28.0） 42（72.4） ＜0.001 
Ischemic stroke, n (%) 26 (31.3) 5 (20.0) 21 (36.2) 0.001 
Hemorrhagic stroke, n (%) 23 (27.7) 2 (8.0) 21 (36.2) 0.001 
Brain tumor, n (%) 24 (28.9) 11 (44.0) 13 (22.4) 0.001 
Encephalitis, n (%) 10 (12.0) 7 (28.0) 3 (5.2) 0.001 
Operation, n (%) 51（61.4） 14 (56.0) 37（72.5) 0.503 
Vasopressor dependency, n (%) 51（61.4） 7 (28.0） 44 (86.3) ＜0.001 
Mechanical ventilation, n (%) 66（79.5） 12（48.0） 54（93.1） ＜0.001 

APACHE II, Acute Physiology and Chronic Health Evaluation II; GCS, Glasgow Coma Score; MAP, median arterial pressure; RRSeNa, reduction rate of 
serum sodium; SOFA, Sequential Organ Failure Assessment, CVVH, continuous venovenous hemofiltration; PLT, platelet; Fibrinogen Degradation 
Products, FDP. 

Table 2 
Outcomes of patients.  

length of hospital stay, days 13.0（7.0–21.0） 
28-day mortality 58（69.9）  

Fig. 2. Kaplan-Meier curve for 28-day mortality.  
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3.3. Risk factors for 28-day patient mortality 

The following variables were found to be associated with 28-day mortality based on univariate analysis: APACHE II score (P =
0.001), SOFA score (P < 0.001), GCS (P = 0.005), PLT count (P = 0.02), INR (P = 0.046), stroke (P < 0.001), mechanical ventilation (P 
< 0.001), and vasopressor dependency (P = 0.001) (Table 2). 

INR (hazard ratio [HR] = 1.004; 95 % confidence interval [CI]: 1.001–1.006; P = 0.008), stroke (HR = 1.971; 95 % CI: 
1.031–3.768; P = 0.04), mechanical ventilation (HR = 3.948; 95 % CI: 1.090–14.294; P = 0.036), and vasopressor dependency (HR =
2.262; 95 % CI: 1.099–4.655; P = 0.027) were identified as independent risk factors for 28-day death in the multivariate Cox regression 
analysis (Table 3). 

In accordance with the Youden index, the optimum INR cutoff value was 1.08. With the optimal cutoff value, 83 patients were 
classified into high and low groups. According to the Kaplan‒Meier survival curve, patients with greater INR, stroke, mechanical 
ventilation, and vasopressor dependency were correlated with a higher risk of death at 28 days (Fig. 3). 

4. Discussion 

This is the first study to investigate the mortality and factors that increase the risk of death in brain injury patients with severe 
hypernatremia treated by CRRT. In this study, we found that mechanical ventilation, stroke, vasopressor dependency, and INR were 
recognized as independent risk factors for 28-day death. 

The increase in risk of death was associated with hypernatremia. According to our research, patients experiencing brain injuries 
with severe hypernatremia had a significant short-term death rate. In our current study of patients with a brain injury who had severe 
hypernatremia, the death rate within 28 days was 69.9 %. Hypernatremia causes cellular dehydration in the brain, resulting in a rapid 
reduction in brain volume, which can increase the risk of focal intracranial hemorrhage, subarachnoid hemorrhage, myelin sheath 
injury, and even neuron death [16–18]. Previous studies found that the overall mortality rate for those with brain injuries who also 
have hypernatremia fluctuates from 30.7 % to 75 %, while the mortality rate of those with severe hypernatremia (Na+ ≥160 mEq/L) 
was 86.8 % [5,19,20]. This was higher than our current research results. The difference may be partially attributed to the use of CVVH 
in our present cohort. Previous studies have shown that CRRT is beneficial for treating severe hypernatremia and improving the 
survival rate [13]. Yessayan et al. [21] recommended the initiation of CRRT in brain injury patients who also have severe hyper-
natremia (Na+ >165 mEq/L). 

The requirement for mechanical ventilation was an independent risk factor for death in our research. According to earlier research, 
the requirement for mechanical ventilation was a known independent risk factor for death in brain injury patients who also had 

Table 3 
Univariate and multivariable Cox regression analyses of patient 28-day mortality.   

Univariate analysis Multivariate analysis  

HR 95 % CI P Value HR 95 % CI P Value 

Age 1 0.985–1.015 0.969    
APACHEII score 1.072 1.029–1.117 0.001 0.99 0.937–1.045 0.712 
SOFA score 1.15 1.087–1.218 <0.001 1.043 0.964–1.130 0.296 
GCS 0.872 0.793–0.959 0.005 0.947 0.845–1.062 0.351 
Body temperature 1.007 0.790–1.283 0.958    
Heart rate 1.007 0.996–1.018 0.244    
MAP 1.002 0.984–1.020 0.81    
RRSeNa 1.073 0.772–1.491 0.676    
CVVH time 0.993 0.982–1.004 0.193    
Serum sodium before CVVH treatment 0.993 0.967–1.020 0.632    
WBC 1.018 0.976–1.061 0.408    
PLT 0.996 0.993–0.999 0.02 1 0.996–1.003 0.978 
Hb 0.994 0.984–1.003 0.19    
Serum creatinine at admission 1 0.999–1.002 0.81    
PH 0.567 0.016–20.209 0.756    
PT 1.011 0.959–1.067 0.675    
APTT 1.012 0.977–1.048 0.496    
D-dimmer 1 1.000–1.000 0.758    
FDP 1 0.998–1.001 0.676    
INR 1.002 1.000–1.005 0.046 1.004 1.001–1.006 0.008 
Male 1.088 0.645–1.837 0.751    
Stroke (yes or no) 3.25 1.813–5.829 <0.001 1.971 1.031–3.768 0.04 
Operation (yes or no) 0.867 0.507–1.485 0.604    
Vasopressor dependency (yes or no) 5.768 2.075–16.032 0.001 2.262 1.099–4.655 0.027 
Mechanical ventilation (yes or no) 3.267 1.767–6.039 <0.001 3.948 1.090–14.294 0.036 
RRSeNa≥1 mEq/L/hour 1.114 0.658–1.886 0.689    

