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ABSTRACT

Ischemic stroke is one of the major causes of deathdisability, but predictive parameters suchGRR in this
disease are not yet clear. The objective of thidystvas to investigate the relationship betweenrsdevels of CRP
and different types of CVA and its severity. Irs tbase-control study, 161 patients with strokeh@sgic and
hemorrhagic) were included. Stroke severity wassuesd based on NIHSS modified on admission and &P
measured on admission (first 48 hours) and foursdater. Then, T test and chi-square tests werd tseompare
the studied variables among various groups. Thelteshowed that the highest and lowest CRP 48 shatier
admission were seen respectively in severe strokepg (22.56), minor ischemic (10.7), and hemoribagoup
(10.08) and the difference was statistically sigaifit (P<0.001). Four days later, considering thRE levels, the
highest and lowest values were seen respectivalgvare stroke (73) and mild (9.25) groups, whitis tlifference
was significant. In addition, significant differen¢P<0.001) was seen between three severe, modanatemild
groups in terms of CRP rate (P<0.001). Studied goaharacteristics including severity of CVA (seyvenoderate,
mild and hemorrhagic), age of patients, blood ditte TG and CRP rate at first 48 hours and fouydafter
admission to hospital were effective in MNIHSS amof patients (P<0.05)The results of this study indicated that
the level of CRP on admission and four days afteradmission of patients with stroke is closelyaated with
ischemic stroke severity so that increasing seyefistroke causes an increase in level of CRP.
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INTRODUCTION

Cerebrovascular accident [CVA] refers to anycerelatanormality resulting from blood vessels pathadad

process, including duct obstruction by embolisnthoombosis, rupture of blood vessels, vascular palmeability,

or increased blood viscosity or any other changguismtity of blood flowing within cerebrovasculdj.[CVA is the

third most common cause of death after heart déisead cancer [1, 2]. In 1930, two scientists, ngrireancis and
Tillet, found for the first time the that thereasprotein in the serum of patients with pneumocbtiwt is able to
react with polysaccharide C [C] of pneumococcaltéda capsule in vitro, causing swelling in thesetkria. For
this reason, the discovered protein was called GRE-reactive protein. CRP of this protein in serand body
fluids of healthy people has been reported in trac®unts, but in inflammatory reactions, the amamCRP

suddenly increases up to 3,000 times than its alatare within 6 to 48 hours [3-5]. Serum CRP imses in several
diseases:
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As result of surgery, large amount of blood trasifn, vaccination, and pulmonary embolism, CRPllev@eases.
In myocardial infarction, CRP measurement is thet bed most sensitive method associated with si§ngcrosis
or inflammation of the heart muscle tissue. [68¢cording to research in 2013 conducted in Nigeeidence
suggests the correlation of inflammatory mediatespecially CRP level with prognosis of acute isaitestroke.
In addition, there is scattered information indicgtthe role of inflammatory markers such as CRE stmoke
prognosis in Africans [10]. Additionally, in a stydonducted in Egypt on 50 patients with CVA, CRRe€ls
increased in response to stroke and it may be asedpredictor for prognosis of stroke [11 and AZFording to a
study conducted between 2004 and 2005 on 100 mdléeanale patients with ischemic stroke in Imam pitas of

Tabriz, it was concluded that ischemic stroke igelated with serum levels of CRP, although cupafint varied
from one patient to other patients. In this stutlg importance of prognostic CRP in ischemic strip&§ has been
taken for granted[13].

