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Abstract: Objective: To explore the application effect of continuous invasive intracranial pressure monitoring with 
combined hypothermia in the treatment of severe cerebrovascular diseases. Methods: A total of 98 patients with se-
vere cerebrovascular diseases admitted to The People’s Hospital of Pingyi County from January 2014 to December 
2017 were randomly divided into observation group and control group, with 49 cases in each group. Patients in ob-
servation group were performed with continuous invasive intracranial pressure monitoring, while the control group 
was given conventional intermittent intracranial pressure monitoring. Both groups were given routine treatment 
of severe cerebrovascular diseases, including monitoring of vital signs, fluid infusion to maintain adequate water 
intake, maintenance of internal environment, stability of respiratory and circulation system. The intracranial pres-
sure, Glasgow Coma Scale (GCS) score, prognosis, complications, serum inflammatory factors IL-8 and IL-6 were 
observed in the two groups after treatment. Results: The intracranial pressure, levels of IL-6 and IL-8 as well as the 
mortality and occurrence of complications were all lower in observation group than in control group after treatment 
(all P<0.05). The GCS scores in observation group were higher than those in control group on the 1st, 3rd, 5th and 
7th day of treatment, and the differences were statistically significant at the 5th and 7th day (both P<0.05), also, 
the favorable recovery rate in observation group was higher than that in control group. Conclusion: Timely and accu-
rate evaluation of condition and better therapeutic effects can be achieved in patients with severe cerebrovascular 
diseases when treated by combination of hypothermia and continuous invasive intracranial pressure monitoring.
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Introduction

The stenosis and occlusion of the cerebral arte-
rial system caused by various reasons are 
called cerebral apoplexy, which lead to cerebral 
ischemia and anoxia (cerebral infarction) or 
vascular rupture induced cerebral hemorrhage. 
Both of the above are severe causes of death 
or disability of patients [1]. Large volume of 
cerebral hemorrhage in key site (such as the 
brain stem, cerebellum), cerebral infarction 
combining with dyskinesia or aphasia, accom-
panied by or without major organ dysfunction, 
are named severe cerebrovascular diseases 
[2]. They can greatly affect patients’ health con-
dition, which lead to physical disability or even 
threat to life. Studies showed that severe cere-

brovascular diseases would lead to 12 million 
of death and 20 million of disability worldwide 
in 2030 [3, 4]. The mortality of cerebrovascular 
diseases in China is increasing year by year, 
which is the first disease-cause of death of the 
residents [5, 6]. The treatment of severe cere-
brovascular diseases can not only save 
patients’ lives but also to some extent reduce 
harm of cerebrovascular diseases to human 
health.

Whether it is ischemic stroke or cerebral hem-
orrhage, protection of brain cells at the first 
time is the key for treatment and an important 
measure for saving patients’ lives [7]. Mild 
hypothermia has been applied for clinical brain 
protection since 1950s. According to the tem-
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perature, it is divided into three categories: 
mild hypothermia, moderate hypothermia and 
profound hypothermia; mild hypothermia is 
widely used clinically, that is, the temperature 
of patients is controlled at 33-35°C through 
cooling measures, aiming at reducing the ener-
gy metabolism of the brain tissues, restricting 
brain hematoma and edema as well as inhibit-
ing inflammatory response, so as to achieve the 
purpose of brain protection [8].

Elevated intracranial pressure is a shared tis-
sue change of all kinds of severe cerebrovascu-
lar diseases, which can lead to secondary dam-
age of brain tissues. Therefore, it is of important 
clinical significance to monitor intracranial 
pressure during treatment [9]. At present, the 
routine assessment of intracranial pressure is 
to observe the clinical manifestations and the 
results of auxiliary examinations of patients, 
which cannot achieve a real-time monitoring of 
intracranial pressure changes, but continuous 
intracranial pressure monitoring can solve the 
problem above [10]. However, there is a lack of 
prospective randomized trials of using continu-
ous intracranial pressure monitoring for the 
guidance of clinical treatment to confirm its 
clinical effects. Therefore, this study adopted 
the continuous intracranial pressure monitor-
ing to guide the treatment of severe cerebro-
vascular diseases, evaluate the clinical thera-
peutic effect and the changes of inflammation 
as well as provide a theoretical basis for further 
researches.

