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Abstract  
Acute kidney injury (AKI) is a common complication after acute stroke. Multiple additional risk 

factors are also responsible for development of AKI during acute stroke. This cross sectional 
observational study was conducted with a total of 240 newly detected computed tomography (CT) 
confirmed acute stroke patients in Mymensingh Medical College Hospital with an aim to find out the 

incidence and risk factors of AKI in acute stroke. In this study, AKI developed in 15.42% of all types 
of acute stroke and more commonly in haemorrhagic stroke than in ischaemic stroke (23.44% vs. 
12.50%, P<0.05). AKI was found more frequently (54.05%) in old >60 years age group and in male 

patients(17.93% vs. 11.58% & P>0.05). Again, AKI developed most commonly in chronic kidney 
disease (CKD) (33.33%, P<0.05) and then in diabetes mellitus (DM) (31.03%, P<0.05), in 
ischaemic heart disease (IHD) (28.11%, P<0.05), in hypertension (21.14%, P<0.05), in previous 

stroke (15.22%, P>0.05), in dyslipidaemia (13.33%, P>0.05), and in smoker (9.89%, P>0.05). 
Family history of (H/O) DM was present in 30.00% (P>0.05) and that of hypertension and kidney 
disease was present in 24.44% (P>0.05) and 25.00% (P>0.05) of stroke patients, respectively. 

Among the AKI patients, majority (70.27%) had hypertension and 37.84% had CKD, 29.73% had 
IHD. DM and smoker were 24.32%of each. Family H/O of hypertension, DM and kidney disease 
was present in 29.73%, 16.22% & 13.51 % of AKI patients, respectively. So, this study had 

identified several important risk factors of AKI, in particular age, sex, smoking, hypertension, DM, 
IHD, CKD and types of stroke. So, the risk score could be easily calculated to predict the risk of AKI 
in stroke patients. And thus to prevent the development of AKI is of utmost importance to reduce 
the related morbidity and mortality of acute stroke patients. A multicenter nationwide intensive 

research is needed to identify the precise mechanism, risk factors, their relation and actual 
outcome of AKI that develop in patients with acute stroke. 
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Introduction  
Acute Kidney Injury (previously termed as 
acute renal failure) was previously defined 
as - "an abrupt decline in renal function 
which is usually reversible, developing 
over a period of hours to days".

1
 But 

recently AKI is defined as any of the 
followings – 
 Increase in SCr by ≥ 0.3 mg/dl (≥26.5 

µmol/l) within 48 hours; or 
 Increase in SCr to ≥1.5 times 

baseline, which is known or 
presumed to have occurred within the 
prior 7 days; or 

 Urine volume <0.5 ml/kg/h for 6 
hours.

2
 

 

The incidence of AKI is increasing at an 
alarming rate.

3
 The development and 

validation of the new AKI diagnostic 
criteria, namely RIFLE (Risk, Injury, 
Failure, Loss, and End-stage kidney 
Disease) and AKIN (Acute Kidney Injury 
Network) staging are significant 
advancement in the study of AKI 
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syndrome and permit accurate comparisons 
among different studies.

3
 RIFLE/AKIN 

criteria provide a uniform definition of AKI, 
and have become the standard for 
diagnostic criteria.

2 

  
Stroke is the third leading cause of death 
after heart disease and cancer in developed 
countries.

4,5
 The incidence of stroke varies 

in different countries worldwide. Renal 
function impairment has been associated 
with a high prevalence of cardiovascular 
disease (CVD) including stroke. Although 
acute stroke and ischaemic heart disease 
share the same atherosclerotic risk factors, 
the association of renal function and stroke 
is poorly investigated.

4 

  
AKI develops more frequently in older 
persons, with a higher creatinine and lower 
glomerular filtration rate (GFR) at baseline 
and with pre-existent IHD or chronic heart 
failure (CHF). At the same time, the 
baseline renal function is a significant 
independent marker for short-term survival 
after an acute stroke (even after adjustment 
for baseline comorbidities) and is a risk 
factor for subsequent AKI.

6 

  
The brain and kidney has a similar vascular 
structure.

