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Abstract 

 Stroke is a serious neurological disease, and constitutes a major cause of death and 

disability throughout the world. The pathophysiology of stroke is complex, and 

involves inflammatory pathways, oxidative damage, ionic imbalances, apoptosis, 

angiogenesis and neuroprotection. high sensitivity C-reactive protein (hs-CRP), and 

other serum inflammatory markers are associated with atherosclerosis and predict 

incident stroke in many patients. 

Objective: the aim of the study is to find out the pattern of changes of hs CRP in 

acute ischemic stroke patients during follow up within 3 months. and to study the 

effect and prognostic value of hs CRP, severity scoring system (GCS and APACH II 

score ) and other risk factors on morbidity and mortality of ischemic stroke subjects. 

Patients and methods: Out of 394 patients who were admitted in stroke subunit of 

medical ICU by acute ischemic stroke confirmed by CT scan or MRI  only 272 

patients complete the study for 4 weeks. And by the end of 3 months 50 patients died 

and 28 patients disconnected .All subjects of this study were subjected to  general and 

neurological examination , assessment of severity score system by GCS and 

APACHE11 score , and measurement of CRP on admission, on discharge and after 

3months of follow up in ischemic stroke subjects.. 

Results:We found that the levels of hs-CRP of acute ischemic stroke patients was 

significantly increased on admission within 48 hours with more increase on discharge 

(after 4 weeks) than normal values, While there was significant decrease in its Level 

during follow up within 3 months of stroke. and increased level of  hs CRP on 

admission , discharge (after 4 weeks) and3 months  more than 9mg/dl increase risk of 

mortality and morbidity of patients with ischemic stroke  by 3.5 , 4.2 ,1.32 fold, 

respectively  while increased level of  hs CRP more than 12mg/dl increase risk of 

mortality and morbidity by 7.1, 14.8, 2.27 fold respectively. and hs-CRP showed 

significant increases in deceased subjects compared to those with uncomplicated and 

morbid subjects and significant increase in morbid subjects compared to 

uncomplicated subjects. and GCS significantly decreased and APACHE II score 

significantly increased in deceased subjects compared to those with uncomplicated 

and morbid subjects, while those parameters doesn't significantly differ in 

uncomplicated subjects compared to morbid subjects. The increase of age over 60 

years, smoking , and presence of  diabetes, hypertension, dyslipidemia, decrease GCS 

than 8 , increase APACHE II  score more than 14 increase the relative risk of 

mortality and morbidity of patients with ischemic stroke by 1.36 ,1.2, 

1.37,1.26,1.27,2.16,2,20 fold respectively. 

 

  

 

Conclusion: We conclude that cerebral ischemia could trigger an acute response 

monitored by significant increase of levels of hs- CRP of acute ischemic stroke 

especially during 1
st
 weeks of stroke with subsequent gradual decrease by the end of 3 
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months. And the most important risk factor that increase the morbidity and mortality 

of ischemic stroke was hs-CRP especially at time of discharge followed by severity 

scoring system (GCS & APACHE II). And the severity scoring system could 

determine prognosis include morbidity and mortality in ischemic stroke patients on 

admission to ICU while hs-CRP is the main factor determining mid and long term 

prognosis of acute ischemic stroke. Therefore serial measurements of circulating hs 

CRP ischemic patients is indicated for better analyzing its impact on both short and 

long term prognosis.  

Key words: hs CRP: high sensitivity C-reactiveprotein, GCS: glascow coma scale 

APACHE II score: Acute Physiology And Chronic Health Evaluation, 

                                 ICU: intensive care unit 

 

 

INTRODUCTION 

 

       Stroke is the leading cause of 

death worldwide and one of the main 

causes of long-term disability. 

According to the World Health 

Organization, 15 million people suffer 

from stroke each year (1). About 87% 

of all strokes are due to ischemia (2). 

There is an increasing evidence that 

inflammatory 

processes are involved in cerebral 

ischemia (3). Ischemic brain injury is 

characterized by acute local 

inflammation and changes in levels of 

inflammatory cytokines, notably C 

reactive protein.Elevated stroke risk 

has linked to high levels of C-reactive 

protein. Many patients with elevated 

CRP levels within 72 hours of stroke 

have an increased risk of death (4). 