In other studies, it has been suggested that strveh of CRP increases in the first 48 hours affter onset of
hemorrhagic stroke and high level of CRP was focmdelated with disease serious prognosis. Inrdpert, high
CRP around the bleeding area in the brain andunams, and glial cells has been shown [14]. Orother hand, in
a study conducted in 2012 in Japan on the reldiiprisetween high level of CRP and the heart stiokielence of
various brain cerebral strokes on 29786 healthyplged was concluded that this relationship isifps and strong
in the case of heart strokes, while it was weathéncase of cerebral strokes [15]. In other stydiegas found that
high CRP level in plasma, independent of other fakors for cardiovascular diseases, may be useutetlictor
risk of TIA and ischemic stroke in older adults .16

However, there is much evidence on importance edliptive role of CRP in the course of cerebrovaacatcident.
Di Napoli et al conducted a study to investigate #alue of CRP and its changes in different stajéschemic
stroke on admission and within 24 hours after aekstr and after 48 to 72 hours and at discharge pridignosis
during the year. They concluded that high CRP #emint stages of ischemic stroke is associatett wibrse
prognosis [17]. In other studies, high concentragiof CRP may be a prognostic factor in the inui@eof ischemic
stroke and its serious prognosis [18]. In someiptessstudies, high concentrations of CRP in theeaphase and in
the course of ischemic vascular disease have begmaf series prognosis [19]. In a study coneddh 2011 by
Masoud and Daneshvar in Kashan, it was concludadismo relationship between hs-CRP and age aravied
side of body and between the severity of clinigahgtoms either on admission or 41th day and geadérinvolved
side of body.

In addition, there was no relationship betweentp@spredictive value obtained for different valudshs-CRP and
certain cut-off point for hs-CRP for predicting grimsis was not found [20]. A study was conductgdéraji et al
to examine the relationship between C-reactivegimmoand white blood cells, and the relationshipMeein protein
amount and severity of ischemic stroke and infaaittme. They showed that that was no correlatiotwéen
infarct volume and C-reactive protein and whitedolacells. In addition, significant relationship wast found
between Canadian Neurological Scale score of calretroke and amount of white blood cells [21].

Another study was conducted in 2014 by Iranmanésii ® examine the correlation between serum &£wéIC-
reactive protein and stenosis inside and outsiddthin in patients with acute ischemic stroke.yltencluded that
there was a significant relationship between sdawels of CRP and stenosis (p=0.003).

In patients with abnormal CRP, most involved vessetre respectively internal carotid artery, theldie cerebral
artery, and anterior cerebral artery and in patierith normal CRP, the most involved vessels wespectively
anterior cerebral artery, the internal carotid rgrtend middle cerebral artery. There was significeorrelation
between serum levels of CRP and stenosis of thernak carotid artery (p=0.015) and middle cerelamaéry
(p=006) (22). Given high prevalence of CVA in Mastiacompared to western communities and as no giady
been conducted on risk factors and correlation RPGerum levels and CVA and its severity, we detitetake
measure to collect data on gender, age, risk faactbhypertension, diabetes, arrhythmias (af), spetially serum
CRP level and the severity of disease based on fdddNIHSS criteria. Accordingly, the present studgs
conducted to investigate the serum levels of CRiA wivariety of CVA and short-term mortality and geverity.
Therefore, by conducting this study, the impactvafious factors on the CVA such as hypertensioabeties
mellitus, hyperlipidemia, arrhythmias such as al athers cases mentioned along with serum CRP tavelVA
and its different types were identified in the pats of the region.
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MATERIALSAND METHODS

This study was conducted by using case-controlystliie study population included all patients wigbhemic
CVA, hospitalized in KashanShahidBeheshti Hosgitan the beginning to the end of the sampling a#l a®
patients with hemorrhagic CVA who met the exclusiateria of the case group.

Inclusion and exclusion criteria were in this whgttany patient with ischemic and hemorrhagic C\i@gdosed by
a neurologist with age over 50 years and the dissaserity has been determined during the firshd@s were
included in the study. in addition, patients ttiegir increased CRP was due to the reasons ofrantone diseases,
infectious diseases, recent MI, malignancy, trau@mhn's disease, tissue necrosis, disposal ofnatrgasplant
were excluded from the study.Finally, 131 patieartd 30 people with hemorrhagic CVA, which their fnemwas
determined to be 13 according to a study in Tabvere selected for the control group. After coilegtdata based
on T tests, Fisher's exact test, and chi-squaténtebe mode of univariate and multivariate lineegression were
used to respond the question of the study.