7
 As a result, microvascular 

damage to both organs can lead to renal 
impairment with reduced GFR and 
asymptomatic or symptomatic brain infarcts 
with white matter lesions.

4,8,9,10 

  
For the kidney, damage markers are 
albuminuria/proteinuria and a reduction in 
estimated glomerular filtration rate (eGFR), 
which is also a marker of CKD. On the other 
hand, small vessel alterations documented 
by magnetic resonance imaging (MRI) are 
the markers of brain damage. Recently, 
clinical investigations have suggested a 
close relation between these damage 
markers in the kidney and the brain.

11
 

Although mild AKI is clinically reversible, 
but, endothelial damage with tubular 
inflammation in the tissue level and 
activation of intrarenal fibrotic pathways 
during kidney repair may gradually damage 
kidney structure, leading to proteinuria, 
hypertension, and progressive decline in 
renal function leading to CKD.

12,13,14,15
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Bangladesh is a small country in South Asia 
with high density of population (an average 
of 964 inhabitants / square kilometer).

16
 The 

prevalence of stroke here is 3 per 1000 
above the age of 40 years.

17
  

Still there are few studies to describe the 
incidence of AKI in a single cohort of 
patients with acute stroke.

18
 The main 

objective of this study was to find out the 
incidence and risk factors of AKI in acute 
stroke. 
 
Materials & Methods  
This cross sectional observational study 

was conducted in Mymensingh Medical 

College & Hospital (MMCH) from July 2012 

to June 2014. A total of 240 patients with 

acute stroke, admitted within 7 days of 

onset of symptoms and above 18 years of 

age, that fulfilled the inclusion and exclusion 
criteria were included in this study. A 

structured case record form was used which 

included details history, physical findings, 

results of serial measurement of serum 

creatinine on admission, on Day 2 & on Day 

7, CT scan of brain and other relevant 

laboratory investigations.  
The diagnosis of acute stroke was based on 

WHO definition of stroke, with the support of 

convincing history, compatible clinical 

examination finding and confirmed by CT 

scan of brain. AKI was diagnosed by either 

an increase in serum creatinine by ≥ 0.3 

mg/dl (≥26.5 µmol/l) within 48 hours; or 

increase in serum creatinine to ≥1.5 time's 

baseline, which was known to have 

occurred within the prior 7 days.
2
 As 

baseline serum creatinine (before the 

present illness) was not known in most of 

the cases, so serum creatinine level at 

admission was taken as baseline serum 

creatinine.  
Patients were evaluated meticulously with 
history, clinical examination and necessary 
investigations at time of hospital visit. All 
investigations were done in clinical 
pathology laboratory, biochemistry 
laboratory and radiology department of 
Mymensingh Medical College Hospital.  
Patients were classified in AKI group or 
Non-AKI group based on KDIGO Clinical 
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Practice Guideline for Acute Kidney Injury, 
2012. Data were analysed according to 
standard statistical method using computer 
based software.  
Observations and Results  
This study included a total 240 patients with 

acute stroke, confirmed by CT scan of brain. 

Out of 240 acute stroke patients 37 patients 

developed AKI according to "KDIGO Clinical 

Practice Guideline, 2012" definition of AKI 

and proportion of AKI was 15.42% among 

the acute stroke patients (Table 1). 
  
The mean age of the study subjects was 
63.36±13.86 years with the youngest and 
oldest participants were 23 and 90 years & 
that of AKI and Non AKI patients were 65.59 

± 13.67 & 62.95 ± 13.89 respectively ( P 

value=0.2812) (Table II).  
 

In this study, out of 37 AKI patients majority 
(54.05%) were from >60 years age group, 
40.54% between 41 - 60 years and the 
remaining 5.41% patients were <40 years 
age group. Among 183 non-AKI patients 
majority (53.20%) were from >60 years age 
group. Group, 41.38% between 41 - 60 
years and the remaining 5.42% patients 
were <40 years age group (χ

2
= 0.0096 & P 

> 0.05). So, the observed difference of AKI 
in different age group of the study 
population was not statistically significant 
(Table-III).  
 
