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Objective: This prospective study was planned to study the
prognostic value of routine clinical, hematological and bio-
chemical parameters, including platelet aggregation in pa-
tients of acute stroke, on fatality occurring during the first 30
days. Material and methods: In this study 116 consecutive
patients (77 males and 39 females) of stroke (within 72 hours
of onset) were included. After clinical evaluation and
neuroimaging, blood investigations, hemoglobin, total
leukocyte count, platelet count, platelet aggregation, eryth-
rocyte sedimentation rate (ESR), blood sugar, urea, creati-
nine, sodium, potassium, serum cholesterol, serum bilirubin,
aspartate aminotransferase (SGOT), alanine aminotrans-
ferase (SGPT), albumin, and globulin estimations were per-
formed. The patients were followed up for a maximum pe-
riod of 30 days from the onset of stroke, and patients who
expired were grouped as ‘expired’ and the rest as ‘survi-
vors’. Logistic regression analysis was carried out among
the significant parameters to identify independent predic-
tors of 30-day fatality. Results: Univariate analysis demon-
strated that among hematological parameters, high total
leukocyte count and ESR, at admission, correlated signifi-
cantly with an undesirable outcome during the initial 30 days.
Among biochemical parameters, elevated urea, creatinine,
serum transaminases (SGOT and SGPT) and globulin lev-
els correlated significantly with death. Logistic regression
analysis demonstrated that a low Glasgow Coma Scale
(GCS) score along with biochemical parameters such as high
serum creatinine, SGPT, ESR and total leukocyte count cor-
related with death. Conclusion: Impaired consciousness,
high total leukocyte count, raised ESR, elevated creatinine
and SGPT levels, estimated within 24 hours of hospitaliza-
tion, are the most important indicators of 30-day mortality in
patients with first-time ischemic stroke.
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Introduction

The early hours after an acute stroke are crucial, because it

is the most useful time for effective intervention. It is impor-

tant to determine the prognostic factors as early as possible.

Many studies have highlighted the prognostic importance of

various laboratory parameters like blood sugar, total leukocyte

count, and erythrocyte sedimentation rate (ESR).1-3 However,

few studies are available which have studied collectively the

prognostic value of these parameters on multivariate analy-

sis.4 In this prospective study we have evaluated the signifi-

cance of routine blood parameters for 30-day mortality.

Material and methods

This study was conducted on patients of acute stroke admitted to

the Neurology Department of King George’s Medical University,

Lucknow from February 2000 to July 2001.

All patients included in the study had a clinical diagnosis of stroke

supported by immediate neuroimaging. Stroke was defined, accord-

ing to the WHO definition, as rapidly developing clinical signs of

focal (or global) disturbance of cerebral function, lasting more than

24 hours or leading to death with no apparent cause other than of

vascular origin.5 The time of onset of the stroke was defined as the

time when the patient or observer first became aware of the symp-

toms. All the patients who presented within 72 hours of onset, irre-

spective of age, sex or type of stroke, were included in the study.

Patients with previous history of stroke were excluded.

After inclusion, each patient was subjected to a detailed clinical

evaluation. A detailed history of risk factors of stroke was also re-

corded. A Glasgow coma scale (GCS) score was obtained for each

patient. Apart from computed tomography (CT), blood investiga-

tions which were performed included hemoglobin, total leukocyte

count, platelet count, platelet aggregation, ESR, blood sugar, urea,

creatinine, sodium, potassium, and serum cholesterol. For the as-

sessment of liver functions, bilirubin, aspartate aminotransferase

(SGOT), alanine aminotransferase (SGPT), albumin, and globulin
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estimations were performed. Informed consent was taken for each

patient. Subsequently, the patients were treated according to the

standard treatment protocols of our hospital. The study in no way

interfered with the treatment. The patients were followed up for a

maximum period of 30 days from the onset of stroke, and patients

who expired were grouped as ‘expired’ and the rest as ‘survivors’.

Patients discharged from the hospital before this period, were asked

to visit the outpatient department at weekly intervals. Those failing

to turn up for weekly follow-up were inquired for outcome either

telephonically or by home visit. Those patients who left against medi-

cal advice or were discharged on persistent request were excluded

from the study.

Blood samples were collected immediately after admission, before

starting any intravenous infusion, from anticubital vein without pro-

ducing venous stasis with a 20-gauge needle in plastic disposable

syringes. Blood samples were immediately sent to the laboratory for

evaluation.

For platelet aggregation studies, 6.4 ml of blood was collected in

0.6ml of 3.8% of trisodium citrate in plastic tubes, the morning af-

ter admission. Samples were sent to the Central Drug Research In-

stitute, Lucknow and analyses were performed within one hour of

collection. In patients with cerebral ischemia antiplatelet drugs and

other antithrombotic therapy were started only after collecting the

required blood samples.

The hematological and biochemical investigations were carried out

in the hematology and biochemistry laboratories of our hospital, us-

ing standard commercial reagent kits.

