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Abstract. The emerging coronavirus disease (COVID-19) swept the world, affecting more than 200 countries and territories.11

As of August 22, 2020, the pandemic infected more than 23,329,752 including 807,054 patients who have died. Although12

the main clinical features of the pandemic disease are respiratory, cerebrovascular comorbidities emerged as one of the13

leading causes of death associated with COVID-19. Different case reports have indicated that C-reactive protein (CRP) and14

D-dimer (pro-inflammatory biomarkers) were elevated in COVID-19 patients, which can significantly increase the risk of15

ischemic stroke. Available data on cerebrovascular complications in COVID-19 patients were collected and a meta-analysis16

was designed and carried out to evaluate the risk of severity and mortality associated with high levels of CRP and D-17

dimer levels in COVID-19 patients. In addition, we aimed to describe the overall event rate of pre-existing cerebrovascular18

disease in COVID-19 patients. In our analysis, 5,614 cases have been studied, out of these patients 164 cases have developed19

cerebrovascular comorbities. Cerebrovascular comorbidity increased the risk of disease severity (odd ratio = 4.4; 95%CI: 1.4820

to 12.84) and mortality (odd ratio = 7.0; 95%CI: 2.56 to 18.99). Statistical analyses showed that CRP and D-dimer serum21

levels were elevated by six-folds in the severe cases of COVID-19 patients. This significant increase in these two proteins22

levels can serve as a vital indicator for COVID-19 patients who are at increased risk of severe COVID-19 cerebrovascular23

complications, such as stroke.
24
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1. Introduction25

The novel coronavirus disease (COVID-19) was first identified in patients with severe respiratory26

illness in Wuhan, China, in December of 2019. The causative agent was a novel coronavirus named27

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [1–4]. The worrisome features of28

COVID-19 are its ability to spread readily and its propensity to cause severe disease in older adults29

and patients with pre-existed health conditions. These cases are often associated with a high risk of30

cerebrovascular diseases, cardiovascular disease, hypertension, diabetes, and even death [5, 6].31
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Cerebrovascular and cardiovascular comorbidities are among the most common cause of death32

associated with COVID-19 [6]. Stroke incidence and cerebrovascular disease have been reported in33

5% and 5.7% of COVID-19 pateints, repectively [7]. However, the thrombotic changes are generalized34

and occur in all regions of the body - not only in the brain), as it was demonstrated by previous studies35

like thromboses in the lung [8], kidney infractions [9], as well as overt intravascular disseminated36

coagulation [10]. The pro-inflammatory biomarkers were elevated signicantly due to the COVID-1937

infection. Increased levels of pro-inflammatory markers are known to increase the risk of ischemic38

stroke, particularly in the elderly and chronically ill patients [11]. Although there are no supporting39

evidences to the role of inflammation in stroke pathogenesis, it was suggested that inflammation might40

cause a stroke by several mechanisms such as genetic susceptibility, presence of traditional risk factors41

(hypertension, diabetes mellitus, smoking, and cardiac diseases), and infectious diseases [12].42

C-reactive protein (CRP) is a protein synthesized in the liver as an acute-phase reactant in response43

to an inflammation; and it plays a significant role in the pathophysiological process of stroke [13].44

D-dimer is a small protein fragment produced by fibrinolysis’s degradation of the blood clot that might45

be used to diagnose thrombosis by measuring its concentration [14]. The elevation of circulated D-46

dimer plasma concentration indicates activation in blood coagulation thrombin formation, particularly47

in the intra-arterial that is associated with ischemia [15]. Several studies also have reported associations48

between ischemic cerebrovascular disease and inflammatory indexes such as CRP and fibrinogen [16,49

17]. In addition, other studies have reported an increase in stroke severity with elevated D-dimer50

concentration [18, 19]. The associations between serum levels of CRP and D-dimer and stroke suggest51

a relation between the inflammatory process and the risk of stroke. Accordingly, this meta-analysis52

study was performed (i) to investigate overall event rate of pre-exicisting cerbrovavcualr disease in53

pateints with COVID-19, (ii) to find the association between pre-existing cerebrovascular diseases54

and disease severity and mortality in COVID-19 patients; and (iii) to evaluate the risk of severity and55

mortality associated with high levels of CRP and D-dimer levels in COVID patients.56

