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Abstract: Objective: To investigate the effect of mild hypothermia on severe traumatic brain injury (sTBI) and expres-
sion of VEGF and inflammatory factors. Methods: Ninety-two patients with sTBI were selected and divided into con-
trol group (n=46) and observation group (n=46). Patients in the control group received conventional treatment, and 
patients in the observation group were treated with extra mild hypothermia on the basis of conventional treatment. 
The changes of cerebral edema volume, vascular endothelial growth factor (VEGF), matrix metalloproteinase-9 
(MMP-9), intracranial pressure, central venous pressure (CVP), inflammatory factors and coagulation function were 
compared between the two groups. Results: After treatment for 1 d to 14 d, the volume of cerebral edema in the 
observation group was smaller than that in the control group (P<0.05). Serum VEGF level increased and plasma 
MMP-9 level decreased in the two groups after treatment (all P<0.001), but VEGF and MMP-9 levels were both 
significantly lower in the observation group than those in the control group (P<0.01). After treatment, intracranial 
pressure was significantly decreased and CVP was significantly increased in both groups (all P<0.001), but the two 
indicators were both significantly lower in the observation group than those in the control group (P<0.05). Besides, 
serum tumor necrosis factor-α and interleukin-6 levels in both groups were decreased after treatment (P<0.001), 
and the levels in the observation group were significantly lower than those in the control group (P<0.01). After 6 
months of treatment, Glasgow outcome scale score was higher in the observation group than that in the control 
group (P<0.001). In addition, serum fibrinogen level in the two groups decreased and D-dimer level increased after 
treatment (all P<0.05), but the above two indicators were lower in the observation group than those in the control 
group (P<0.05). Thrombin time, prothrombin time and activated partial thromboplastin time were prolonged in both 
groups (P<0.05), which were all longer in the observation group than those in the control group (P<0.01). Besides, 
there were no significant differences in the incidence rate of total complications between the two groups (P>0.05). 
Conclusion: Mild hypothermia treatment can effectively reduce cerebral edema in patients with sTBI, inhibit the 
expression of VEGF, and alleviate the inflammatory response.
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Introduction

In recent years, the incidence of severe trau-
matic brain injury (sTBI) has increased due to 
frequent traffic accidents. sTBI is the main 
cause of neurological dysfunction, disability 
and death of patients, mortality rate of which 
ranks the first [1, 2]. Mild hypothermia is a 
treatment that protects central nervous sys-
tem, which can reduce intracranial pressure 
and cerebral edema, and improve prognosis of 
sTBI patients [3]. The cerebral protective effect 

of mild hypothermia is related to the reduced 
levels of free radicals and inflammatory factors 
[4, 5]. Studies indicated that mild hypothermia 
therapy could improve the hypercoagulable 
state of sTBI, but could also lead to platelet dys-
function and coagulation disorder [6]. Mild hy- 
pothermia therapy has a good therapeutic ef- 
fect on patients with sTBI, and its cerebral pro-
tective effect is well recognized. However, the 
effect of this therapy on vascular endothelial 
growth factor (VEGF) and inflammatory factors 
is still unclear, which was explored in this study.
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Materials and methods

The general information

The clinical data of 92 patients with sTBI diag-
nosed by MRI or cranial CT examination from 
January 2017 to February 2019 in The Second 
Xiangya Hospital of Central South University 
were selected and randomly divided into con-
trol group and observation group, with 46 pati- 
ents in each group. Inclusion criteria: patients 
with a clear history of head trauma; patients 
aged 18~60 years old; patients whose Glas- 
gow outcome scale (GOS) score was 3~8; 
patients whose family members signed the 
informed consent. Exclusion criteria: patients 
who had received glucocorticoids or immuno-
suppressive drugs within 6 months before en- 
rollment. This study was approved by the Eth- 
ics Committee of The Second Xiangya Hospital 
of Central South University.

Methods

The patients in the control group underwent 
bone flap decompressive craniectomy and/or 
removal of intracranial hematoma, and recei- 
ved postoperative routine treatment including 
anti-infection, oxygen inhalation, dehydration 
and brain cell nutrient. On the basis of treat-
ment in the control group, the patients in the 
observation group were treated with extra mild 
hypothermia by using semiconductor cooling 
blanket with the temperature set at 33~35°C. 
The habination mixture was continuously pum- 
ped intravenously until the patient’s anal tem-
perature dropped to about 33°C, which was 
maintained for 7~14 days. When the body tem-
perature needed to be restored, the anal tem-
perature slowly rised to 36°C first, and then the 
body was naturally rewarmed to normal.

