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Abstract. Acute ischemic stroke induces systemic inflammation, 
exhibited as changes in body temperature, white blood cell counts 
and C‑reactive protein (CRP) levels. The aim of the present 
study was to observe the effects of intravenous thrombolytic 
therapy on inflammatory indices in order to investigate the 
hypothesis that post‑stroke systemic inflammatory response 
occurs in response to the necrosis of brain tissues. In this study, 
62 patients with acute cerebral infarction and indications for 
intravenous thrombolysis were divided into three groups on the 
basis of their treatment and response: Successful thrombolysis 
(n=36), failed thrombolysis (n=12) and control (n=14) groups. 
The body temperature, white blood cell counts and high‑
sensitivity (hs)‑CRP levels were recorded pre‑treatment 
and on post‑stroke days 1, 3, 5 and 7. Spearman's correlation 
analysis showed that the pre‑treatment National Institutes of 
Health Stroke Scale (NIHSS) score positively correlated with 
body temperature, white blood cell count and hs‑CRP levels. 
On day 3 of effective intravenous thrombolysis, the body 
temperature and white blood cell were decreased and on days 3 
and 5, the serum levels of hs‑CRP were reduced compared with 
those in the failed thrombolysis and control groups. The results 
indicate that the systemic inflammatory response following 
acute cerebral infarction was mainly caused by ischemic injury 
of local brain tissue; the more serious the stroke, the stronger 
the inflammatory response. Ultra‑early thrombolytic therapy 
may inhibit the necrosis of brain tissue and thereby reduce the 
inflammatory response.

Introduction

The inflammatory process plays an important role in the 
occurrence and development of ischemic cerebrovascular 
disease. Evidence has shown that with the incidence of isch-

emia, an inflammatory response also occurs and participates 
in the injury and repair of brain tissues. The inflammatory 
cascade reaction following cerebral infarction is an important 
pathophysiological mechanism of ischemic stroke (1‑3). The 
acute phase of the post‑stroke inflammatory response is a 
reflective and non‑specific systemic inflammatory response, 
accompanied by the accumulation of inflammatory cells, the 
release of inflammatory cytokines, the upregulation of leuko-
cyte adhesion molecules, and the migration of macrophages 
and neutrophils to areas of tissue damage. Furthermore, 
some peripheral inflammatory indicators also change signifi-
cantly, for example, white blood cell counts increase, and 
serum interleukin‑6 and C‑reactive protein (CRP) levels also 
increase (4‑6). Bacterial or viral infections can induce ischemic 
stroke; furthermore, stroke, especially a serious stroke, is often 
complicated by pulmonary or urinary tract infections. Bacterial 
infection is likely to exacerbate the inflammatory response 
and increase brain tissue damage. Studies have confirmed that 
infection and fever have a significant correlation with a poor 
prognosis for stroke (7,8). Prevention and treatment of bacte-
rial infections, lowering the body temperature and controlling 
the inflammatory response have become treatment strategies 
for the acute phase of ischemic stroke. However, so far, little 
is known about the causes of the early systemic inflammatory 
response in ischemic stroke, and about the dynamic changes of 
most inflammatory markers in the acute phase of stroke.

In this study, dynamic changes of inflammatory indica-
tors, such as body temperature, peripheral blood leukocyte 
counts and serum high‑sensitivity (hs)‑CRP levels in patients 
with acute cerebral infarction were observed with the aim of 
assessing the following hypotheses: The post‑stroke systemic 
inflammatory response mainly occurs because of the necrosis 
of brain tissue, rather than cryptogenic infection. Successful 
thrombolytic treatment may reduce the necrosis of brain tissue 
and the inflammatory response, resulting in an earlier return of 
the inflammatory indicators to their normal ranges.

