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ABSTRACT 
 
The adverse outcome after cerebrovascular stroke (CVS) is determined not only by the neurological deficits 
but also by medical comorbidities including kidney dysfunction. We studied the frequency of acute kidney 
injury (AKI) with CVS and its relationship to short-term mortality. This study included 80 patients with stroke 
(mean age: 62.5 ± 6.2 years). Stroke severity was determined using Scandinavian Stroke Scale (SSS). 
Serum creatinine (SCr), creatinine clearance (CrCl) and kidney injury molecule-1 (KIM-1) concentrations 
were the measured markers of AKI. Follow-up was done for 3-months or till death. Cox proportional hazards 
model was used to evaluate contributors to mortality. Compared to reference group, patients had higher SCr 
(p < 0.05) and KIM-1 (p < 0.001) and lower CrCl (p < 0.01). The majority of patients (86.25%) had normal 
SCr, while 57.5% had lower CrCl (<70 ml/min) and 92.5% had higher KIM-1 (>0.75 ng/ml). Mortality rate 
was 35%. Compared to survivors, patients who died had lower SSS, higher SCr and KIM-1 and lower CrCl 
(all p < 0.001). Higher SCr [Hazard ratio (HR), 1.65; 95% CI, 1.41 to 1.93], KIM-1 [HR, 1.63; 95%CI, 1.21 to 
2.19] and lower CrCl [HR, 1.34; 95% CI, 1.09 to 1.65] significantly predicted worse short-term survival. We 
conclude that AKI is a common complication of CVS. Increase in SCr, KIM-1 and decrease in CrCl 
concentrations are associated with worse short-term outcome with stroke.  
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INTRODUCTION 
 
Cerebrovascular stroke (CVS) is a major cause of 
disability and poor quality of life. The high rates of 
disability and mortality due to CVS are determined not 
only by the neurological deficits but also by the 
associated medical comorbidities as cardiovascular 
disease, hypertension, diabetes and renal dysfunction 
(de Haan et al., 1995; M’Buyamba-Kabangu et al., 1995; 
MacWalter et al., 2002; Tsagalis et al., 2009; Theofanidis, 
2015).  

Acute kidney injury (AKI) is characterized by abrupt 
deterioration in kidney function which clinically 
manifesting as a reversible acute increase in nitrogen 
waste products, measured by blood urea nitrogen (BUN) 
and serum creatinine (SCr) levels with or without reduced 
urine output over the course of hours to weeks (Schrier et 

al., 2004). AKI is a common comorbid condition in the 
community with different medical events which include 
cardiovascular disease (Smith et al., 2003), diabetes 
mellitus (Kelly et al., 2009; Vaidya et al., 2011; Fu et al., 
2012), hypertension (Perneger et al., 1993) and 
cerebrovascular stroke (MacWalter et al., 2002; Tsagalis 
et al., 2009; Zacharia et al., 2009; Kobayashi et al., 2010; 
Rayes et al., 2011) and intensive care unit (Hoste and 
Schurgers, 2008). AKI has an estimated incidence of 2 to 
3 cases per 1,000 persons. Seven percent of hospitalized 
patients and about two-thirds of patients in intensive care 
units can develop AKI (Liano and Pascual, 1996; Hoste 
and Schurgers, 2008). Although, AKI is common and 
imposes a heavy burden of illness (morbidity and 
mortality), however, it  is  amenable  to  prevention,  early  
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detection and treatment.  

In 2012, AKI was defined according to the Kidney 
Disease Improving Global Outcomes (KDIGO) (KDIGO 
AKI Work Group 2012) as any of the followings: increase 
in SCr by ≥0.3 mg/dl (≥26.5 µmol/l) within 48 h; or 
increase in SCr to ≥1.5 times baseline, which is known or 
presumed to have occurred within the prior 7 days; or 
decrease in urine volume to <0.5 ml/kg/h for 6 h. 
However, in current clinical practice, diagnosis and 
classification of AKI is based on elevations in serial SCr, 
BUN, creatinine clearance (CrCl) and raised ratio of urea 
to Cr. SCr and BUN are insensitive and nonspecific 
markers for AKI. Increase in the SCr occurs few days 
after AKI. SCr and BUN primarily reflect changes in 
glomerular filtration and to a lesser extent tubular 
secretion thus are not true injury markers (Schrier et al., 
2004). In the last decade, new serum or plasma and 
urine renal markers have been identified. They are true 
markers of kidney injury, help to distinguish between 
various types of kidney insults, establish the duration and 
severity of injury, predict the clinical outcome and help to 
monitor response to treatment (Soni et al., 2009). Urinary 
AKI markers are classified as enzymes released from 
damaged tubular cells, low-molecular-weight proteins and 
proteins produced in the kidney and associated with the 
development of AKI and structural and functional proteins 
of renal tubules (Urbschat et al., 2011). Kidney injury 
molecule-1 (KIM-1) has been qualified by the Food and 
Drug Administration and European Medicines Agency as 
a highly sensitive and specific urinary biomarker to 
diagnose (at the earliest stages), differentiate, and 
monitor kidney injury from variety of acute and chronic 
kidney diseases. It is also useful in assessment of 
severity of and predicting compromised outcome or 
mortality due to AKI (van Timmeren et al., 2006; Liangos 
et al., 2007; Han et al., 2008; Vaidya et al., 2011) and for 
monitoring response to therapy (Waanders et al., 2009). 
KIM-1 is a marker for renal proximal tubular damage (van 
Timmeren et al., 2006). Tubular injury is the hallmark of 
proteinuric (van Timmeren et al., 2006), toxic (Dieterle 
and Marrer, 2008) and ischemic kidney diseases (Vaidya 
et al., 2011). KIM-1 is very low or is not detectable in 
healthy individuals and higher concentrations become 
detectable within few hours of ischemic acute tubular 
necrosis (Huang and Don-Wauchope, 2011). KIM-1 is a 
type I cell membrane glycoprotein and its structure has 
adhesion molecule properties. KIM-1 functional role is to 
confer on epithelial cells the ability to recognize and 
phagocytose dead cells that are present in the post-
ischemic kidney and contribute to the obstruction of the 
tubule lumen that characterizes AKI (Bailly et al., 2002). 
 