Materials and methods

Subjects

We prospectively selected 98 cases (50 cases 
of ischemic stroke, 48 cases of cerebral hemor-
rhage) with severe cerebrovascular diseases 
admitted to the Department of Neurology of 
The People’s Hospital of Pingyi County from 

study was approved by the Ethics Committee of 
The People’s Hospital of Pingyi County.

Inclusion criteria: patients aged 20-75 years; 
patients diagnosed as acute cerebral infarction 
or cerebral hemorrhage by head CT and MRI 
and confirmed as severe cerebrovascular  
diseases according to clinical manifestation 
(coma); Glasgow Coma Scale (GCS) score <8 
points and onset time <12 hours. Exclusion cri-
teria: patients with other major organs (heart, 
liver or kidney) dysfunction; pregnant or lactat-
ing women; patients with speech dysfunction 
and could not provide normal communication; 
patients with blood system disease or coagula-
tion dysfunction; patients appeared fixed, dilat-
ed pupils; GSC score >8 points.

Therapeutic method

Dehydration, prevention of infection, reduction 
of intracranial pressure and nutrition for brain 
cells combined with mild hypothermia treat-
ment were given for both groups. The specific 
measures were as follows: the ice cap and ice 
blanket were placed on patients’ head for cool-
ing, and their oral temperature was maintained 
at 33-35°C. Within the two weeks of treatment, 
the detection of vital signs (blood pressure, 
heart rate and blood oxygen saturation) were 
enhanced in two groups during mild hypother-
mia treatment.

Intracranial pressure monitoring

Codman intracranial pressure monitor (Johnson 
& Johnson, USA) was used to monitor the in- 
tracranial pressure in observation group. 
Percutaneous skull drilling and anterior horn 
puncture of the lateral ventricle were performed 
for implantation (until a stable condition of 
patients). According to the changes of intracra-
nial pressure, the dosage of mannitol was 
adjusted reasonably (see the next part). In con-

Table 1. Comparison of general information between two groups

Category Observation 
group (n=49)

Control 
group (n=49) t/χ2 P

Stroke/cerebral hemorrhage 28/21 25/24 0.088 0.767
Gender (male/female) 23/26 27/22 0.367 0.544
Age (year) 68.92±9.44 69.19±9.37 0.106 0.916
Diabetes 16 18 0.0450 0.832
Hypertension 32 34 0.0464 0.829

January 2014 to December 
2017 as research subjects, 
and they were randomly 
divided into observation gr- 
oup and control group ac- 
cording to their admission 
numerical order, with 49 
cases in each group. Infor- 
med consents were obtained 
from all patients, and this 
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trol group, the changes of intracranial pressure 
were monitored by different methods. Their CT 
imaging was obtained at the start, 48 hours 
and one week of treatment, and their intracra-
nial pressures were comprehensively assessed 
according to CT results and various sedative 
and life support treatments; brain edema was 
evaluated according to the results of head CT 
reexamination [11].

Mannitol usage

Mannitol was used for dehydration therapy 
according to the real-time values of intracranial 
pressure in observation group. Mannitol 5 g 
was used when the intracranial pressure was 
greater than 20 mmHg and lasted for more 
than 15 minutes, at the same time, 40 mg of 
furosemide was also used for dehydration. The 
control group was given mannitol based on 
experience and the results of auxiliary exami-
nations, their dehydration therapy was also per-
formed with furosemide.

Outcome measures

Main outcome measures: The intracranial pres-
sure and GCS scores were observed on the 1st, 
3rd, 5th and 7th day of treatment in the two 
groups, and the prognosis of the two groups 
(recovery, death, mild disability, severe disabili-
ty and vegetative state) was recorded.

Methods of GCS assessment: The awareness 
level of patients in the two groups was record-
ed by the same medical worker on the 1st, 3rd, 
5th and 7th day of treatment.

Secondary outcome measures: Two inflamma-
tory factors IL-6 and IL-8 as well as time of using 
mannitol in the two groups were recorded for 
further evaluation. Venous blood of the patients 

was collected before treatment and on the 7th 
day of treatment for centrifugation, and the 
supernate was used to detect the changes of 
serum IL-6 and IL-8 in the two groups by ELISA; 
meanwhile, the usage amount and time of man-
nitol in the two groups were also recorded.