2. Methods57

2.1. Data search58

Three databases including PubMed, Science Direct, and Scopus were searched between 1 January59

2020 and 30 May 2020 to find studies that reported pre-excisiting cerebrovascular diaseases, CRP60

levels, or D-dimer levels in COVID-19 pateints. The following combined keywords were used for61

searching the databases: CRP, Stroke, COVID-19, D-dimer, and SARS-CoV-2. Besides, the lists of62

references of all relevant studies were also manually checked to identify further studies.63

2.2. Study selection64

The language was limited to English. Studies were selected if they had case series designs and65

provided adequate details on clinical symptoms and laboratory results, particularly CRP and D-dimer66

protein levels.67

2.3. Data abstraction68

For studies that met the inclusion criteria, the following data were extracted from each included69

study using a standardized form: the surname of the first author; the design of the study; number,70

age and sex of patients; ratios of clinical and laboratory characteristics of interest; and data relevant71
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to cerebrovascular comorbidities factor. All concentration units of CRP or D-dimer protein levels72

in all studies were justified and converted to unify unit each, mg/L, and ng/ml, respectively. Values73

10 mg/L and more identified high levels of CRP, and the high level of D-dimer were identified by74

values≥0.5 mg/L. The severity of the disease validation, as reported in the included studies, was75

determined if patients needed to be admitted to the intensive care unit, needed vital life support,76

required mechanical ventilation, or death. Data extraction was carried out by FA and double-checked77

by MA.78

2.4. Quality assessment79

The methodological quality was assessed with the National Institutes of Health Joanna Briggs80

Institute (JBI) quality assessment tool for case series studies [20]. The quality of case series studies was81

investigated by one reviewer (SA). Quality checklist of the JBI tool is based on ten criteria including:82

inclusion criteria; the method of measurement of the condition, the method of measurement of the83

outcomes; whether inclusion of case was consecutive or not; the completeness of a case series; reporting84

of relevant participant’s demographics; reporting of clinical information of the participants; description85

of the clinical condition post-intervention; reporting of the presenting site(s)/clinic(s) demographic86

information; and consideration of statistical analysis.87

2.5. Quantitative data synthesis and analysis88

Random-effects meta-analysis was used to calculate pooled crude prevalence rate, with 95% confi-89

dence intervals of high levels of CRP and D-dimer measures, besides cerebrovascular comorbidities90

of COVID-19 patients. A pooled analysis was carried out to assess the odds ratio (OR) and 95%91

confidence interval (CI) of high levels of CRP and D-dimer, as well as pre-existing cerebrovascular92

disease in COVID-19 patients with or without severe disease and in non-survivors versus survivors. All93

statistical analyses were carried out by Comprehensive Meta-Analysis V2 (Biostat, USA). A p-value94

of<0.05 was considered statistically significant. Heterogeneity in study results was tested by using the95

I2 statistic (p-value of < 0.1). I2 provides an estimate of the percentage of variation in study results that96

is explained by between-study heterogeneity rather than sampling error. An I2 value>50% indicates97

considerable heterogeneity [21]. The presence of publication bias was examined for using a funnel98

plot.99

3. Results100

A total of 851 articles were identified from the three databases examined and other sources. The101

initial searched included 683 articles; after excluding duplicated or overlapping articles and removing102

reviews and editorials, a total number of 168 publications could be initially identified. A hundred103

Fifty-three studies were excluded because they did not have a data about pre-existing cerebrovascular104

disease in COVID patients or no data about the levels of CRP and D-dimer protein among patients105

who positively diagnosed with COVID-19. For the quantitative assessment of our study, sixteen studies106

were included in the meta-analysis that reported either the event rate of pre-existing cerebrovascular107

disease, high CRP levels, and/or high D-dimer levels (Fig. 1).108

Table 1 shows the details and the characteristics of the studies used in the pooled-analysis. Studies109

included in the meta-analysis were conducted mostly in China and published between 1 January 2020110

and 30 May 2020. The sixteen included studies examined 5,611 cerebrovascular patients’ records.111

These 16 studies were based on data collected worldwide with clinical symptoms observed in patients112

with COVID-19, with a clear explanation of eligibility criteria and diagnosis criteria.
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Fig. 1. Flow diagram of the study selection process.

