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Background: Cerebrovascular accident (also known as stroke) is a leading cause of mortality
and morbidity in India. Renal dysfunction may be associated with increased recurrence of
stroke and poorer long-term outcomes. Aims and Objectives: a) To find the relationship
between CKD and occurrence of acute stroke b) To estimate the incidence of AKl in patients
admitted with acute ischemic and hemorrhagic stroke. Materials and Methods: This is a
retrospective analysis of renal function in patients admitted in K.V.G. Medical College
Hospital with the diagnosis of “Acute stroke.” All patients admitted in Medical Intensive
Care Unit (M-ICU) and general wards from 15t November 2018 to 31°* March 2020 were
included in the study. Results: In this study, we included 80 patients who were admitted
with the diagnosis of acute stroke. Sixty-four patients (80%) had ischemic stroke and
remaining sixteen (20%) had haemorrhagic stroke. Twenty-eight patients (35%) had renal
dysfunction. The distribution of different types of renal dysfunction among different types
of stroke was statistically insignificant (p value = 0.529). Incidence of acute kidney injury
(AKI) in our study is 25%. 12 patients (15%) were found to have chronic kidney disease
(CKD). The prevalence of CKD varies from 20 to 35% in ischemic stroke and 20 to 46%
in haemorrhagic stroke. Conclusion: Renal dysfunction occurs frequently in patients with
stroke. There was a significant proportion of patients with renal dysfunction. However,
further prospective cohort studies are needed to find out the effect of renal dysfunction on
stroke recovery and mortality.
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INTRODUCTION

Cerebrovascular accident (also known as stroke) is a
leading cause of mortality and morbidity in India." The
estimated prevalence rate of stroke in rural and urban
part of India ranges from, 84/100,000 - 262/100,000
and 334/100,000 - 424/100,000 respectively.! According
to recent population-based studies, the incidence rate is
119-145/100,000.! Stroke accounted for 7% of medical
and 45% of neurological admissions according to a
stroke registry from Bangalore, with a fatality rate of 9%
at hospital discharge and 20% at 28 days.” The leading

actiology is systemic hypertension which accounts to 54%
of cases, followed by hypercholesterolemia (15%) and
then tobacco smoking (12%).” Similatly, another stroke
registry from Mumbai showed that 82.8% of patients
had hypertension.* This findings were further confirmed
by similar findings in the stroke registry of Trivandrum,
where nearly 85% had hypertension, 50% had diabetes
mellitus, 26% had dyslipidaemia and 26.8% of men smoked
tobacco.”

Renal dysfunction is a common encounter in hospitalized
patients. There is evidence of many hospitalized stroke
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patients who are not spared from concomitant renal
dysfunction.® Renal dysfunction may be associated with
increased recurrence of stroke and poorer long-term
outcomes.” Between ischemic and haemorrhagic stroke,
ischemic stroke is more frequently associated with acute
renal dysfunction whereas nearly a third of patients with
intracerebral haemorrhage (ICH) have been noted to have
chronic kidney disease (CKD)."® A reduced estimated
glomerular filtration rate (¢GIR) at admission after an
acute ischemic stroke is associated with higher in-hospital
mortality and prolonged hospital stay.’

CKD, defined by the presence of a reduced eGFR or the
presence of albuminuria for greater than three months, is
linked to increased incidence of stroke.” The prevalence
of CKD is estimated to be 8 to 16% wotldwide."” CKD
has been identified as an independent predictor of delayed
recovery and mortality after an initial stroke.""'* The
reasons for poor clinical outcome of stroke in CKD is
due to the presence of anaemia, chronic inflammation
leading to oxidative stress, qualitative thrombocytopathy,
clectrolyte imbalance, uraemia, diabetes mellitus,
hypertension, atrial fibrillation and hyperhomocysteinemia
in such patients.'> "

Prevalence of CKD in patients with acute ischemic stroke
varies from 20% to 35% "> ' and in patients with acute
intracerebral hemorrhage from 20% to 46%.'"* CKD with
eGFR below 60 mL/min per 1.73m” increases the risk of
incident stroke by 43% with a further 7% increased risk
for every 10 mL/min per 1.73 m* reduction.'®"”

However, in addition to the above-mentioned facts, stroke
can precipitate acute kidney injury (AKI) as well. This
could be due to various factors such as — neurological
deficit induced dysphagia leading to reduced oral fluid
intake leading to pre-renal AKI, hemodynamic variations
in blood pressure, cerebral salt wasting, thromboembolic
events due to tissue-type plasminogen activator, as well
as invasive investigations (contrast-induced nephropathy)
and treatments (nephrotoxic drugs, mannitol used in case
of raised intracranial tension in stroke).””* Occurrence
of AKI following stroke varies widely with a range of
0.82% to 26.68% *" and whereas it was 5.3% in a study
conducted by Saced F et al.?! This variation can be
attributed to the different definitions of AKI employed
by the authors.