Findings:

The study was conducted on 161 patients with calettroke (ischemic and hemorrhagic), which 1164y 2f
them male and 45 (28%) of them were female withm&@an age of 74.51 + 12.52 years, which the mininage
was 50 years and maximum age was 97 years. It isagaund that out of 161 patients studied, 306%8. patients
had severe ischemic stroke, 49 patients (30.4%)rhaderate ischemic stroke, 52 patients (3/32%) tnaubr
ischemic stroke, and 30 patients (18.6%) were disga with hemorrhagic stroke.

Table 1: Mean and standard deviation of CRP in patients of four groups:

CV. ischemic

ariable Severe Moderate Mild HEMORRHAGIC (CONTROL) | P-value

CRP 22.56+ 12.084| 13.98 +8.25 | 10.7#6.9 10.08 #6.15 <0.001
CRP four days latef 73+ 31.017| 32.23 #¥20.36| 9.2548.14 16.62 18.06 <0.001

ANOVA

According to Table 1, it was concluded that thehbig and lowest CRP 48 hours after admission vesectively
in severe stroke (22.56) mild ischemic group (1&w@norrhagic group (10.8), and the difference watstically

significant (P<0.001). Considering CRP level foawysl later, the highest and lowest values weree@lai severe
stroke groups (73) and mild (9.25), which the défece was statistically significant. CRP level folawys later was
different in three groups of severe, moderate, mild, which the difference was significant (P<0.p0Age and

gender variables showed no statistically significdifference between the two groups (P> 0.19). MEBS was
101.8 mg/dl in patients with severe CVA and it vid§.7 mg/dl in hemorrhagic patients. However, rgmiicant

differences were seen in levels of FBS, BS, BUN, @namong four groups of patients with CVA (p>0.13

Results showed that the highest amount of trigigeewas moderate in the group that had a stroké.82% and the
lowest amount was in the hemorrhagic group (99/@8)ich the difference among the 4 groups was Szl
significant (P=0.033). The highest amount of chieled was seen in the group with severe stroke .@3)4and
lowest amount was seen in the control group (155w8Bich the difference between the 4 groups wasssically
significant (P=0.29).

In addition, the highest HDL level was seen ingheup with severe stroke (40.27) and the lowestulamwas seen
in the hemorrhagic group (33.6) and the differenes statistically significant (P=0.019). In ternfe¢tee amount of
LDL, difference was not observed among the 4 gro{ips0.088). This study found no significant cortiela
between coagulation factors and type of stroke ¥F0\24).

Table 2: Mean and standard deviation of MNIHSSin patients of four groups.

CV Ischemic Hemorrhagic P value
riable Severe Moderate Mild (Contro) )
MNIHSS | 20.2+3.881 | 8.76+2.213| 2.62+1.051| 6.72+3.872| <0.001
ANOVA
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According to Table 2, it was concluded that the meBMNIHSS in patients with severe stroke was 2@.%vas
8.76 in the moderate group, and it was 2.62 in gmwwith mild stroke, and it was 6.72 in hemorrhagfioke groups
(P.V <0/001).

Table 3: Themean and SD of duration of hospitalization in patients of four groups:

CV. Ischemic Hemorrhagic P value
ariable Severe Moderate Mild (Contro) )
duration of hospitalization 16.6+4.39 | 8.96 £3.34| 7.5543.79| 9.76 #.56 | <0.001
Number of people 30 49 52 30 -
ANOVA

Based on the table above, it was concluded thatitination of hospitalization was highest in sevareke group
(16.6 days), but the lowest hospitalization rats ween in mild stroke group (7.55 days), which difference was
statistically significant. The mean of hospitaliratin hemorrhagic group was slightly more thart fhamild and

moderate ischemic group, but the difference wassigptificant (P<0.001).The highest amount of pktt&las seen
in the group with severe stroke (268,900) and endbntrol group (280266.67) and the lowest amolag geen in
the group was a mild stroke (223 500), which thiffecence was statistically significant (P=005).od¢ding to the
results, it was concluded that there was no sicgnifi relationship between symptoms on admissiontgpel of

CVA (P.V>0.05).