CRP serves as biomarker for systemic 

inflammation. However, vascular 

inflammation is more related to high-

sensitivity CRP (hs-CRP) (5). The 

association between hs CRP and a high 

stroke severity remains unexplained 

.There is a distinct possibility that 

elevated hs CRP may be a direct 

response to the extent of cerebral tissue 

injury (1).  

 High Sensitivity C-reactive protein,  

  hs CRP is an acute- phase reactant  

 

 

 

 

produced by the liver under the control 

of interleukin-6. almost certainly the  

primary circulating physiological 

mediator, because most other cytokines  

rarely reach effective concentrations in 

plasma(its normal level in plasma is 

6mg/dl) (6). Levels of hs-CRP 

measured shortly after stroke predicted 

complementary aspects of prognosis. 

 During approximately 4 years of 

follow up, hs-CRP levels were  

associated with increased mortality (7).   

Leukocyte count predicts recurrent 

stroke or death after first stroke within 

6 months. Although infarct size and 

stroke severity are major determinants 

of short- term prognosis after ischemic 

stroke, hs CRP predicts prognosis, in 

particular mortality or new vascular 

events during the first year 

independent of infarct size and stroke 

severity (8). hs CRP can predict 

recurrent cardiovascular disease, stroke 

and death in different settings and  

high levels of hs CRP consistently 

predict new coronary events in patient 

with unstable angina and acute 

myocardial infarction. Higher hs CRP 

levels also are associated with lower 

survival rate of these people. (7). Titto 

et al. ,(9) suggested that measurement 

of  hs CRP at entery and when possible 

at discharge, 1 to 3 months later may 

be useful, because it is likely that 

higher risk of future events is confined 

to patients with persistently elevated 

levels of hs CRP. Therefore this study 

was done firstly to find out the pattern 
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of changes of hs CRP in acute 

ischemic stroke patients during follow 

up within 3 months, secondly to study 

the effect and prognostic value of hs 

CRP, severity scoring system (GCS 

and APACH II score ) and other risk 

factors on morbidity and mortality of 

ischemic stroke , and lastly to find out 

any correlation between hs CRP and 

severity scoring system in ischemic 

stroke patients. 

 

Subjects : 

 Across section prospective analytical 

study included 394 patients who were 

admitted to stroke subunit of medical 

ICU Zagazig University Hospitals 

within 6 months and were diagnosed as 

ischemic stroke clinically and 

radiologically. During the 4 weeks of 

admission 22 patients died and 28 

patients discharged before 4 weeks 

according to their request. 72 patients 

disconnected. And only 272 patients 

complete the study. At the end of  3 

months 50 patients died and 28 

patients disconnected. 62.5% of 

patients were male, 30% were 

smokers. 70.5% were hypertensive and 

38.5% were diabetic. 30% of patients 

were smokers. They were followed up 

for 3 months from the onset of stroke. 

Exclusion critieria : We exclude 

patients with haemorrhagic stroke, 

transient ischemic attack, stroke with 

undetermined cause, patients with 

known of underlying causes of 

ischemia such as malignancy, and 

systemic lupus erythromatosis, history 

of migraine , kidney  transplantation 

,and patients on estrogen ,or lipid 

altering treatments.  

 

Methods:  

All subjects were subjected to the 

following:  full history ,general and 

neurological examination, assessment 

of severity scoring  system  using GCS 

(10).and APACHE II score during first 

24 hours of stroke onset (11)). Routine 

investigations include; random blood 

glucose level, complete blood count, 

coagulation profile (PT, PTT, INR). 

hepatic and renal functions tests and 

lipid profile (serum cholesterol and 

triglyceride level). In addition to ECG, 

CT brain or MRI brain and arterial 

blood gas (ABG). and Specific 

investigations include assay of serum 

level of high sensitivity c-reactive 

protein (hs-CRP) on admission (within 

48hour), on discharge(after 4weeks) 

and after 3 months of follow up in 

ischemic stroke patients (12). 

 

Statistical analysis:  

All data were coded, checked, entered 

and analyzed using SPSS software 

version 17 (13) methods included the 

Chi-square test and student t test. A p 

value<0.05 was considered statistically 

significant.  
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  RESULTS. 

