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INTRODUCTION 

Acute stroke is a medical emergency which can cause 

permanent neurological damage, complications and even 

may leads to death. Results of stroke vary widely 

depending on the size and location of the lesions. It is a 

heterogeneous condition with respect to prognosis. It is 

not possible to predict exact outcome of stroke with 

accuracy. The chances of survival in stroke depend on a 

great variety of variables. Globally, approximately 15 

million new acute stroke events occur every year and 

approximately 55 million people had stroke at some time 

in the past. Two thirds of these individuals live in low- 

and middle-income countries such as India. By 2050, it is 

anticipated that 80% of stroke events will occur in people 

living in these regions.1 

A recent Indian study have  shown  different  prevalence 

rates in rural and urban areas (rural areas 84-

262/100,000; urban areas 334-424/100,000) with 

incidence rate of 119-145/100,000 and 30 day case 

fatality was found to be 41.08%.2 According to Indian 

collaborative acute stroke study (2002-2004) with 2162 

cases, stroke incidence higher in age group of  41-70 
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years having major risk factor  hypertension  alone or 

also along with Diabetes mellitus (DM) and Coronary 

Artery Disease(CAD). Maximum number of patients 

(77%) of this study was of acute ischemic stroke.3 Risk 

factors for acute stroke may be non-modifiable -Age, 

gender (male > female), race (Afro-Caribbean > Asian > 

European), heredity and previous vascular events (CAD, 

stroke or peripheral embolism). The modifiable factors 

are high blood pressure, heart disease (atrial fibrillation, 

heart failure, and endocarditis), DM, Dyslipidemia, 

smoking, excess alcohol consumption, polycythemia, oral 

contraceptives and social deprivation. 

Predicting outcome after stroke is a question which is still 

unanswered. Experimental and clinical research shows 

the importance of early hours in acute stroke. It is the 

most important time for effective intervention. Most of 

studies focusing on conventional risk factors, clinical 

condition at presentation and on radiological parameters. 

Various studies have been undertaken to assess the 

prognosis of stroke evaluating different clinical and 

biochemical parameters. Most of the scoring systems 

used to determine outcome in stroke consider only the 

neurological deficit related parameters when evaluating 

these patients. While in our study we take into 

consideration various hematological, biochemical 

parameters and lipid profile in addition to neurological 

deficit, thus it may be a better alternative and effective 

predictor of 30 day fatality in acute stroke. 

METHODS 

All patients who were consecutively admitted in an 

intensive care unit presenting within 72 hours of stroke 

onset, included in the study irrespective of age, sex or 

type of stroke, during July 2013 to December 2014. 

Acute stroke diagnosed by clinical findings and 

confirmed by non- contrast head computer tomography. 

Presentation more than 72 hours after the onset of the 

signs and symptoms of stroke, prior stroke, non-stroke 

causes of focal neurological deficit and patients those 

could not be followed up were excluded from study. 

Demographic information included gender and age; 

medical history regarding hypertension, diabetes mellitus 

(DM), hyperlipidemia, atrial fibrillation, smoking; prior 

stroke and coronary artery disease (CAD) were obtained. 

Information of medications at the time of stroke was 

collected, which includes use of statins, angiotensin-

converting enzyme inhibitors, aspirin, clopidogril and 

warfarin. 

Clinical evaluation regarding Glasgow coma scale(GCS), 

systolic blood pressure (SBP) and diastolic blood 

pressure (DBP); blood investigations including 

hemoglobin (Hb), total leukocyte  count (TLC), platelet 

count(PC), erythrocyte sedimentation rate (ESR), random 

blood sugar (RBS), blood urea, serum creatinine (S. 

creatinine), serum Sodium (S. Na), serum Potassium (S. 

K), serum bilirubin, liver enzymes (aspartate 

transaminase - AST, alanine transaminase-ALT, alkaline 

phosphatase-ALP), serum albumin (S. albumin), serum 

globulin (S. globulin) and lipid profile estimations 

performed along with  non-contrast head computer 

tomography. 