Outcome measures

Main outcome measures: cranial CT scan was 
performed at admission and at different times 
of treatment, and the volume of cerebral ede- 
ma in the lesion was calculated. The changes 
of intracranial pressure and central venous 
pressure (CVP) before and after treatment we- 
re compared between the two groups. About 5 
mL of fasting venous blood was collected from 
the patients and divided into two parts. One 

part was centrifuged immediately to separate 
the plasma, and the other part was centrifuged 
to separate the serum after blood coagulation. 
Serum VEGF and plasma matrix metalloprotein-
ase-9 (MMP-9) were detected by double anti-
body sandwich ELISA assay. Levels of inflam-
matory factors such as serum tumor necrosis 
factor-α (TNF-α) and interleukin-6 (IL-6) were 
measured by ELISA.

Secondary outcome measures: the changes  
of indicators related to coagulation function 
before and after treatment were compared 
between the two groups, such as serum fib- 
rinogen (FIB), thrombin time (TT), prothrombin 
time (PT), activated partial thromboplastin time 
(APTT), and D-dimer (D-D). Glasgow outcome 
scale (GOS) scores were compared between 
the two groups. The lower the score, the worse 
the prognosis. The major adverse reactions in 
the two groups were recorded.

Statistical analysis

The data were analyzed with SPSS20.0. The 
count data were expressed as cases/percent-
age (n/%) and evaluated by the χ2 test. The 
measurement data were expressed as mean ± 
standard deviation (

_
x  ± sd). Paired t test was 

used for intragroup before-after comparison, 
and comparison between the two groups was 
performed by independent t test. Analysis of 
variance combined with post hoc test was us- 
ed for comparison between the two groups at 
multiple time points, and the test level was 
α=0.05.

Results

Baseline data of patients in the two groups

There were no significant differences in the ba- 
seline data of gender, age, time from injury to 
admission between the two groups (P>0.05), 
with comparability. See Table 1.

Comparison of cerebral edema volume at 
different time before and after treatment be-
tween the two groups

The volume of cerebral edema in both groups 
increased first and then decreased, which re- 
ached the peak on the 3rd day after treatment 
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Table 1. The baseline data of patients in the two groups

Groups
The  

observation 
group (n=46)

The control 
group 
(n=46)

t/χ2 P

Gender (male/female) 27/19 29/17 0.183 0.669
Age (year) 42.9±3.9 43.3±4.1 0.479 0.633
Time from injury to admission (h) 1.9±0.4 2.0±0.5 1.059 0.292

Table 2. Comparison of cerebral edema volume (cm3) at different 
time before and after treatment between the two groups (

_
x  ± sd)

Groups The observation 
group (n=46)

The control 
group (n=46) t P

At admission 78.5±6.4 79.0±5.1 0.414 0.680
1 d after treatment 80.9±5.3 84.0±6.9 2.417 0.018
3 d after treatment 84.4±4.3 110.1±7.7 19.764 <0.001
7 d after treatment 79.3±6.4 115.4±6.5 26.841 <0.001
14 d after treatment 75.5±5.1 109.1±7.3 25.591 <0.001
F 7.566 10.483
P 0.021 0.010

Table 3. Comparison of intracranial pressure and CVP (mmHg) be-
fore and after treatment between the two groups (

_
x  ± sd)

Groups Intracranial pressure CVP
The observation group (n=46)
    Before treatment 30.44±3.52 64.10±5.40
    After treatment 21.19±3.72## 82.31±7.79#

    t 12.250 13.030
    P <0.001 <0.001
The control group (n=46)
    Before treatment 31.01±4.66 64.40±6.65
    After treatment 24.14±4.44 86.59±8.87
    t 7.239 13.576
    P <0.001 <0.001
Note: CVP: central venous pressure. Compared with the control group, #P<0.05, 
##P<0.01.

nificantly increased (all P< 
0.001). However, the intra-
cranial pressure and CVP in 
the observation group were 
both significantly lower than 
those in the control group 
(P<0.05), as shown in Table 
3.

Comparison of VEGF level 
before and after treatment 
between the two groups

Serum VEGF level in the  
two groups was higher after 
treatment than that before 
treatment (P<0.001), which 
was lower in the observa-
tion group than that in the 
control group (P<0.01). See 
Table 4 and Figure 1.

Comparison of MMP-9 level 
before and after treatment 
between the two groups

Serum MMP-9 level in the 
two groups were lower after 
treatment than that before 
treatment (P<0.001), which 
was significantly lower in 
the observation group than 
that in the control group 
(P<0.01). See Table 5.

Comparison of serum in-
flammatory factors before 
and after treatment be-
tween the two groups

Serum TNF-α and IL-6 levels in the two groups 
were lower after treatment than those before 
treatment (P<0.001), and were lower in the ob- 
servation group than those in the control group 
(P<0.01). See Table 6.