  Table (1): Patients characteristic of study population at time of admission 

  

Parameter Data 

Age (mean±SD) 68.25±10.52 

Male sex (%) 62.5 

Diabetes (%) 38.5 

Hypertension (%) 70.5 

Dyslipidimia (%) 55 

Smoking (%)  30 

APACHE II score(mean±SD) 13.65 ± 4.38 

GCS(mean±SD) 9.23± 3.26 

 

Table (2): Follow up hs-CRP levels (mg/dl)in acute ischemic stroke patients 

 Admission 

(within48hour) 

Discharge 

(after4weeks) 

3rd month F P 

hs CRP 

(mg/dl) 

8.39±6.64 30.44±15.89 

      a 

18.17±10.9 

ab 

76.45 0.000 

a:  significant as compared to admission        b: significant as compared to discharge  

This table showed that there was significant increase in hs CRP levels on discharge 

and after 3
rd

 month as compared to admission level while there was significant 

decrease in hs CRP level after 3
rd

 month as compared to discharge level.  
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Table(3): Relative risk of different risk factors and severity scoring system on    

                mortality and morbidity of patients with ischemic stroke. 

 

R 

Died and 

Morbid 

subjects 

Uncomplicatd 

subjects 
Total 

 

 

Relative risk 

>60y 

<60y 

68 

114 

14 

76 

82 

190 

1.36 fold 

Male 

Female 

108 

74 

60 

30 

168 

104 

0.9 fold 

 

Smoker 

Non smoker 

128 

54 

52 

38 

180 

92 
1.2 fold 

 

Diabetic 

Not Diabetic 

76 

96 

26 

74 

102 

170 

1.37fold 

 

Hypertensive 

Non Hypertensive 

138 

94 

56 

34 

194 

78 

1.26 fold 

HDL>40mg/dl 

HDL≤40mg/dl 

54 

128 

10 

80 

64 

208 

1.27 fold 

GCS≤8 

GCS>8 

128 

34 

46 

64 

174 

98 
2.16fold 

 

APACHE II>14 

APACHEII≤14 

96 

52 

28 

96 

124 

148 
2.20 fold 

 

This table shows that  age over 60 years, smoking, hyperglycemia, hypertension, 

decreased serum HDL-C below 40mg/dl, decreased GCS score less than 8, and 

APACHE II more than 14 increase relative risk of mortality and morbidity of patients 

with ischemic stroke by 1.36 fold, 1.2 fold,1.37 fold,1.26 fold, 1.27 fold 2.16, 2.20 

fold  respectively. than these patients with age less than 60 years, non smokers, non 

diabetic , non hypertensive  , patients with HDL>40 mg/dl, patients with increase 

GCS more than 8 and APACHE II less than 14 . while  sex has no effect on mortality 

and morbidity of ischemic stroke  in our study subjects.. 
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Table(4): Relative risk of admission , discharge (after 4 weeks), and 3 months of hs-

CRP levels more than 9 mg/dl and 12mg/dl on mortality and morbidity of patients 

with ischemic stroke.  

Groups 

death&morbid 

     subjects 

Number of 

Uncomplicatd 

   subjects 

Total 

Relative risk 

Admission  

hsCRP>9mg/dl 

hsCRP≤9mg/dl 

 

160 

22 

24 

66 

184 

88 

3.5 fold. 

 

Discharge 

hsCRP>9mg/dl 

hsCRP≤9mg/dl 

 

 

167 

15 

 

43 

47 

 

198 

74 

 

 

4.2 fold. 

 

3months 

hs-CRP>9 

hs-CRP≤9 

 

65 

19 

75 

35 

140 

54 

 

1.32 fold 

Admission 

hsCRP≥12mg/dl 

hsCRP≤12mg/dl 

170 

12 

14 

76 

184 

88 

 

7.1 fold 

Discharge 

hsCRP>12mg/dl 

hsCRP≤12mg/dl 

 

177 

5 

 

21 

69 

 

198 

74 

 

14.8 fold 

3 months 

hs-CRP>12 

hs-CRP≤12 

 

70 

12 

 

70 

42 

 

140 

54 

 

2.27 fold 

 

 This table shows that admission, discharge , and 3 months ,hs CRP>9mg/dl increase 

risk of mortality and morbidity of patients with ischemic stroke  by 3.5 fold , 4.2 fold 

1.32 fold, respectively than those ≤ 9mg/dl.And also shows that   relative risk of 

admission, discharge, and 3 months hs-CRP levels more than 12mg/dl increase risk of 

mortality and morbidity by 7.1 fold14.8 fold, 2.27than those with hs CRP <12 mg/dl 

respectively. 
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Table (5): Logistic regression analysis of factors predicting morbidity and    mortality 

among ischemic stroke patients. 