Being a prospective study the patients were followed up 

for a maximum period of 30 days from the onset of 

stroke. The outcome of the patients at the end of 30 days 

was determined as discharged and expired. Logistic 

regression analysis was carried out among the significant 

parameters to identify independent predictors of 30 days 

fatality. The statistical analysis was conducted by using 

the Statistical Package for the Social Sciences, version 

11.0 (SPSS Inc., Chicago, IL, USA).  

RESULTS 

Among the total 205 cases in the study, 140 (68.29%) 

patients discharged and 65 (31.70%) patients expired 

during the hospital stay or during follow up. There were 

130 males and 75 females, who satisfying inclusion 

criteria with mean age of 63.17±13.61 years. In Table 1 

distribution of patients according to age in both 

discharged and expired patients shown. Out of the total 

expired patients 61.53%  were  belonging to age group of 

≥ 60 years which show significance of age in prognosis 

(p= 0.01). 

In analysis of clinical parameters patients who expired 

had lower (6.07±3.32) GCS and significantly higher SBP 

as well as DBP in comparison to discharged group. The 

p– values for GCS 0.0001, for SBP 0.049 and for DBP 

0.0232, all these values were statistically significant in 

between expired and discharged groups. 

With regard to haematological parameters higher value of 

TLC and ESR observed in expired subgroup (p- value 

<0.05).Mean value of Hb in discharged group was lower 

than expired one. PC high in discharged patients in 

comparison to expired patients, but these values were not 

significant in term of statistics. Correlation of 

biochemical parameters with respect to outcome is shown 

in table 2. In expired subgroup RBS, blood urea, S. 

creatinine, S. Na, S.K, S. bilirubin values were higher and 

in discharged subgroup AST, ALT, albumin, globulin 

were higher. But after applying unpaired t-test only blood 

urea, S. creatinine and S. bilirubin had significance with 

fatality (p - value <0.05) (Table 2). 

Lipid profile estimation done of all patients of acute 

stroke and after analysing total cholesterol, low density 

lipoprotein ( LDL) were found to be higher in discharged 

group in comparison with expired group and both of 

these were statistically significant, p value 0.0001 and 

0.02 respectively. Serum triglyceride (S.Tg), high density 

lipoprotein (HDL) and very low density lipoprotein 

(VLDL) did not show any statically significance 

(Table3). 
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Multivariate logistic regression analysis was performed 

among the significant parameters and after analysis it was 

found that out of all observed parameters only GCS, 

TLC, blood urea, S. creatinine and total cholesterol can                                                                                                                           

predict outcome independently (Table 4). 

 

Table 1: Distribution of cases according to outcome and age. 

Age (years) Expired Discharged Χ2 p value 

≤30 5 (7.6%)        - 

13.1276 0.010 

30-39 5 (7.6%) 5 (3.57%) 

40-49 5 (7.6%) 10 (7.14%) 

50-59 10 (15.38%) 25 (17.85%) 

≥60 40 (61.53%) 100 (71.42%) 

Total 65 140 

 

Table 2: Statistical analysis of clinical, hematological and biochemical parameters in acute stroke patients. 

Parameters 
Discharged (n=140) 

(Mean ±SD) 

Expired(n=65) 