Materials and methods

General information. In total, 62 patients with acute cerebral 
infarction and intravenous thrombolytic indications were 
admitted to the Department of Neurology of the Second 
Affiliated Hospital of Fujian Medical University (Quanzhou, 
China) from January 2009 to February 2013. The patients 
comprised 36 males and 26 females and ranged from 35 
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to 79 years old (mean, 62±10.4 years). The patients were 
divided into three groups according to their treatment and 
response: i) successful thrombolysis group (n=36); following 
thrombolytic therapy, the reduction of National Institutes 
of Health Stroke Scale (NIHSS) score within 24 h was ≥4. 
ii) failed thrombolysis group (n=12); following thrombolytic 
therapy, the reduction of NIHSS score within 24 h was <4; 
iii) control group (n=14); no thrombolysis was performed, and 
only conventional antiplatelet or anticoagulant therapy was 
applied. Intravenous thrombolysis was administered within 
3.0 h of stroke incidence in 30 patients, and within 3.0 ‑4.5 h 
in 18 cases. This study was conducted in accordance with the 
Declaration of Helsinki and with approval from the Ethics 
Committee of Fujian Medical University. Written informed 
consent was obtained from all participants.

Enrollment standards. The inclusion criteria were as follows: 
i) aged l8‑80 years; ii) signs of brain dysfunction persisted for 
>1 h, and the NIHSS score of nerve function was ≥4 points; 
iii) stroke incidence was <4.5 h ago; iv) blood pressure 
<180/100 mmHg; v) brain computed tomography (CT) 
excluded intracranial hemorrhage, and no imaging changes 
indicative of acute cerebral infarction were observed; iv) if 
the patients and their families agreed to thrombolytic therapy, 
they were required to sign an informed consent form, other-
wise they were treated with conventional therapy.

Exclusion criteria. The exclusion criteria were as follows: 
Intracranial hemorrhage, including secondary hemorrhage; 
already existing post‑stroke infectious diseases; trauma and 
vascular events occurring 4 weeks before the stroke; chronic 
inflammation or malignancy; use of anti‑inflammatory drugs, 
such as adrenal corticosteroids and non‑steroidal anti‑inflam-
matory agents (with the exception of aspirin); serious heart, 
liver or renal insufficiency.

Treatment. The patients in the successful thrombolysis 
group and failed thrombolysis group were treated intrave-
nously with recombinant tissue‑type plasminogen activator 
(alteplase/Actilyse; Boehringer Ingelheim, Ingelheim am 
Rhein, Germany) at a total dosage of 0.9 mg/kg body 
weight (maximum dosage, 90 mg); 10% of the dosage was 
intravenously injected in the first 1 min, the rest was then intra-
venously injected uniformly over 60 min. Aspirin 100 mg/day 
or clopidogrel 75 mg/day was given orally 24 h after the 
thrombolysis. Patients with atrial fibrillation were also given 
4,000 IU low‑molecular‑weight heparin by abdominal subcu-
taneous injection twice/day (9,10). Patients in the control group 
were treated orally with aspirin 100 mg/day or clopidogrel 
75 mg/day. Patients with atrial fibrillation were also given 
4,000-5,000 IU low‑molecular‑weight heparin, by abdominal 
subcutaneous injection twice/day.

Laboratory tests. Routine cranial CT scanning was performed 
on enrollment and 24 h after the initiation of treatment. If 
the disease developed, CT scanning or cranial magnetic 
resonance imaging was performed in a timely manner. Daily 
measurements of body temperature were taken (axillary) at 
least 4 times, and the body temperature and daily maximum 
temperature were adopted as statistical data. The peripheral 

blood leukocyte counts were determined on the day of admis-
sion, and on days 1, 3, 5 and 7 after this, using conventional 
laboratory methods (normal range, 4x109-10x109/l). An immu-
noturbidimetry method (Wide Range C‑Reactive Protein 
reagent; Siemens Healthcare Diagnostics Inc., Malvern, PA 
USA) was used for the determination of hs‑CRP concentration 
(normal range, 1.4‑11.0 mg/l).