 
Aim of the study 
 
Limited studies were done to investigate AKI with acute 
CVS and its relationship to early, short-term and long-
term mortality. These  studies  rely  on  measurements  of  
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SCr and CrCl which are markers of glomerular filtration 
rate but they are less sensitive for detection of early 
kidney injury. This prospective study aims to determine 
the frequency of AKI in patients with CVS and its 
relationship to short-term mortality (3-months). This is the 
first study which investigates AKI in patients with acute 
stroke using KIM-1, a true and sensitive marker of acute 
ischemic tubular kidney injury. Early detection of AKI in 
the community of patients with CVS may provide valuable 
information related to the disease and vascular risk 
burdens, early intervention and preventive strategies as 
will be discussed latter.  
 
 
PATIENTS AND METHODS 
 
Study design 
 
This is a prospective study which included 80 consecutive 
hospitalized patients with acute CVS. 
 
 
Patients 
 
Patients were recruited (over a period of 3 months) from the 
hospitalized patients admitted to the departments of Neurology and 
Psychiatry, Assiut and Al-Azhar University Hospitals, Assiut, Egypt 
within one week of stroke onset. Stroke was defined as acute onset 
of focal neurological deficits attributable to cerebrovascular disease 
and documented by computerized tomography (CT) or magnetic 
resonance imaging (MRI). Inclusion criteria for patients were: 1) 
first-ever CVS, 2) age ranged from 40 to 65 years, 3) patients with 
ischemic or hemorrhagic strokes were included, and 4) patients 
admitted to the hospital within one week of stroke onset. Patients 
were regularly followed up monthly for 3 months or till death 
through the out-patient Neurology clinic of the University Hospitals 
to control for the therapeutic measures and secondary prevention. 

Informed consent to participate in the study was obtained from 
patients or their relatives. The local ethical committee of Assiut and 
Al-Azhar University Hospitals approved the study. Excluded from 
the study were patients with: 1) persistent disturbed level of 
consciousness; 2) brain ischemia due to cardio-respiratory arrest; 
3) pre-existing chronic renal failure; 4) emergent cardiac disease or 
undergoing cardiothoracic surgery; 5) exposure to intravascular 
contrast-media, nephrotoxic medications as aminoglycosides, and 
amphotericin, drug overdose or drug poisoning; 6) trauma; 7) 
sepsis; 8) heart failure; 9) glomerulonephritis from any cause e.g. 
infection, vasculitis, etc; 10) critical care; and 11) urinary tract 
obstruction. 
 
 
Assessment procedures 
 
Demographic and clinical characteristics 
 
Baseline medical and neurological assessments were done. 
Demographic data included: age, sex, and history of stroke 
vascular risk factors (e.g. smoking, hypertension, diabetes mellitus, 
hypercholesterolemia, cardiac disease and transient ischemic 
attacks). Drug history included history of use of over-the-counter 
(OTC) formulations and herbal remedies or recreational drugs. The 
social history included history of exposure to tropical diseases. 
Physical examination included evaluation of fluid status, signs for 
acute and chronic heart failure, and infection. Urine analysis and 
microscopic examination as well as urinary chemistries may be 
helpful  in  determining  the  underlying cause of AKI. Imaging tests,  



 
 
 
 
especially abdominal ultrasound, are important components of the 
evaluation for patients with AKI and for exclusion of urinary outlet 
obstruction. 

The degrees of patients’ motor and functional disabilities were 
determined using Scandinavian Stroke Scale (SSS) (Barber et al., 
2004). The SSS is a validated neurological stroke scale that 
evaluates stroke severity on a score from 0 to 58 with lower scores 
indicating more severe strokes. SSS takes <10 min to administer. 
 
 
Neuroimaging characteristics 
 
A non-contrast CT brain scan (GE BrightSpeed Elite 16 Slice CT- 
Japan) examination was done for all patients while MRI-brain 
(Philips 1.5T Achieva MRI, Netherland) was done in selected 
patients (as when CT revealed no abnormalities). The following 
radiological data were collected: presence of hemorrhage, infarct 
subtypes. The infarct size was defined as: a) large if the infarction 
involved more than half of a cerebral hemisphere; b) small if the 
infarction involved >15 mm in diameter but less than one half of a 
cerebral hemisphere; and c) lacunar if the infarction was <15 mm in 
diameter. Lacunar infarcts are localized to the territories of deep 
perforating arteries. 
 
