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Mild hypothermia for treatment of diffuse axonal 
injury: a quantitative analysis of diffusion tensor 
imaging
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Introduction
Diffuse axonal injury accounts for 28–42% of severe brain 
injury, and is associated with high mortality and mor-
bidity[1]. Currently, diffuse axonal injury is diagnosed by 
the presence of clinical symptoms and CT performance. 
However, clinical symptoms and imaging findings are of-
ten controversial, and some invasive examinations (such as 
pathology and intraoperative observations) are not always 
possible. Thus, a noninvasive, accurate, and objective tech-
nique is urgently required for quick and timely assessment 
of diffuse axonal injury severity and postoperative recovery. 
Diffusion tensor imaging detects the microstructure of the 
brain in vivo, and in particular, the white matter[2]. Based on 
diffusion-weighted imaging techniques, diffusion tensor im-
aging allows biopsy analysis and images molecular diffusion 
characteristics of the organ, thus achieving a qualitative and 
quantitative assessment of anatomy and function associated 
with white matter fiber bundles[3]. A previous study showed 
that changes in fractional anisotropy values obtained by 
diffusion tensor imaging were positively correlated with 
Glasgow Coma Scale scores in the acute phase, and modified 
Rankin scale score at discharge, in the internal capsule and 

corpus callosum after diffuse axonal injury[4]. In addition, 
growing evidence has established the diagnostic value of 
diffusion tensor imaging in traumatic brain injury, including 
diffuse axonal injury.

Mild hypothermia (32–35°C) is a current focus of treat-
ment of brain injury. Mild hypothermia exerted apparent 
neuroprotective effects in animal models of diffuse axonal 
injury[5-8]. However, the clinical efficacy of mild hypothermia 
is controversial. The majority of clinical studies reported 
that therapeutic hypothermia improved severe brain injury 
prognosis[8-11], but this improvement was not observed in 
other studies[12-14]. Currently, there is no accurate, objec-
tive, and non-invasive means to verify the effect of mild 
hypothermia in diffuse axonal injury and its prognosis. In 
comparison with animal models, the lack of an objective as-
sessment method hinders the assessment of clinical efficacy, 
and clinical symptom scores often suffer from errors because 
such symptoms are evaluated by investigators.

In this study, we hypothesized that diffusion tensor imag-
ing could be applied to evaluate mild hypothermia therapy 
in diffuse axonal injury. The efficacy of mild hypothermia 
and normothermia therapy in patients with diffuse axonal 
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injury was quantitatively assessed using diffusion tensor 
imaging and modified Rankin scale scores. The modified 
Rankin scale scores and fractional anisotropy values were 
compared to investigate the efficacy of mild hypothermia 
therapy for treatment of diffuse axonal injury.

Results
Quantitative analysis of participants
A total of 102 patients with diffuse axonal injury were ran-
domly and equally divided into mild hypothermia and nor-
mothermia groups. Another 30 healthy subjects served as a 

control group. Finally, results from 132 subjects were ana-
lyzed, with no dropout or loss of patients.

Baseline information of participants and fractional 
anisotropy values in regions of interest before  treatment
Baseline information of all patients is shown in Table 1. The 
age of patients ranged from 18–59 years old, and accident 
was the main injury cause. There was no significant differ-
ence in age or gender among the three groups (P > 0.05).

The difference in Glasgow Coma Scale score before treat-
ment was not significant between mild hypothermia and 

The case group included 51 patients in the mild hypothermia group and 
51 patients in the normothermia group, and the control group included 
30 healthy controls. gCC: Genu of corpus callosum; bCC: body of corpus 
callosum; sCC: splenium of corpus callosum. The average fractional 
anisotropy value in the control group was significantly higher than that 
in the case group (P < 0.01). Data are expressed as mean ± SD (mean 
rank), Mann-Whitney U test.