Efficacy evaluation. The NIHSS was used to score the neuro-
logical deficits, and the scores were recorded on the day of 
admission and on days 1, 3, 5 and 7, respectively.

Statistical analysis. SPSS statistical software package version 
11.0 (SPSS, Inc., Chicago, IL, USA) was used, and data are 
presented as the mean ± standard deviation. Comparisons 
between groups are performed using a Student's t‑test, while 
more than two groups were compared by one‑way analysis 
of variance. Spearman's correlation analysis was applied to 
determine the correlation of two non‑normally distributed 
variables. P<0.05 was considered to indicate a statistically 
significant result.

Results

Baseline clinical characteristics. The baseline clinical char-
acteristics, including gender, age, hypertension, diabetes, 
auricular fibrillation, stroke type and thrombolysis/treatment 
time in the three groups are shown in Table I. There were no 
significant differences between gender ratio and age among 
the three groups.

Inflammatory indicators in 62 cases of acute cerebral 
infarction. The inflammatory indicators, including body 
temperature, peripheral blood leukocyte count and hs‑CRP 
in the 62 cases at various time‑points are shown in Table II. 
Spearman's correlation analysis demonstrated that the NIHSS 
score of body temperature on post‑stroke day 3 was signifi-
cantly higher, as comparde with on the day of admission (prior 
to treatment) (P<0.05). The NIHSS scores of peripheral blood 
leukocyte count on days 1 and 3 were significantly higher, as 
compared with on the day of admission (P<0.05). The NIHSS 
scores of hs‑CRP on days 3, 5 and 7 were significantly higher, 
as compared with on the day of admission (P<0.05). 

Correlation analysis. The correlations of NIHSS score 
at admission and inflammatory indicators are shown in 
Table III. Spearman's correlation analysis demonstarted that 
the NIHSS score on the day of admission (prior to treatment) 
was significantly positively correlated with peripheral blood 
leukocyte count on post‑stroke days 1 and 3 (P<0.05). It 
was also significantly positively correlated with the hs‑CRP 
level on days 3, 5 and 7 (P<0.05). The NIHSS score was only 
significantly positively correlated with body temperature on 
day 3 (P<0.05).

Comparison of the three groups. No significant difference 
was observed among the three groups in the NIHSS scores of 
neurological deficit prior to treatment. However, the NIHSS 
score of the successful thrombolysis group was decreased 
significantly compared with that in the failed thrombolysis and 
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control groups on days 1 and 7 (P<0.001). The body tempera-
ture of the successful thrombolysis group was significantly 
lower than that in the other two groups on day 3 (P<0.005), 
with a significant reduction in the number of peripheral blood 
leukocytes (P<0.001). The level of hs‑CRP was significantly 
reduced in the successful thrombolysis group on days 3 and 5, 
when compared with the failed thrombolysis and control 
groups (P<0.001; Table IV; Fig. 1). No significant differences 
were observed between the failed thrombolysis group and the 
control group (P>0.05).

Discussion

Stroke induces the body to produce an inf lammatory 
response against brain tissue damage. Acute ischemic stroke, 
due to the interruption of regional cerebral blood flow, reper-
fusion and the destruction of the blood‑brain barrier, causes 

peripheral white blood cells to migrate and infiltrate into the 
brain, where they activate microglia, initiate inflammatory 
cascade reactions, release a series of inflammatory indicators 
and increase brain damage. This inflammatory response is 

Table I. Basic clinical characteristics of the 62 cases.
 