 
Carotid color duplex examination 
 
Examination of the intima-media thickness of the carotid arteries 
(CA-IMT) was manually performed using a 5MHZ linear transducer 
of a color duplex flow imaging system (Acuson 128 XP, Acuson 
Corporation, Mountain View, CA, USA), which operates in several 
modes: real time B, color Doppler and spectral Doppler modes. We 
investigated the degree of stenosis in the common carotid artery 
(CCA). Significant stenosis of the cervical arteries, defined as a 

narrowing of ≥30% of the lumen (Widder et al., 1990). 
 
 
Ultrasonography (US) of the kidney 
 
US was done using a real time ultrasound equipment capable of B-
mode imaging, pulsed wave duplex scanning, color Doppler flow 
imaging and power Doppler imaging (GE, LOGIQ 3 Color Doppler 
Machine, Korea) using a convex-array probe (3.5 MHz). 
 
 
Laboratory measurements 
 
Laboratory measurements included: serum creatinine (SCr), 
electrolytes, complete blood count and differential, blood sugar 
(fasting and post-prandial), liver function, lipogram [serum total 
cholesterol (TC), triglycerides (TG), low density lipoprotein 
cholesterol (LDL-c), high density lipoprotein cholesterol (HDL-c)] 
and urine analysis. Serum levels of TC, TG, HDL-c and LDL-c were 
measured by enzymatic colorimetric method using the auto 
analyzer Hitachi 911 (Boehinger, Mannheim, USA). Serum 
creatinine (SCr) and urinary creatinine concentrations were 
analyzed using Roche/Hitachi 911 systems chemistry analyzer 
(Roche Diagnostics, Indianapolis, IN). Urine was collected for 24 h 
for estimation of creatinine clearance (CrCl). Urine samples were 
freshly collected and centrifuged at 1000 g for 5 min to remove 
particulate matter and the supernatants were stored at -20°C. The 
biomarkers were normalized to the urinary creatinine concentration. 
CrCl (ml/min) was calculated using the Cockroft and Gault (1976) 
formula: CrCl = (140−age) × weight (kg)/(serum creatinine × 
72[×0.85 for women]). We considered the cutoff normal higher limit 
value of SCr is 124 µmol/L and the cutoff normal lower limit value of 
CrCl is 70 ml/min. Urinary kidney injury molecule-1 (KIM-1) protein 
was  measured  using  a  sandwich  enzyme-linked  immunosorbent  
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assay (ELISA) kit (Uscn Life Science Inc.) (Han et al., 2008). We 
considered the cutoff normal higher limit value of KIM-1 is 0.75 
ng/ml. Laboratory results of patients were compared with values of 
reference group from our laboratory (matched for age and sex). 
 
 
Statistical analysis 
 
Calculations were done with the statistical package SPSS for 
windows, version 12.0 (SPSS Inc., Chicago, IL, USA). Categorical 
variables were compared with the χ2 test, and continuous variables 
were compared with the unpaired t test or Mann-Whitney U test as 
indicated. Continuous data were presented as means ± SD and 
categorical data as percentages. To evaluate which factors 
contribute to 3-months mortality, we used a univariate Cox 
proportional hazards model. Factors that were found to contribute 
to the outcome in the univariate analyses at p < 0.1 were included 
in the multivariate model. In the multivariate analyses, statistical 
significance was reached at p < 0.05. Associations are presented 
as hazards ratio (HR) with their corresponding 95%, confidence 
interval (CI). 
 
 
RESULTS 
 
This study included 80 patients with acute stroke (male = 
44; female = 36), with mean age 62.5 ± 6.2 years. The 
majority of patients had ischemic stroke (72.5%) while 
27.5% had hemorrhagic stroke. Among patients with 
ischemic stroke, 57.5% had large sized infarctions. 
Smoking, hypertension, diabetes, ischemic heart disease, 
hypercholesterolemia/dyslipidemia and carotid stenosis 
were the associated vascular risk factors. The mean 
value for stroke severity on admission as assessed by 
SSS was 42.43 ± 10.93. Table 1 showed the 
demographic, clinical and laboratory characteristics of the 
studied groups. Compared to values from the reference 
group, patients with stroke had lower urinary volume/24 
hours (range = 380.00 to 4200.00 ml, mean = 1841.43 ± 
682.00 ml versus 2580.64 ± 465.56 ml for the reference 
group; p < 0.05), higher SCr (range = 18.00 to 363.00 
µmol/L, mean = 101.56 ± 54.36 µmol/L versus 64.82 ± 
24.68 µmol/L for the reference group; p < 0.01), lower 
CrCl (range = 5.60 to 241.00 ml/min, mean = 62.75 ± 
33.43 ml/min versus 85.09 ± 20.33 ml/min for the 
reference group; p < 0.01) and high KIM-1 (range = 0.10 
to 10.50 ng/ml, mean = 4.47 ± 1.61 ng/ml versus 0.63 ± 
0.12 ng/ml for the reference group; p < 0.001). Only 
eleven (13.75%) patients had SCr above 124 µmol/L 
(range: 139 to 363 µmol/L) while the majority (n = 69 or 
86.25%) had SCr below 124 µmol/L (range: 31 to 100 
µmol/L). Forty six (57.5%) patients had CrCl below 70 
ml/min (range: 5.6 to 68.9 ml/min) while 34 (42.5%) had 
CrCl above 70 ml/min (range: 76 to 229.2 ml/min). Six 
(7.5%) patients had KIM-1 value of 0.1 ng/ml while 74 
(92.5%) had KIM-1 more than 0.75 ng/ml (range: 1.2 to 
9.0 ng/ml). Mortality rate within the 3-months follow-up 
period was 35% (ischemic stroke = 10 or 35.71%; 
hemorrhagic stroke = 18 or 64.29%). Compared to 
survivors, patients who died during the 3-months of 
follow-up were older, had prolonged  hospital stay, higher  
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 Table 1. Demographic, clinical and laboratory characteristics of the studied groups. 
 

