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ABSTRACT

Objective: To assess the risk of survival in acute stroke using the MDRD equation 
derived estimated glomerular filtration rate.
Design: A prospective observational cross-sectional study.
Setting: Medical wards of a tertiary care hospital.
Subjects: Eighty three acute stroke patients had GFR calculated within 48 hours of 
admission after basic data were captured. 
Outcome measures: Stroke outcome was defined as either discharged or still-in-care 
(survived) or all cause in-hospital death. GFR was estimated by the MDRD equation, 
stroke severity was assessed by the Canadian Neurological Scale (CNS). Data were 
compared between the GFR groups of < 60ml/min and ≥ 60ml/min. Relative risks (RR) 
and odds ratios (OR) for stroke outcomes (survival and death) were estimated between 
the GFR groups and the homogeneity of the odds ratios among the different layers of 
stroke severity (CNS < 6.5 and ≥ 6.5)  was determined by Breslow-Day and Tarone’s 
test.  Matanel Hazensel and Cochran’s  tests were used to determine conditional 
independence and the common odds ratio with stroke severity as a layering variable.
Results: No significant differences were found between the age and sex distribution of 
the two GFR groups. Serum urea and creatinine and CNS were significantly different 
between the GFR groups (p<0.001, <0.001, <0.001). RR of survival and death for the 
GFR groups-less than 60ml/min and above or equal to 60ml/min were (0.425 and 1.204) 
and (2.360 and 0.830). The OR of survival for GFR below 60ml/min compared to GFR 
above or equal to 60ml/min was 0.353. There was homogeneity across the two layers of 
stroke severity (CNS score less than 6.5 and above or equal to 6.5), p=0.612 and 0.612.
Conclusion: Independent of stroke severity, GFR is a surrogate in the assessment of 
the risk of survival in acute stroke 

INTRODUCTION

Stroke is independently associated with impairment 
in the structure and function of the glomerulus. 
(1). Estimated Glomerular Filtration Rate (GFR) as 
determined by the four-item Modification  of diet 
in renal disease (MDRD) equation is a fairly reliable 
way of estimating renal filtration function albeit 
with some drawbacks and GFR below 60 ml/min 
per 1.73 metres squared of body surface area over a 
period of at least three months defines chronic kidney 
disease(CKD) (2-6).
	 Normal renal function is primordial to the 
maintenance of homeostatsis and conversely, 
impaired renal function indirectly influences the 
outcome of acute and chronic diseases of other 
organ systems as have been amply demonstrated in 
cardiovascular diseases including strokes in related 
studies (7,8).

Acute stroke outcome is generally influenced among  
other things by the severity of the stroke, presence 
of co-morbidities like poor renal function, age of the 
patient and the quality of care received (9). Poor renal 
function as measured by the GFR influences acute 
stroke outcome negatively both in terms of survival 
and functional disability (7,8).
	 This study prospectively  investigated the risk of 
survival in a cohort of acute stroke patients without 
previously known renal disease, using admission 
GFR in a tertiary care hospital in sub- Saharan Africa.  

MATERIALS AND METHODS

Eighty three acute stroke patients, without previously 
known renal disease, that were consecutively 
admitted into the general medical wards of a tertiary 
care hospital out of an estimated ninety patients over 
a three month period, had GFR calculated within 
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forty eight hours of admission after basic data of 
age, sex, Glasgow Coma Scale (GCS), stroke severity, 
stroke sub-type, blood sugar, serum creatinine, 
serum urea and urine protein were captured with the 
study pro forma. History of hypertension, diabetes 
mellitus, alcohol consumption and tobacco smoking 
were also obtained.  All patients were followed up 
prospectively for outcome in ninety (90) days from the 
day of admission into the wards . Stroke outcome was 
defined as either discharged or still-in-care (survived) 
or all cause in-hospital death.
	 Serum creatinine was tested for by using the 
alkaline picric acid method described by Jaffe and  
GFR was estimated by the 4-item MDRD equation, 
GFR in ml/min/1.73m2  of body surface area = 186 x 
creatinine-1.154  x  Age-0.203  x 0.742 (if female) x 1.21 
(if black). Stroke severity was assessed by the Canadian 
Neurological Scale (CNS), and stroke pathologic type 
was characterised by cranial computed tomography or 
magnetic resonance imaging (MRI) as either cerebral 
infarct or intra-cerebral haemorrhage. Biochemical 
parameters were obtained from the hospital’s main 
laboratory. Patients with acute kidney injury and 
known CKD were excluded. Study was approved 
by the institutional review board (ethics committee).
	 Basic data were described as means (standard 
deviation) and  percentages and were compared 
between the GFR groups  of  above or equal to 60ml/
min and below 60ml/min. Means were compared 
to the independent t-test and categorical or discrete 
variables were compared with chi-square for any 