However, it was found that the frequency of redurtin consciousness level of patients with acutbamic stroke
had the highest rate (56.7%), followed by hemorih486.7%) and the lowest rate was seen in patieftts mild
ischemic (0.2%), which the difference was significarhe frequency of dysarthria and imbalance itiepss of
hemorrhagic group was more than other groups (62.886 the lowest frequency was seen in patienth wit
moderate stroke (10%) (PV = 0/01).

Additionally, only blood chronic disease historysagsignificant among the groups studied, which 1@%atients
were in the control group (P.V = 0.004). It wasoafsund that none of the patients with a historye&RD has
antiphospholipid antibody, sickle cell, leukemiadavasculitis. A significant relationship was nouhd between
family history of stroke and stroke type. (P.V $@1). Significant relationship was not found betwééstory of
cerebral stroke and stroke type and TIA history/¢éP0/05).

Table 4: Distribution of mortality in patients of four groups

Mortali During Up to 6 months after the onset More than 6 months afte SURVIVORS P-
CVA hospitalizatiol of symptoms (nc-admission the onset of symptor value
Sever 12 (42.89) 9(32.19) 2(7.1) 5(17.89
Ischemic moderate 5(11.36) 7@5.9 7@5.9 25(56.81)
Mild 0 1@4.3 1@.3 2101.3 <0001
He(}g?]rtrrg‘sg'c Control 1164.9 0 0 6(35.29 )

Fisher's Exact Test

Based on the Table above, it was concluded thatitjeest rate of mortality during hospitalizatiomsvseen in
patients with hemorrhagic CVA group (64.7%), folleadvby patients with severe ischemic CVA group (8203
and the lowest rate was seen in mild CVA (zero)emhit was found that during the first 6 monthseaft
hospitalization, the highest rate of mortality weeen in patients with severe CVA (32.14%) and léwate was
seen in patients with hemorrhagic CVA (zero). la tontinuation of follow-up, it was revealed thatidg the first
6 months after hospitalization, the highest ratenoftality was seen in patients with severe CVA.13%) and
lowest rate was seen in patients with hemorrhayfl& (zero).

After 6 months, it was found that the highest mtenortality WAS in patients with moderate CVA (2%) and
lowest rate was seen in patients with hemorrhayié (zero). Finally, it became clear that frequerdysurvivors
in patients with mild stroke was more than thaithers (91.3 %), followed by moderate stroke (5%&Bland
hemorrhagic stroke (35.29%), and severe stroké&8%%), which these differences were statisticaliyngicant (PV
<0/001). A significant relationship was seen betw&mppler result and type of stroke (P.V> 0/05).abidition,
there is no relationship between CT scan resulM&l and type of stroke (P> 0/05), and finally théseno
significant relationship between changes in ECGtgpd of stroke (P.V> 0/05).
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Table5: coefficients of linear regression model of factor saffecting M NIHSS

Independent variable Non-standard correlation coefficiell standard correlation coefficier T Significance
B Std. Error Beta
Age 0.09 0.023 0.629 3.99 <0.001
Groups 2.663 0.392 0.663 6.794 <0.001
Diastolic blood pressu -0.07: 0.022 -0.601 -3.41¢ 0.001
Platelets -6.505 2.455 -0.082 -2.65 0.009
triglyceride -0.009 0.004 -0.14 -2.444 0.016
CRP in first day 0.149 0.047 0.215 3.135 0.002
CRP four days later 0.072 0.01 0.308 7.129 <0.001
Diabetes 1.541 0.667 0.098 2.308 0.022
CHF -2.70¢ 1.00¢ -0.08¢ -2.68¢ 0.00¢
POLYCYTE 1.52¢ 0.75:¢ 0.06: 2.02¢ 0.04¢
PR 0.037 0.017 0.278 2.158 0.033
HB -0.359 0.115 -0.446 -3.114 0.002
TROP -4.377 2.29 -0.055 -1.911 0.058