Factor Co-efficient (95% CI ) P value 

Discharge  Hs-

CRP(mg/dl) 
6.03± 0.81 14.6( 4.5-18) 0.000 

Admission Hs-

CRP (mg/dl) 
1.83±0.51 6.29 (2.27-8.37) 0.000 

GCS 9.5±3.1 3 (9.1-12.02) 0.01 

APACHE II 13.6±4.39 4(10.05-14.27) 0.04 

 

      This table showed that discharge hs-CRP is the most important factor affecting   

      The mortality of acute ischemic stroke patients followed by admission level of hs   

      CRP  followed by severity scoring system, while other risk factors play no   

       significant role. 

Table (6) :  the prognostic effect of GCS, APACHE II score and hs CRP on    

                   mortality and morbidity in patients with ischemic stroke 

Parameter 
Uncomplicated 

subjects 
Morbid Died F P 

GCS 
    13.5±4.9 

8.38±4.4 

      a 

5±3.2 

      a 
2.3 0.01 

APACHE II 
   11.2±2.2 14.38±6.4 

20.5±8.7 

     a 
2.1 0.04 

Admission(hs-

CRP) (mg/dl) 
   6.30±1.64 

12.48±7.52 

       a 

20.87±11.39 

     ab 
69.9 0.000 

Discharge(hs-

CRP) (mg/dl) 
  10.19±4.38 

25.15±14.2 

       a 

35.29±16.92 

      ab 
30.8 0.000 

 3month(hs-

CRP) (mg/dl) 
     8.8±3.5 

18.23±10.52 

       a 
……. T=3.14 0.02 

  a: significant as compared to uncomplicated subjects  

  b: significant as compared to Morbid subjects 

This table showed that hs-CRP levels  showed significant increase in deceased 

subjects compared to those with uncomplicated and morbid subjects and significant 

increase in morbid subjects compared to uncomplicated subjects. and GCS 

significantly decreased and APACHE II score significantly increased in deceased 

subjects compared to those with uncomplicated and morbid subjects, while those 

parameters doesn't significantly differ in uncomplicated subjects compared to morbid 

subjects. 

Table (7): Correlation coefficient between admission hs CRP(mg/dl) , and    

                  each of GCS and APACHE II score. 

 

Hs CRP r p sig 

GCS -0.621 0.01 S 

APACHE II 0.445 0.04 S 

 

                    Hs CRP is significant  negative correlated with GCS and significantly    

                     positive correlated with APACHE II score 
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Discussion  
  

  There is growing evidence that C-reactive protein (CRP), a peripheral marker of inflammation, is also a 

marker of generalized atherosclerosis (14).This relationship between inflammation and atherosclerosis make 

CRP a potential marker for prognosis after stroke and a potential predictor of future stroke (14). The 

inflammatory processes may start within 2h after stroke onset and sustain for days, and may contribute to 

ischemic brain damage even in that early stage) (7).                                                                Therefore this 

study was conducted to find out the pattern of changes of hs CRP in acute ischemic stroke patients during 

follow up within 3 months and Study the effect and prognostic value of  hs CRP ,severity scoring system 

(GCS and APACHE II score) and other risk factors on morbidity and mortality of ischemic stroke, and lastly 

find out any correlation between hs CRP and severity scoring system in these subjects. Our study showed 

significant changes in levels of hs-CRP of acute ischemic stroke patients during follow up within 3 months.  

Levels  of hs-CRP was increased on admission within 48 hours than normal level and moresignificanly 

increase was found on discharge after 4weeks. But there was significant decrease during follow up after 3 

months. Similar result was obtained by Titto et al., (9) they reported that Admission CRP is associated with 

stroke severity and long-term mortality when measured at least 24 hours after onset. There is a crude 

association between high CRP and short-term functional outcome which is likely secondary to stroke 

severity. CRP is an independent predictor of long-term mortality after ischemic stroke. and and might be 

used as a marker of prognosis after stroke .  

 The present study showed that increasing age over 60 year and smoking increase the relative risk of 

mortality by 1.3  ,1.2 fold respectively. this was in agreement with results of Sacco et al., (15) and Kool et 

al., (16) they explained this increased risk by atherosclerosis which is the main problem of old age and 

smoking. The mortality and morbidity in our study wasn't affected by sex because most of our patients were 

more than 50 years and therefore the protective effect of the female sex hormones was abolished. (17). 