Comparison of GOS scores after treatment be-
tween the two groups

After 6 months of treatment, the GOS scores  
of patients in the observation group (4.55± 
0.23) were significantly higher than that in the 
control group (4.10±0.21) (t=9.800, P<0.001), 
as shown in Figure 2.

in the observation group and on the 7th day in 
the control group. Compared with the control 
group, the volume of cerebral edema was sm- 
aller in the observation group from 1 d to 14 d 
after treatment (P<0.05). See Table 2.

Comparison of intracranial pressure and CVP 
before and after treatment between the two 
groups

Compared with before treatment, the intracra-
nial pressure in both groups was significantly 
lower after treatment, while the CVP was sig- 
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Comparison of coagulation function before 
and after treatment between the two groups

Compared with before treatment, serum FIB le- 
vel in the two groups decreased and D-D level 
increased after treatment (P<0.05), and the 
above two indicators were lower in the obser- 
vation group than those in the control group 
(P<0.05). TT, PT and APTT were prolonged in 
both groups (P<0.05), which were longer in the 
observation group than those in the control 
group (P<0.01). See Table 7.

The incidence of adverse reactions in the two 
groups

There were 2 cases of postoperative acute en- 
cephalocele and 3 cases of hydrocephalus in 

the observation group, and the incidence rate 
of total complications was 10.87%. In addition, 
there were 2 cases of postoperative acute en- 
cephalocele, 2 cases of hydrocephalus and 2 
cases of subdural effusion in the control gro- 
up, and the incidence rate of total complica-
tions was 13.04%. There were no significant 
differences in the incidence rate of total com-
plications between the two groups (t=0.103, 
P=0.748). See Table 8.

Discussion

Factors such as intracranial hematoma and 
cerebral vascular dysregulation after sTBI lead 
to decreased cerebral blood flow and oxygen 
supply in brain tissues, resulting in severe isch-
emia and hypoxia in brain tissues, and incre- 
ased lactic acid production, which is easy to 
cause lactic acidosis [7]. Mild hypothermia pro-
tects brain tissue mainly by reducing calcium 
influx, Ca2+ overload and oxygen consumption, 
as well as by protecting blood-brain barrier 
[8-10]. It has been reported that in the treat-
ment of sTBI patients with mild hypothermia, 
there is nearly a linear relationship between  
the patient’s temperature drop and energy  
consumption [11].

Most sTBI patients die of uncontrolled intracra-
nial hypertension, of which cerebral edema is 
the most common cause. Increased intracrani-
al pressure, decreased cerebral blood flow, 
cerebral ischemia and hypoxia, and cerebral 
edema are mutually related vicious cycle [12]. 
The results of this study suggest that mild hy- 

Table 4. Comparison of VEGF levels (μg/L) 
before and after treatment between the two 
groups (

_
x  ± sd)

Groups VEGF
The observation group (n=46)
    Before treatment 220.20±15.48
    After treatment 320.05±10.81##

    t 35.868
    P <0.001
The control group (n=46)
    Before treatment 218.98±14.39
    After treatment 435.57±16.54
    t 67.005
    P <0.001
Note: VEGF: vascular endothelial growth factor. Com-
pared with the control group, ##P<0.01.

Figure 1. Comparison of VEGF level (μg/L) before 
and after treatment between the two groups. For 
intragroup comparison before-after treatment, 
***P<0.001. Compared with the control group, 
##P<0.01.

Table 5. Comparison of MMP-9 levels (ng/mL) 
before and after treatment between the two 
groups (

_
x  ± sd)

Groups MMP-9
The observation group (n=46)
    Before treatment 74.39±5.49
    After treatment 39.95±4.38##

    t 33.259
    P <0.001
The control group (n=46)
    Before treatment 75.56±5.85
    After treatment 54.40±5.30
    t 18.026
    P <0.001
Note: MMP-9: matrix metalloproteinase-9. Compared 
with the control group, ##P<0.01.
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pothermia is more effective in reducing the vol-
ume of cerebral edema, so it is better in con-
trolling intracranial pressure. In this study, the 
CVP of the observation group was significantly 
lower than that of the control group, which was 
mainly related to the slower metabolism of 
patients under mild hypothermia. In addition, 
there were complications such as acute ence- 
phalocele and hydrocephalus after surgery in 
both groups, but the total incidence rate was 
not significantly different. Compared with the 
control group, the GOS score of the observa- 
tion group was higher after 6 months of treat-
ment, which also suggested that mild hypother-

dy, the serum VEGF level was lower in the ob- 
servation group after treatment, suggesting 
that mild hypothermia had a better inhibitory 
effect on VEGF expression. The decreased ex- 
pression of VEGF effectively breaks the vicious 
cycle of cerebral edema, VEGF, cerebral tissue 
ischemia and hypoxia, which may be one of  
the reasons why mild hypothermia can impro- 
ve the prognosis of sTBI.