Need for the study

Identifying the quantified risk of stroke in patients with
CKD may help reduce its incidence and lead to a positive
impact on their quality of life. Moreover, early identification
and intervention of the renal derangement in stroke may
reduce the mortality and morbidity significantly.
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Estimated glomerular filtration rate (eGFR), a measure of
renal function, is routinely assessed in patients with acute
stroke at admission. There is insufficient knowledge on
the trend of renal function in hospitalized stroke patients.
Hence, this retrospective study was taken up to find the
relationship between stroke and renal dysfunction.

Aims and objectives

1. To find the relationship between CKD and occurrence
of acute stroke.

2. To estimate the incidence of AKI in patients admitted
with acute ischemic and hemorrhagic stroke.

MATERIALS AND METHODS

This is a retrospective analysis of renal function in
patients admitted in K.V.G. Medical College Hospital
with the diagnosis of “Acute stroke.” Both ischemic
and hemorrhagic variants (based on brain imaging by
computerized tomography or magnetic resonance imaging)
were included. The study was approved by the institutional
ethics committee. All patients admitted in Medical Intensive
Care Unit (M-ICU) and general wards from 1* November
2018 to 31" March 2020 were included in the study.

The diagnosis of AKI was based on Kidney Disease:

Improving Global Outcomes (KDIGO) criteria which is

defined® — as presence as any one of the following;

1. Increase in serum creatinine =0.3 mg/dL
(226.5 wmol/L) within 48 hours; or

2. Increase in serum creatinine 21.5 times baseline, which
is known or presumed to have occurred within the
prior 7 days; or

3. Utine volume <0.5 mL/kg/h for 6 hours.

We also included patients with biochemical evidence of
pre-renal AKI on any day of hospitalization even in the
presence of normal serum creatinine. Pre-renal AKI
was defined as the ratio of blood urea nitrogen (BUN)
to serum creatinine equal or more than 20:1. KDIGO
criteria further categorizes AKI as stage 1, stage 2 and
stage 3 based on serum creatinine and urine output.” But,
we did not categorize the patients into different stages as
our objective was to find the occurrence of AKI and not
staging or severity.

The diagnosis of CKD was based either on previously
documented evidence, ultrasonographic imaging or
ongoing maintenance renal replacement therapy.

Inclusion criteria

Patients aged more than 18 years who were admitted with
the diagnosis of acute ischemic or acute hemorrhagic
stroke.
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Exclusion criteria

1. Patients with incomplete or missing data.

2. Patients in whom the differentiation between AKI and
CKD was not possible.

3. Identifiable causes of AKI like febrile illness,
septicemia, septic shock, usage of nephrotoxic drugs.

Sample size calculation

e Calculated using the formula, 4pq/L?

e Sample size was calculated using the formula, 4pg/1°.
With p set as 11 and allowable error as 7, minimum
sample size was estimated to be 80.

Type of study: Retrospective study

Method of collection of data

e The data was collected in a well-designed proforma.

e The parameters in the proforma are — age, gender,
type of stroke, renal function tests (serum creatinine,
blood urea, eGFR, routine urine examination) on day
1 and after 48 to 72 hours, blood pressure values at
admission, 24 hours, 48 hours and at 72 hours, duration
of hospital stay, complete blood count, plasma glucose
levels (Random blood sugar (RBS) (if RBS is more than
200 mg/dl orif the patient is a known diabetic, Fasting
blood sugar (FBS), Postprandial blood sugar (PPBS)
and HbAlc were considered), renal ultrasound findings.

e cGIR was calculated using CKD-MDRD formula
with variables including serum creatinine, age and
gender. Readily available online calculators/mobile
applications (“MDCalc” application) was used for the
calculation.

All these data were tabulated into a spreadsheet software
for analysis.

Statistical analysis

Patients were grouped into ischemic and hemorrhagic stroke
groups. All the above data are compared between these two
groups and the statistical significance were assessed using
‘p’ value. Proportion of stroke patients with pre-existing
CKD and incidence of AKI in acute stroke was calculated
by determining whether the patients had pre-existing renal
dysfunction or the renal dysfunction started after the onset
of stroke. Renal parameters were also compared with blood
pressure at the time of admission and on subsequent 3 days
to find the relationship between post stroke hypertension and
AKI. In all those patients with pre-existing CKD, presence
of comorbidities like diabetes mellitus, hypertension, blood
hemoglobin levels and serum creatinine levels were analyzed
for their relationship with the occurrence of stroke.

