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Effect of intravenous thrombolysis combined with mild
hypothermia on the levels of IL-1§3, IL-6, ICAM-1 and MMP-2 in
patients with acute cerebral infarction and clinical significance
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Abstract. The present study aimed to explore the effects and
clinical importance of serum interleukin (IL) IL-1p3, IL-6,
C-reactive protein (CRP), intercellular adhesion molecule
(ICAM)-1 and matrix metalloproteinase (MMP)-2 in patients
with acute cerebral infarction undergoing intravenous throm-
bolysis during simultaneous hypothermia therapy. A total of
80 patients with acute cerebral infarction who were treated at
our hospital were randomly selected. They were divided into
groups A and B. The two groups were treated with intravenous
thrombolysis, while group B received sub-hypothermia treat-
ment. Prior to treatment and at 7 days after treatment, 5 ml of
venous blood was collected and stored in a freezer at -80°C.
IL-1B, IL-6, CRP, ICAM-1 and MMP-2 levels were detected
by ELISA and compared between the groups and time-points.
The results were as follows: 1) At 7 days after treatment, the
levels of IL-1B, IL-6, CRP, ICAM-1 and MMP-2 in group B
were significantly decreased compared with those in group A
(P<0.05), while there was no significant difference of these
levels between group A and B before treatment (P>0.05). The
incidence of adverse reactions in group A and group B was 35
and 20% respectively, and the mortality rate was 10 and 5%,
respectively. There were no significant differences in adverse
events and mortality between the two groups (P>0.05). In
addition, a positive correlation of the level of IL-1p, IL-6,
CRP, ICAM-1 and MMP-2 with the National Institutes of
Health Stroke Scale score was determined in the patients prior
to treatment. In conclusion, mild hypothermia treatment in
addition to intravenous thrombolysis significantly reduced the
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levels of IL-1p, IL-6, CRP, ICAM-1 and MMP-2 in patients
with acute cerebral infarction and reduced inflammation, and
should therefore be incorporated in clinical practice.

Introduction

With the changes in diet, lifestyle diversification and the
aging of the population, the incidence of acute cerebral
infarction and the associated mortality rate are increasing,
placing heavy burdens on patients and their families (1). Acute
cerebral infarction is the most common cause of stroke and
mainly occurs due to narrowing and even occlusion of blood
vessels in the brain. Once the supply of blood flow suddenly
stops, ischemia and hypoxia occur in the brain, resulting in
brain tissue softening and edema, which promotes increased
intracranial pressure and aggravates clinical symptoms,
including impaired neurological function (2,3). Once the
condition arises, effective treatment methods are limited. The
most reliable method for treating acute cerebral infarction is
intravenous thrombolysis in the early stage, which may reduce
the narrow area of the occluded blood vessels, increase the
blood supply in the infarct area, shorten the cerebral ischemia
time and reduce brain tissue damage. Recombinant human
tissue plasminogen activator (rt-PA) has been widely used
for intravenous thrombolysis within 4.5 h after the onset of
acute cerebral infarction (4,5). However, the time window for
thrombolytic therapy is short and the therapeutic effect has not
been fully evaluated (6).

In recent years, only a small number of patients with acute
cerebral infarction have been able to receive thrombolytic
therapy in the optimal time window for thrombolysis. Most
patients miss the optimal thrombolysis time, resulting in poor
thrombolytic therapy. Therefore, application of brain protec-
tion approaches during treatment is of great significance for
treating acute cerebral infarction. Associated studies have
indicated that physical methods enable patients to be in a
mild hypothermia state, reduce brain edema and intracranial
pressure, slow down brain tissue metabolism and avoid isch-
emia-reperfusion injury after intravenous thrombolysis (7-9),
thus promoting neurological function recovery and improving
prognosis (10). Acute cerebral infarction is a process of
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lipid accumulation and chronic inflammation characterized
by the reaction of cytokines and inflammatory factors and
consequently, assessment of inflammatory factors in the acute
cerebral infarction has attracted increasing interest in recent
decades. However, whether the inflammatory factors inter-
leukin (IL)-1, IL-6, intercellular adhesion molecule (ICAM)-1
and matrix metalloproteinase (MMP)-2 have a role in patients
with acute cerebral infarction undergoing intravenous throm-
bolysis has remained elusive. The present study aimed to
investigate the role of IL-1p, IL-6, C-reactive protein (CRP),
ICAM-1 and MMP-2 in patients with acute cerebral infarc-
tion by measuring their levels prior to and after treatment.
The clinical application value of intravenous thrombolysis
combined with mild hypothermia in patients with acute cere-
bral infarction was also explored.

