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Abstract
Objective: The purpose of this study was to identify the relationship between coagulopathy during the
perioperative period (before the operation and on the �rst day after the operation) and the long-term survival of
TBI patients undergoing surgery, as well as to explore the predisposing risk factors that may cause
perioperative coagulopathy.

Methods: This retrospective study included 447 TBI patients who underwent surgery from January 1, 2015 to
April 25, 2019. Clinical parameters, including patient demographic characteristics, biochemical tests,
perioperative coagulation function tests (before the operation and on the �rst day after the operation) and
intraoperative factors were collected. Log-rank univariate analysis and Cox regression models were conducted
to assess the relationship between perioperative coagulopathy and the long-term survival of TBI patients.
Furthermore, univariate and multivariate analyses were performed to identify the underlying risk factors for
perioperative coagulopathy.

Results: Multivariate Cox regression analysis identi�ed age, AIS(head) = 5, GCS ≤ 8, systolic pressure at
admission < 90 mmHg and postoperative coagulopathy (all P < 0.05) as independent risk factors for survival
following TBI; we were the �rst to identify postoperative coagulopathy as an independent risk factor. According
to multivariate logistic regression analysis, for the �rst time, abnormal ALT and RBC at admission, preoperative
coagulopathy, infusion of colloidal solution > 1100 mL and intraoperative bleeding > 950 mL (all P < 0.005)
were identi�ed as independent risk factors for postoperative coagulation following surgery after TBI.

Conclusions: Those who suffered from postoperative coagulopathy due to TBI had a higher hazard for poor
prognosis than those who did not. Closer attention should be paid to postoperative coagulopathy and more
emphasis should be placed on managing the underlying risk factors.

Introduction
Traumatic brain injury (TBI) is one of the leading causes of death and disability worldwide, and it represents a
global health concern and �nancial burden [1, 2]. The main causes of early death in trauma victims are
acidosis, hypothermia and coagulopathy, which are related to each other and in�uence each other. Thus, this
vicious circle is often referred to as the " trauma triangle of death " [3, 4]. Trauma-induced coagulopathy
manifests as a state of hypercoagulopathy trending towards thrombosis [5] and a state of hypocoagulopathy
with progressive intracranial hemorrhage and increased systemic bleeding [6, 7].

There are many studies continuously proving that trauma-induced coagulopathy is common in traumatic brain
injury patients [8–10] and the incidence of coagulation disorders has great heterogeneity, ranging from 7–54%
[11, 12]. Reasons that cause this variation include the different techniques and de�nitions used, the
heterogeneity of the patients and the various testing times [13]. Secondary coagulopathy after traumatic brain
injury represent an important factor for unfavorable prognosis [14, 15], resulting in a nine-fold higher risk of
death and a 30-fold higher risk of poor prognosis than in TBI patients without secondary coagulation disorder
[7, 9, 16]. Mortality in TBI patients with coagulopathy is also highly heterogeneous, ranging from 22–66% [17,
18]. TBI patients with coagulopathy tend to suffer from delayed or progressive intracranial hemorrhage, as well
as from microvascular thrombosis [19, 20].
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Many retrospective and observational studies have focused on coagulation upon admission or the presence of
any coagulation disorders during the whole period of hospitalization [21, 22]. A multicenter study described the
course of coagulopathy in patients with isolated TBI, and associated it with CT characteristics and outcomes
[15]. The previous study mostly focused on the coagulopathy on admission, while the association between
coagulopathy in perioperative period and long-term survival of TBI patients has not been explored. It is
important to explore this relationship because many TBI patients require surgical treatment, and it has been
well established that the surgical intervention have an impact on the coagulation functions. We therefore
investigated for the �rst time whether coagulopathy during the perioperative period, with the use of
coagulation function tests performed before the operation and on the �rst day after the operation, was related
to the long-term survival of these patients. Furthermore, we investigated the predisposing risk factors that may
cause coagulopathy in the perioperative period, to the extent that these risk factors could be controlled and
managed for avoiding coagulopathy.