Fig. 2. Pooled analysis of the event rate of cerebrovascular comorbidity in COVID-19 patients.

The pooled event rate from 16 studies of cerebrovascular comorbidity in COVID-19 patients revealed113

a prevalence of 4 % (95%CI: 2.8 to 5.9%), as shown in Fig. 2. The associations of cerebrovascular114

comorbidity with disease outcomes are shown in Figs. 3 and 4. Cerebrovascular comorbidity increased115

the risk of disease severity more than four folds (OR = 4.4; 95%CI: 1.48 to 12.84) (Fig. 3). The116

cerebrovascular disease comorbidity was associated with about seven times the risk of non-surviving117

COVID-19 (odd ratio = 7.0; 95%CI: 2.56 to 18.99) (Fig. 4).
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Table 1

Pre-existing cerebrovascular and high levels of CRP and D-dimer distribution in the included studies of patients with COVID-19

Country Condition Sample size Events (n) Non-events (n) Severe Non-sever Non-survivors Survivors
cases ratio cases ratio

Wang D, et al. [29] China Cerebrovascular 138 7 131 3/36 1/102
Zhang G, et al. [37] China Cerebrovascular 221 15 206 11/55 4/166
Hu L, et al. [38] USA Cerebrovascular 323 7 316 3/172 4/151
Zhang J, et al. [40] China Cerebrovascular 140 3 125 2/58 1/82
Du Y, et al. [51] China Cerebrovascular 85 7 78
Lei S, et al. [52] China Cerebrovascular 34 2 32 2/15 0/19
Guan W, et al. [5] China Cerebrovascular 1099 15 1084 4/173 11/926
Qin C, et al. [28] China Cerebrovascular 452 11 441 8/286 3/166
Shi S, et al. [30] China Cerebrovascular 416 22 394 13/82 9/334
Lagi F, et al. [31] Italy Cerebrovascular 84 2 82 0/16 2/68
Wang D, et al. [53] China Cerebrovascular 107 6 101 3/19 3/88
Chen TL, et al. [32] China Cerebrovascular 406 18 388 3/19 5/36
Yang X, et al. [34] China Cerebrovascular 52 7 45 7/32 0/20
Yan Y, et al. [36] China Cerebrovascular 193 8 185 8/108 0/85
Guan WJ, et al. [27] China Cerebrovascular 1590 30 1560 7/30 23/1560 6/30 24/1560
Chen T [33] China Cerebrovascular 274 4 270 4.0/113 0/161
Guan W et al. [5] China CRP 793 481 312 110/135 371/658
Huang Y, et al. [39] China CRP 208 72 136 58/89 14/119
Zhang J, et al. [40] China CRP 81 35 46 23/38 12/43
Guan W et al. [5] China D-dimer 560 260 300 65/109 195/451
Huang Y, et al. [389] China D-dimer 195 110 85 69/79 41/116
Zhou F, et al. [41] China D-dimer 172 117 55 50/54 67/118
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Fig. 3. The pooled analysis of the association of cerebrovascular comorbidity with COVID-19 severity in adult patients.

Fig. 4. The pooled analysis of the association of cerebrovascular comorbidity with COVID-19 mortality in adult patients.

Fig. 5. The pooled analysis of the association of high levels of C-reactive protein with COVID-19 severity in adult patients.

In the pooled analysis, high levels of D-dimer and CRP were found to be significantly associated118

with about six-folds increased risk of COVID severity (odds ratio = 5.90; 95%CI: 1.49 to 23.24 and119

5.70;95%CI: 1.93 to 16.79 respectively), as shown in both Figs. 5 and 6.
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Fig. 6. The pooled analysis of the association of high levels of D-dimer with COVID-19 severity in adult patients.

Fig. 7. Funnel plot for publication bias based on cerebrovascular comorbidity.