Materials and methods

Research objects and grouping. With the approval of the
Medical Ethics Committee of Wuxi Third People's Hospital
(Wuxi, Jiangsu, China), 80 patients with acute cerebral infarc-
tion diagnosed at Wuxi Third People's Hospital (Wuxi, Jiangsu,
China) between January 2016 and December 2017 and were
selected as the subjects. The inclusion criteria were as follows:
i) According to the 'China Acute Ischemic Stroke Diagnosis
and Treatment Guide 2014 (11), the patients were diagnosed
with acute cerebral infarction; ii) the onset time was within
6 h; iii) any neurological symptoms were consistent with the
diagnosis of acute cerebral infarction; iv) blood pressure of
<180/100 mmHg; v) CT and MRI imaging indications for
acute cerebral infarction. The following exclusion criteria were
applied: i) Venous thrombosis in the limbs; ii) cerebral infarc-
tion due to non-angiopathys; iii) heart, liver or kidney failure;
iv) history of cerebral infarction or myocardial infarction; v)
pregnant or lactating females; vi) subjects participating in
other associated medical experimental research or who are
unable/unwilling to cooperate with the completion of treatment.
The cohort included 37 females and 43 males, aged 42-80 years
(average age, 44.5+15.7 years). The 80 patients were randomly
and equally divided into the conventional treatment group
(group A) and the hypothermia treatment group (group B). All
enrolled patients and their families provided written informed
consent to participate in the present study.

Treatments. The enrolled patients maintained blood glucose
and blood pressure within the normal range after hospitaliza-
tion with improved circulation. The two groups were treated
with rt-PA intravenous thrombolysis and intravenously given
rt-PA 0.9 mg/kg (maximum dose, 90 mg). The rt-PA used was
all of the same batch, purchased from Boehringer Ingelheim
International. Of the total amount, 10% was intravenously
injected within 1 min and the remaining amount was intra-
venously instilled for 1 h. The patients' condition was closely
monitored within 24 h after treatment. The major monitoring
measures during intravenous thrombolytic therapy included the
following: i) The patient was admitted to the intensive care unit
for 24-h dynamic ECG monitoring. ii) After the first throm-
bolysis, the blood pressure was monitored every 15 min for the
first 2 h, followed by every 30 min for the next 6 h, and then
once per h until a total of 24 h had passed. If the patient had a

diastolic blood pressure >100 mmHg and/or systolic blood pres-
sure of 180 mmHg, anti-hypertensive drugs were administrated
and blood pressure was closely monitored. iii) According to
the patient's requirement for neurological assessment, this was
performed 1 time/h. iv) If the blood pressure was severely high
with hiccup or headache, thrombolytic therapy was immediately
stopped and head CT examination was performed. In group B,
intravenous thrombolytic therapy was performed simultane-
ously with mild hypothermia. The patient was made to wear
a cooling cap, the head was wrapped and the desuperheater
(Kadant Inc.) was started. The temperature of the cooling cap
was maintained at 6-12°C, the patient's eardrum temperature
was maintained at 33-35°C and the treatment time was 6 days.
During the hypothermia phase, the patient's vital signs and
electrolytes were closely monitored. After the treatment with
mild hypothermia, the warming cap was re-warmed on time,
i.e., the patient's body temperature was increased by 1°C/5 h and
the patient's eardrum temperature was restored to 36.5-37.5°C
after ~20 h. The desuperheater, cooling cap and infrared ther-
mometer used by the patient were the same.

In the two groups, 5 ml fasting venous blood was
collected prior to treatment and at 7 days after treatment in
an anti-coagulation tube that was placed in a low-temperature
ultracentrifuge and centrifuged at 2,000 x g for 10 min at
4°C to collect the supernatant, which was stored at -80°C for
further analysis.