Materials And Methods
The clinical data of 447 TBI patients were retrospectively collected from January 1, 2015 to April 25, 2019 in
the Second A�liated Hospital of the Fourth Military Medical University. We included patients who recorded an
intracranial injury as the main diagnosis or the coexisting diagnoses upon admission. Intracranial injuries were
identi�ed by WHO ICD-11 codes from NA07.0 to NA07.9. The inclusion criteria were any patients with mild,
moderate, or severe TBI who entered the operating room for surgery, including for decompressive craniectomy
and the evacuation of an intracranial hematoma. Other inclusion criteria were that the interval from injury to
admission was less than 24 hours, an absence of other severe extracranial injuries, and an extracranial
Abbreviated Injury Scale (AIS) score < 3. TBI patients who did not undergo surgery or who did not survive
before undergoing any surgery were excluded from the study. TBI patients who had hemorrhagic or ischemic
cerebrovascular disease within half a year or who had other systemic diseases, such as uremia, cirrhosis, or
malignant tumors were also excluded.

The primary variable of interest was coagulation disturbance during the perioperative phase. We recorded the
coagulation function before the operation and on the �rst day after the operation. Coagulopathy was de�ned
as an aPTT > 40 sec and/or an INR > 1.2, and/or a platelet count < 100 × 109 per liter [23, 24]. Patient
demographic characteristics and biochemical tests were also retrospectively adjusted for the evaluation of the
relationship between perioperative coagulation and outcome. The demographic data collected included age(< 
45 years, 45–60 years, and > 60 years), gender, admission AIS (head), admission Glasgow Coma Scale (GCS),
which was categorized as moderate (GCS 9–13) or severe (GCS 3–8), pupil reaction at admission, systolic
pressure at admission, multiple traumas, and CT �ndings of midline shift and subarachnoid hemorrhage. The
patient biochemical tests upon admission included serum glucose(GLU), hemoglobin GB , aspartate
aminotransferase(AST), alanine aminotransferase(ALT), blood urea nitrogen(BUN), K+, Na+, CI_, Ca2+ and red
blood cells (RBCs) at admission. Systolic pressure < 90 mmHg, GLU > 151 mg/dL, GB < 120 g/L, AST ≥ 40 U/L,
ALT ≥ 40 U/L, BUN > 7.1 × 1012/L, K+ < 3.5 mmol/L or > 5.5 mmol, Na+ < 135 mmol/L or > 145 mmol/L, CI−

<95 mmol/L or > 105 mmol/L, Ca2+ < 2.25 mmol/L or > 2.75 mmol/L, and RBCs(men > 5.5 × 1012/L or < 4.0 × 
1012/L, and women > 5.0 × 1012/L or < 3.5 × 1012/L) were regarded as abnormal values.
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Because we found that the presence of postoperative coagulation disorders was closely related to long-term
survival, we reviewed the intraoperative factors in the next step, including the preoperative systolic pressure,
preoperative shock index, infusion of crystalloid solution and colloidal solution, ratio of infusion plasma to
RBCs, perioperative-bleeding, net �uid input, total surgery time and surgical approach. The net �uid input was
calculated as the sum of the crystalloid solution and colloid solution and infusion of blood products, and was
then subtracted from the amount of intraoperative blood loss and urine. The shock index was categorized as
normal (< 1.0), mild (1.0-1.5), moderate or severe shock (> 1.5). The crystalloid solution, colloidal solution,
intraoperative-bleeding, net �uid input, and total surgery time were analyzed as categorical variables, which
were classi�ed by using ROC curve analysis based on postoperative coagulation (Supplementary Figs. 1–5).

Follow-up was conducted by telephone or inpatient or outpatient review, and the �nal follow-up date was May
26, 2019. We performed log-rank univariate analysis to compare patient demographic characteristics,
biochemical tests and coagulation disturbances during the perioperative phase (the recorded coagulation
function included examinations before the operation and on the �rst day after the operation). The signi�cant
factors for univariate analysis were analyzed by the Cox regression model. Kaplan-Meier (KM) plots were used
to present the survival curves and analyze the crude survival between the two study groups (postoperative
coagulopathy or not).