A random-effect model was used for all pooled analyses as a significant heterogeneity was observed120

across all included studies.121

As shown Fig. 7 that evaluates publication bias using a funnel plot based on the event rate of122

cerebrovascular comorbidity, a visual symmetry indicates the absence of publication bias. Also, the123

Egger’s test revealed no significant publication bias (Egger’s test: p = 0.16593)124

Table 2 shows the methodological quality of all studies included in the meta-analyses. Defined125

inclusion criteria were not there in 13 studies. The measurement method of the condition was reported126

in all studies, whereas the method of measurement of the outcomes was published in the majority127

of studies. Whether cases were recruited consecutively is not clear in five studies and two studies.128

Similarly, the complete inclusion of participants is not explicit in the majority of the included studies.129

On the other hand, all studies reported relevant participant demographics, clinical information of130

the participants; description of the clinical condition post-intervention; the presenting site(s)/clinic(s)131

demographic information; and the statistical analysis.
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Table 2

The methodological quality of the included case series studies in the meta-analyses using the Joanna Briggs Institute critical appraisal tools

Study Guan W Qin C Wang D Shi S Lagi F Chen T L Chen T Yang X Xu X Yan Y Zhang G Hu L Huang Y Zhang J Zhou F
et al. [5] et al. [28) et al. [29] et al. [30] et al. [31] et al. [32] et al. [33] et al. [34] et al. [35] et al. [36] et al. [37] et al. [38] et al. [39] et al. [40] et al. [41]

Were there clear No No No No No No No No No Yes No Yes No No No
criteria for inclusion
in the case series?
Was the condition Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
measured in a standard,
reliable way for all
participants included
in the case series?
Were valid methods Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes Not clear Yes Yes Yes
used for identification
of the condition
for all participants
included in the case series?
Did the case Not clear Not clear Yes Yes Yes Not clear Not clear Yes No No Yes Yes Not clear Yes Yes
series have consecutive
inclusion of participants?
Did the case series Not clear Not clear Not clear No Yes Not clear Not clear No No No Not clear Not clear Not clear Not clear Not clear
have complete inclusion
of participants?
Was there clear Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
reporting of the
demographics of the
participants in the study?
Was there clear Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
reporting of clinical
information of
the participants?
Were the outcomes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
or follow up
results of cases
clearly reported?
Was there clear Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes
reporting of the
presenting site(s)/clinic(s)
demographic information?
Was statistical Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
analysis appropriate?
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4. Discussion132

In the present meta-analysis, we have explored 16 independent studies reported cerebrovascular133

disease as a comorbid factor on about 5,611 confirmed COVID-19 patients distributed across many134

countries. Results showed that the pre-existing cerebrovascular disease, as well as high levels of135

D-dimer or CRP, are associated with severe outcomes in COVID-19 patients.136

Generally, previous studies have been shown the association between CRP, D-dimer and stroke137

[49,50]. A dose-response meta-analysis study about the association between CRP level and the risk138

of ischemic stroke showed that high level of CRP is related to increase the risk of ischemic stroke’s.139

Moreover, the result also showed that risk was significantly reduced by controlling the CRP at a low level140

[42]. Our results were also supported by an Italian study that was investigating the relationship between141

the serum concentration level of CRP and prognosis after ischemic stroke [43], the study’s findings142

suggested that post-stroke patients with CRP levels higher than 15 mg/L have a worse prognosis and a143

higher risk of subsequent cardiovascular complications which might lead to death [43]. An additional144

meta-analysis study demonstrated that increased CRP level was independently linked with an elevated145

2.07-fold risk of mortality in patients with acute ischemic stroke [44]. Among all studies included in146

this meta-analysis, the highest CRP cut-off value was 31.2 mg/l [45]. Moreover, In a study that included147

3653patients with first-ever ischemic stroke, the elevated plasma CRP (>4.70 mg/l) is independently148

related to adverse clinical outcomes after acute ischemic stroke [46]. In a case-control study, it was149

reported that the concentration of CRP in mg/l among 600 patients with ischemic stroke was 3.48150

(1.52–9.42), the level of CRP in mg/l among 73 patients with the large-vessel disease (LDV) was151

4.66 (1.79–13.9), the concentration of CRP in mg/l among 124 patients with the small-vessel disease152

(SDV) was 3.08 (1.52–5.79), the level of CRP in mg/l among 98 patients with the cardio-embolic153

stroke (CE) was 7.07 (2.39–17.8). The study reported significant differences in CRP levels between154

different ischemic stroke etiological subtypes. However, the maximum level of CRP measured was155