Observation indicators. Serum IL-1p3, IL-6, CRP, ICAM-1
and MMP-2 levels were determined in the two groups using
an ELISA kit. The kits used were all in the same production
batch and purchased from Biyuntian Biotechnology Co., Ltd.
All testing procedures were determined in strict accordance
with the instrument and reagent instructions to ensure the reli-
ability of the test data.

Evaluation of efficacy. At 7 days after treatment, the clinical
treatment effect was evaluated according to the diagnostic
criteria for cerebrovascular disease and the National
Institutes of Health Stroke Scale (NIHSS) score of cerebral
infarction was determined according to the functional score
classification criteria as determined at the 4th Cerebrovascular
Conference (10). The treatment efficacy was rated as follows:
i) Not improved: NIHSS score <17%; ii) improved: NIHSS
score of 18-45%; iii) significantly improved: NIHSS score of
46-90%; iv) almost cured: NIHSS score of 91-100%. The total
efficiency was calculated as follows: Total efficiency=(almost
cured + significantly improved + improved)/total number
x100%.

Safety assessment. Pulmonary inflammation, extracranial
hemorrhage, intracranial hemorrhage and mortality were
recorded during treatment and 7 days after treatment.
Pulmonary inflammation was assessed by '®F-fludeoxyglucose
positron emission topography. Intracranial hemorrhage was
assessed according to the score and diagnostic criteria of acute
stroke (12). Intracranial hemorrhage may be symptomatic or
asymptomatic. Symptomatic intracranial hemorrhage refers to
an increase in NIHSS score of >4 points or death in patients
with acute cerebral infarction within 36 h of thrombolytic
therapy (13).
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Statistical analysis. Data were processed using SPSS 19.0
statistical software (IBM Corp.). Values are expressed as the
mean + standard deviation. The unpaired t-test was used for
comparison within the group and an independent-samples
t-test was used for comparison between groups. Count data
were presented as a ratio or composition ratio and a y* test
was used for comparison between groups. Pearson correlation
analysis was performed to assess correlations. P<0.05 was
considered to indicate a statistically significant difference.

Results

General information. The basic information of the patients
is provided in Table I. Parameters including age and body
weight were not significantly different between the two groups
(P>0.05).

Serum levels of IL-18, IL-6, CRP, ICAM-1 and MMP-2 in the
two groups of patients. Compared with those in group A, the
levels of IL-1p, IL-6 and CRP in group B were decreased at
7 days after treatment and the differences were statistically
significant (P<0.05; Table II, Fig. 1A-C). However, there were
no differences in white blood cells prior to and after treatment
in the two groups (Fig. 1D).

Compared with those in conventional treatment group
(group A) and the hypothermia treatment group (group B), the
levels of ICAM-1 and MMP-2 in group B were significantly
decreased at 7 days after treatment (P<0.05), while there was
no significant difference between group A and B before treat-
ment (P>0.05; Table II, Fig. 2A-D).

Evaluation of effectiveness. At 7 days after treatment, the total
effective rate was 80% in group A and 95% in group B. There was
a significant difference between the two groups (P<0.05; Fig. 3).

Safety evaluation. The incidence of adverse reactions in group
A and group B was 35 and 20%, respectively, and the mortality
rates were 10 and 5%, respectively. There were no significant
differences in adverse events and mortality between the two
groups (P>0.05, Table III).

Correlation analysis of IL-13, IL-6, CRP, ICAM-1 and
MMP-2 with neurological function. To evaluate whether there
is an association of IL-1f, IL-6, CRP, ICAM-1 or MMP-2 with
neurological function, a correlation analysis was performed in
all patients prior to treatment, revealing a positive correlation
of the level of IL-13, IL-6, CRP, ICAM-1 and MMP-2 with the
NIHSS score (Table IV).