Furthermore, to explore which factors could lead to postoperative coagulation dysfunction, we �rst performed
univariate and multivariate logistic regression analysis of the patient demographic characteristics, biochemical
tests and perioperative factors. Univariate analysis was performed using Fisher’s exact test or the chi-square
test to compare categorical variables. A P value < 0.05 was regarded as signi�cant. Statistical analysis was
carried out using IBM SPSS Statistics 20.0 (IBM, New York, NY).

Results
1 Postoperative coagulopathy in TBI patients is an important and independent factor affecting long-term
survival

1.1 Patient survival

By May 26, 2019, 120 (26.8%) patients had died, 214 (47.9%) had survived, and 113 (25.3%) had been lost to
follow-up. The follow-up duration was 1–53 months, and the median time was 30 months. The survival
analysis showed that the 1-year survival rate was 0.690 and that the 3-year survival rate was 0.607 (Fig. 1).

1.2 Log-rank univariate analysis of TBI patient prognosis

First, TBI patient prognosis with follow-up (334 cases) was compared with log-rank univariate analysis.
Table 1 summarizes the variables upon admission and perioperative coagulation. According to the log-rank
univariate analysis, the following factors were considered to be signi�cantly associated with the survival of
patients suffering from TBI: age (45–60 y, P = 0.015; >60 y, P < 0.001), AIS (head) = 5 (P < 0.001), GCS ≤ 8 (P < 
0.001), abnormal pupil reaction (P < 0.001), systolic pressure at admission < 90 mmHg (P = 0.004), GLU > 
151 mg/dL (P = 0.003), AST ≥ 40U/L (P = 0.049), K+ <3.5 mmol/L or > 5.5 mmol/L (P = 0,048), and
postoperative coagulopathy (P = 0.007). The number of TBI patients < 45, 45–60, and > 60 was 87 (26.0%), 154
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(46.1%), 93 (27.9%), respectively. In the group of patients < 45 years old, 17 (19.5%) died, while 70 (80.1%)
survived. In the group of patients aged 45–60 years, 53 (34.4%) died, while 101 (65.6%) survived. In the group
of patients > 60 years old, 50 (53.8%) died, while 43 (46.2%) survived. In terms of the severity of traumatic brain
injury patients, which was based on the GCS score and AIS (head), the number of GCS ≤ 8 were 97 (80.3%) in
died group and 93 (43.5%) in survival group, respectively, while the number of AIS (head) = 5 were 83 (69.2%) in
the death group and 64 (30.0%) in the survival group. A total of 112 (93.3%) TBI patients had abnormal pupil
reactions in the death group, and 153 (71.5%) TBI patients had abnormal pupil reactions in the survival group.
Ten patients had a systolic pressure < 90 mmHg at admission, and seven of these 10 patients died. In the
death group, 91 (75.8%), 90 (75.0%) and 77 (64.2%) patients had abnormal glucose, ALT and K+ levels,
respectively, in contrast to 124 (57.9%), 117 (54.7%) and 114 (53.3%) patients who had abnormal glucose, ALT
and K+ levels in the survival group. Interestingly, compared to preoperative coagulopathy, postoperative
coagulopathy occurred in 75 of these 120 patients who died and 100 of these 214 patients who survived.
However, there was no statistically signi�cant difference in gender, midline shift, subarachnoid hemorrhage,
multiple injury, GB, AST, BUN, Na+, CI−, Ca2+, RBC, or preoperative coagulopathy between the death and survival
groups, as shown in Table 1.