Out of 145 male patients, 26 (17.93%) 
patients developed AKI, and out of 95 
female patients 11 (11.58%) patients 
developed AKI (P value = 0.1826). So, the 
difference of AKI between male & female 
stroke patients was not statistically 
significant (Table-II). 
  
In this study, majority, 176 (73.33%) had 
ischaemic stroke and 64 (26.67%) had 
haemorrhagic stroke AKI developed in 
14(23.44%) of haemorrhagic stroke patients 
and 23(12.50%) of ischemic stroke patients 
(P value = 0.0380). So, the observed 
difference of AKI in between haemorrhagic 
& ischaemic stroke was statistically 
significant (Table-II). 
  
Among the study population, AKI developed 
in 9.89% of smoker stroke patients, 21.14% 
of hypertensive stroke patients, 28.11% 
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stroke patients with IHD, 31.03% diabetic 

stroke patients, 33.33% stroke patients with 

CKD, 13.33% patients with dyslipidaemia 

and 15.22% with previous stroke. Family 

H/O hypertension, DM and kidney disease 

was present in 24.44%, 30.00% and 

25.00% of stroke patients, respectively 

(Table-II). 
  
Among AKI patients, 24.32% were smoker 
70.27% had hypertension, 29.73% had IHD,  
24.32% had DM, 37.84% had CKD, 21.62% 
had dyslipidaemia and 18.92% had 
previous stroke. 29.73% AKI patients had 
family H/O of hypertension, 16.22% patients 
had family H/O of DM, and 13.51 % patients 
had family H/O of kidney disease (Figure -
1). 
  
Among the Non AKI patients, 40.39% were 
smoker, 47.78% were hypertensive, 13.79% 
had IHD, 9.85% had DM, 13.79% had CKD, 
25.62% had dyslipidaemia and 19.21% had 
H/O previous stroke. Family history of 
hypertension, DM and kidney disease was 
present in 16.75%, 6.90% and 7.39%, 
respectively (Figure -1). 
 
 
Table I: Observed acute kidney injury (AKI) 

among the entire study patients with acute 

stroke (n = 240).  
Group Frequency Percent 

AKI 37 15.42% 

Non-AKI 203 84.58% 
Total 240 100.00% 
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Table II: Baseline characteristics of study 

patients & sub-groups according to AKI 

presence.  

Characteristics 
 Frequency  

P value 

 

Total 
(n=240) 

AKI 
(n=37) 

Non AKI  

(n=203)   

Age (Years) (Mean±SD) 63.36±13.86 65.59 ± 13.67 62.95 ± 13.89 0.2812NS
 

 

Male (n %) 145 (100) 26 (17.93) 119 (82.07) 0.1826 NS
 

 

Female (n %) 95 (100) 11 (11.58) 84 (88.42) 0.1826 NS
 

 

Haemorrhagic stroke (n %) 64 (100.00) 15 (23.44) 49 (76.56) 0.0380 *  

Ischaemic stroke (n %) 176 (100.00)     22(12.50) 154 (87.50) 0.0380*  

Smoker (n %) 91 (100.00)     9 (9.89) 82 (90.11) 0.0639 NS
 

 

Hypertension (n %) 123 (100.00) 26 (21.14) 97 (78.86) 0.0118*  

Ischaemic heart disease (n 
%) 

39 (100.00) 11 (28.11) 28 (71.79) 0.0145*  

Diabetes Mellitus (n %) 29 (100.00) 9 (31.03) 20 (68.97) 0.0130*  

Chronic kidney disease (n 
%) 

42 (100.00) 14 (33.33) 28 (66.67) 0.0004**  

Dyslipidaemia (n %) 60 (100.00) 8 (13.33) 52 (86.67) 0.6058 NS
 

 

Previous stroke (n %) 46 (100.00) 7 (15.22) 37 (84.78) 0.3861 NS
 

 

Family history         

Hypertension (n %) 45 (100.00) 11 (24.44) 34 (75.56) 0.0628 NS
 

 

Diabetes mellitus (n %) 20 (100.00) 6 (30.00) 14 (70.00) 0.0592 NS
 

 

Kidney disease (n %) 20 (100.00) 5 (25.00) 15 (75)  0.2151 NS
  

 
 

(Figures within parentheses indicate 
percentage.) 
 