Parameter Patients (n = 80) 
Age (years) 42 – 65 (58.84 ± 3.49) 
Males/females 44/36 
Duration of hospital stay (days) 3 - 10 (7.50 ± 2.82) 
  
Type of stroke:  
Ischemic  58 (72.5%) 
Hemorrhagic 22 (27.5%) 
  
Size of infarction:  
Large size of infarction  46 (57.5%) 
Small size infarctions  9 (11.25%) 
Lacunar infarctions  3 (3.75%) 
  
Risk factors:  
Smoking 44 (55%) 
Hypertension 36 (45%) 
Diabetes mellitus 45 (56.25%) 
Ischemic heart disease 58 (72.50%) 
Hypercholesterolemia/dyslipidemia 35 (43.75%) 
  
Carotid stenosis (≥30%) 28 (35%) 
Scandinavian Stroke Scale (SSS) 42.43 ± 10.93 
  
Laboratory results:  
Urinary volume/24 h (ml) 380.00 - 4200.00 (1841.43 ± 682.00) 
Serum creatinine (µmol/L) 18.00 – 363.00 (101.56 ± 54.36) 
Creatinine clearance (ml/min) 5.60 – 241.00 (62.75 ± 33.43) 
KIM-1 (ng/ml)  0.10 - 10.50 (4.47 ± 1.61) 

 

 Data are expressed as range, mean ± SD and number (%). 
 
 
 
frequency of hemorrhagic stroke or large sized infarctions 
and vascular risk factors, lower SSS and significant 
higher levels of SCr and KIM-1 and lower urine volumes 
and CrCl (all p < 0.001) (Table 2). Significant correlations 
were reported between KIM-1 and SCr (r = 0.432, p = 
0.032) and CrCl (r = -0.356, p = 0.046). Using Cox 
proportional-hazards model, stroke survivors had lower 
SCr and KIM-1 and higher CrCl. Higher SCr [Hazard ratio 
(HR), 1.65; 95% confidence interval (CI) 1.41 to 1.93], 
higher KIM-1 [HR, 1.63; 95% CI, 1.21 to 2.19] and lower 
CrCl [HR, 1.34; 95% CI, 1.09 to 1.65] were significantly 
predicted worse short-term survival after adjustment for 
confounders (age, SSS, smoking, hypertension, diabetes 
and ischemic heart disease).  
 
 
DISCUSSION 
 
The results of this prospective study indicate that: 1) AKI 
is a common complication after acute CVS. Both 
ischemic tubular (as evidenced by  higher  concentrations 

of KIM-1) and glomerular (as evidenced by higher 
concentrations of SCr and lower CrCl) injuries are 
associated with CVS; 2) Not only motor and functional 
disabilities after CVS can adversely influence the short-
term survival but also AKI is a significant predictor of 
mortality after adjusting other confounders; 3) This study 
highlighted that the increase in comorbidities may explain 
in part the increased overall mortality in patients who 
develop AKI in the acute phase of stroke; and 4) 
Although, the results showed that KIM-1 is not superior to 
SCr or CrCl in the prediction of short-term mortality in 
stroke patients, however, KIM-1 seems to be more 
sensitive (92.5%) for detection of early kidney injury 
compared to CrCl (57.5%) or SCr (13.75%).  

First, the results of this study indicate that AKI is very 
common with acute CVS. The majority of patients had 
higher levels of KIM-1 (92.5%), a marker of tubular injury 
and lower CrCl (57.5%), a marker of glomerular filtration 
dysfunction. AKI has been previously reported in patients 
with different types of CVS including subarachnoid 
hemorrhage,   intracerebral   hemorrhage   and    cerebral  
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Table 2. Comparative results of the demographic, clinical and laboratory characteristics between survivors and 
case fatality after 3-months follow-up. 
 

Parameter Survivors (n = 52) Case fatality (n = 28) 
Age (years) 56.68 ± 4.06 62.42 ± 2.80*§ 
Males/females 23/29 21/7 
Duration of hospital stay (days) 3.32 ± 1.06 8.75 ± 1.55** 
   

Type of stroke:   
Ischemic  48 (92.31%) 10 (35.71%***) 
Hemorrhagic 4 (7.69%) 18 (64.29%****) 
   

Size of infarction:   
Large size of infarction  22 (42.31%) 24 (85.71%***) 
Small size infarctions  7 (13.46%) 2 (7.14%***) 
Lacunar infarctions  3 (5.77%) 0 
   

Risk factors:   
Smoking 23 (44.23%) 21 (75%***) 
Hypertension 18 (34.62%) 20 (71.43%***) 
Diabetes mellitus 21 (40.38%) 24 (87.51%***) 
Ischemic heart disease 30 (57.69%) 28 (100%***) 
Hypercholesterolemia/dyslipidemia 17 (32.69%) 18 (64.29%***) 
   

Carotid stenosis (≥30%) 12 (23.07%) 16 (57.14%***) 
Scandinavian Stroke Scale (SSS) 42.43 ± 10.93 22.26 ± 6.83*** 
   

Laboratory results:   
Urinary volume/24 h (ml) 2642.64 ± 654.55 796.23 ± 230.00***§§§ 
Serum creatinine (µmol/L) 72.46 ± 26.84 142.56 ± 34.80***§§§ 
Creatinine clearance (ml/min) 79.98 ± 24.15§ 34.70 ± 10.06***§§§ 
KIM-1 (ng/ml) 2.80 ± 0.23§§ 6.43 ± 0.82***§§§ 

 

Data are expressed as range, mean ± SD and number (%). Significance (*survivors versus case fatality; §patients 
versus reference group) *§p < 0.05, **§§p < 0.01, ***§§§p < 0.001, ****§§§§p < 0.0001. 