Discussion

Acute cerebral infarction is one of the most common cere-
brovascular diseases in neurology and is common among
middle-aged and elderly individuals. The annual incidence
rate in China is as high as 120/100,000-180/100,000, with
continuously increasing mortality rate (14). Acute cerebral
infarction is a process resulting from lipid accumulation and
chronic inflammation characterized by the reaction of cyto-
kines and inflammatory factors. One of the major causes of
cerebral ischemia-reperfusion injury is brain inflammation

Table I. General information of the two groups of patients
(n=40 per group).

Group  Sex (male/female) Age (years) Body weight (kg)
A 22/18 442+15.6 51.6+12.7

B 21/19 41.2+164 56.3+18.2
P-value 0.084 0.135 0.116

caused by cerebral infarction (15,16). The core of the treat-
ment approach for acute cerebral infarction is to restore the
blood circulation as soon as possible, correct brain ischemia
and hypoxia, reduce inflammation and cerebral edema,
reduce intracranial pressure, and thus ameliorate the degree
of brain damage. However, due to intravenous thrombolytic
therapy, the incidence of intracranial hemorrhage may be
as high as 10.9-32.0% and the mortality rate after bleeding
is high. The comorbidities are unacceptably high, resulting
in an unsatisfactory curative effect and poor prognosis. The
treatment of acute cerebral infarction remains challenging
and has become a hot topic in clinical research. An appro-
priate therapeutic strategy should not only resolve cerebral
ischemia and hypoxia, but also protect brain tissue function
and improve the prognosis.

MMP-2 is one of the key members of the MMPs and
acts as an inflammatory molecule in atherosclerotic
plaques of brain tissues, which contributes to the damage
of the blood-brain barrier after brain tissue ischemia and
increases the permeability of the blood-brain barrier (17),
causing brain edema. Relevant studies suggested that IL-1,
IL-6 and MMP-2 may be used as indicators for the detec-
tion of the condition and prognosis of patients with acute
cerebral infarction, and may accurately reflect the condition
and treatment effect of patients with acute cerebral infarc-
tion (18,19). IL-1p is a cytokine that has multiple biological
effects. Studies have indicated that when brain tissue is
subjected to ischemia, the IL-1f content increases rapidly,
promotes brain cell apoptosis, accelerates free radical
release, induces endothelial cells to secrete pro=coagulant
factors, inhibits anti-coagulant activity and reduces cere-
bral blood flow (20,21). IL-6 is an immunological and
inflammatory cytokine that is used as a major risk indicator
for detecting ischemic brain injury (22) and is associated
with an inflammatory response to acute cerebral infarc-
tion. ICAM-1 is one of the largest adhesion molecules that
mediate adhesion reactions and belongs to the immuno-
globulin superfamily, which enhances the adhesion of the
inflammatory factors.

In recent years, sub-hypothermia in the range of 33-35°C
has been reported to reduce the oxygen consumption of
brain tissue, slow down the metabolism of brain cells,
increase the blood supply to the brain, relieve the degree of
cerebral edema and reduce intracranial pressure (23,24). It
has also been suggested that 33+1°C is the most significant
temperature range for maintaining brain tissue function (25).
In mice subjected to experimental cerebral ischemia with
brain inflammation and mild hypothermia, Deng et al (26)
determined that the content of ICAM-1 was significantly
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Table II. Changes in serum IL-1f3, IL-6, ICAM-1 and MMP-2 levels in the two groups (n=40 per group).

IL-1P (pg/ml) IL-6 (pg/ml) ICAM-1 (pg/ml) MMP-2 (ug/l)
Group Before 7d Before 7d Before 7d Before 7d
A 184.18+26.18 138.57£1548 11543+13.77 58.77+£546 3.5+09 3.0+0.5 349.27+30.39 219.12+26.33
B 186.20+22.23  103.33+11.71  117.4449.13 48.49+7.51 34408 2.3+0.3 352.19+32.51 143.73£23.25
P-value 0.135 0.014 0.163 0.017 0.161 0.023 0.172 0.015

Values are expressed as the mean + standard deviation. Before, prior to treatment; 7d, at 7 days after treatment was commenced; IL, interleukin;
MMP, matrix metalloproteinase; ICAM, intercellular adhesion molecule.

Table III. Comparison of incidence of adverse reactions between the two groups (n=40 per group).