Items Successful thrombolysis (%) Failed thrombolysis (%) Control (%)
 
Total number 36 12 14
Male 20 (55.6) 7 (58.3) 9 (64.3)
Female 16 (44.4) 5 (41.7) 5 (35.7)
Age, mean ± SD 61.5±10.0 62.8±11.2 63.5±10.4
Hypertensive disease 12 (33.3) 7 (58.3) 8 (57.14)
Diabetics   8 (22.2) 4 (33.3) 6 (42.9)
Auricular fibrillation 10 (27.8) 6 (50.0) 6 (42.9)
Stroke type (TOAST)a   
  Atherosclerosis   6 (16.7) 2 (16.7) 2 (14.3)
  Cardiogenic embolism 10 (27.8) 6 (50.0) 6 (42.9)
  Arterial embolism   8 (22.2) 2 (16.7) 3 (21.4)
  Other reason 2 (5.6) 0 0
  Unknown reason 10 (27.8) 2 (16.7) 3 (21.4)
Thrombolysis/treatment within 0‑3 h 24 (66.7) 6 (50.0) 5 (35.7)
Thrombolysis/treatment within 3‑4.5 h 12 (33.3) 6 (50.0) 9 (4.3)
 
aBased on trial of ORG 10172 in acute stroke therapy (TOAST) criteria (11). SD, standard deviation.

Table II. Inflammatory indicators in 62 cases of acute cerebral 
infarction.
 
 Body Leukocytes hs‑CRP
Time‑point temperature (˚C)   (x109/l) (mg/l)
 
On admission 36.5±0.5   8.8±1.8 8.9±6.8
Post‑stroke day 1 36.6±0.6 11.1±2.1a 10.2±7.6
Post‑stroke day 3 37.1±0.8a 12.4±2.5a 65.8±12.8a

Post‑stroke day 5 36.8±0.5   8.9±1.6 38.2±9.9a

Post‑stroke day 7 36.5±0.6   8.6±1.5 25.3±8.4a

aP<0.05, compared with on admission. hs‑CRP, high‑sensitivity 
C‑reactive protein.

Table III. Correlation of NIHSS score at admission and inflam-
matory indicators.

Inflammatory indicator N Spearman's rho P‑value

Body temperature
  On admission 62 0.115   0.250
  Post‑stroke day 1 62 0.122   0.195
  Post‑stroke day 3 62 0.558 <0.001
  Post‑stroke day 5 62 0.152   0.145
  Post‑stroke day 7 62 0.136   0.182
Leukocyte
  On admission 62 0.145   0.150
  Post‑stroke day 1 62 0.232   0.035
  Post‑stroke day 3 62 0.355   0.002
  Post‑stroke day 5 62 0.150   0.166
  Post‑stroke day 7 62 0.130   0.194
hs-CRP
  On admission 62 0.155   0.139
  Post‑stroke day 1 62 0.162   0.110
  Post‑stroke day 3 62 0.625 <0.001
  Post‑stroke day 5 62 0.457 <0.001
  Post‑stroke day 7 62 0.340   0.003

NIHSS, National Institutes of Health Stroke Scale.
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not limited to the local brain tissue at the early stages, but is 
a general, non‑specific and systemic inflammatory reaction. 
Biological markers, such as temperature and blood pressure, 

and physiologic parameters, such as peripheral blood leuko-
cytes, CRP and interleukin‑6, are important indicators of the 
systemic inflammatory response (3,4). Post‑stroke fever is a 

Table IV. NIHSS scores and inflammatory indicators before and after treatment.

 Successful Failed
 thrombolysis thrombolysis   Control
Indicators  (n=36)  (n=12) ta P‑valuea  (n=14) tb P‑valueb