There were 51 patients in the mild hypothermia group and 51 patients 
in the normothermia group. There was no significant difference in the 
average fractional anisotropy value before treatment (P > 0.05). Data 
are expressed as mean ± SD, two-sample t-test. gCC: Genu of corpus 
callosum); bCC: body of corpus callosum; sCC: splenium of corpus 
callosum.

Table 1  Baseline information [n (%)] of all subjects 

Item Mild hypothermia group (n = 51) Normothermia group (n = 51) Control group (n = 30) X2 P

Age (year)

  < 18 6(11.76) 5(9.80) 4(13.33)

  18–59 36(70.59) 38(74.51) 20(66.67) 0.591 0.964

  > 59 9(17.65) 8(15.69) 6(20.00)

Gender

  Male 27(52.94) 28(54.90) 16(53.33)

  Female 24(47.06) 23(45.10) 14(46.67) 0.043 0.979

There was no significant difference in age and gender of all subjects (P > 0.05; Pearson's chi-square test).

Table 2  Fractional anisotropy values in the regions of interest (genu, 
body, and splenium of corpus callosum) before treatment

Region of 
interest

Case group
 (n = 102)

Control group
 (n = 30) Z P 

gCC 0.48±0.06(51.5) 0.80±0.02(117.5) –8.308 < 0.01

bCC 0.48±0.07(51.5) 0.80±0.02(117.5) –8.308 < 0.01

sCC 0.49±0.08(51.5) 0.81±0.02(117.5) –8.308 < 0.01

Table 3  Comparison of average fractional anisotropy values in the 
regions of interest (genu, body, and splenium of corpus callosum) 
between mild hypothermia and normothermia groups before 
treatment

Region of 
interest

Mild hypothermia
group

Normothermia
group t P 

gCC 0.48±0.06 0.48±0.06 0.081 > 0.05

bCC 0.48±0.08 0.48±0.07 0.074 > 0.05

sCC 0.49±0.08 0.49±0.08 0.063 > 0.05

Table 4  Difference in fractional anisotropy values in the regions of interest (genu, body, and splenium of corpus callosum) among the three 
groups before and after treatment

Group n Regions of interest Difference of fractional anisotropy value before and after treatment t P

Mild hypothermia 51 gCC 0.09±0.05 10.129 < 0.05

bCC 0.10±0.05 9.405 < 0.05

sCC 0.09±0.05 8.646 < 0.05

Normothermia 51 gCC 0.07±0.04 14.022 < 0.05

bCC 0.07±0.04 11.779 < 0.05

sCC 0.07±0.04 12.002 < 0.05

Control 30 gCC 0.0090±0.0006 0.335 0.740

bCC 0.0090±0.0004 –0.225 0.823

sCC 0.0090±0.0009 –0.538 0.595

There were 51 cases in the mild hypothermia group, 51 cases in the normothermia group, and 30 cases in the control group. Except for the control 
group, fractional anisotropy values for each region of interest were significantly increased after treatment (P < 0.05). Data are expressed as mean ± 
SD, paired t-test. gCC: Genu of corpus callosum; bCC: body of corpus callosum; sCC: splenium of corpus callosum.
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normothermia groups (average rank: 51.06 vs. 51.94; P > 
0.05), indicating that the clinical assessment of disease sever-
ity was similar between the two groups. 

Comparison of fractional anisotropy values in regions of 
interest (genu, body, and splenium of corpus callosum) be-
tween patients with diffuse axonal injury before treatment 
and healthy controls: Fractional anisotropy values in the 
regions of interest for this study (genu, body, and splenium 
of corpus callosum) in patients with diffuse axonal injury 
in the mild hypothermia and normothermia groups were 
measured before treatment, and compared with the first 
measurement results in the control group. Diffusion tensor 
imaging results showed that the average fractional anisotro-
py value in regions of interest was 60% of that in the control 
group (P < 0.01; Table 2).