significant difference(s).
	 Relative risks and odds ratios for stroke outcomes 
(survival and death)  were determined between the 
GFR groups on a crosstab  and the homogeneity of 
the odds ratios among the different layers of stroke 
severity (CNS score less than 6.5 and above or 
equal to 6.5)  was determined by Breslow-Day and 
Tarone’s test of homogeneity.  Matanel Hazensel and 
Cochran’s  tests were used to determine conditional 
independence and the common odds ratio with stroke 
severity as a layering variable. Analysis was done 
with SPSS version 17 and P-value of  less than 0.05 
was taken as significant for all tests.

RESULT

A total of 83 patients were seen with a mean age of 
63.28 ± 15.27 years (median 65 years, range 21-94) 
comprising 30 (36.1%) females and 53 (63.9%) males 
and no significant differences were found between 
the age and sex of patients of both GFR groups 
(p=0.245 and 0.167). Urea, creatinine, GCS and CNS 
score were significantly different between the eGFR 
groups, p<0.001, <0.001, <0.001, <0.001 respectively 
(Table 1). Proteinuria, stroke outcome and sub-type, 
history of hypertension and  diabetes mellitus, history 
of alcohol consumption and tobacco smoking were 
however not significantly different between the GFR 
groups (p=0.923, 0.179, 0.378, 0.068, 0.179, 0.548,0.415 
respectively) Table 1.

Table 1
Comparing basic characteristics of the study groups

Parameter eGFR<60ml/hr eGFR≥60ml/hr P Total
Mean Age (sd)- yrs 67.00(13.38) 62.25(15.59) 0.245 -
Sex(f/m) 9/9 21/44 0.167 30/53
History of hypertension(yes/no) 11/7 53/12 0.068 -
History of diabetes(yes/no) 7/11 15/50 0.179 -
History of alcohol(yes/no) 2/16 11/54 0.548 -
History of smoking(yes/no) 1/17 8/57 0.415 -
Proteinuria (n) -nil/1+/2+/3+ 7/ 4 / 4/ 3 22/18/12/9 0.923 -
Stroke subtype(ich/ci) 9/9 25/40 0.378 -
Outcome (survived/dead) 2/16 17/48 0.179 -
Mean urea(sd)- mg/dl 116.61(71.73) 44.29(20.96) <0.001 -
Mean creatinine(sd)- mg/dl 2.17(1.18) 0.971(0.16) <0.001 -
GCS(<8/ ≥8) 10/7 13/33 <0.001 -
CNS(<6.5/≥6.5) 2.70(3.00) 7.36(4.49) <0.001 -
N 18 65 - 83

eGFR –estimated glomerular filtration rate
sd-standard deviation
ci-cerebral infarct
ich-intracerebral haemorrhage
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Relative risk of survival and death for GFR below 60ml/min was 0.425 and 1.204 respectively (95% confidence) 
and for GFR above or equal to 60ml/min, the relative risk of survival and death were 2.360 and 0.830 (Table 2).
The odds ratio for survival for eGFR below 60ml/min compared to eGFR above or equal to 60ml/min was 
0.353, that is  GFR below 60ml/min was 0.353 times likely to survive compared to GFR above or equal to 
60ml/min (Table 2).