NIHSS score
  On admission 10.0±4.8 10.8±5.0 0.495 0.623 9.8±4.5 0.135 0.893
  Post‑stroke day 1 4.0±2.2 8.7±3.4 5.274 <0.001 9.0±3.2 6.323 <0.001
  Post‑stroke day 7 2.2±1.6 6.0±2.4 6.252 <0.001 7.0±2.1 8.710 <0.001
Body temperature (˚C)
  On admission 36.4±0.5 36.5±0.4 0.628 0.533 36.6±0.5 1.270 0.210
  Post‑stroke day 1 36.5±0.5 36.7±0.6 1.141 0.260 36.6±0.5 0.635 0.528
  Post‑stroke day 3 36.5±0.7 37.3±0.9 3.189 0.003 37.4±0.9 3.763 <0.001
  Post‑stroke day 5 36.7±0.6 36.8±0.5 0.519 0.606 36.9±0.6 1.058 0.295
  Post‑stroke day 7 36.5±0.6 36.6±0.6 0.500 0.619 36.5±0.5 0.553 0.583
Leukocyte (109/l)
  On admission 8.8±1.4 8.7±2.0 0.192 0.849 9.0±1.9 0.406 0.687
  Post‑stroke day 1 10.9±1.8 11.2±2.3 0.466 0.643 11.0±2.0 0.171 0.865
  Post‑stroke day 3 9.0±2.0 12.6±2.5 5.070 <0.001 12.5±2.6 5.100 <0.001
  Post‑stroke day 5 8.8±1.2 9.1±1.8 0.658 0.514 9.3±2.0 1.087 0.282
  Post‑stroke day 7 8.5±1.4 8.7±1.5 0.421 0.676 8.8±1.8 0.627 0.534
hs‑CRP (mg/l)
  On admission 9.0±6.4 8.1±6.6 0.419 0.677 7.9±7.0 0.532 0.597
  Post‑stroke day 1 10.1±7.4 14.3±8.7 1.630 0.110 12.3±7.0 0.958 0.343
  Post‑stroke day 3 32.8±9.9 74.6±13.1 11.663 <0.001 80.4±11.6 14.548 <0.001
  Post‑stroke day 5 28.0±8.4 50.8±10.6 7.621 <0.001 52.7±10.0 8.849 <0.001
  Post‑stroke day 7 23.5±7.6 27.6±9.8 1.504 0.139 28.2±8.8 1.879 0.066

aComparison between the successful thrombolysis and failed thrombolysis groups; bComparison between the successful thrombolysis and con-
trol groups. Successful thrombolysis group, after thrombolytic therapy, the reduction of NIHSS score within 24 h was ≥4; failed thrombolysis 
group, after thrombolytic therapy, the reduction of NIHSS score within 24 h was <4; control group, no thrombolysis was performed and only 
conventional therapy was applied. NIHSS, National Institutes of Health Stroke Scale; hs‑CRP, high‑reactivity C‑reactive protein.

Figure 1. Changes of inflammatory indicators of the successful thrombolysis (n=36), failed thrombolysis (n=12) and control groups (n=14) before and after 
the treatment. (A) The body temperature of the successful thrombolysis group was significantly lower than that in the other two groups on day 3 (P<0.005), 
concurrently with (B) a significant reduction in the number of peripheral blood leukocytes (P<0.001). (C) hs‑CRP levels were significantly reduced in the 
successful thrombolysis groups on days 3 and 5 (P<0.001). hs‑CRP, high‑sensitivity C‑reactive protein.

  A   B   C
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common clinical phenomenon, which might be not only the 
early systemic inflammatory response against necrotic brain 
tissue, but also caused by infection, deep vein thrombosis and 
other complications. Previous studies have shown that body 
temperature elevation is associated with the clinical severity 
and prognosis of stroke (12‑14). Elevated body temperature 
is also a risk factor for the hemorrhagic transformation of 
acute ischemic stroke when recombinant tissue‑type plas-
minogen activator treatment is not applied to patients (15). 
Some studies have found that the higher and sooner the body 
temperature increases in the acute phase of ischemic stroke, 
the more severe the brain damage is likely to be; however, this 
correlation exists only within the first 24 h of stroke (16,17). 
Other studies have indicated that it is not admissional body 
temperature that is associated with adverse outcomes of 
stroke, but the temperature peak occurring a few days after 
the stroke (18‑20). The present study revealed that the more 
serious the stroke and the higher the NIHSS score, the more 
the body temperature increased. The NIHSS score and body 
temperature showed a significant correlation on day 3 after 
admission, but no significant correlation on days 1 and 2. The 
difference between these findings might be due to the fact 
that the studies were mostly retrospective analyses, which 
could not completely rule out concomitant infection. In addi-
tion, many factors are able to affect the body temperature 
measurement; oral or anal temperature readings would be 
more accurate.