Comparison of fractional anisotropy values in the regions 
of interest between mild hypothermia and normothermia 
groups before treatment: There was no significant difference 
in the average fractional anisotropy values in the regions of 
interest between the mild hypothermia group and normo-
thermia group before treatment (P > 0.05; Table 3). This 
suggests that the degree of nerve fiber damage in each region 
of interest assessed by fractional anisotropy values from dif-
fusion tensor imaging was similar between the two groups 
before treatment.

Comparison of modified Rankin scale score between mild 
hypothermia and normothermia groups after treatment 
The modified Rankin scale scores differed significantly be-
tween the two groups after treatment (P < 0.05). The mild 
hypothermia group had a lower modified Rankin scale score 
(mean rank: 45.49) than the normothermia group (mean 
rank: 57.51; P < 0.05). This suggests a beneficial effect of 
mild hypothermia compared with normothermia.

Comparison of fractional anisotropy values in the regions 
of interest among the three groups before and after 
treatment
After patients with diffuse axonal injury in the mild hy-
pothermia and normothermia groups were treated for               
2 months, fractional anisotropy values in regions of interest 
showed significant differences in the two groups before and 
after treatment (P < 0.05; Table 4). This evidence suggests 
that nerve fiber damage in regions of interest was signifi-
cantly improved after mild hypothermia and normothermia 
therapy, compared with before treatment.

Intergroup comparison of fractional anisotropy values in 
the regions of interest among the three groups
There were significant differences in the average fractional 
anisotropy values in the regions of interest among the three

Table 5  Intergroup comparison of the difference in fractional anisotropy values in the regions of interest (genu, body, and splenium of corpus 
callosum) among the three groups

Region of interest Mild hypothermia group Normothermia group Control group X2 P

gCC 90.27 72.22 16.37 72.382 < 0.05

bCC 89.74 73.09 15.80 73.045 < 0.05

sCC 88.45 74.22 16.07 71.031 < 0.05

There were 51 cases in the mild hypothermia group, 51 cases in the normothermia group, and 30 cases in the control group. Data are expressed 
as mean ± SD, Kruskal-Wallis H test. The difference in average fractional anisotropy values before and after treatment was greatest in the mild 
hypothermia group, then normothermia group, and finally, the control group. gCC: Genu of corpus callosum; bCC: body of corpus callosum; sCC: 
splenium of corpus callosum.

Table 6  Pairwise comparison of the difference in fractional anisotropy values in the regions of interest (genu, body, and splenium of corpus 
callosum) among the three groups

Pairwise comparison Region of interest Group n Mean rank Z P

Mild hypothermia group vs. control group gCC Mild hypothermia 51 55.82 –7.394 < 0.05

Control 30 15.80

bCC Mild hypothermia 51 56.00 –7.482 < 0.05

Control 30 15.50

sCC Mild hypothermia 51 55.88 –7.423 < 0.05

Control 30 15.70

Normothermia group vs. control group gCC Normothermia 51 55.67 –7.316 < 0.05

Control 30 16.07

bCC Normothermia 51 55.82 –7.394 < 0.05

Control 30 15.80

sCC Normothermia 51 55.78 –7.374 < 0.05

Control 30 15.87

There were 51 cases in the mild hypothermia group, 51 cases in the normothermia group, and 30 cases in the control group. Data are expressed as 
mean rank, Mann-Whitney U test. The difference in average fractional anisotropy values in the mild hypothermia and normothermia groups was 
significantly higher than in the control group (P < 0.05). gCC: Genu of corpus callosum; bCC: body of corpus callosum; sCC: splenium of corpus 
callosum.
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groups (P < 0.05). The difference in average fractional an-
isotropy values was highest in the mild hypothermia group, 
and was 1.32–1.36 times the values of the normothermia 
group (Tables 5–7).