Symptomatic Asymptomatic
intracranial intracranial Extracranial Pulmonary Adverse
Group hemorrhage hemorrhage hemorrhage infection reaction rate (%) Mortalities
A 2 2 6 4 35 4 (10)
B 0 0 4 4 20 2(5)
P-value 0.128 0.152

Values are expressed as n or n (%) unless otherwise specified.
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Figure 1. Changes in serum IL-1f3, IL-6 and CRP levels and the white blood cell count in the two groups. (A) There was no significant difference in serum
IL-1P and IL-6 levels between the two groups prior to treatment (P>0.05). (B) At 7 days after treatment, group B and group A showed a significant decrease in
serum IL-1f and IL-6 levels, the difference was statistically significant, P<0.05. (C) CRP level before and after treatment in group A and B; (D) white blood cell
number before and after treatment in group A and B. "P<0.05 compared with corresponding value prior to treatment. IL, interleukin; CRP, C-reactive protein.

lower than that in the control group, which indicated a certain  that local hypothermia treatment may reduce the area of
inhibitory effect of mild hypothermia on brain inflammation.  cerebral infarction (27,28). With the continuous improve-
At the same time, associated animal experiments indicated  ment of scientific research, an increasing number of studies
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Table I'V. Correlation of inflammatory factors/cytokines with the National Institutes of Health Stroke Scale score.
Parameter IL-1P IL-6 CRP ICAM-1 MMP-2
r 0.461 0.547 0.612 0.367 0.436
P-value 0.021 0019 0.006 0.031 0.029

IL, interleukin; MMP, matrix metalloproteinase; ICAM, intercellular adhesion molecule; CRP, C-reactive protein.
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Figure 2. Differences in serum ICAM-1 and MMP-2 between the two groups. (A) ICAM-1 and (B) MMP-2 levels prior to treatment. (C) ICAM-1 and
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Figure 3. Evaluation of the effectiveness of the two treatments. The total
effective rate in group B was significantly higher than that in group A
(P<0.05).

have confirmed through experimental and clinical research
that hypothermia treatment has a protective effect on neuro-
logical function, with good prognosis in the later stage and
fewer side effects (29-31). Therefore, in the present clinical

study, a treatment temperature of 33-35°C was adopted, which
was compared with conventional treatment to determine the
efficacy of intravenous thrombolysis combined with mild
hypothermia treatment for acute cerebral infarction.

The results of the present study suggested that, compared
with those in group A, the levels of IL-1p3, IL-6, CRP and
ICAM-1 in group B were significantly decreased At 7 days
after treatment (P<0.05). Compared with those prior to treat-
ment, the levels of MMP-2 were significantly decreased At
7 days after treatment, and the levels of MMP-2 in group B was
significantly lower than those in group A (P<0.05). At 7 days
after treatment, the total effective rate was 80% in group A and
95% in group B and there was a significant difference between
the two groups (P<0.05). The incidence of adverse reactions
in group A and group B was 35 and 20%, respectively, and
the mortality rates were 10 and 5%, respectively. However,
there were no significant differences in adverse events and
mortalities between the two groups (P>0.05). In addition, a
positive correlation of the level of IL-1f, IL-6, CRP, ICAM-1
and MMP-2 with the NIHSS score was identified in the total
cohort of patients prior to treatment. The above results suggest
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that, compared with intravenous thrombolytic therapy alone,
intravenous thrombolysis combined with mild hypothermia
treatment has the most obvious effects on the levels of IL-1p,
IL-6, CRP, ICAM-1 and MMP-2, and may significantly
improve brain ischemia and hypoxia, reduce inflammation and
ameliorate brain tissue damage.

In conclusion, intravenous thrombolysis combined with
mild hypothermia treatment may significantly improve the
clinical symptoms of patients with acute cerebral infarction
and control the inflammatory response after cerebral infarc-
tion, indicating that this treatment is effective and may be
used in the clinic. However, the exact mechanism of how the
treatment affects the cytokines or markers in patients with
acute cerebral infarction remains elusive. In the future, in vitro
experiments are required to investigate the mechanisms of
how this treatment alters the inflammatory cytokines.
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