Data processing

SPSS20.0 was used for data analysis. The 
measurement data of both groups presented 
normal distribution and homogeneity of vari-
ance, expressed as mean±standard deviation 
(mean±sd). Paired t test was used for compari-
son before and after treatment within groups, 
and independent sample t test was used for 
comparison between groups. Counting data 
were expressed by percentage, tested by χ2. 
Repeated measures analysis of variance was 
performed for repeated measurements. The 
difference was statistical significant when 
P<0.05.

Results

General data

There was no statistical difference between the 
two groups in disease type, age, sex, smoking 
history, diabetes and hypertension history (all 
P>0.05). Therefore, the two groups were com-
parable. See Table 1.

Changes of intracranial pressure and GCS 
scores

After treatment, the intracranial pressure of 
both groups decreased gradually, and the dif-
ferences between the two groups on the 1st, 
3rd, 5th and 7th of treatment were statistically 
significant (all P<0.001), while the GCS scores 
in both groups increased gradually, and the 

Table 2. Intracranial pressure and Score of Glasgow Coma Scale after treatment
Index Intracranial pressure Score of Glasgow Coma Scale
Group Observation group Control group P Observation group Control group P
Before treatment 30.18±1.32 30.20±1.29 0.940 5.61±1.79 5.70±1.63 0.795
1st day of treatment 27.19±1.44 28.24±1.30 <0.001 6.24±1.96 6.11±1.99 0.273
3rd day of treatment 20.27±1.10 24.69±1.33 <0.001 6.78±2.11 6.54±2.07 0.571
5th day of treatment 15.10±1.91 19.49±1.83 <0.001 9.30±2.34 7.99±2.59 <0.05
7th day of treatment 10.33±1.06 13.71±0.99 <0.001 12.04±2.96 10.11±2.41 <0.05
F 18.321 9.553
P <0.05 <0.05
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scores on the 5th and 7th day were significantly 
higher in observation group than in control 
group (both P<0.05). The results of repeated 
measures analysis of variance suggested sta-
tistically significant differences in intracranial 
pressures and GCS scores between the two 
groups (all P<0.05). See Table 2.

Usage amount and time of mannitol

The usage amount (450±70 g vs. 800±75 g, 
t=23.881, P<0.05) and time (11.48±6.31 d vs. 
16.97±7.13 d, t=4.056, P<0.05) of mannitol 

were significantly less in observation group 
than those in control group. See Table 3.

Content changes of serum inflammatory fac-
tors IL-6 and IL-8

There was no statistical change in IL-6 and IL-8 
in the two groups before treatment, while both 
indicators decreased in the two groups after 
treatment (all P<0.05), and there were statisti-
cal differences between observation group and 
control group (both P<0.05). See Figures 1 and 
2.

Prognosis

The mortality of patients in observation group 
was lower than that in control group (2/49 vs. 
10/49, χ2=5.017, P=0.025), while the incidence 
of poor prognosis (death, mild disability, severe 
disability and vegetative state) was higher in 
control group than in observation group (9/49 
vs. 22/49, P<0.05). See Table 4.

Discussion

Intracranial pressure refers to the pressure of 
the intracranial contents to the skull, and its 
change depends on the intracranial volume 
and components (brain tissues, blood and 
cerebrospinal fluid) as well as some lesions 
(tumor, edema) etc. [12]. It is the most common 
and harmful complication of all kinds of severe 
cerebrovascular diseases. As the main factor of 
secondary damage on the brain tissues, sever-
ity and duration of the intracranial pressure 
have a positive relationship with poor progno-
sis of patients [13, 14].

The main pathophysiological basis for the rise 
of intracranial pressure caused by ischemic 
stroke or cerebral hemorrhage is ischemia and 
anoxia of brain tissues. In the early stage of dis-
ease, cytotoxic brain edema is first appeared in 
the brain cells. If ischemia and anoxia can be 
timely and effectively corrected while providing 
brain protection measure (mild hypothermia) at 
this stage, cellular brain edema can be relieved 
or recovered. If time of ischemia and anoxia is 
longer than a few hours, damage on vascular 
endothelial cells and blood brain barrier can be 
caused. Consequently, vasogenic brain edema 
can occur. The edema of brain tissues affects 
the blood flow and aggravates the degree of 
cerebral ischemia and anoxia; a decrease of 
regional cerebral blood flow in turn aggravates 

Table 3. Usage amount and time of mannitol 
in both groups

Group Usage amount 
(g)

Usage time 
(d)

Observation group 450±70 11.48±6.31
Control group 800±75 16.97±7.13
t 23.881 4.056
P <0.05 <0.05

Figure 1. Content changes of serum IL-6 in two 
groups before and after treatment. Compared with 
before treatment, #P<0.05; Compared with control 
group, *P<0.05.