The data was entered in Microsoft office excel 2007 and
SPSS version 21 was used for analysis. The data was shown
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in the form of percentages and means. Chi-square test &
t test was used for analysis.

RESULTS

In this study, we included 80 patients who were admitted
with the diagnosis of acute stroke. Sixty-four patients
(80%) had ischemic stroke and remaining sixteen (20%) had
haemorrhagic stroke. The demographic details of patients
are shown in Table 1. Males and females constituted
61.25 % and 38.75 % of the sample respectively. The
occurrence of ischemic stroke was more common in males
(51.25%) as compared to females (28.75%). There was no
variation in occurrence of haemorrhagic stroke between
the sexes (10% each.)

Twenty-cight patients (35%) had renal dysfunction. Of
these, twelve had evidence of CKD and twenty had
evidence of AKI. Six patients had pre-existing diagnosis
of CKD at admission. Remaining six patients were found
to have CKD on admission based on ultrasonographic
evidence with evidence of diabetic or hypertensive
retinopathy). Among those with CKD, 4 patients had
AKI on already existing CKD. Hence, these patients were
included under AKI category. Hence, among 20 patients
with AKI, 4 were AKI on CKD. Ischaemic stroke was
found to be associated with AKI and CKD more frequently
than haemorrhagic type. However, the distribution of
different types of renal dysfunction among different types
of stroke was statistically insignificant (p value = 0.529)
(Table 2).

All patient’s data were collected for a period of 5 days
of hospitalization to find out the day of occurrence and
resolution of AKI. Patients who were discharged or who
died before 5 days were also included for analysis. It
was observed that 5 patients with AKI were either died
or discharged before 5 days of hospitalization. Hence,
resolution of AKI in these patients could not be known.
AKI did not resolve in 2 patients even after 5 days of

Sl No. Variables Male Female
Age group

1 31 —40 Years 5 (6.25%) 0 (0%)

2 41 - 50 Years 3 (3.75%) 2 (2.5%)

3 51— 60 Years 12 (15%) 2 (2.5%)

4 61—70 Years 15(18.75%) 12 (15%)

5 71— 80 Years 5 (6.25%) 10 (12.5%)

6 81 —90 Years 8 (10%) 4 (5%)

7 91 -100 Years 1(1.25%) 1(1.25%)
Type of Stroke

1 Ischaemic 41 (51.25%) 23 (28.75%)

2 Haemorrhagic 8 (10%) 8 (10%)
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hospital stay. Resolution of AKI was observed in 12
patients (2 resolved on day2, 5 resolved on day 3, 2 resolved
on day4 and 3 resolved on day5).

The blood levels of urea and serum levels of creatinine
were compared with blood pressure over a period of 5 days
(Figure 1 and 2 shows relationship between blood urea
and serum creatinine on day 3). There was no statistically
significant relationship between blood urea, serum
creatinine and blood pressure.

Proteinuria was observed in 35% of patients with AKI.
Most of these patients had proteinuria of grade 1 and 2
on urine dipstick method.

DISCUSSION

Incidence of AKI in our study is 25% (including 5%
of those with acute on chronic kidney disease). This is
comparable to an incidence of 18% in a study conducted
by Khattri M et al.” The incidence of AKI was even higher
in another study on European subjects hospitalized with
ischemic or haemorrhagic stroke.* In the same study the

Renal Disease Ischaemic Haemorrhagic Number of d i frer 1 h h hioher in th
Stroke Stroke Batiants crude mortality after 1 month was much higher in those
5 1 0 0
Acute Kidney 12 4 16 w}th AKI compared to th(?se without (21.8% vs 12.5%).
Injury Since ours was a retrospective study, we could not find the
Acute Kidney 4 0 4 short term and long-term consequences of AKI on stroke
Injury over .
Chronic Kidney related mortality and recovery.
Disease
Chronic Kidney 6 2 8 Renal failure is not only limited to stroke but can occur
Disease in any patients admitted to intensive care units (ICU) for
Chi-square value=1.27, p value=o.529 various reasons. In one study on patients admitted in ICU,
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Figure 2: Relationship between serum creatinine and blood pressure on day 3
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the incidence of AKI was 5.7%.% In various studies on
patients on sepsis admitted to ICU, the incidence of AKI
varied from 9% to 51%.%>%° This variation is because of
the variations in the definition of AKI used.