The citrated blood samples were kept at room temperature for 15

minutes and then centrifuged at 100G for 10 minutes to obtain plate-

let rich plasma (PRP). The PRP was transferred to plastic tubes by

autopippettes. The remaining blood was further centrifuged for 10

minutes at 1000G to obtain platelet poor plasma (PPP). Subse-

quently, ADP-induced aggregometry was performed at 37°C accord-

ing to the turbidimetric method of Born with the use of an auto-

mated dual chambers aggregometer (Aggrecorder PA 3210 Kyoto

Daichi, Kagaku Co. Ltd., Japan). Peak platelet aggregation in 10

minutes was recorded.

The results so obtained were recorded and analyzed by the student

‘t’ test and by univariate analysis. Multiple logistic regression analy-

sis was done for parameters found significant in univariate analysis.

Results

A total of 148 patients of stroke were admitted during the

study period. Out of these, 8 patients were excluded because

Table 1: Demographic profile of patients of acute stroke
(N=116)

Demographics characteristics
Age (years) 59.4±±±±±11.2
Sex (M : F) 77:39
GCS Score 10.61±±±±±4.58
Systolic blood pressure (mm Hg) 158.6±±±±±34.3
Diastolic blood pressure (mm Hg) 96.1±±±±±22.7
Risk Factor

Hypertension 68 (58%)
Diabetes 76 (65%)
Smoking 65 (56%)

M = male; F = female; GCS = Glasgow coma scale
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of past history of stroke. Twelve patients were excluded be-

cause they presented more than 72 hours after the onset. One

hundred and twenty-eight patients were enrolled but in 12

patients, the end point could not be measured because of in-

adequate follow-up and hence were excluded from the study.

A total of 116 patients were included (77 males and 39 fe-

males).

The demographic characteristics of all 116 patients are sum-

marized in Table 1. Sixty-two per cent (30 out of 48) patients

with intracerebral hemorrhage expired whereas 22 % (15 of

68) patients with cerebral infarction expired. The mean dura-

tion of hospital stay in expired patients was shorter (5.4 ±

4.6 days) as compared to survivors (12.4 ± 8.4 days). The

mean GCS score at admission was significantly lower in ex-

pired patients (6.4±3.5) as compared to survivors (13.1±2.9).

As shown in Table 2, after univariate analysis, amongst

hematological parameters, high total leukocyte count and ESR,

at admission, correlated significantly with undesirable out-

come. None of the other hematological parameters studied

(hemoglobin, platelet count and peak platelet aggregation) had

any significant statistical correlation with regards to the out-

come. Amongst the biochemical parameters, elevated urea,

creatinine, serum transaminases (SGOT and SGPT) and

globulin levels correlated significantly with death. Other bio-

chemical parameters (random blood sugar, sodium, potassium,

bilirubin albumin and cholesterol) did not differ significantly

in the survivors and expired patients.

Logistic regression analysis was carried out amongst the

significant parameters to identify independent predictors of

Table 2: Distribution of parameters in relation to outcome
(Discharged/Expired)

Parameters Outcome p value t value

Discharged Expired

(n=71) (n=45)

(Mean+SD)  (Mean+SD)

GCS 13.0+2.0 6.0+3.0 <0.001* 1.32
Hemoglobin (g/dl) 11.4+1.9 13.7+11.2 0.10 1.32
TLC x109/L 10021.83+ 11614.44+ 0.01* 2.61

2765.52 3789.52
ESR mm 22.74+12.68 32.20+13.78 <0.001* 3.70
Platelets x109/L 2.14+0.63 2.06+0.55 0.47 0.71
Platelet
aggregation % 28.49+16.76 27.27+18.24 0.84 0.37
RBS mg/dl 147.45+98.45 171.72+95.51 0.20 1.21
Urea mg/dl 43.11+26.08 70.66+72.47 0.004* 2.81
Creatinine mg/dl 1.19+0.39 2.07+2.25 0.002* 3.17
Sodium meq/l 139.99+6.17 137.57+10.04 0.11 1.45
Potassium meq/l 4.91+5.22 4.17+0.87 0.36 0.96
Bilirubin mg/dl 0.78+0.33 0.90+0.46 0.11 1.89
SGOT IU/L 31.17+25.81 55.05+83.46 0.03* 2.45
SGPT IU/L 26.91+14.32 39.58+36.54 0.01* 7.13
Albumin g/dl 4.42+5.40 3.31+0.94 0.18 1.33
Globulin g/dl 3.36+0.60 3.79+0.70 0.001* 3.44
Cholesterol mg/dl 185.06+46.41 198.84+36.31 0.114 1.69

*Significant GCS = Glasgow coma scale; TLC = total leukocyte count; ESR =
Erythrocyte sedimentation rate; RBS = Random blood sugar; SGOT = aspar-
tate aminotransferase; SGPT = alanine aminotransferase.
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Table 3: Multivariate logistic regression model showing most significant parameters predicting progression of acute stroke