Comparison of the fractional anisotropy image, fractional 
anisotropy color image, and fiber bundle image, among the 
three groups
The diffusion tensor imaging images of patients with dif-
fuse axonal injury before and after treatment, and healthy 
controls are shown in Figure 1. In the fractional anisotropy 
images of healthy controls, a homogeneous high-intensity 
signal was clearly visible in the genu and splenium of the 
corpus callosum. In the fractional anisotropy color image 
of healthy controls, the genu and splenium of the corpus 
callosum transitioned from the middle red area to the yel-
low-green area, and the color was relatively uniform. In 
the fiber bundle image, nerve fibers in the corpus callosum 
distributed in an orderly manner, presenting uniform direc-
tion and complete structure. In patients with diffuse axonal 
injury, the signals of white matter fiber concentrated areas 
(the genu, body, and splenium of the corpus callosum) were 
significantly reduced compared with healthy controls. In the 
fractional anisotropy color images of these patients, irregular 
dark areas were visible within the normal color area. In the 
fiber bundle images, fiber bundles at the lesion area showed 
partial interruption and disordered structure. After mild 
hypothermia and normothermia therapy, fractional anisot-
ropy values obtained on the fractional anisotropy map were 
significantly improved. As shown in Figure 1B1–B4, B2–B5, 
C1–C4, and C2–C5, the size of lesions was reduced, and the 
structure and fiber bundle integrity were improved. These 
changes were more apparent in the mild hypothermia group.

Discussion
Diffusion tensor imaging can clearly visualize the structure 
of human white matter fibers[15-16]. Diffuse axonal injury 
mainly refers to structural damage to white matter fibers. 
Thus, we used diffusion tensor imaging to assess the severity 
and monitor the therapeutic effect of hypothermia in pa-
tients with diffuse axonal injury. This was a randomized con-
trolled study concerning the role of diffusion tensor imaging 
in the diagnosis of diffuse axonal injury. It is worth noting 

that the experimental data were strictly selected (compara-
bility of baseline data and consistency of lesion severity be-
fore treatment) to ensure an objective study. 

The results of this study showed that changes in fractional 
anisotropy values were consistent with the Glasgow Coma 
Scale score before treatment and modified Rankin scale score 
after treatment. Our findings indicate that diffusion tensor 
imaging can be used to assess injury severity before treat-
ment and the effect of treatment itself. 

In addition, this technique simultaneously provides ra-
diographic evidence, thus assisting the assessment of nerve 
fibers at lesion locations. 

Accumulating evidence has shown a positive correlation 
between the changes in fractional anisotropy values and the 
severity of damage to white matter fiber structure in diffuse 
axonal injury. As a basis for clinical outcomes, the assessment 
of white matter fiber structure damage helps to specify the 
patient’s condition, turnover, treatment, and prognosis[17-18]. 
Ljungqvist et al.[19] found that changes in fractional anisot-
ropy values were highly associated with Glasgow Coma Scale 
score and modified Rankin scale score, suggesting a potential 
indicator of clinical prognosis, and especially in predicting 
the location of brain injury[20]. Therefore, assessing the sever-
ity of injury in patients with diffuse axonal injury should be 
based on the patient’s history, signs, rating scores, and diffu-
sion tensor imaging.

The modified Rankin scale is mainly used to assess func-
tional disability after treatment[21] and higher scores are 
correlated with lower functional recovery[22]. In this study, 
modified Rankin scale scores in the mild hypothermia group 
were significantly lower than those in the normothermia 
group, while fractional anisotropy values were significantly 
higher than those in the normothermia group. These find-
ings indicate that mild hypothermia is more effective than 
normothermia for treatment of diffuse axonal injury, and is 
associated with significantly lower disability score and sig-
nificantly higher fractional anisotropy values after treatment.

The protective mechanisms of mild hypothermia are lik-
ley mediated by a variety of factors, such as delaying energy 
consumption, promoting glucose use, and reducing cell met-
abolic rate[23]. Moderate hypothermia (33°C) significantly 
decreases the oxygen delivery threshold of brain cells[24], thus 
improving brain cell tolerance to hypoxia and enhancing 
protection against secondary brain injury. Hypothermia 
inhibits the action of glutamate and glycine, suppresses cal-
cium ion influx, and antagonizes glutamate excitotoxicity[25]. 
In addition, hypothermia reduces free radical generation, 
regulates oxidative stress, and maintains normal permeabil-
ity of the blood-brain barrier, thus reducing cerebral edema. 
Hypothermia also reduces matrix metalloproteinase pro-
duction and inhibits activity, further enhancing blood-brain 
barrier permeability and reducing cerebral edema[26-27].