*= Significant at 5% level of probability 
(p<0.05). 
**= Significant at 1% level of probability 
(p<0.01). 
 

NS = Not significant (p>0.05). 
 
3: Age distribution:  
Table III: Distribution of patients by age (n 
= 240)  

Age (Years)  AKI Non AKI Frequency  
 

        
 

<40 2 (5.41) 11 (5.42) 13 (5.42) 

χ2
=0.0096 

 

41-60 15 (40.54) 84 (41.38) 99 (41.25) 
 

>60 20 (54.05) 108 (53.20) 128 (53.33) P = 0.9952 
 

Total 37 (100.00) 203 (100.00) 240 (100.00)  
 

(Figures within parentheses indicate  
percentage.) 
  
# Data was analyzed using Chi-square (χ

2
) 

Test. χ
2
= 0.0096 & P > 0.05. So, the 

observed difference of AKI in different age 
group of the study population was not 
statistically significant. 
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4: Risk factor distribution:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Distribution of risk factors & their 

relation with AKI among the participants (n 

= 240) 
 
Discussion: 
 
This cross sectional observational study has 
reported the incidence of AKI in acute 
stroke and has identified the known risk 
factors and their relation with AKI in patients 
with acute stroke. In this study, AKI 
developed in 15.42% of acute stroke 
patients (Table I), which was higher than 
the findings of the study of Covic et al. 2008 
& Bagshaw, SM. 2006 but much lower than 
that of Tsagalis et al. 2009. In their study, 
both Covic et al. 2008 & Bagshaw, SM. 
2006 found that the prevalence of AKI was 

14.5%.
6,19

 In another study, Tsagalis et al. 
2009 found that 26.7% of acute stroke 
patients developed AKI. High incidence of 
AKI in their study was due to the increased 
age (mean age 70.3 ± 11.9 years.), low 
baseline GFR, and the use of a high-
sensitivity definition for the detection of AKI. 
In their study, only 13.4% of patients with an 
eGFR >60 ml/min developed AKI, whereas 
the percentages for patients with an eGFR 
of 30 to 60 and <30 ml/min were 41.2 and 
81.0%, respectively. So, preexisting renal 
dysfunction was a major contributor to the 

occurrence of AKI in their study.
12

  
 
In this study, AKI developed more 
frequently in haemorrhagic stroke than in 
ischaemic (23.44% vs. 12.50%, P=0.0380) 
(Table II) 
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This difference of AKI in different types of 
stroke was statistically significant. This 
findings were also similar to another study 
of Tsagalis et al. 2009, they have showed 
the incidence of AKI was 14.5% & was 
associated with an increased 30-d mortality 
(43.1 versus 12.8% in patients without 
AKI).

12
 In a separate study in 2012, Khatri et 

al. found that AKI complicated 14% of 
ischemic stroke and 21% of haemorrhagic 
stroke.

9 

  
According to this study, AKI developed more 
commonly in male patient than in female 
patient (17.93% vs. 11.58%, P=0.0634) 
(Table II). This sex difference of AKI in 
stroke patients was not significant. This 
finding was comparable to the study of 
Covic et al. 2008. They have showed that 
AKI developed in 49.7% of male patients & 
50.3% of female patients.

6
 This observed 

difference may be due to less hospital 
admission of the neglected female patients 
for better & earlier medical care which is still 
prevailing in our society. 
  
In this study, majority of the AKI patients, 20 
(54.05%) were from >60 years of age (Table 

III) and Mean age was 65.59 ± 13.67 years 

(Table II). These findings were comparable 
to the study of Covic et al. 2008. They have 
showed that the mean age of the study 
subjects was 66.1 ± 11.5 years and that of 
AKI & non AKI patients was 65.2 ± 11.5 

years and 71.5 ± 9.7 years, respectively.
6
 

This higher mean ± SD of age of the study 
subject and non-AKI group in their study 
were due to inclusion of more old aged 
patients, as prevailing in their society. 
  