βββββ Coefficient Standard Wald Degree of Significance Co-efficient Odd's Radio
freedom of explanation

Total leukocyte count 0.0002 0.0001 3.4666 1 0.0526 0.1002 0.02
Erythrocyte 0.0526 0.0261 4.0587 1 0.0439 0.1187 1.05
sedimentation rate
Creatinine 1.3160 0.7174 3.3654 1 0.0566 0.0966 3.73
SGPT 0.0265 0.0131 4.1005 1 0.0429 0.1199 1.03
Glasgow coma -4.1341 0.8675 22.7085 1 0.000 0.3763 0.02
scale score
Constant 0.3723 2.2916 0.0264 1 0.8709

-2 Log likelihood 68.216 Goodness-of-fit 7.0633   8   0.5298, SGPT = alanine aminotransferase
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30-day fatality in acute stroke (Table 3). A low GCS score

was also included in the model and was found to be signifi-

cantly lower in the expired patients. High serum creatinine,

SGPT, ESR and total leukocyte count correlated with death.

Discussion

In this study the prognostic value of various routine clinical

and biochemical parameters has been evaluated. The only clini-

cal parameter evaluated in our study was the GCS score to

quantify the level of consciousness. Like several studies in the

past,5,6 our study also suggested that a low GCS score was

predictive of poor outcome.

Possibly, changes in hematological parameters at the onset

of stroke play an important role in altering the cerebral blood

flow.3,4,7 Czlonkowska et al4 demonstrated the importance of

hematocrit as a predictive factor of 30-day fatality.4 In our

study, hemoglobin, platelet counts and platelet aggregation

analysis did not show any significant difference amongst ex-

pired patients and survivors. In another study, platelet count

obtained within 48 hours was significantly lower in patients

of ischemic stroke than the control group. The platelet count

was also significantly lower in patients who later expired than

who survived.8 Leukocytosis also influences the prognosis.

Several mechanisms by which leukocytes may be implicated

in parenchymal brain injury include vessel plugging, release

of hydrolytic enzymes, oxygen free radicals or initiation of

thrombosis.9 Leukocytosis might also be a manifestation of

some common causes of fever (e.g., pulmonary or urinary tract

infections, sepsis, or pulmonary embolism from deep vein

thrombosis). Czlonkowska et al4 have also demonstrated

leukocytes as an independent predictor of 30-day case fatal-

ity in stroke patients. In our study, total leukocyte counts were

significantly higher in expired patients, both on univariate

and multivariate analysis. A high ESR value has been associ-

ated with large ischemic lesions and more severe deficits.3 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 poor outcome.10

Like other studies in the past, 4 in our study, a high ESR was

associated with a poor prognosis.

Elevated blood glucose has been implicated as a poor prog-

nostic factor for cerebral ischemia and hemorrhage.11 Animal

studies have demonstrated the aggravation of ischemic injury

by hyperglycemia.12 Diabetes predisposes to occlusive vascu-

lar disease but not to intracerebral hemorrhage.13 However,

in hemorrhagic strokes it predisposes to larger size of

hematoma and increased mortality at 30 days.14, 15 In diabet-

ics, ischemic strokes are often associated with large infarct

size and poor outcome due to decreased autoregulation and

changes in blood coagulability.13 Even in non-diabetic patients

with hyperglycemia, the size of the lesion and neurological

deficit were worse.16 Many studies deny the prognostic sig-

nificance of elevated blood glucose.17,18 Our study also did not

observe prognostic significance of blood sugar. In our series,

on univariate analysis, blood urea and creatinine levels were

found significantly higher in patients who later expired. High

creatinine significantly affected poor outcome on multivariate

analysis. No independent effect of urea was noted on mortal-

ity. Woo et al have demonstrated that higher plasma urea and

creatinine levels are associated with more severe stroke and a

low GCS score, however, these parameters have no independ-

ent effect on mortality. 18 We could not observe any prognostic

value of electrolyte estimations. Among liver function tests

serum transaminases and globulin levels were found to be sig-

nificantly associated with poor outcome on univariate analy-

sis. After multivariate analysis, only SGPT correlated with

poor outcome. Low albumin levels were related to increased

incidence of hemorrhagic stroke.19 Low albumin, globulin ra-

tio was found to predispose to recurrent strokes.20

Serum lipids have been linked to a higher risk of ischemic

stroke. 21 An inverse association exists for total cholesterol and

cerebral hemorrhage. A greater mortality is observed from

hemorrhagic stroke with serum cholesterol levels under 160

mg/dL.22 In a recent study total cholesterol measured within

24 hours suggested that higher levels of cholesterol were as-

sociated with a favorable early outcome after ischemic stroke.23

We could not establish any prognostic significance of choles-

terol levels.

In conclusion, a high ESR, total leukocyte count, creatinine

and SGPT and a low GCS score at admission are independ-

ent predictors of 30-day fatality in acute stroke.
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