APACHE II, Acute Physiology and Chronic Health Evaluation II; GCS, Glasgow Coma Score; HR, hazard ratio; MAP, median arterial. 
Pressure; RRSeNa, reduction rate of serum sodium; SOFA, Sequential Organ Failure Assessment; CVVH, continuous venovenous hemofiltration; PLT, 
platelet; Fibrinogen Degradation Products, FDP. 
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hypernatremia [22]. This corresponds to our current outcomes. Almeida KJ et al. [23] found that long-term mechanical ventilation was 
associated with higher rates of mortality, neurological complications, and infection. Patients with brain injuries often require 
ventilator-assisted breathing and sedation therapy as they may have an abnormal conscious state. However, the use of mechanical 
ventilation can cause dehydration or worsen hypernatremia, so we should always pay attention to electrolytes and replenish water in 
time, while long-term use may result in respiratory failure due to the loss of respiratory protective reflexes and a reduced respiratory 
drive. This might increase the risk of developing lung problems, including pneumonia and acute respiratory distress syndrome, which 
would raise mortality [24–26]. 

Additionally, stroke had a statistically significant impact on death in brain injury patients who had severe hypernatremia. The 
blood-brain barrier can be damaged by both ischemic and hemorrhagic stroke, which can result in brain edema and elevated intra-
cranial pressure. The hypothalamus plays a critical role in regulating water and sodium balance is played by the hypothalamus, and 
when the hypothalamus-pituitary gland is affected by cerebral apoplexy, decreased secretion of antidiuretic hormone (ADH) as well as 
damage to the osmoreceptor or thirst center can occur. This can cause excessive excretion of low-sodium urine, aggravating hyper-
natremia in these patients (5). Hypertonic saline has been suggested as a potential treatment for acute intracranial hypertension. 
Although hyperosmolar therapy is commonly used in clinical practice to manage cerebral edema and increased intracranial pressure, 
hypernatremia can also be caused by it. There is currently inadequate evidence regarding the use of hypertonic saline in treating brain 
injury patients to improve neurological outcomes [10]. In our patient cohort, it remains uncertain whether the etiology of hyper-
natremia in all cases is related to hypertonic saline administration, and iatrogenic causes cannot be ruled out. Thus, careful consid-
eration should be given to the benefits and risks of using hypertonic saline for the management of increased intracranial pressure and 
cerebral edema. Furthermore, frequent monitoring of serum sodium levels should be performed during treatment with hypertonic 
saline. 

Our study, which was consistent with other research, established INR as an independent risk factor for death in brain injury patients 
who have severe hypernatremia [27,28]. A coagulation disorder is suspected if INR>1.2 and/or PLT<150 × 109/L and/or APTT>34.5 
s [29]. In the presence of a coagulation disorder, patients with brain injury may be susceptible to progressive hemorrhagic injury [30]. 
Van Gent JAN et al. [29] demonstrated that patients with a coagulation disorder had a significantly higher mortality rate than those 
without, possibly due to platelet dysfunction, endothelial activation, fibrinogen modification, and inflammation. Therefore, early 
monitoring and correction of coagulation dysfunction may be crucial for improving patient outcomes. 

Fig. 3. Survival curve of brain injury patients who also have hypernatremia under different factors 
3 A. Survival curve of brain injury patients who also have hypernatremia under vasopressor dependency 
3 B. Survival curve of brain injury patients who also have hypernatremia under mechanical ventilation 
3 C. Survival curve of brain injury patients who also have hypernatremia under stroke 
3 D. Survival curve of brain injury patients who also have hypernatremia under INR≥1.08. 
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In addition, we found that vasopressor dependency was an independent risk factor for death. This was consistent with our previous 
research conclusions [14]. The extensive use of vasopressor medications in patients with brain injury who have severe hypernatremia 
may be related to hemodynamic instability and insufficient tissue perfusion. As a result of our outcomes, the prognosis of patients with 
brain injury who have hypernatremia was associated with the degree of severity of the disease as well as the overall management of the 
condition. 

5. Study limitations 

The constraints of our present design studies are substantial. First, considering that it was a single-center trial, there could have 
been some bias, which will affect the universality of the results. However, we strictly followed the screening criteria, which will 
improve the repeatability of our research. Second, we collected data retrospectively through the electronic medical record system, and 
the results may be biased by unknown confounding factors. However, we performed multivariate analysis to adjust the important 
clinical parameters, lowering the possibility of bias. Third, the small number of participants limited the identification of risk factors 
with lower power. We need more multicenter research with a greater number of participants to provide us with stronger evidence. 

6. Conclusion 

The short-term death rate of individuals with brain injury who had severe hypernatremia was significant. Mechanical ventilation, 
INR increase, stroke, and vasopressor dependence were independently associated with the risk of 28-day mortality. Close monitoring 
of blood sodium concentration and coagulation function and timely treatment may be helpful to improve the prognosis of patients with 
brain injury. 
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