Current study showed that hyperglycemia , hypertension and dyslipidemia increases relative risk of mortality 

and morbidity of patients with ischemic stroke by 1.37 ,1.26 , 1.27 fold  respectively similar result was 

reported by Cinar Y et al., (18) and Navarrete et al., (19).  

      As regard to GCS in this study, we found that patients with GCS less than 8 and APACHE II more than 

14 respectively increase the relative risk of mortality and morbidity by 2.16  and 2.20 fold than those with 

GCS more than 8 and APACHE II less than 14. This was in agreement with the result of Teasdale et al.,) 

(20)and Burtin et al., (21) .this reflects the importance of GCS for assessing the severity of neurological 

condition (22), APACHE II score take into consideration various parameters like physiological variables, 

vital signs, urine outputs, neurological score, along with age related parameters and comorbid condition 

which may have a significant impact on outcome of ill patients (23).  

The current study showed that admission levels of hs-CRP >9mg/dl increase risk of mortality and morbidity 

by 3.5 fold  this was  in agreement with Corso et al., (24) they reported that CRP levels > 9 mg/L, predict a 

higher risk of further ischemic events and mortality .and the levels of hs-CRP>12mg/dl increase the risk by 

7.1 fold. Similar results were documented by  M.S.V. Elkind et al., (25),While discharge levels of  hs-CRP 

> 9 mg/dl increase risk of mortality and morbidity by 3.5 fold and levels of hs-CRP>12mg/dl increase the 

risk by 14.8 fold. However 2 months of discharge, inflammation subsided and level of hs-CRP start to 

decrease, as shown in our study that the serum level of  hs-CRP>9mg/dl after 3 months of stroke increases 

the risk of mortality and morbidity by 1.3 fold while serum level of hs-CRP>12mg/dl increases risk  by 2.27 

 fold.  

The results of our study were in accordance with Yue Huang
 
et al (26) they reported that higher levels of hs 

CRP is a strong risk Factor for Death after Acute Ischemic stroke .hs-CRP in our study showed significant 

negative correlation with GCS and significant positive correlation with APACHE II score which was also 

http://www.ncbi.nlm.nih.gov/pubmed?term=Cinar%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=11368464
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reported by Hashimoto  et al., (27). Therefore hs-CRP is an important predictor of prognosis for patients 

with ischemic stroke. And higher values of hs-CRP at hospital admission are related to the recurrence of 

cerebrovascular diseases in the follow-up .This result agreed with, Whiteley, et al.,) (28).     

 In this study it was found that GCS significantly decreased and APACHE II score significantly increased in 

deceased subjects as compared to those with uncomplicated and morbid subjects. While these parameters 

doesn't differ significantly in uncomplicated subjects as compared to morbid subjects. However hs-CRP was 

significant increased in deceased subjects as compared to those with uncomplicated and morbid subjects and 

in morbid subjects as compared to uncomplicated subjects. Dewan and Rana (29) reported in their  study 

that stroke increases the levels of hs CRP within 12 to 24 hours after stroke onset represent a strong predictor 

of future vascular events and worse outcome. From all of the above we tried to know what was the factor that 

carried more risk for those patients and can use it as a predictor of mortality and morbidity we did stepwise 

multiple logistic regression analysis and the results showed that elevated serum level of hs-CRP on discharge 

is the most important risk factor followed by admission hs-CRP , low GCS and high APACHE II score 

,while the other risk factors play no significant role. 

       we can conclude that cerebral ischemia could trigger an acute response monitored by significant increase 

of levels of hs- CRP of acute ischemic stroke especially during 1
st
 weeks of stroke with subsequent gradual 

decrease by the end of 3 months. And the most important risk factor that increase the morbidity and mortality 

of ischemic stroke was hs-CRP especially at time of discharge followed by severity scoring system (GCS & 

APACHE II). And the severity scoring system could determine prognosis include morbidity and mortality in 

ischemic stroke patients on admission to ICU while hs-CRP is the main factor determining mid and long 

term prognosis of acute ischemic stroke. Therefore serial measurements of circulating hs CRP ischemic 

patients is indicated for better analyzing its impact on both short and long term prognosis.  
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