17.8 mg/l [47]. In comparison with our study, all these studies showed mildly increased CRP levels156

in patients with ischemic stroke. Our pooled analysis indicated that CRP levels were associated with157

about six-folds increased risk of COVID severity, however, due to insufficient reporting of data, we158

could not analysis direst association of pro-inflammatory markers in pateints with COVID-19 who159

developed stroke compared to those who did not. Future studies should look at the suggestion that160

COVID-19 disease massively increase the level of CRP that could be an excellent candidate to be a161

biomarker for stroke in COVID-19 patients.162

High levels of D-dimer is also prevelant in COVID-19 pateints. Consistent with our study, a case-163

control study performed on 240 Chinese patients with acute ischemic stroke (AIS) showed that plasma164

D-dimer levels increased with increasing stroke severity, besides it significantly increased in AIS165

patients compared to healthy controls [18]. The results showed that the D-dimer levels in AIS patients166

range from 280–2110 ng/ml compared to healthy controls that range from 170–740 ng/ml [18]. More-167

over, the mean D-dimer level at the admission of 59 acute ischemic stroke patients was 626 mg/ml168

(range, 77–4,752 mg/ml), and the mean level measured after seven days of treatment was 238.3 mg/ml169

(range, 50–924 mg/ml), besides that D-dimer level has reported positively correlated with infarction170

volume and suggested to be used to predict infarction-volume [48]. Another meta-analysis study which171

investigated the association between D-dimer level and the risk of stroke included seven prospective172

observational studies with a total of 22,207 patients and three case-control studies with 2,248 patients;173

the study showed a significantly higher risk of stroke associated with the increased level of D-dimer174

[19] which support our results. Our pooled analysis indicated that D-dimer levels were associated with175

almost six-fold increased risk of COVID-19 severity, which also suggests that COVID-19 disease with176

stroke enormous increased the level of D-dimer protein suggesting that D-dimer may be used to screen177

patients at risk of stroke in COVID-19 patients.178
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Systematic reviews and meta-analyses on case series studies with low risk of bias are essential to179

describe and understand new diseases, including COVID-19. A rationalay of our analysis is the absent180

of publication bias, meaning that all relevant studies have been identified. A common limitation of181

the studies included in our analysis is that it was not clear what the eligibility criteria were and if182

participants’ selection was consecutive and complete. Other biases in the included studies are less183

likely since all studies reported adequately addresses other items in the JBI checklist.184

5. Conclusion185

CRP and D-dimer serum levels are prevelant in patients who are positively diagnosed Covid-19186

and may put them at increased risk of stroke development. Patients with pre-existing cerebrovascular187

disease are at increased risk of severe COVID-19 outcomes as well as mortality. High levels of D-dimer188

and CRP are associated with a higher risk of severe outcomes of COVID-19, suggesting that they may189

serve as biomarkers to identify patients at risk of undesirable outcomes. Nevertheless, prospective190

cohort studies are needed to confirm such associations.191
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[26] Tunç A, Ünlübaş Y, Alemdar M, Akyüz E. Coexistence of COVID-19 and acute ischemic stroke report of four cases. J245

Clin Neurosci. 2020.246

[27] Guan W, Ni Z, Hu Y, Liang W, Ou C, He J, et al. Clinical characteristics of coronavirus disease 2019 in China. N Engl247

J Med. 2020.248

[28] Qin C, Zhou L, Hu Z, Zhang S, Yang S, Tao Y, et al. Dysregulation of immune response in patients with COVID-19 in249

Wuhan, China. Clin Infect Dis. 2020.250

[29] Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical Characteristics of 138 Hospitalized Patients with 2019251

Novel Coronavirus-Infected Pneumonia in Wuhan, China. JAMA - J Am Med Assoc. 2020.252

[30] Shi S, Qin M, Shen B, Cai Y, Liu T, Yang F, et al. Association of Cardiac Injury with Mortality in Hospitalized Patients253

with COVID-19 in Wuhan, China. JAMA Cardiol. 2020.254

[31] Lagi F, Piccica M, Graziani L, Vellere I, Botta A, Tilli M, et al. Early experience of an infectious and tropical diseases255

unit during the coronavirus disease (COVID-19) pandemic, Florence, Italy, February to March 2020. Eurosurveillance.256