(Mean ±SD) 
t-value p-value 

GCS 10.57±3.42 6.07±3.32 3.94 0.0001 

SBP (mm Hg) 148.30±33.41 164.21±25.28 1.69 0.049 

DBP (mm Hg) 87.84±13.30 95.64±10.28 2.05 0.0232 

Hb (g/dL) 11.47±2.23 11.69±3.27 0.45 0.65 

TLC (/mm³) 9267.86±3429.62 15646.15±2944.38 5.78 0.0001 

ESR (mm in 1st hr.) 23.18±8.94 30.33±5.69 2.54 0.01 

PC (lakh/mm³) 2.02±0.69 1.68±0.72 1.39 0.17 

RBS (mg/dL) 118.79±47.64 134.00±61.21 0.86 0.39 

Blood urea (mg/dL) 31.27±14.52 46.10±21.43 2.18 0.03 

S.creatinine 

(mg/dL) 
1.10±0.45 2.07±0.60 5.57 0.0001 

S.Na (meq/L) 139.29±7.10 140.00±6.36 0.30 0.75 

S.K (meq/L) 4.20±0.78 4.46±0.76 1.01 0.31 

S.bilirubin (mg/dL) 0.58±0.16 1.16±0.94 3.16 0.003 

AST (IU/L) 46.27±47.88 35.63±11.74 0.78 0.43 

ALT (IU/L) 45.80±41.08 31.35±15.68 1.22 0.22 

S.albumin (g/dL) 3.67±0.86 3.62±0.55 0.20 0.84 

S.globulin (g/dL) 3.50±1.03 3.17±0.82 0.98 0.33 

AST- Aspartate Transaminase; ALT- Alanine Transaminase; ALP- Alkaline Phosphatase; DBP- Diastolic Blood Pressure; 

ESR- Erythrocyte Sedimentation Rate; GCS- Glasgow Coma Scale; Hb- haemoglobin; PC- Platelet Count; RBS- Random 

Blood Sugar; SBP- Systolic Blood Pressure; S- Serum; K- Potassium; Na- Sodium; TLC- Total Leukocyte Count. 

Table 3: Lipid profile in stroke subtypes according to outcome. 

Lipid 

Profile 

Discharged  (n=140) 

(Mean ±SD) 

Expired (n=65) 

(Mean ±SD) 

t   

value 

p 

value 

S. Triglyceride (mg/dL) 130.60 ±107.42 189.15 ± 206.97 1.19 0.23 

Total Cholesterol (mg/dL) 234.15±55.15 159.80±28.69 4.56 0.0001 

HDL (mg/dL) 47.56±8.77 52.31±16.10 1.22 0.22 

LDL (mg/dL) 114.39±61.91 71.50±27.49 2.29 0.0200 

VLDL (mg/dL) 26.09 ±21.49 38.52± 40.85 1.28 0.20 

HDL- High Density Lipoprotein; LDL- Low Density Lipoprotein; S.Tg- Serum Triglyceride; VLDL- Very Low Density 

Lipoprotein. 
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Table 4: Data obtained after applying multivariate logistic regression on significant parameters. 

Parameter B S.E. Sig. OR χ2 
p 

value 

GCS 0.4567 0.1713 0.0077 1.5788 23.0118 0.0001 

TLC 0.0003 0.0165 0.0001 0.9997 12.4988 0.0019 

Blood urea 0.0954 0.0478 0.0460 1.1002 28.4193 0.00 

S. creatinine 4.2423 1.4810 0.0042 0.0144 28.4193 0.00 

Total cholesterol 0.0402 0.0122 0.0009 1.0410 21.6523 0.00 

B is the coefficient, S.E. is the Standard error, Sig. is the Significance and OR is the odds ratio. 

Abbreviations: GCS- Glasgow Coma Scale; S.creatinine- Serum Creatinine; TLC- Total Leukocyte Count.

DISCUSSION 

The present study was undertaken with the aim of 

predicting mortality in patients presenting for the first 

time with acute stroke with the help of routine 

haematological and biochemical parameters along with 

lipid profile. 

The mean age of the patients in the study was 

63.17±13.61 years. Maximum number of cases (n=140) 

were in the age group ≥ 60 years. TZ Ong et al. also 

found mean age of 65 years in their study on acute stroke 

patients.4 The mean GCS of the expired patients at the 

time of admission was 7.52 ± 3.89 which was lower than 

discharged patients (10.57 ± 3.42). These values are 

statistically very significant (p value=0.0001). Similar 

observations were made in several previous studies by TZ 

Ong et al. and Hamindon et al. where GCS < 9 was an 

independent predictor of mortality. C. J. Weir et al. 