1.3 Cox regression model analysis for the in�uencing factors for TBI patient prognosis

Next, variables that were statistically signi�cant according to the univariate analysis were analyzed using a
Cox regression model. Multivariate Cox regression analysis identi�ed age, AIS(head) = 5, GCS ≤ 8, admission
systolic pressure < 90 mmHg and postoperative coagulopathy as independent risk factors for survival
following TBI (Table 2).

Interestingly, the postoperative coagulopathy was an independent risk factor, as we theoretically inferred. The
1-year survival rate of TBI patients suffering from postoperative coagulopathy was 0.625, and the 3-year
survival rate was 0.558. Accordingly, the 1-year survival rate of TBI patients without postoperative coagulation
dysfunction was 0.762 and the 3-year survival rate was 0.683. (Fig. 2)

2 Risk factors for postoperative coagulopathy in TBI patients

2.1 Patient Demographics

In this section, we explored which factors contributed to postoperative coagulopathy. In total, 447 patients
were admitted for further analysis, and 215 patients had postoperative coagulopathy. Table 3 lists the
differences in variables at admission between patients with postoperative coagulopathy and those without
postoperative coagulopathy. The severity of traumatic brain injury in patients based on AIS(head) and GCS
scores was statistically signi�cant. The number of patients with AIS(head) = 5 was 198 TBI patients, and
postoperative coagulopathy occurred in 115 of these 198 patients. The number of patients with a GCS score ≤ 
8 was 248 TBI patients, and postoperative coagulopathy appeared in 145 of these 248 TBI patients. A total of
196 (84.5%) patients had abnormal pupil reactions in non-postoperative coagulopathy group, while 163
(75.8%) cases in postoperative coagulopathy group. The presence of multiple injury was also statistically
signi�cant (P = 0.006). Postoperative coagulopathy occurred in 98(60.5%) of these 162 patients with multiple
injury. Patient biochemical tests upon admission, including hemoglobin (P = 0.001), ALT (P = 0.001), AST (P < 



Page 6/18

0.001) and RBC (P < 0.001) were also statistically signi�cant. Other variables were not statistically signi�cant,
as shown in Table 3.

2.2 Perioperative Characteristics

The differences in perioperative variables between the postoperative coagulopathy and non-postoperative
coagulopathy groups are shown in Table 4. Eighty-four TBI patients were diagnosed with coagulopathy
preoperatively, of whom 65 (77.4%) had postoperative coagulopathy. Only moderate and severe shock were
statistically signi�cant (P = 0.038). Crystalloid solution > 2900 mL or Colloidal solution > 1100 mL was
statistically signi�cant (P = 0.014, P < 0.001, respectively). The infusion of crystalloid and colloidal solutions,
which amounted to more than 3450 mL, was a risk factor(P < 0.001), with a total of 167 patients. A total of 108
(64.7%) of these 167 patients had postoperative coagulopathy. Similarly, net-�uid-input > 2425 mL was
statistically signi�cant (P = 0.001). In the non-postoperative coagulopathy group, intraoperative bleeding
exceeded 950 mL in 87 (40.5%) patients, and in 154 (66.4%) patients in the postoperative coagulopathy group
(P < 0.001). A total of 306 TBI patients received decompressive craniectomy, 175 of these 306 cases had
postoperative coagulopathy (P < 0.001). The total surgery time, which was more than 3.225 hours, was
statistically signi�cant (P = 0.017).

2.3 Multivariate logistic regression analysis of postoperative coagulopathy in TBI patients

Next, we used a forward stepwise binary logistic regression model to examine the statistically signi�cant
factors in the univariate analysis. The statistically signi�cant factors after logistic regression are shown in
Table 5. Multivariate analysis identi�ed abnormal ALT (P = 0.003) and RBC (P < 0.001) at admission,
preoperative coagulopathy (P < 0.001), infusion of colloidal solution more than 1100 mL (P < 0.001), and
intraoperative bleeding > 950 mL (P < 0.001) as independent risk factors for postoperative coagulation
following TBI (Table 5).