2020.257

[32] Chen TL, Dai Z, Mo P, Li X, Ma Z, Song S, et al. Clinical characteristics and outcomes of older patients with coronavirus258

disease 2019 (COVID-19) in Wuhan, China (2019): a single-centered, retrospective study. J Gerontol A Biol Sci Med259

Sci. 2020.260

[33] Chen T, Wu D, Chen H, Yan W, Yang D, Chen G, et al. Clinical characteristics of 113 deceased patients with coronavirus261

disease 2019: Retrospective study. BMJ. 2020.262

[34] Yang X, Yu Y, Xu J, Shu H, Xia J, Liu H, et al. Clinical course and outcomes of critically ill patients with SARS-CoV-2263

pneumonia in Wuhan, China: a single-centered, retrospective, observational study. Lancet Respir Med. 2020.264

[35] Xu X, Han M, Li T, Sun W, Wang D, Fu B, et al. Effective treatment of severe COVID-19 patients with tocilizumab.265

Proc Natl Acad Sci U S A. 2020.266

[36] Yan Y, Yang Y, Wang F, Ren H, Zhang S, Shi X, et al. Clinical characteristics and outcomes of patients with severe267

covid-19 with diabetes. BMJ Open Diabetes Res Care. 2020.268

[37] Zhang G, Hu C, Luo L, Fang F, Chen Y, Li J, et al. Clinical features and short-term outcomes of 221 patients with269

COVID-19 in Wuhan, China. J Clin Virol. 2020.270

[38] Hu L, Chen S, Fu Y, Gao Z, Long H, Wang J, et al. Risk Factors Associated with Clinical Outcomes in 323 COVID-19271

Hospitalized Patients in Wuhan, China. Clin Infect Dis. 2020.272

[39] Huang Y, Lyu X, Li D, Wang Y, Wang L, Zou W, et al. A cohort study of 223 patients explores the clinical risk factors273

for the severity diagnosis of COVID-19. medRxiv. 2020.274



U
nc

or
re

ct
ed

 A
ut

ho
r P

ro
of

12 F. Alzoughool et al. / Cerebrovascular comorbidity, high blood levels of C - reactive protein and D-dimer

[40] Zhang J jin, Dong X, Cao Y yuan, Yuan Y dong, Yang Y bin, Yan Y qin, et al. Clinical characteristics of 140 patients275

infected with SARS-CoV-2 in Wuhan, China. Allergy Eur J Allergy Clin Immunol. 2020.276

[41] Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk factors for mortality of adult inpatients with277

COVID-19 in Wuhan, China: a retrospective cohort study. Lancet. 2020.278

[42] Xu T, Ke K. C-reactive protein and ischemic stroke risk in general population: A dose-response meta-analysis of279

prospective studies. Int J Cardiol. 2015.280

[43] Di Napoli M, Papa F, Bocola V. C-reactive protein in ischemic stroke an independent prognostic factor. Stroke. 2001.281

[44] Yu B, Yang P, Xu X, Shao L. C-reactive protein for predicting all-cause mortality in patients with acute ischemic stroke:282

A meta-analysis. Biosci Rep. 2019.283

[45] Elkind MSV, Tai W, Coates K, Paik MC, Sacco RL. High-sensitivity C-reactive protein, lipoprotein-associated phos-284

pholipase A2, and outcome after ischemic stroke. Arch Intern Med. 2006.285

[46] Matsuo R, Ago T, Hata J, Wakisaka Y, Kuroda J, Kuwashiro T, et al. Plasma C-reactive protein and clinical outcomes286

after acute ischemic stroke: A prospective observational study. PLoS One. 2016.287

[47] Ladenvall C, Jood K, Blomstrand C, Nilsson S, Jern C, Ladenvall P. Serum C-reactive protein concentration and genotype288

in relation to ischemic stroke subtype. Stroke. 2006.289

[48] Park YW, Koh EJ, Choi HY. Correlation between serum D-Dimer level and volume in acute ischemic stroke. J Korean290

Neurosurg Soc. 2011.291

[49] Welsh P, Barber M, Langhorne P, Rumley A, Lowe GDO, Stott DJ. Associations of inflammatory and haemostatic292

biomarkers with poor outcome in acute ischaemic stroke. Cerebrovasc Dis. 2009.293
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