concluded that total GCS score can predict acute 

mortality with 88% accuracy.5 Low GCS values were 

associated with high mortality in studies done by Zuliani 

G et al. and Md. Shahriar Mahbub et al.6,7 

The mean SBP of the expired patients in the study was 

164.21 ± 25.28 mmHg and in discharged patients (n=140) 

it was 148.30 ± 33.41 mmHg which was statistically 

significant (p-value<0.05). DBP was on higher side in 

expired patients which was statistically significant (p-

value<0.05) in our study. Similar observation was found 

in the study conducted by T Z Ong et al. where 

hypertension was found to be significant predictor of one 

month mortality.4 DževdetSmajlović et al. concluded that 

hypertension is an independent predictor of mortality 

following intracerebral haemorrhage (ICH).8 Sami Tetri 

et al. in a prospective study found that admission mean 

arterial blood pressure (MABP) was higher in those who 

died in two days (p-value < 0.001) and within three 

months (p-value < 0.01) than those who survived. High 

admission MABP predicted early death among the 

patients.9 Maria Sessa et al. studied relationship between 

hypertension and ICH in a systematic review on risk 

factor for ICH in general population.10 Of   the 11 case-

control and 3 cohort studies identified in the different 

searches for studies on hypertension as risk factor for 

ICH, all showed a positive association between 

hypertension and ICH. Wong et al. concluded 

Hypertension at baseline was correlated with poor 

outcome at 3 months post-ICH.11 After applying 

multivariate logistic regression on significant clinical 

parameters out of all observed clinical parameters only 

GCS is the most important predictor of 30 day fatality in 

acute stroke. 

Though Hb was found to be higher in expired patients as 

compared with discharged patients, it did not appear to be 

an independent predictor of fatality like observation of 

Czlonkowska.12 On the other hand Jason J Sico et al.   

observed that a very low haematocrit (<27%) was 

associated with early post-stroke mortality.13 Even a 

moderate level of anaemia was independently associated 

with an increased risk of death during the first year 

following stroke. It is presumed that they play role by 

altering the cerebral blood flow. Infarct size increases due 

to loss vitality of penumbra by impaired oxygen supply if 

there is reduced Hb level which ultimately leads to poor 

prognosis. Low Hb level associated with larger 

hematoma volume which increases mortality. The mean 

TLC taken at the time of admission was higher in the 

expired patients. It was very significant when compare 

with discharged group (p value=0.0001). In a study by 

Kazmierski R et al. each 1000 cell/microliter increase in 

TLC at the admission was associated with increased risk 

for in-hospital mortality.14 Czlonkowska et al. have also 

demonstrated increased leukocytes as an independent 

predictor of 1-month case fatality in stroke patients.12 

Feng-zeng Li et al. showed that patients with the lowest 

WBC count had a 30-day mortality of about 6%, whereas 

patients with higher WBC count had a 30-day mortality 

of 26% to 68%.15 Leukocytosis may occur as a 

consequence of infection preceding onset of stroke or as a 

consequence of ischemia and brain damage. Leucocytosis 

influence poor prognosis through vessels plugging, 

release of hydrolytic enzymes, oxygen free radicals or 

initiation of thrombosis. 

We found that PC did not show any significant difference 

among expired patients and discharged subgroup (P > 

0.05). It was contrast to the study of D’Erasmo E et al. 

where PC obtained within 48 hours of hospital 
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presentation was significantly lower in expired patient in 

comparison to control group.16 There was statistically 

significant difference in mean value of ESR in the two 

different subgroup (p value=0.01) which is similar to 

other studies. A high ESR value has been associated with 

large ischemic lesions and more severe deficits noted by 

Chamorro A et al.17 According to Rallidis LS et al, an 

elevated ESR value may indicate a greater increase in the 

concentration of fibrinogen; a more pronounced reduction 

in the cerebral blood flow, a larger lesion and a poorer 

outcome.18 ESR was found to be an independent predictor 

of mortality among stroke patients in a study done by 

Wakif et al.19 Though exact mechanism of acute increase 

in ESR patients suffering from ischemic stroke is 

unknown, but it is proposed that undiagnosed infections 

and inflammatory factors leads to raised ESR and high 

ESR is regarded as indirect sign of thrombosis. On 

applying Multivariate Logistic Regression on significant 

haematological parameters out of all observed parameters 

only TLC is the most important predictor of 30 day 

fatality in acute stroke. 