In our study, the proportion of ischemic stroke was 80%
as compared to haemorrhagic stroke (20%). The incidence
of AKI was similar in ischemic stroke and haemorrhagic
stroke (25% in each group). However, study sample size is
too small to comment on this finding. In the study done by
Khatri M etal, the proportion of patients with intracerebral
haemorrhage (ICH) was much higher which they attribute
to the local referral bias and the expertise they had in their
centre. They also found that the incidence of AKI was
much higher in ICH, probably due to use of mannitol and
hypertonic saline.

The risk of developing AKI increases proportionately with
the increasing severity of stroke. The occurrence of AKI
after a stroke carries poor prognosis in the form of worse
disability, prolonged hospital stays, increased in-hospital
mortality, increased risk of future cardiovascular events
and mortality.? ?! Khatti et al.,”* has observed that AKI
following ischemic stroke was related to greater mortality
as compared to haemorrhagic stroke. The reasons for
the higher rate of mortality are mostly due to co-existing
conditions like myocardial infarction, atrial fibrillation,
aspiration pneumonia, urinary tract infection, sepsis,
accelerated hypertension, diabetic ketoacidosis, deep vein
thrombosis, pulmonary thromboembolism and mechanical
ventilation etc.”’ AKI may directly worsen neuronal
ischemic injury through further neuronal inflammation.”’

In our study, 12 patients (15%) were found to have CKD
among whom 4 patients had acute on CKD. The prevalence
of CKD varies from 20 to 35% in ischemic stroke and
20 to 46% in haemorrhagic stroke.”'*!" In a study done
on 06685 patients, CKD was found to be associated with
1.54 fold increased risk of incident stroke.” The possible
mechanisms of ischemic stroke in CKD include chronic
inflammation and systemic hypertension leading to
accelerated atherosclerosis and also concurrent ischemic
heart disease with mural thrombus leading to cardioembolic
stroke.”” Also, qualitative dysfunction of platelets due to
uraemia and use of heparin for haemodialysis may increase
the risk of haemorrhagic stroke.

Proteinuria is associated with 70% increased risk of
incident stroke.” This increased risk is attributable to
“Steno hypothesis”.”’ However, we could not quantify
proteinuria and compare it with the prognosis as it is a
retrospective study. There was no statistically significant
relationship between serial serum creatinine and urea levels
with the daily blood pressure changes in our study.
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Limitations of the study

1. We did not assess the severity of stroke which would
have been helpful to understanding the relationship
between the severity of stroke and the severity of renal
dysfunction.

2. We did not compare the renal dysfunction with
mortality in stroke patients.

3. Larger study sample size would have been statistically
significant.

4.  Long term follow up was not possible which would have
shown the effect of renal dysfunction on stroke recovery.

Strength of the study

In this study, we tried to find the occurrence of stroke in
CKD as well as occurrence of new renal dysfunction (AKI)
or worsening of previously existing CKD (AKI on CKD)
following ischaemic and haemorrhagic stroke.

Take home message

Since renal dysfunction is common in stroke, every treating
physician should consider prevention, eatly recognition and
early intervention of AKI in patients admitted with stroke
for better prognosis and reduction of post stroke mortality.

The occurrence of AKI can be avoided by following these

simple measures:

1. Recognizing patients inability to take oral liquids due
to neurogenic dysphagia and providing adequate fluid
resuscitation.

2. Strict monitoring of blood pressure and not allowing

extreme variations in the blood pressures which can

lead to hemodynamic stress on the kidney.

Avoiding nephrotoxic drugs.

4. Adequate measures to prevent deep vein thrombosis
in the paralysed limb.

5. Early recognition of hyponatremia which may be due
to cerebral salt wasting syndrome (CSWS).

@

Similatly, the risk of occurrence of stroke in CKD can be

reduced by following measures:

1. Achieving blood pressure target.

2. Adequate measures to prevent accelerated
atherosclerosis.

3. Addressing comorbid conditions like anaemia,
hyperhomocysteinemia, and atrial fibrillation.

4. Avoiding use of heparin in patients with uremia
induced qualitative thrombocytopathy.

CONCLUSION

Renal dysfunction occurs frequently in patients with stroke.
There was a significant proportion of patients with renal
dysfunction. However, further prospective cohort studies
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are needed to find out the effect of renal dysfunction on
stroke recovery and mortality.
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