Results of table above show that various factdeceMNIHSS. As you can see, studied groups induskverity of
CVA (high, medium, mild and hemorrhagic). Along kiage of patients, blood platelets, TG and CRPIlseon
admission and four days after hospitalization, tdlasblood pressure, diabetes, chronic heart fajlpolycythemia,
heart rate, and hemoglobin amount affect the MNIH8&I of patients. For diastolic blood pressurkatgiet,
triglycerides, heart failure and hemoglobin, tléktionship is reversed (P<0.05). Explanatory powiehe model is
equal to 0.893 (R2=0.902 and Adjusted R2=0.893addition, most smoker patients were in the mitdlst group
(47.6%), followed by patients with severe strokd.826) and the lowest level was seen in the cogtr@lp (7.1%)
(P=0.015), but it was not significant with regacdaddiction. The cigarette smoking in patients veidlvere stroke
(12.58 years) and mild stroke (13.02 years) haddteatest duration, while the control group had ltheest
duration (2 years) (P=0.013). However, duratiommfg use among different groups was not signifigadifferent
(P=0.474). The findings showed that systolic arabtdilic blood pressure was not significantly difgramong the
four groups. The highest heart rate was in the gmwwith severe stroke (85.67) and lowest rate wahéncontrol
group (71.5), which this difference was statisticalgnificant (P=0.002).

CONCLUSION AND RECOMMENDATION

This study was conducted to investigate the relatigp between serum levels of CRP with CVA andséserity.
This study was conducted on 161 patients with catedtroke (ischemic and hemorrhagic). In a studlydzicted in
Canada by Bob Siegerink et al on 101 patients withagnosis of a heart attack at the age of 39eH8syand the
same number of patients with a diagnosis of stiokhis age group along with 202 people as a cognaup, 70%
of cases were diagnosed with heart stroke, whibé 48 them were diagnosed with cerebral stroke. hHigpod
pressure had also high frequency in both patiemigs compared to control group. A relationship wesfound
between arterial venous shunts in heart strike grathile significant correlation was found betwedarge arterial
venous shunts in the cerebral stroke group. Inghidy, migraine was associated with stroke sigaifily (23). In
this study, it was found that smoking significanithgreases the risk of severe ischemic cerebrekes$r and the
duration of smoking increased in patients with sevischemic stroke. However, unlike the mentionedliss,
significant relationship was not found between ulyileg diseases such as blood pressure and dia@etkischemic
severity. The difference in the results could be tb different populations studied and differearnple size.

In a study conducted by Tiong et al on the effettclot lysis time in cerebral stroke in young women
hypofibrinolysis (reduced activity of fibrinolytiaeduced clot lysis time) was not significantly adated with an
increased risk of ischemic stroke (0.3-7.0 CI 994, or 2vs. T 3T) (24). The results of the mamid study are
consistent with findings of this study. In this éyu it was found that there is no significant rielaship between
blood-clotting factors, which include PT, PTT, diNR and type and severity of ischemia. Althoughmost cases,
lack of protein c is considered as a coagulopadicyof in the occurrence of venous thromboembollsub,recent
reports has found that this factor is also effectivthe development of arterial thrombosis.