 
 
 
infarctions (M’Buyamba-Kabangu et al., 1995; MacWalter 
et al., 2002; Tsagalis et al., 2009; Zacharia et al., 2009; 
Kobayashi et al., 2010; Rayes et al., 2011). However, we 
reported higher frequencies because all previous studies 
assessed SCr and CrCl which are insensitive for 
detection of early kidney injury but we used KIM-1 in 
addition to SCr and CrCl which is a sensitive and a 
specific marker for detection of early ischemic AKI (Van 
Timmeren et al., 2006; Liangos et al., 2007; Dieterle and 
Marrer 2008; Han et al., 2008; Soni et al., 2009; 
Waanders et al., 2009; Huang and Don-Wauchope, 2011; 
Vaidya et al., 2011; Urbschat et al., 2011).  

The exact mechanism(s) underlying AKI with stroke is 
unknown and has to be explored. In general, the 
association between two disease states could be due to: 
1) chance association; 2) bidirectional causal association, 
that is, one disorder causes the other; 3) a shared risk 
factor for the two disease states, or 4) a common biology 
underlying both conditions. There is growing evidence in 
medical literature of the role of cardio- and 

cerebrovascular diseases in renal dysfunction in view of 
the similarities between vascular beds of the kidney, 
heart and brain. Renal dysfunction may indicate a higher 
comorbidity burden, especially in atherosclerotic risk 
factors and diseases (Kannel, 1992). It seems that the 
degree of renal dysfunction present in stroke patients 
may simply be a marker of end-organ damage from long 
standing arterial stiffness of small and large arteries due 
to atherosclerosis and its associated vascular risk factors 
(e.g. aging, smoking, hypertension, diabetes mellitus and 
cardiovascular diseases) (McCullough and Ahmad, 2011) 
or independent of other risk factors for atherosclerosis. 
Age is a risk factor for AKI. Experimental and human 
studies showed that aged kidney is more susceptible to 
ischemic injury than young animals (Zager and Alpers, 
1989; Chen et al., 2007). Aging causes renal 
microvascular disease, reductions in renal blood flow, 
altered glomerular structure and function (decreased 
number, increased size, and tubulointerstitial fibrosis) 
(Fillit and Rowe, 1992), decline of the cellular  antioxidant 



 
 
 
 
defense in the tubular cells (Akcetin et al., 2000; de 
Cavanagh et al., 2004). Smoking is a risk factor for AKI. It 
has been reported that chronic nicotine exposure 
increases the extent of renal injury induced by warm 
ischemia-reperfusion as evidenced by morphological 
changes, increase in markers of oxidative stress, 
increase in plasma creatinine level and KIM-1 expression 
and may facilitates progression of AKI to chronic kidney 
injury (Arany et al., 2011). Essential hypertension is a risk 
factor for AKI. It has been reported that in the absence of 
clinically detected parenchymal renal disease, essential 
hypertension induces early renal damage than non-
hypertensive subjects (Perneger et al., 1993). Diabetes 
mellitus is a risk factor for AKI. Tubular dysfunction is 
common in early course of diabetic nephropathy (Fu et 
al., 2012). In patients with type 1 diabetes with 
normoalbuminuria, KIM-1 levels were reported to 
increase and higher levels were observed in patients with 
microalbuminuria but decreased with the regression of 
microalbuminuria (Vaidya et al., 2011). It was also 
observed that KIM-1 expression was increased with 
glomerular injury in proteinuric kidney disease in diabetic 
animals (Zhao et al., 2011). Also chronic kidney disease 
with diabetes increases the risk of AKI. It was observed 
that after months of a single episode of acute ischemia to 
the diabetic kidney, a rapid progression of nephropathy 
occur with impaired function, severe renal inflammation, 
microvascular dysfunction, fibrosis and apoptotic cell 
death and post-ischemic inflammatory syndrome 
accelerates diabetic chronic kidney disease (Kelly et al., 
2009). All types of cardiovascular disease including 
stroke have been found to be associated with renal 
function impairment (Sarnak et al., 2003). KIM-1 was 
found to be elevated in symptomatic heart failure in 
patients with apparently normal kidney function indicating 
tubular injury in chronic heart failure (Zanchetti et al., 
2001). Several reports have found that chronic kidney 
disease is an independent risk factor for cerebrovascular 
stroke and cerebrovascular disease conversely predicts 
the outcome of kidney function (Kobayashi et al., 2010). 
Studies showed that silent brain infarctions were 
important independent prognostic factor for the 
progression of kidney disease in patients with chronic 
kidney disease. The severity of stroke could reflect the 
degree of injury in renal small vessels (Kobayashi et al., 
2010).  