It is known that the prognosis of neurological functioning 
is highly linked with primary and secondary brain injury 
within 72 hours[28]. In animal experiments, the optimal win-
dow of opportunity for hypothermia is within 1 hour[29] and 
32–34°C is the current optimal temperature range[30]. There-
fore, mild hypothermia in this study was scheduled for 72 

Table 7  Comparison of the average fractional anisotropy values in 
the regions of interest between the mild hypothermia group and 
normothermia group

Region of 
interest

Mild hypothermia
group

Normothermia
group t P 

gCC 0.09±0.05 0.07±0.04 3.259 0.002

bCC 0.10±0.05 0.07±0.04 2.970 0.004

sCC 0.09±0.05 0.07±0.04 2.584 0.011

There were 51 cases in the mild hypothermia group and 51 cases in the 
normothermia group. Data are expressed as mean ± SD, two-sample 
t-test. The difference in average fractional anisotropy values in the mild 
hypothermia group was significantly higher than in the normothermia 
group (P < 0.05). gCC: Genu of corpus callosum; bCC: body of corpus 
callosum; sCC: splenium of corpus callosum.
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hours, and initiated as soon as possible after injury, within a 
temperature range of 32–34°C.

There are some controversies concerning the efficacy of 
mild hypothermia for brain injury (including diffuse axonal 
injury). McIntyre et al.[31] established the efficacy of hypo-
thermia in a multicenter meta-analysis. However, no signifi-
cant difference was found between hypothermia and normo-
thermia for treatment of severe brain injury in a multi-center 
study by Clifton et al.[14]. The results of the current study 

showed that mild hypothermia significantly reduced modified 
Rankin scale scores. Diffusion tensor imaging showed that 
fractional anisotropy values were significantly increased after 
treatment, lesions were reduced, the structure and integrity 
of fiber bundles were improved, and these changes were more 
apparent after mild hypothermia. Thus, our findings are simi-
lar to the results of McIntyre et al.[31].

In summary, mild hypothermia protected the brain, re-
stored neurological function, and improved the prognosis of 

Figure 1   Fractional anisotropy (FA) images, FA color images, and fiber bundle images in the mild hypothermia group, normothermia group, 
and control group. 
There were 51 patients in the mild hypothermia group, 51 patients in the normothermia group, and 30 healthy volunteers in the control group.
(A1–A3) DTI images of a healthy subject (male, 32 years old).
(B1–B3) DTI images of a patient (male, 27 years old, Glasgow Coma Scale score at admission was 7 points, modified Rankin scale score after 
treatment was 1 point) in the mild hypothermia group before treatment.
(B4–B6) DTI images of a patient (male, 27 years old) in the mild hypothermia group after treatment.
(C1–C3) DTI images of a patient (female, 22 years old, Glasgow Coma Scale score at admission was 7 points, modified Rankin scale score after 
treatment was 3 points) in the normothermia group before treatment.
(C4–C6) DTI images of a patient (female, 22 years old) in the normothermia group after treatment.
(A1, B1, B4, C1, C4) FA images.
(A2, B2, B5, C2, C5) FA color images.
(A3, B3, B6, C3, C6) DTI fiber bundle images.
Yellow round areas indicate the selected regions of interest; accompanying information around circles lists the average FA values, standard devia-
tion, and the maximum and minimum values. Regions indicated by white arrows correspond to yellow circles in FA maps. As shown in the above 
images, lesions were reduced and FA values decreased in patients with diffuse axonal injury after mild hypothermia therapy compared with nor-
mothermia therapy. DTI: Diffusion tensor imaging.
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patients with diffuse axonal injury, and can be considered an 
effective treatment for diffuse axonal injury. DTI can be used 
to quantitatively assess the severity of diffuse axonal injury. 
Finally, the difference in average fractional anisotropy value 
for each region of interest before and after mild hypothermia 
was 1.32–1.36 times higher than the value in the normother-
mia group.