Figure 2. Content changes of serum IL-8 in two 
groups before and after treatment. Compared with 
before treatment, #P<0.05; Compared with control 
group, *P<0.05.
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brain edema and eventually leads to a rise of 
intracranial pressure [15].

At present, there are two methods for monitor-
ing intracranial pressure, invasive monitoring 
and non-invasive evaluation. The former is 
mainly based on the implantation of fluid sys-
tem and transducer, which is the gold standard 
for the monitoring of intracranial pressure. In 
addition, it can achieve a drainage of cerebro-
spinal fluid in treatment [16]. Non-invasive 
evaluation is based on clinical signs and auxil-
iary examinations (such as CT or MRI). However, 
there is a dispute of clinical use of the two 
methods, that is, the use of invasive intracra-
nial pressure monitoring may not change the 
final prognosis of patients, and there are also 
contrary opinions [17].

Mannitol is the most commonly used drug for 
the reduction of intracranial pressure; favor-
able effects makes it the first choice for reduc-
ing intracranial pressure [18]. The results of 
our study also showed that mannitol reduced 
intracranial pressure of patients in both groups, 
and the increased GCS scores confirmed its 
clinical effect. But the continuous monitoring 
group enjoyed more decrease in intracranial 
pressure and shorter usage time of mannitol 
when compared with control group, which may 
be related to more accurate usage of mannitol 
with the guidance of real-time intracranial pres-
sure changes in observation group; besides, 
mild hypothermia provided brain protection. 
But large-amount and long-term use of manni-
tol can not improve the final outcome of the 
patients and may even lead to the risk of poten-
tial adverse reactions; it does show that accu-
rate monitoring of intracranial pressure is a 
necessary auxiliary means for clinical use of 
mannitol [19, 20].

22]. Therefore, two common serum inflamma-
tory factors IL-6 and IL-8 were detected in this 
study to evaluate the treatment effects in the 
two groups. Results showed that the clinical 
effect of observation group was better than 
that of control group in terms of serological 
indicators, indicating that effective continuous 
intracranial pressure monitoring combined with 
mild hypothermia could improve the effect of 
clinical treatment.

Clinical prognosis is the main way to check the 
effects of treatment, and results of this study 
showed that the mortality in observation group 
was lower than that in control group, with better 
clinical effects in observation group, which was 
consistent with the results of the latest 
research [17]. It can be seen that continuous 
monitoring of intracranial pressure can improve 
the prognosis of patients.

At present, the restriction of continuous intra-
cranial pressure monitoring is complications 
caused by its operation, including bleeding and 
infection, but a meta-analysis of complications 
showed that the incidences were only 0.8% and 
0.7% respectively, indicating that this monitor-
ing method is safe and can be used in clinic [9, 
23].

The average usage amount and time of manni-
tol in this study were within the recommended 
range, so the adverse reactions of the patients 
were not counted. The adverse reactions 
caused by the implantation of detection system 
is the focus of future researches. Besides, the 
sample size of this study is relatively small, so 
continuous intracranial pressure monitoring 
combined with mild hypothermia for the treat-
ment of severe brain diseases need further 
confirmation by multi-center and large-scaled 
clinical trials.

Table 4. Comparison of mortality and poor prognosis between two 
groups (n, %)

Group
Poor prognosis

Death Mild  
disability

Severe 
disability

Vegetative 
state

Observation group (n=49) 2 (4.08) 4 (8.17) 2 (4.08) 1 (2.04)
Control group (n=49) 10 (20.41) 7 (14.29) 3 (6.12) 2 (4.08)
χ2 5.615
P 0.018

Latest researches have con-
firmed that inflammatory re- 
sponse is also an important 
factor in the development of 
severe cerebrovascular dis-
eases, and studies have sho- 
wn that the effective detec-
tion of serum inflammatory 
factors can reduce the mortal-
ity of patients with severe 
cerebrovascular diseases [21, 
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