In the report of Tanno K, et al., one case of whitaman aged 26 with protein coagulopathy was intced by
diagnosis of cerebral stroke and it was recommetisdnvestigation of disorders with coagulatioorease modes
to be part of the necessary studies in cerebm@testramong young people (25). Self-rated healthHjS&el can be
a measure of factors determining mortality riskpebple in the future, although its biologic basiso clear. To
evaluate the relation between self-rated healtblland high levels of CRP, a study was conductethpan.In this
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study, low level of self-rated health had directretation with high levels of CRP, and it has beseiggested that
measurement of biological indices including CRPIddae a measure of general health of the persoh @&
findings of the mentioned study are consistent Withfindings of this study, since the presentsfiodind that with
increasing severity of stroke, level of CRP on ahioin was significantly higher. On the other handperforming
regression analysis, it was found that severitgtodke has a significant relationship with CRP fdays after the
admission. In other studies, high level of plasniRPCindependent of other risk factors of cardioubmcdisease,
can be used as a predictor of TIA and ischemikstio elderly patients (18).

In the present study, such relationship was nohdou The reason for this difference might be udilifferent
population with demographically various peoplevi tstudies. It also may be differences in the es{ohu criterion,
since all diseases and disease conditions thadeerCRP in these patients were excluded in tloky,sbwt in the
mentioned study, only infectious diseases wereueberd from the study, so the results of this study more
generalizable.

In the study conducted by Faraji. F et al, it waand that there was no significant correlation teet infarct
volume and C-reactive protein and white blood celldditionally, significant correlation was not fiod between
Canadian Neurological Scale score of cerebral stemld amount of white blood cells.

However, significant correlation was found betwéa#arct volume and neurological Canadian StrokeleSseores.
Finally, significant correlation was not found beewn level of inflammatory factors, and volume aguesity of

infarct (21). Results of previous study were ingsteht with results of the current study, sincenight be due to
difference in sample size and exclusion criterith@ current study and mentioned studies. In thieenu study, we
tried to eliminate all factors involved in incredSe€RP level so that only patients with cerebrallstrto be included
in the study. In another study conducted in 20¢4rlnmanesh et al to examine the relationship eetwCRP
serum levels and stenosis inside and outsideedbtéin, they showed that there was significantetation between
serum levels of CRP and stenosis (p=0.003).

In patients with abnormal CRP, the most involvedsets were respectively internal carotid arterg thiddle
cerebral artery, and anterior cerebral artery angbatients with normal CRP, the most involved vissseere
respectively the anterior cerebral artery, the rivak carotid artery, and middle cerebral arterygn8icant
correlation was not found between serum levels RP@Gnd stenosis of the internal carotid artery (+B) and
middle cerebral artery (p=0.006) (22). The findirggghe mentioned study are consistent with thdifigs of this
study.

The result of the study suggests that the lev€lRIP is high in ischemic patients compared with hehagic group.
CRP level has direct correlation with CVA sevetitycording to MNIHSS criterion in ischemic patierasd as
CRP level is high, the severity of CVA will be highand vice versa.There is no correlation betweB® @nd
severity of CVA in hemorrhagic CVA. Considering tharious factors on MNIHSS, studied groups included
severity of CVA (severe, moderate, mild and hemagit), in which the age, blood platelets, TG and”d&rels on
admission and four days after admission, diastolomd pressure, diabetes, chronic heart failuréycythemia,
heart rate and amount of hemoglobin were effeaivamount of MNIHSS in patients.

In the regard, direct impact of CRP level on adioissand four days after the hospitalization, diabetand
polycythemia was higher on MNIHSS and it has gmeaféect in CVA severity. Considering diastolicobd

pressure, platelet, triglycerides, heart failuremibglobin, and troponin, this relationship is reegr (p<0.05) with
explaining power of 0.893 (R2=0.902 and Adjusted=®893). According to results of the current stuilyis

recommended that paraclinical tests of CRP on dimeission, type, and severity of CVA to be performiddiding

meetings and providing information to doctors ttraduce a variety of CRP relationships with ischemsiroke
severity and variables reducing the risk of thisedse and early referral of patients with high GRPto the
advanced centers are recommended to reduce mortakt severe cerebral stroke complications. Dute small
number of studies conducted, conducting similadist with larger sample size is recommended. Cdimdyc
another study to assess the effects of predictfferts of CRP to diagnose severity or type of CVAalso

recommended.
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