Discussion
This study is the �rst analysis of the relationship between TBI patient outcomes requiring surgery and
coagulopathy during the perioperative period performed using a survival analysis, and it analyzed the potential
risk factors causing perioperative coagulopathy for the �rst time. We found that postoperative coagulopathy
was identi�ed as an independent risk factor for survival following TBI. The risk factors that contributed to
postoperative coagulopathy included abnormal ALT and RBC at admission, preoperative coagulopathy,
infusion of colloidal solution > 1100 mL and intraoperative bleeding > 950 mL.

Approximately 334 TBI patients underwent surgery and completed follow-up, with a 1-year survival rate of
0.690 and a 3-year survival rate of 0.607. Interestingly, we found that the 1-year survival rate decreased rapidly
to 0.690, while the 3-year survival rate decreased by only 0.083 (Fig. 1). This suggests that TBI patient deaths
in those who underwent surgery were concentrated in the �rst year. In other words, if the patient made it
through the �rst year, his or her chances of survival were high.

In the log-rank univariate analysis, we found that age, AIS (head) = 5, GCS ≤ 8, abnormal pupil reaction, systolic

pressure < 90 mmHg at admission, abnormal glucose, AST and K+ were statistically signi�cant. In the Cox
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regression model analysis, age, AIS(head) = 5, GCS ≤ 8, systolic pressure at admission < 90 mmHg and
postoperative coagulopathy were identi�ed as independent risk factors. Age, whether 45–60 years or > 60
years, was statistically signi�cant. Older age was analyzed as a signi�cant predictor of prognosis in TBI [25,
26], which was also showed in our study. Moreover, we found that TBI was most common in patients aged 45–
60 years old, which amounted to 154 (46.1%) patients, and the older the age group was, the more signi�cant
the difference was. Undoubtedly, the GCS score and AIS(head), which describe the severity of traumatic brain
injury patients, are crucial factors affecting long-term survival, as previous literature has proved [26]. There
were only 10 TBI patients whose systolic pressure at admission was < 90 mmHg because prehospital infusion
was performed to stabilize blood pressure. Postoperative coagulation dysfunction is an independent risk
factor for long-term survival, which is worth further attention. We would like to add that we did not include
coagulation dysfunction at admission because of the particularity of patients with traumatic brain trauma
undergoing surgery. Most of these patients requiring surgery were operated on within a few hours of
admission. Preoperative coagulation function will overlap to some extent. In light of this, it is reasonable in a
sense that we did not include coagulation function at admission.

The 1-year and 3-year survival rates of TBI patients suffering from postoperative coagulopathy were 0.625 and
0.558, respectively, which were accordingly below the overall survival rate. In contrast, the 1-year and 3-year
survival rates of TBI patients with normal coagulation were 0.762 and 0.683, respectively, which were
accordingly above the overall survival rate (Fig. 2).

Preoperative coagulopathy was an independent risk factor for postoperative coagulation disorders. This
suggests that if there is enough time, we should actively design the plan for preventing the possible
postoperative coagulation disorders before surgery; otherwise, we should pay close attention to the factors
which may have impact on coagulation condition during and after the operation. The infusion of crystalloid
solution > 2900 mL, colloidal solution > 1100 mL or their sum > 3450 mL, and the net-�uid-input > 2425 mL were
all statistically signi�cant. On the one hand, the infusion of large amounts of �uid results in the dilution of
coagulation factors in the plasma. On the other hand, whether the input of a large amount of �uid during
surgery will cause the further release of brain-derived molecules to the circulatory system of the whole body
and further aggravate coagulation disorders remains a question that deserves additional attention and
research, because of the basic experimental evidence that pro-coagulant molecules (such as tissue factors,
phosphatidylserine, cardiolipin, and vWF) are released from damaged brain tissue [27–29]. In this study, there
was no de�nite ratio between crystal infusion and colloid infusion, and there was no signi�cant difference
between the two groups (data not shown).