Some limitations of the study deserve to be mentioned, 
such as the lack of a stratified analysis of case characteris-
tics, hypothermia time course, treatment time window, re-
warming, and complications. There was also no correlation 
analysis conducted between the improvement of fractional 
anisotropy value and the modified Rankin scale score, and 
the follow-up period was short. 
 

Subjects and Methods
Design
A randomized, double-blind, controlled trial.

Time and setting
The experiment was performed from October 2007 to Janu-
ary 2013 in Huizhou Central People’s Hospital and Huizhou 
First People’s Hospital, China.

Subjects
A total of 102 patients with diffuse axonal injury were 
recruited from Huizhou Central People’s Hospital and 
Huizhou First People’s Hospital, China, and were randomly 
divided into a mild hypothermia group and a normother-
mia group. Each group comprised 51 patients. At present, 
there are no guidelines, consensus, or final recommenda-
tions for the use of hypothermia for treatment of diffuse 
axonal injury, so randomization for group membership was 
a reasonable method in this study. In addition, 30 healthy 
examinees and volunteers in the same hospital formed the 

control group. According to Administrative Regulations on 
Medical Institutions issued by the State Council of China[32], 
all subjects were informed of the experimental outline and 
risks prior to experimentation, and all patients gave written 
informed consent.

Patients with diffuse axonal injury
Diagnostic criteria: Cases having a history of traumatic brain 
injury prior to admission; cases presenting consciousness 
disturbance immediately after injury, lasting for > 6 hours; 
cranial CT findings (multiple punctate or flake-shaped 
hemorrhage at the junction between the cerebral cortex and 
medulla, corpus callosum, brain stem, internal capsule, or 
around the ventricle) or MRI; and diffusion tensor imaging 
detected lesions in the white matter signal[33].

Inclusion criteria: Strict accordance with diffuse axonal 
injury diagnostic criteria[33]; vital signs stable at admission; 
and no craniotomy indications.

Exclusion criteria: Cases in a critical condition in hospital 
were not suitable for diffusion tensor imaging; patients or 
their families refused to undergo diffusion tensor imaging; 
cases with metallic materials in the head and face, such as 
dentures and cerebral aneurysm clips.

Control group
Inclusion criteria: Healthy examinees or volunteers who 
were willing to undergo MRI.

Exclusion criteria: Patients with central nervous system 
diseases or cerebral vascular diseases who could not undergo 
MRI, or where images obtained were unclear. 

Methods
Mild hypothermia therapy
During hypothermia treatment, brain temperature was esti-
mated using the rectal temperature[34], the target brain tem-

Table 8  Glasgow Coma Scale standard

Eye opening Verbal response Motor response

Score Description Score Description Score Description 

1 Eyes opening spontaneously 1 Oriented 1 Obeys commands

2 Eye opening to speech 2 Confused 2 Localizes to pain

3 Eye opening in response to pain stimulus 3 Inappropriate words 3 Flexion/Withdrawal to pain

4 No eye opening 4 Incomprehensible sounds 4 Abnormal flexion to pain

5 No verbal response 5 Extension to pain

6 No motor response

Glasgow Coma Scale scores = eye opening score + verbal response score + motor response score.