Table 2
Showing the risk estimates of survival and death of GFR 0-59ml/min compared to 60ml/min and above

Value 95% CI
OR of GFR 0-59ml/min compared to 60ml/min and 
above for survival 

0.353 0.073-1.698

RR of survival for cohort  GFR (0-59ml/min) 0.425 0.108-1.670
RR of death for cohort GFR (0 -59ml/min)  1.204 0.968-1.497
N 83

OR= odds ratio
RR= relative risk
CI=confidence interval

There was homogeneity across the two layers of stroke severity (CNS score less than 6.5 and above or equal 
to 6.5), p=0.612 and 0.612 respectively (Table 3).

Table 3
Showing tests of  homogeneity of odds ratio across layers of stroke severity(CNS of below 6.5 and 6.5 and above)

chi-square p
Breslow-Day 0.258 0.612
Tarone's 0.258 0.612

CNS=Canadian Neurological Scale

Tests of conditional independence between the GFR and stroke outcome was not significant, p=0.210 and 
0.377, and the common odds ratio was 0.358, consistent with the odds ratio calculated from the cross tab 
above. (Tables 4 and 5 respectively).

Table 4
Showing tests of conditional independence  between eGFR and stroke outcome after adjusting for stroke severity

chi-squared p
Cochran's 1.574 0.210
Mantel-Haenszel 0.780 0.377

Table 5
Showing tests of common odds ratio estimate

Estimate p 95% CI
0.358 0.223 0.069-1.866

CI = Confidence interval
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DISCUSSION

Estimated GFR as determined by the MDRD equation 
is a reliable assessment of glomerular filtration rate, 
which is a measure of renal excretory function (3). 
Declining renal function takes its toll on homeostasis 
and exacts negatively on the outcomes of diseases of 
other organ systems (10-13).
	 In this study, the mean age and sex of study 
subjects were not significantly different between the 
GFR groups but the higher mean age of the group 
with GFR below 60ml/min is noted. Declining 
GFR is clearly associated with advancing age, male 
sex, hypertension, diabetes  mellitus and tobacco 
smoking but less clearly with alcohol consumption  
(7,8,14-16). The presence of proteinuria in declining 
GFR is however known to further improve the risk 
stratification for adverse cardiovascular outcomes 
(17,18).The absence of significant differences 
between the GFR groups in  proteinuria, history of 
hypertension, diabetes, alcohol consumption and 
smoking in this study attenuates the contributions 
of these conditions to the declining renal function in 
the group with GFR below 60ml/min. 
	 The significantly higher mean serum creatinine 
and urea in the lower GFR group are expected findings 
in comparison with the group with the higher GFR as 
they are both measures of renal excretory function. 
(19). GCS and CNS were also significantly lower in the 
group with GFR below 60ml/min, findings consistent 
with earlier related studies (20). Stroke severity as 
measured by the CNS and indirectly by the GCS is 
a reliable predictor of acute stroke outcome (9).
	 There were more in-hospital deaths in the group 
with GFR below 60ml/min as shown in similar 
studies, the difference was however not significant  
(21). Stroke sub-types were also not significantly 
different between the groups, though there was a 
comparatively higher percentage of intra-cerebral 
haemorrhage in the lower GFRgroup as in related 
studies and this may largely derive from the higher 
blood pressure associated with this sub-type of stroke 
as well as the altered haemostasis in declining renal 
function (16,22,23).
	 Remarkably the risk of survival was worse in 
the group with GFR below 60ml/min and the event 
odds (survival or death) were not significantly 
influenced by the severity of the stroke as shown in 
the homogeneity of the odds ratio across the stroke 
severity groups (13, 23). This last point becomes 
relevant when viewed in the light of the fact that 
stroke severity was significantly worse in the group 
with GFR below 60 ml/min. It is noteworthy also 
that the independence of the relationship between 
the risk of survival and GFR was not obscured by 
stroke severity and the consistency shown between 
the initial and common odds ratio is corroborative.
We can safely conclude that GFR, determined by 

the MDRD equation, is a reliable surrogate for the 
assessment of the risk of outcome in acute stroke 
independent of the severity of the stroke in the 
population studied as shown in other climes (25-27).
The small sample size and the estimation of GFR on 
admission when clinical stability might not be safely 
guaranteed are limitations of this study. Larger studies 
would probably better clarify the issues raised.
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