Second, the results of this study indicate that AKI is an 
independent predictor of short-term mortality after acute 
stroke. In accordance, Friedman (1991) found that 
among stroke survivors, SCr independently predicted 
mortality even after adjustment for confounders. 
M’Buyamba-Kabangu et al. (1995) in their study which 
designed to assess the relationship between 
hypertension and fatality rates and its determinants in 
black patients with recent stroke reported higher levels of 
urea in patients who died compared to survivors. 
MacWalter et al. (2002) reported  that  after  acute stroke,  
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patients with high mortality risk had reduced admission 
CrCl, raised SCr and urea concentrations (even within 
conventional reference levels), and raised ratio of urea to 
creatinine. Tsagalis et al. (2009) reported that AKI was an 
independent predictor of 10-years mortality (p < 0.01) 
after stroke and for the occurrence of new composite 
cardiovascular events (P < 0.05) after adjustment for 
available confounding variables. Decrease in CrCl was 
found to be associated with significantly worse 3-month 
outcomes in patients with aneurysmal subarachnoid 
hemorrhage (Zacharia et al., 2009).  

Third, this study highlights that the increase in 
comorbidities may explain in part the increased overall 
mortality in patients who develop AKI in the acute phase 
of stroke. We observed that patients who died during 
follow-up were older, had prolonged hospital stay, higher 
frequency of hemorrhagic stroke or large sized infarctions 
and vascular risk factors and lower SSS. Previous 
studies reported that stroke outcome in the first 30 days 
has been found to be largely determined by the level of 
consciousness and type and severity of stroke. Also age 
(Alonso Martinez et al., 1995), neurological score on 
admission, and comorbidities as diabetes mellitus (Sacco 
et al., 1994), hypertension (Dennis et al., 1993; Sacco et 
al., 1994) and cardiovascular diseases (Zacharia et al., 
2009) independently predicted adverse outcomes and 
elevated mortality in stroke patients in short- and long- 
term follow-up.  

Fourth, although, KIM-1 is not superior to SCr or CrCl 
in the prediction of short-term mortality in stroke patients, 
however, KIM-1 seems to be more superior in detection 
of early kidney injury compared to CrCl or SCr. To our 
knowledge, this is the first study in which KIM-1 was used 
to assess kidney injury with CVS. 
 
 
Limitations of the study 
 
Despite the importance of our results, we recognize that 
there are some limitations as follow: 1) renal function was 
only assessed during hospitalization (within the 2nd or 3rd 
day after admission). We did not have data concerning 
renal function in the follow up or whether AKI is 
reversible; 2) it is possible that the increase in KIM-1 or 
decrease in CrCl simply reflect dehydration, electrolyte 
imbalance or acid-base disturbances and thus monitoring 
of patients, adequate hydration by intravenous fluid 
replacement therapy and early nasogastric feeding, 
correction of electrolyte imbalance are able to correct or 
reverse AKI. It is also be possible that kidney injury 
associated with acute CVS is an indication of a 
concomitant injury in other organ systems. 
 
 
CONCLUSIONS AND RECOMMENDATIONS 
 
This study indicates that AKI is a common complication of  



 
 
 
 
CVS. We suggested that the increase in short-term 
mortality after acute CVS is not only determined by the 
comorbid vascular risk factors but also a small increase 
in SCr or decrease in CrCl even within the reference 
levels (markers of glomerular filtration) and increase in 
KIM-1 (a marker of tubular injury) are associated with 
worse short-term outcomes with stoke. We suggest that 
management of blood pressure and diabetes mellitus, 
and avoidance of potential nephrotoxic insults could 
potentially prevent the development of AKI. The use of 
angiotensin-converting enzyme inhibitors in high-
cardiovascular-risk patients to lower blood pressure is 
important in secondary prevention. Also vasodilators and 
antioxidants can effectively improve renal perfusion and 
restore renal function and renal microvascular disease 
(Futrakul and Futrakul, 2008). 
 
 
REFERENCES 
 
Akcetin Z, Erdemli G, Bromme HJ, 2000. Experimental study showing 

a diminished cytosolic antioxidative capacity in kidneys of aged rats. 
Urol Int, 64(2):70–73. 

Alonso Martinez JL, Abinzano Guillén ML, Martínez Velasco C, García 
Mouriz ME, 1995. Morbidity and mortality among the hospitalized 
aged: identification of prognostic factors. An Med Interna, 12(9):420–
424. 

Arany I, Grifoni S, Clark JS, Csongradi E, Maric C, Juncos LA, 2011. 
Chronic nicotine exposure exacerbates acute renal ischemic injury. 
Am J Physiol Renal Physiol, 301(1):F125-133.  

Bailly V, Zhang Z, Meier W, Cate R, Sanicola M, Bonventre JV, 2002. 
Shedding of kidney injury molecule-1, a putative adhesion protein 
involved in renal regeneration. J Biol Chem, 277(42):39739–39748. 

Barber M, Fail M, Shields M, Stott DJ, Langhorne P, 2004. Validity and 
reliability of estimating the scandinavian stroke scale score from 
medical records. Cerebrovasc Dis, 17(2-3):224-227. 

Chen G, Bridenbaugh EA, Akintola AD, Catania JM, Vaidya VS, 
Bonventre JV, Dearman AC, Sampson HW, Zawieja DC, Burghardt 
RC, Parrish AR, 2007. Increased susceptibility of aging kidney to 
ischemic injury: identification of candidate genes changed during 
aging, but corrected by caloric restriction. Am J Physiol Renal Physiol, 
293(4):F1272-1281.  