Interestingly, intraoperative infusion of colloidal solution > 1100 mL was identi�ed as an independent risk
factor in the multivariate logistic regression analysis. Previous studies have shown that large amounts of
colloid infusion can affect the body coagulation function [30, 31], which was also con�rmed in this study.
Furthermore, we found that when the intraoperative input of colloidal �uid was more than 1100 mL, the impact
on postoperative coagulation was signi�cant. This threshold is derived from the ROC curve (Supplementary
Fig. 2). However, this conclusion was drawn from our retrospective study. Therefore, it is necessary to carry out
prospective clinical trials to study the infusion of colloids in patients with craniocerebral trauma.
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There are currently no clear guidelines for �uid management during craniocerebral trauma surgery, although
there are some other guidelines for surgical �uid management [30, 32, 33]. How to maintain the balance
between wet and dry conditions is a question we all need to consider, especially in traumatic brain injury,
because we do not know whether the high perfusion of �uid during surgery will cause secondary damage to
the brain or not. Just as our research provides evidence for the management of �uids during surgery, more
evidence-based prospective experiments are needed to explore this issue. We need a model or algorithm to
calculate the most appropriate �uid intake for patients with craniocerebral trauma that can not only maintain
cerebral and systemic perfusion, but also avoid secondary injury to the brain caused by elevated cranial
pressure owing to high perfusion. This appropriate �uid intake will maximize the bene�t of patients.

There were several limitations in our study. First, this was a retrospective single-center article. Retrospective
articles are not a substitute for prospective randomized controlled trials. There may be other data that we have
not recorded that will affect our analysis. Second, owing to the long follow-up time, approximately 25.3% of
patients were lost to follow-up. However, the loss to follow-up rate might be acceptable, compared to other
studies [34].

Conclusion
Those who suffered from postoperative coagulopathy due to TBI had a higher risk for poor prognosis than
those who did not. Closer attention should be paid to postoperative coagulopathy, and more emphasis should
be placed on managing the underlying risk factors it. If there is enough time, we need to actively improve the
patient's red blood cell and coagulation functions between admission and the beginning of surgery. We should
try to control the total amount of intraoperative infusion, especially the amount of colloidal �uid, which should
not exceed 1100 ml. At the same time, abnormal ALT and intraoperative bleeding >950 mL may also indicate
the possibility of poor postoperative coagulation function.
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Table 1  Variables on admission and perioperative coagulation 
  between death and survival (Log-rank test)

  Died(n=120) Survival(n=214) χ2 -Value P-value
Age     

< 45 years 17 70   
45-60 years 53 101 5.967 0.015*
> 60 years 50 43 22.883 <0.001**

Gender     
     Female 26 54   
     Male 94 160 0.764 0.382
AIS(head)      
     < 5 37 150   
     = 5 83 64 48.157 <0.001**
GCS      
      > 8 23 121   
     ≤ 8 97 93 40.965 <0.001**
Pupil reaction     
     Normal 8 61   
     Abnormal  112 153 18.147 <0.001**
Midline shift      
     No 73 120   
     Yes 47 94 0.350  0.554
Subarachnoid hemorrhage      
     No 38 57   
     Yes 82 157 0.515 0.473
Multiple injury     
     No 74 140   
     Yes 46 74 1.306 0.253
Systolic pressure at admission      
     ≥ 90 mmHg 113 211   
     < 90 mmHg 7 3 7.365 0.004**
GLU      
     ≤ 151 mg/dL 29 90   
     > 151 mg/dL 91 124 8.576 0.003**
GB      
     ≥ 120 g/L 94 168   
     < 120 g/L 26 46 0.041 0.839
AST      
     < 40 U/L 30 77   
     ≥ 40 U/L 90 137 3.868 0.049*
ALT      
     < 40 U/L 58 97   
     ≥ 40 U/L 62 117 0.373 0.542
BUN      
     ≤ 7.1×1012/L 107 192   
     > 7.1×1012/L 13 22 0.079 0.779
K      
     Normal 43 100   
     Abnormal 77 114 3.927 0.048*
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Na      
     Normal 72 137   
     Abnormal 48 77 0.431 0.511
CI     
     Normal 74 123   
     Abnormal 46 91 0.465 0.495
Ca     
     Normal 42 74   
     Abnormal 78 140 0.001 0.973
RBC     
     Normal 93 177   
     Abnormal 27 37 1.388 0.239
Preoperative coagulation     
     Normal 92 178   
     Abnormal 28 36 3.702 0.054
Postoperative coagulation     
     Normal 45 114   
     Abnormal 75 100 7.290  0.007**
* P < 0.05, ** P < 0.01     