During early hospitalization, regardless of a known 

diagnosis of diabetes, a raised RBS is known to be a 

significant risk factor for duration of stay in the hospital 

and major medical complications in patients with 

ischemic as well as haemorrhagic stroke. The mean RBS 

in the expired patients in our study was 136.60 ± 69.49 

mg% which was higher than discharged patients (118.79 

± 47.64 mg %) but in contrast to other studies it was 

statistically not significant (p=0.39). Schlenk et al. 

showed that blood glucose levels greater than 7.8 mmol/l   

at the time of admission independently predicted 

unfavourable outcome.20 Feng-zeng li et al. also showed 

that hyperglycaemia was an independent predictor of 

mortality within 30 days.15 Jialiu et al. found that 

hyperglycaemia is associated with greater hematoma 

expansion and poor clinical outcomes after ICH.21 

Diabetes predisposes to occlusive vascular disease but 

not to ICH. However, in haemorrhagic strokes it 

predisposes to larger size of hematoma and increased 

mortality at 30 days. In diabetics, ischemic strokes are 

often associated with large infarct size and poor outcome 

due to decreased auto regulation and changes in blood 

coagulability. 

There were more deranged electrolytes (S.Na and S.K) in 

expired subgroup, but similar to observations made by 

Woo et al, it does not make any significant difference in 

survival.23 But on the other hand S.creatinine and blood 

urea had strong impact on fatality which was found 

increased in expired patients, it resembles the study of 

Sweileh-wm et.al and Wakif et al.19,22 

In our study S.bilirubin to be higher in expired subgroup. 

On further analysing it was evident that this was 

statistically significant (p value=0.0030). In expired 

patients AST and ALT both were lesser as compared with 

discharged population of patients. But after applying 

unpaired t- test there were no significant difference in 

both these groups. But these observations were against 

the observation made by Kim et al. where AST level 

>70IU/L was identified as a predictor of stroke 

mortality.24 In studies there is U shape correlation 

between bilirubin and risk of stroke was shown i.e. the 

risk of stroke increased at both low and high S.bilirubin 

level. The association can be explained by a close 

relationship between liver dysfunction and abnormality of 

almost all major haemostatic parameters governing the 

progress of haematoma. For all biochemical parameters 

multivariate logistic regression applied to find out which 

parameter determine 30 day fatality in acute stroke then 

its only blood  urea and S.creatinine which were found to 

be determinant of poor prognosis independently. 

We have also taken in account lipid profile measurement 

in our study in which it was found that mean total 

cholesterol in expired patients was  lower (159.80 ± 28.69 

mg/dL) than discharged patients (234.15 ± 55.15 mg/dL) 

and these observations are very significant 

(p=0.0001).Though literature is full regarding 

hypercholesterolemia leading to increased incidence of 

atherosclerosis, and coronary and cerebral strokes,  Dyker 

AG et al. found that low total cholesterol associated with 

poor outcome.25 It was also observed LDL mean value of 

LDL in expired patients was 71.50 ± 27.49 mg/dL in 

comparison to 114.39 ± 61.91 mg/dL in discharged 

patients and total cholesterol it was also statistically 

significant (p=0.0200). S.triglyceride, HDL and VLDL 

values were on higher side in expired patients but none of 

them were statistically significant. Yih-tsen Lai et al. and 

Pan S-L et al. also showed that higher total cholesterol 

levels associated with better long-term motor function 

after ischemic stroke.27 When Multivariate Logistic 

Regression applied for lipid profile it was found that 

cholesterol is the only parameter from lipid profile which 

can predict mortality in acute stroke. Vauthey C et al also 

support our observation.28  

CONCLUSION 

From this study we can conclude that low GCS, higher 

SBP and DBP as well as increased TLC, raised ESR, 

increased S. bilirubin, increased blood urea, S.creatinine, 

low S. cholesterol and low LDL associated with poor 

outcome. 

On the other hand Hb, PC, RBS, S. Na, S. K, AST, ALT 

and levels of S .triglycerides, HDL and VLDL do not 

show any significant association with outcome in acute 

stroke patient. If these parameters taken collectively 

predicting outcome may become easy and it is useful to 

take necessary interventions accordingly in early hours 

focusing on correctable parameters to prevent  mortality 

in acute stroke. 
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