In recent years, matrix metalloproteinases 
(MMPs) have been widely studied in sTBI, whi- 
ch can degrade almost all key proteins in cere-
bral vessels after activation. MMP-9 is almost 
not expressed in normal brain tissue, but can 
be largely synthesized in ischemic and hypoxic 
brain tissue, glial cells and vascular endothe- 
lial cells, which plays an important role in neu-
rological dysfunction in cerebrovascular dis-
eases [15]. Detection of plasma MMP-9 level 
could assess the severity of craniocerebral in- 
jury, and also has certain guiding significance 
for predicting the prognosis of patients [16]. In 
this study, the plasma MMP-9 level was lower  
in the observation group after treatment, sug-
gesting that mild hypothermia could reduce  
the plasma MMP-9 level in sTBI patients.

Inflammatory factors play an important role  
in mediating neurologic injury [17-19]. In this 
study, serum TNF-α and IL-6 levels were lower 
in the observation group after treatment, sug-
gesting that mild hypothermia could inhibit the 
production of endogenous inflammatory sub-
stances, which was more conducive to alleviat-

Table 6. Comparison of serum inflammatory factors (pg/
mL) before and after treatment between the two groups  
(
_
x  ± sd)

Groups TNF-α IL-6
The observation group (n=46)
    Before treatment 205.47±10.46 261.38±14.32
    After treatment 114.46±8.56## 121.18±10.50##

    t 45.668 53.550
    P <0.001 <0.001
The control group (n=46)
    Before treatment 204.79±8.85 259.96±11.57
    After treatment 165.57±10.90 198.89±13.30
    t 18.946 23.496
    P <0.001 <0.001
Note: TNF-α: tumor necrosis factor-α; IL-6: interleukin-6. Compared with 
the control group, ##P<0.01.

Figure 2. Comparison of GOS scores after treat-
ment between the two groups. GOS: Glasgow out-
come scale. Compared with the control group, 
***P<0.001.

mia treatment was beneficial to the 
prognosis of the patients.

Cerebral edema of sTBI could further 
aggravate cerebral ischemia and hy- 
poxia, and induce the expression of 
VEGF, which promotes vascular per-
meability, increases tissue fluid ex- 
travasation and aggravates cerebral 
edema. Cerebral edema, VEGF, cere-
bral ischemia and hypoxia are mutu-
ally related vicious cycle [13]. In vitro 
experiments conducted by Clausen 
et al. showed that low temperature 
did not affect the expression of VE- 
GF under the condition of adequate 
oxygen supply, but could lead to de- 
creased VEGF expression under the 
condition of hypoxia [14]. In this stu- 
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ing the degree of inflammatory response in 
patients with sTBI. Brain tissue contains vari-
ous tissue factors, which are quickly released 
into the blood after craniocerebral injury, lead-
ing to coagulation dysfunction. Blood hyperco-
agulability occurred 4 h after craniocerebral 
injury, followed by secondary hyperfibrinolysis 
[20]. Mild hypothermia could inhibit the relea- 
se of coagulation factors and reduce the func-
tion of thrombin, thus protecting the blood 
coagulation function after brain injury [21]. In 
this study, serum D-D level increased and FIB 
level decreased in the two groups after treat-
ment, and the above two indicators were low- 
er in the observation group than those in the 
control group. TT, PT and APTT were prolong- 
ed in both groups, and the changes in the ob- 
servation group were greater, suggesting that 
mild low temperature was helpful to improve 
the hypercoagulability of sTBI. However, the 
mechanism of mild hypothermia treatment on 
serum VEGF, plasma MMP-9 and inflammatory 
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Table 8. The incidence of adverse reactions in the two groups 
(n, %)

Groups The observation 
group (n=46)

The control  
group (n=46) χ2 P

Acute encephalocele 2 (4.35) 2 (4.35) / /
Hydrocephalus 3 (6.52) 2 (4.35) / /
Subdural effusion 0 (0.00) 2 (4.35) / /
Total incidence rate 5 (10.87) 6 (13.04) 0.103 0.748

factor levels in patients with  
sTBI after surgery has not been 
elaborated in this study, which  
is also the deficiency of this 
study. More detailed and in-
depth researches are needed in 
the later stages to make the  
conclusions more convincing.

In summary, mild hypothermia 
treatment can effectively redu- 
ce cerebral edema in patients 
with sTBI, inhibit the express- 
ion of VEGF, and alleviate the 
inflammatory response.
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