Table 9  The modified Rankin scale standard

Score Description 

0 No symptoms

1 No significant disability. Able to carry out all usual activities, despite some symptoms.

2 Slight disability. Able to look after own affairs without assistance, but unable to carry out all previous activities.

3 Moderate disability. Requires some help, but able to walk unassisted.

4 Moderately severe disability. Unable to attend to own bodily needs without assistance, and unable to walk unassisted.

5 Severe disability. Requires constant nursing care and attention, bedridden, incontinent.
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perature was 32–34°C and was reached within 25–55 minutes 
(mean 45 minutes), the treatment commenced 2–10.5 hours 
after injury (mean 6 hours) and lasted for 30 minutes. Tem-
perature was reduced using a mixture of pethidine hydro-
chloride, chlorpromazine hydrochloride, and promethazine 
hydrochloride (Shengyang First Pharmaceutical Technology 
Development Co., Ltd., Northeast Pharmaceutical Group 
Co., Ltd., Shenyang, Liaoning Province, China) via intra-
venous infusion, in combination with ice blankets and ice 
caps (DWK-II temperature controlled system; Beijing Dawei 
Genesis Medical Equipment Co., Ltd., Beijing, China). Mild 
hypothermia therapy was scheduled for 48–96 hours (average 
72 hours); and the rewarming period was 12–24 hours. No 
deaths occurred after treatment.

Assessment criteria for central nervous system disease 
The severity of diffuse axonal injury was evaluated using 
the Glasgow Coma Scale at admission[35] (Table 8). A lower 
Glasgow Coma Scale score indicates greater severity. Two 
months after treatment, prognosis was evaluated using the 
modified Rankin scale[21] (Table 9). A lower modified Rankin 
scale score indicates better recovery. All rating scores were 
determined by two experienced neurosurgery specialists who 
were blinded to the group.

Imaging examination
Patients were detected by routine head CT scan at emer-
gency and by head unenhanced MR angiography and diffu-
sion tensor imaging scans at admission. Two months after 
mild hypothermia or normothermia therapy, patients were 
checked by MR scan and diffusion tensor imaging. The 
healthy control group underwent diffusion tensor imaging 
every 2 months.

Image acquisition: LightSpeed 64-slice spiral CT (GE 
Healthcare, Fairfield, Connecticut, USA) parameters: layer 
thickness = 5 mm, layer space = 5 mm, tube voltage = 120 
kV, tube current = 250 mA, field of view (FOV) = 220 mm 
× 220 mm, matrix = 512 × 512. 1.5T MR scanner (Philips, 
The Netherlands) parameters: standard 8-channel coil; 
T1WI sequence parameters: repetition time (TR) = 488 ms, 
echo time (TE) = 15 ms, slice thickness =  5 mm, FOV = 
230 mm × 230 mm; T2WI sequence parameters: TR = 3,600 
ms, TE = 100 ms, thickness = 5 mm, FOV = 230 mm × 230 
mm; diffusion tensor imaging sequence parameters: TR = 
11,000 ms, TE = 71 ms, slice thickness = 5 mm, FOV = 224 
mm × 224 mm, 15 diffuse gradient directions, b value = 
1,000; positioning line: parallel to the link between anterior 
and posterior lines.

Data collection: After data were processed using Extended 
MR WorkSpace (Philips), fractional anisotropy maps, frac-
tional anisotropy color maps, and diffusion tensor imaging 
fiber bundle maps were obtained. Regions of interest for 
diffusion tensor imaging scanning included the genu, body 
and splenium of the corpus callosum, a 50-mm2 area in each 
region of interest was measured by radiologists, to obtain 
average fractional anisotropy values. To avoid subjective bias, 
the double-blind objects were patients or their families and 

physicians who were responsible for the collected data.
Quantitative outcome measure: The difference in fraction-

al anisotropy values before and after treatment was consid-
ered the indicator of efficacy assessment in each group, as 
previously described[4].

Statistical analysis
Data were analyzed using SPSS 13.0 software (SPSS, Chi-
cago, IL, USA). Measurement data are expressed as mean ± 
SD, count data are expressed as the constituent ratio, and 
rank data are expressed as the mean rank. Measurement 
data between groups were compared using a two-sample 
t-test. Count data between groups were compared using a 
Pearson chi-square test, and rank data between groups were 
compared using the Mann-Whitney U test or Kruskal-Wal-
lis H test. A value of P < 0.05 was considered statistically 
significant.
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