In this study, 21.14% of hypertensive stroke 
patients, developed AKI (P value = 0.0118) 
(Table II). This finding was statistically 
significant and was comparable to the 
findings of another study by Tsagalis et al. 
2009. They reported that 27.33% of the 
hypertensive stroke patients developed 
AKI.

12
 Similarly, 31.03% of diabetic stroke 

patients developed AKI (P value = 0.013) 
(Table II). This finding was statistically 
significant & was comparable to the study of 
Covic et al. 2008. They had observed that 
AKI developed in 39.8% diabetic stroke 
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patients.

6
 In a separate study, in 2009, 

Tsagalis et al. reported that 27.86% of the 
diabetic stroke patients developed AKI.12 
These observed differences may be due to 
higher prevalence of hypertensive and 
diabetic patients in their society, as well as, 
less awareness of the population & less 
availability of regular health care facilities in 
our society.  
 

Again, AKI developed most commonly in 
CKD (33.33%) and then in IHD (28.11%), 
previous stroke patients (15.22%), 
dyslipidaemia (13.33%), and in smoker 
(9.89%). Family H/O DM was present in 
30.00% of stroke patients and that of 
hypertension and kidney disease was 
present in 24.44% and 25.00% of stroke 
patients, respectively. These findings were 
comparable to the study of Tsagalis et al. 
2009. They had found the higher incidence 
of AKI, eg. 79.20% % in IHD, 62.44% in 
dyslipidaemia, 25.33% in smoker, 22.48% 
with previous stroke, due to presence of 
preexisting renal dysfunction among the 
older population with multiple comorbidities 
in their study patients.

12
  

 

Among the AKI patients, majority (70.27%) 
had hypertension and then 37.84% had 
CKD, 29.73% had IHD. DM and smoker 
were both in 24.32% of AKI patients. Family 
H/O of hypertension, DMand kidney disease 
was present in 29.73%, 16.22% & 13.51 % 
of AKI patients, respectively. These findings 
are comparable to the findings of Tsagalis et 
al. 2009. They had also found almost similar 
prevalence of these risk factors eg. 
hypertension (71.1%), smoking (29.20%), 
and dyslipidaemia (28.50%), DM (26.60%) 
and IHD (21.6%) of AKI in acute stroke.

12
 

The study had several possible clinical 
implications and had identified some 
independent risk factors of AKI, in particular 
age, sex, smoking, hypertension, IHD, DM, 
CKD and types of stroke. So, the risk score 
could be easily calculated to predict the risk 
of acute kidney injury in acute stroke 
patients.  
 

Patients with AKI have a higher risk of later 
development of CKD. So prevention, early 
diagnosis and proper management of AKI 
are of utmost importance to reduce the 
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related morbidity and mortality of acute 
stroke patients and also to reduce the 
economic burden of the patients by 
decreasing the need for Dialysis.  
 

Nonetheless, this study has several 
limitations. This is a tertiary hospital based 
study and included a small sample size due 
to time & cost limitations. So, this study may 
not reflect the real scenario of the country. 
Moreover, very few patients had their 
documented baseline renal function before 
admission, it is unclear to what extent the 
first creatinine reflects "baseline" kidney 
function.  
Conclusion: 
 
AKI is a common complication after acute 
stroke. Multiple additional risk factors are 

responsible for development of AKI during 
acute stroke. Hypertension, CKD, IHD and 

DM are the most prevalent risk factors. 
Smoking habit, previous stroke, 

dyslipidaemia and family history of 

hypertension, diabetes mellitus & kidney 
disease are also responsible for AKI during 

acute stroke. So identification & avoidance 
of these risk factors in the early hours of 

hospitalization is of utmost importance to 
prevent the development of AKI in acute 

stroke patients. Nationwide study with 
random sampling is necessary for 

generalization of the findings and to identify 

the precise mechanism, risk factors and 
actual outcome of acute kidney injury that 

develop in patients with acute stroke. 
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