Cockroft DW, Gault MH, 1976. Prediction of creatinine clearance from 
serum creatinine. Nephron, 16(1):31–41. 

de Cavanagh EM, Piotrkowski B, Fraga CG, 2004. Concerted action of 
the renin-angiotensin system mitochondria, and antioxidant defenses 
in aging. Mol Aspects Med, 25(1-2):27–36. 

de Haan RJ, Limburg M, Van der Meulen JH, Jacobs HM, Aaronson 
NK, 1995. Quality of life after stroke. Impact of stroke type and lesion 
location. Stroke, 26(3):402-408.  

Dennis MS, Burn JP, Sandercock PA, Bamford JM, Wade DT, Warlow 
CP, 1993. Long-term survival after first-ever stroke: the Oxfordshire 
Community Stroke Project. Stroke, 24(6):796–800. 

Dieterle F, Marrer E, 2008. New technologies around biomarkers and 
their interplay with drug development. Anal Bioanal Chem, 
390(1):141-154. 

Fillit H, Rowe JW, 1992. The aging kidney. In: Textbook of Geriatric 
Medicine and Gerontology, edited by Brocklehurst JC, Tallis RC, Fillit 
HM. UK: Churchill Livingstone, 612–628. 

Friedman PJ, 1991. Serum creatinine: an independent predictor of 
survival after stroke. J Intern Med, 229(2):175–179.  

Fu WJ, Xiong SL, Fang YG, Wen S, Chen ML, Deng RT, Zheng L, 
Wang SB, Pen LF, Wang Q, 2012. Urinary tubular biomarkers in 
short-term type 2 diabetes mellitus patients: a cross-sectional study. 
Endocrine, 41(1):82-88.  

Futrakul N, Futrakul P, 2008. Renal microvascular disease in an aging 
population: a reversible process? Ren Fail, 30(4):353-356. 

Han WK, Waikar SS, Johnson A, Betensky RA, Dent CL, Devarajan P, 

Int Res J Med Med Sci              76 
 
 
 
   Bonventre JV, 2008. Urinary biomarkers in the early diagnosis of 

acute kidney injury. Kidney Int, 73(7):863-869. 
Hoste EA, Schurgers M, 2008. Epidemiology of acute kidney injury: 

how big is the problem? Crit Care Med, 36(4 suppl):S146–S151. 
Huang Y, Don-Wauchope AC, 2011. The clinical utility of kidney injury 

molecule 1 in the prediction, diagnosis and prognosis of acute kidney 
injury: a systematic review. Inflamm Allergy Drug Targets, 10(4):260-
271. 

Kannel WB, 1992. Left ventricular hypertrophy as a risk factor in arterial 
hypertension. Eur Heart J, 13(sup D):82–88. 

KDIGO AKI Work Group, 2012. KDIGO clinical practice guideline for 
acute kidney injury. Kidney Int Suppl, 2:1-138. 

Kelly KJ, Burford JL, Dominguez JH, 2009. Postischemic inflammatory 
syndrome: a critical mechanism of progression in diabetic 
nephropathy. Am J Physiol Renal Physiol, 297(4):F923-931.  

Kobayashi M, Hirawa N, Morita S, Yatsu K, Kobayashi Y, Yamamoto 
Y, Saka S, Toya Y, Yasuda G, Umemura S, 2010. Silent brain 
infarction and rapid decline of kidney function in patients with CKD: a 
prospective cohort study. Am J Kidney Dis, 56(3):468-476. 

Liangos O, Perianayagam MC, Vaidya VS, Han WK, Wald R, 
Tighiouart H, MacKinnon RW, Li L, Balakrishnan VS, Pereira BJ, 
Bonventre JV, Jaber BL, 2007. Urinary N-acetyl- (D)-glucosaminidase 
activity and kidney injury molecule-1 level are associated with adverse 
outcomes in acute renal failure. J Am Soc Nephrol, 18(3):904–912. 

Liano F, Pascual J, 1996. Epidemiology of acute renal failure: a 
prospective, multicenter, community-based study. Madrid Acute Renal 
Failure Study Group. Kidney Int, 50(3):811–818. 

MacWalter RS, Wong SY, Wong KY, Stewart G, Fraser CG, Fraser 
HW, Ersoy Y, Ogston SA, Chen R, 2002. Does renal dysfunction 
predict mortality after acute stroke? A 7-year follow-up study. Stroke, 
33(6):1630-1635. 

M'Buyamba-Kabangu JR, Longo-Mbenza B, Tambwe MJ, Dikassa LN, 
Mbala-Mukendi M, 1995. J-shaped relationship between mortality and 
admission blood pressure in black patients with acute stroke. J 
Hypertens, 13(12 pt 2):1863–1868. 

McCullough PA, Ahmad A, 2011. Cardiorenal syndromes. World J 
Cardiol. 2011 Jan 26;3(1):1-9. doi: 10.4330/wjc.v3.i1.1.  

Perneger TV, Nieto FJ, Whelton PK, Klag MJ, Comstock GW, Szklo M, 
1993. A prospective study of blood pressure and serum creatinine. 
Results from the 'Clue' Study and the ARIC Study. JAMA, 269(4):488-
493. 

Rayes M, Konyukhov A, Fayad V, Chaturvedi S, Norris G, 2011. Good 
outcome in HELLP syndrome with lobar cerebral hematomas. 
Neurocrit Care, 14(2):276-280. 