 
Table 2 Independent factor between death and survival (Multivariate Cox regression)

  B SE Wald df Sig. Exp(B) Exp(B)(95% CI)
lower limit upper limit

Age         
< 45 years         
45-60 years 0.8435  0.2893  8.5014  1  0.003** 2.3246  1.3185  4.0982 
> 60 years 1.2760  0.2870  19.7610  1  <0.001** 3.5823  2.0409  6.2877 

AIS(head) = 5 0.8201  0.2360  12.0746  1  0.001** 2.2707  1.4298  3.6061 
GCS ≤ 8 0.7719  0.2786  7.6738  1  0.006** 2.1638  1.2533  3.7359 
Systolic pressure 
 at admission< 90mmHg

1.1709  0.4116  8.0909  1  0.004** 3.2248  1.4392  7.2260 

Postoperative 
 coagulopathy

0.4145  0.1938  4.5745  1  0.032* 1.5136  1.0353  2.2129 

* P < 0.05, ** P < 0.01         
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Table 3  Variables at admission between postoperative coagulopathy 
 and not postoperative coagulopathy (Univariate analysis)

 

  Not
postoperative
coagulopathy

 (n=215)

Postoperative 
coagulopathy 

 (n=232)

χ2 -value P-value OR(95%CI)  

Age       
< 45 years 57 60     
45-60 years 107 98 0.360  0.548 0.870(0.552,1.371)  
> 60 years 51 74 1.533  0.216 1.378(0.829,2.292)  

Gender       
     Female 52 46     
     Male 163 186 1.238  0.266 1.290(0.823,2.021)  
AIS(head)        
     < 5 132 117     
     = 5 83 115 5.437  0.020* 1.563(1.073,2.277)  
GCS       
      > 8 112 87     
     ≤ 8 103 145 9.621  0.002** 1.812(1.243,2.643)  
Pupil reaction       
     Normal 52 36     
     Abnormal  163 196 5.304  0.021* 1.737(1.082,2.787)  
Midline shift       
     No 121 136     
     Exist 94 96 0.250  0.617 0.909(0.624,1.322)  
Subarachnoid
 hemorrhage

      

     No 65 59     
     Exist 150 173 1.283  0.257 1.271(0.839,1.924)  
Multiple
injury

      

     No 151 134     
     Yes 64 98 7.514 0.006** 1.726(1.166,2.553)  
Admission
systolic 
 pressure

      

     ≥ 90
mmHg

209 225     

     < 90
mmHg

6 7 0.020  0.887 1.084(0.358,3.277)  

GLU      
     ≤ 151
mg/dL

139 155     

     > 151
mg/dL

76 77 0.351 0.553 0.888(0.600,1.315)  

GB       
     ≥ 120 g/L 185 169     
     < 120 g/L 30 63 11.803 0.001** 2.299(1.419,3.723)  
AST      
     <40U/L 83 52     
     ≥40U/L 132 180 13.877 <0.001** 2.177(1.440,3.290)  
ALT      
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     < 40 U/L 120 93     
     ≥ 40 U/L 95 139 11.066 0.001** 1.889(1.296,2.750)  
BUN      
     ≤
7.1×1012/L

195 201     

     >
7.1×1012/L

20 31 1.820  0.177 1.504(0.829,2.728)  