In the acute stage of cerebral infarction, when the brain 
tissue is in a state of ischemia and hypoxia, stimulated leukocyte 
adhere to and aggregate on the vessel wall, releasing oxygen 
free radicals and other harmful substances, causing or aggra-
vating tissue damage (1‑3). Animal models have shown that a 
lack of white blood cells can reduce cerebral infarction volume, 
and thus reduce the inflammatory response (21). Therefore, 
many scholars consider that an increase in white blood cell 
counts is a risk factor for stroke, and is associated with poor 
prognosis (22,23). The present study demonstrated that the 
higher the pre‑treatment NIHSS score, the greater the number 
of peripheral blood leukocytes, particularly on days 1 and 3 
after stroke. This result is also consistent with the aggregation 
phenomenon of lymphocytes in damaged brain tissues, which 
had been observed by Akopov et al (24).

CRP is an acute‑phase reactant synthesized by liver cells 
and epithelial cells when stimulated by inflammatory factors. 
As an important inflammatory indicator, CRP is not only asso-
ciated with systemic atherosclerosis and coronary heart disease, 
but also closely associated with the incidence, development and 
prognosis of cerebral infarction (25,26). High levels of CRP 
have been found to be positively correlated with the severity 
and long‑term mortality of ischemic stroke (27,28). The present 
study found that the more serious the stroke on admission, as 
indicated by a higher NIHSS score, the higher the serum level 
of hs‑CRP, particularly on days 3, 5 and 7 after the onset of the 
disease.

A series of pathophysiological changes occur following acute 
cerebral infarction. An ischemic penumbra forms; if the blood 
flow recovers rapidly, cell function can be restored to normal; if 
the ischemia increases, the range of infarction extends. Necrotic 
brain tissue would activate the inflammatory response through 
cells, body fluids and metabolic mechanisms, exhibited as fever, 

leukocytosis and increasing CRP levels. Previous studies have 
found a positive correlation between lesion size and changes 
in inflammatory indicators (6,22). Thrombolytic therapy can 
facilitate the rapid recanalization of occlusive vasculature, 
restore blood flow and reduce ischemic area or infarct volume; 
therefore, it is regarded as the most important measure to 
restore blood flow. Recombinant tissue‑type plasminogen acti-
vator (Alteplase) is the main thrombolytic drug currently used, 
with an effective therapeutic time window of 4.5 h (29). The 
present study showed that the clinical neurological functions 
of the patients undergoing successful intravenous thrombolytic 
therapy improved significantly, with a significant reduction of 
the inflammatory response. With regard to the detailed clinical 
presentation, compared with the failed thrombolytic treatment 
and control groups, the patients in the successful thrombolytic 
group exhibited NIHSS neurological deficit scores that were 
significantly reduced on days 1 and 7 after treatment. In addi-
tion, they exhibited a significant reduction in body temperature 
on day 3, accompanied by a significant reduction in the number 
of peripheral blood leukocytes, and a significant reduction in 
hs‑CRP levels on days 3 and 5. These results are consistent with 
previous studies (30‑33), and suggest that the systemic inflam-
matory response following acute cerebral infarction arises 
mainly because of ischemic injury of local brain tissue, rather 
than cryptogenic infection. and that successful thrombolytic 
therapy could reduce the necrosis of brain tissue, reduce inflam-
mation and induce tissue repair.

In summary, the present study observed that acute isch-
emic stroke induces a systemic inflammatory response due 
to the necrosis of brain tissue, causing increases in peripheral 
inflammatory indicators (body temperature, peripheral blood 
leukocyte counts and hs‑CRP levels). Changes in the inflam-
matory indicators are associated with the severity of stroke. 
Ultra‑early and effective thrombolytic therapy can significantly 
reduce the systemic inflammatory response and improve nerve 
function.
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