Sacco RL, Shi T, Zamanillo MC, Kargman DE, 1994. Predictors of 
mortality and recurrence after hospitalized cerebral infarction in an 
urban community: the Northern Manhattan Stroke Study. Neurology, 
44(4):626–634. 

Sarnak MJ, Levey AS, Schoolwerth AC, Coresh J, Culleton B, Hamm 
LL, McCullough PA, Kasiske BL, Kelepouris E, Klag MJ, Parfrey P, 
Pfeffer M, Raij L, Spinosa DJ, Wilson PW; American Heart 
Association Councils on Kidney in Cardiovascular Disease, High 
Blood Pressure Research, Clinical Cardiology, and Epidemiology and 
Prevention, 2003. Kidney disease as a risk factor for development of 
cardiovascular disease: A statement from the American Heart 
Association Councils on Kidney in Cardiovascular Disease, High 
Blood Pressure Research, Clinical Cardiology, and Epidemiology and 
Prevention. Hypertension, 42(5):1050–1065. 

Schrier RW, Wang W, Poole B, Mitra A, 2004. Acute renal failure: 
definitions, diagnosis, pathogenesis, and therapy. J Clin Invest, 
114(1):5–14. 

Smith GL, Vaccarino V, Kosiborod M, Lichtman JH, Cheng S, Watnick 
SG, Krumholz HM, 2003. Worsening renal function: what is a clinically 
meaningful change in creatinine during hospitalization with heart 
failure? J Card Fail, 9(1):13–25. 

Soni SS, Ronco C, Katz N, Cruz DN, 2009. Early diagnosis of acute 
kidney injury: the promise of novel biomarkers. Blood Purif, 
28(3):165–174. 

Theofanidis D, 2015. Management of acute stroke: A debate paper on 
clinical priorities. A literature review. Int J Caring Sci, 8(1):201-210. 

Tsagalis G, Akrivos T, Alevizaki M, Manios E, Theodorakis M, 
Laggouranis A, Vemmos KN, 2009. Long-term prognosis of acute  



 
 
 
 
   kidney injury after first acute stroke. Clin J Am Soc Nephrol, 4(3):616-

622.  
Urbschat A, Obermüller N, Haferkamp A, 2011. Biomarkers of kidney 

injury. Biomarkers, 16(suppl 1):S22-30. 
Vaidya VS, Niewczas MA, Ficociello LH, Johnson AC, Collings FB, 

Warram JH, Krolewski AS, Bonventre JV, 2011. Regression of 
microalbuminuria in type 1 diabetes is associated with lower levels of 
urinary tubular injury biomarkers, kidney injury molecule-1, and N-
acetyl-β-D-glucosaminidase. Kidney Int, 79(4):464-470.  

van Timmeren MM, Bakker SJ, Vaidya VS, Bailly V, Schuurs TA, 
Damman J, Stegeman CA, Bonventre JV, van Goor H, 2006. Tubular 
kidney injury molecule-1 in protein-overload nephropathy. Am J 
Physiol Renal Physiol, 291(2):F456–F464. 

Waanders F, Vaidya VS, van Goor H, Leuvenink H, Damman K, 
Hamming I, Bonventre JV, Vogt L, Navis G, 2009. Effect of renin-
angiotensin-aldosterone system inhibition, dietary sodium restriction, 
and/or diuretics on urinary kidney injury molecule 1 excretion in 
nondiabetic proteinuric kidney disease: a post hoc analysis of a 
randomized controlled trial. Am J Kidney Dis, 53(1):1–4. 

Widder B, Paulat K, Hackspacher J, Hamann H, Hutschenreiter S, 
Kreutzer C, Ott F, Vollmar J, 1990. Morphological characterization of 
carotid artery stenosis by ultrasound duplex scanning. Ultras Med 
Boil, 16(4):349-354. 

Zacharia BE, Ducruet AF, Hickman ZL, Grobelny BT, Fernandez L, 
Schmidt JM, Narula R, Ko LN, Cohen ME, Mayer SA, Connolly ES Jr, 
2009. Renal dysfunction as an independent predictor of outcome after 
aneurysmal subarachnoid hemorrhage: a single-center cohort study. 
Stroke, 40(7):2375-2381.  

Zager RA, Alpers CE, 1989. Effects of aging on expression of ischemia 
acute renal failure in rats. Lab Invest, 61(3):290–294. 

Zanchetti A, Hansson L, Dahlöf B, Elmfeldt D, Kjeldsen S, Kolloch R, 
Larochelle P, McInnes GT, Mallion JM, Ruilope L, Wedel H, 2001. 
Effects of individual risk factors on the incidence of cardiovascular 
events in the treated hypertensive patients of the Hypertension 
Optimal Treatment Study: HOT Study Group. J Hypertens, 
19(6):1149–1159. 

Zhao X, Zhang Y, Li L, Mann D, Imig JD, Emmett N, Gibbons G, Jin 
LM, 2011. Glomerular expression of kidney injury molecule-1 and 
podocytopenia in diabetic glomerulopathy. Am J Nephrol, 34(3):268-
280.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Hamed et al.               77 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Citation: Hamed SA, Youssef AH, Tohamy AM, Abd Elaal RF, Hassan 
MM, NasrEldin E, 2015. Acute kidney injury in patients with 
cerebrovascular stroke and its relationship to short-term mortality. 
Int Res J Med Med Sci, 3(3): 70-77. 

 