K      
     Normal 95 98     
     Abnormal 120 134 0.172 0.678 1.082(0.744,1.574)  
Na       
     Normal 142 140     
     Abnormal 73 92 1.558 0.212 1.278(0.869,1.880)  
CI      
     Normal 132 138     
     Abnormal 83 94 0.171 0.680  1.083(0.741,1.583)  
Ca      
     Normal 79 66     
     Abnormal 136 166 3.504 0.061 1.461(0.982,2.175)  
RBC      
     Normal 190 161     
     Abnormal 25 71 23.826 <0.001** 3.352(2.029,5.536)  
* P < 0.05, ** P < 0.01      
Table 4 Perioperative variables between postoperative coagulopathy 
 and not postoperative coagulopathy (Univariate analysis)

  Not postoperative 
coagulopathy 

 (n=215)

Postoperative 
coagulopathy 

 (n=232)

χ2 -
value

P-value OR(95%CI)

Preoperative
coagulation

     

     Normal 196 167    
     Abnormal 19 65 26.900  <0.001** 4.015(2.314-0.968)
Preoperative
systolic pressure

     

     ≥ 90 mmHg 211 224    
     < 90 mmHg 4 8 1.077  0.299 1.884(0.559-6.349)
Preoperative
shock index

     

Normal 43 41    
Mild shock 149 147 0.019  0.890  1.035(0.637-1.680)
Moderate or 

 severe shock
23 44 4.307  0.038* 2.006(1.036-3.887)

Crystalloid
solution

     

≤ 2900 mL         176 167    
> 2900 mL        39 65 6.098  0.014* 1.756 1.120-2.754

Colloidal solution      
≤ 1100 mL         193 173    
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> 1100 mL      22 59 17.373  <0.001** 2.992 1.759-5.087  

Infusion of
Crystalloid 
 +Colloidal
solution  

     

     ≤ 3450 mL 156 124    
     > 3450 mL 59 108 17.413  <0.001** 2.303(1.551-3.420)
The ratio of
infusion 
 Plasma to RBC

     

     < 1 20 40    
     ≥ 1 105 150 1.248  0.264 0.714 0.395-1.291
Intraoperative
bleeding 

     

     ≤ 950 mL 128 78    
     > 950 mL 87 154 30.160  <0.001** 2.950 1.976-4.270
Net-fluid-input      

≤ 2425 mL   168 149    
> 2425 mL   47 83 10.477  0.001** 1.991 1.308-3.031

Received 
Decompressive 
 Craniectomy

     

     No 80 57    
     Yes 131 175 10.866  <0.001** 1.969(1.312-2.953)
Total surgery time      

≤ 3.225 h     55 38    
> 3.225 h 160 194 5.735  0.017* 1.755 1.104-2.789  

* P < 0.05, ** P <
0.01

     

 
Table 5 Independent factor between postoperative coagulopathy 
 and not postoperative coagulopathy (multivariate logistic regression)

  B SE Wald df Sig. Exp(B) Exp(B)(95% CI)
lower limit upper limit

Abnormal ALT 
 at admission

0.6208 0.2111 8.6458  1 0.003** 1.8605  1.2300  2.8142 

Abnorml RBC 
 at admission

1.0907 0.2777 15.4298  1 <0.001** 2.9764  1.7272  5.1290 

Preoperative 
 coagulopathy

1.2927 0.3023  18.2804  1 <0.001** 3.6426  2.0140  6.5882 

Intraoperative infusion 
of Colloidal solution 

 > 1100 mL

1.0797 0.2975  13.1602  1 <0.001** 2.9428  1.6425  5.2726 

Intraoperative bleeding 
 > 950 mL

0.8254 0.2139  14.8931  1 <0.001** 2.2829  1.5011  3.4718 

* P < 0.05, ** P < 0.01         
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Figures

Figure 2

Kaplan-Meier survival curves for TBI patients undergoing surgery.
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Figure 4

Kaplan-Meier survival curves for TBI patients undergoing surgery according to the postoperative coagulation
function group (p = 0.007, log-rank test).
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