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Influence of chronic kidney disease and haemodialysis

on stroke outcome

Shrikant D Pande?, rrcp, Fams, Julie Morris?, msc

INTRODUCTION Stroke patients with underlying chronic kidney disease (CKD) and those on haemodialysis have complex
rehabilitation needs, and their survival and functional outcomes are limited. This study aimed to review post-stroke survival
and functional outcomes following rehabilitation in patients with CKD and those on haemodialysis.

METHODS We conducted a retrospective analysis of consecutive stroke patients with underlying CKD (Stages G3b, G4
and G5; n = 30) and those on dialysis at the time of stroke (n = 7), who underwent in-patient rehabilitation between June
2008 and May 2017. The mean duration of follow-up was 56 months. Demographic details, associated comorbidities
and laboratory parameters were reviewed. Baseline and follow-up scores of the National Institute of Health Stroke Scale
(NIHSS) and Functional Independence Measure (FIM), and dates of death of the patients were analysed.

RESULTS Of the 37 consecutive stroke patients (mean age 64.7 years), 34 had ischaemic stroke and three had haemorrhagic
transformation. Significant improvements in NIHSS and FIM scores were observed from the time of admission to after
discharge. Older age, longer duration of hospital stay, lower estimated glomerular filtration rate and low haemoglobin
levels were all significantly related to mortality.

CONCLUSION Despite significant functional and neurological improvements following rehabilitation, stroke patients
with underlying CKD had higher average duration of hospital stay, more recurrent hospitalisations and poorer survival
outcomes than those without underlying CKD. This could be attributed to the complications associated with CKD rather
than stroke. Multidisciplinary community rehabilitation may be an alternative to reduce recurrent hospitalisations and

morbidity in this group of patients.
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INTRODUCTION

Stroke remains a major contributor to inpatient rehabilitation, as
it results in significant disabilities and long-term complications.
The majority of patients with stroke require long-term follow-up
for comorbidities and complications. Studies on survival have
focused on various subgroups of stroke. Haemodialysis (HD)
is associated with common comorbidities such as diabetes
mellitus and hypertension. Patients undergoing dialysis are, thus,
susceptible to vascular complications, including stroke.” The
steady increase in the number of individuals undergoing dialysis
is accompanied by an increased risk of stroke.

Both the kidney and the brain require continuous and stable
high blood flow in a low vascular resistance system. These two
organs are supplied by strain arterioles. Owing to the branching
nature of these arterioles, they are susceptible to blood pressure
changes.?? The arterial endothelium and tunica media are
adversely affected in patients with chronic kidney disease (CKD),
making them prone to cerebrovascular insults.># Further, in
patients on HD, the baroreceptor reflex is altered owing to a
deranged autonomic function,”® which results in poor tolerance
to fluid and blood pressure changes during dialysis.® HD can
also result in myocardial stunning, leading to inadequate cerebral
perfusion, which may subsequently lead to ischaemic brain
injury.” A previously published study from the United Kingdom
has demonstrated that patients with haemodynamic instability
during dialysis show increased white matter changes (indicative of

ischaemic damage).® White matter hyperintensities and grey matter
loss are also associated with end-stage renal failure (ESRF).®'%

Patients with CKD are known to have cognitive decline,
information processing problems and executive dysfunction.''?
Although the presence of CKD is a known risk factor for stroke, !9
proteinuria”® and low glomerular filtration rate (GFR) have also
been proven to be independent risk factors for reduced cerebral
perfusion and stroke.®'” Increased risk of stroke in patients
with CKD is a result of uraemia-associated calcification in blood
vessels, along with ‘malnutrition-inflammation atherosclerosis
syndrome’.®

In this study, we aimed to identify the rehabilitation outcomes,
in terms of gains in the Functional Independence Measure
(FIM)"® and changes in National Institute of Health Stroke Scale
(NIHSS)?% scores, in stroke patients with underlying CKD and
those on dialysis. We also analysed the number of recurrent
hospitalisations and the duration of hospital stay in relation to
survival outcomes.

METHODS

This was a retrospective study involving consecutive stroke
patients who were admitted to the neuro-rehabilitation facility
at Changi General Hospital from June 2008 to May 2017. Only
patients who met the inclusion criteria were included. All
included patients were discharged from the rehabilitation facility
and followed up regularly as outpatients for a minimum of three

‘Department of Rehabilitation Medicine, Changi General Hospital, Singapore, ?Manchester University, NHS Foundation Trust, UK
Correspondence: Dr Shrikant D Pande, Consultant, Department of Rehabilitation Medicine, Changi General Hospital, 2 Simei Street 3, Singapore 529889.

shrikant.digambarrao.pande@singhealth.com.sg

594



IOriginaI Article

months. The subsequent records of hospital admissions, follow-up
changes in general physical and neurological status, and
treatment regimens were analysed. The SingHealth Centralised
Institutional Review Board approved this study. The requirement
of obtaining informed consent from patients was waived owing
to the retrospective nature of the study.

Patients with CKD Stages G3b, G4 or G5 (based on the Kidney
Disease: Improving Global Outcomes [KDIGO)] staging)“" and
those on haemodialysis or peritoneal dialysis when stroke was
diagnosed were included. Patients with previous known strokes;
incomplete follow-up records; follow-up period of less than three
months; and those with normal renal function, acute kidney
injury, or CKD Stage G1, G2 or G3a were excluded.

Stroke and its subtypes were diagnosed by a stroke physician
or neurosurgeon on admission, based on clinical examination,
brain imaging (computed tomography [CT], magnetic resonance
[MR] imaging, magnetic resonance angiography), 12-lead
electrocardiography, continuous or Holter monitor, carotid
Doppler test and echocardiography.

The medical records of the included patients were reviewed.
Data collected included demographic details, diagnosis, type
of stroke (e.g. ischaemic, intracerebral bleed), CT/MR imaging
findings for stroke territory, admission electrolytes, clotting
profiles, premorbid medications and comorbidities. Treatment
modalities included thrombolysis, medical treatments for
raised intracranial pressure, neurosurgical interventions
and statins.

Categorical data was presented as frequency (percentage),
while continuous data was presented as mean (+ standard
deviation) for parametric distributions and median (interquartile
range) for non-parametric distributions. Differences in
characteristics were examined using the chi-square test for
categorical variables and the two-sample ttest or Mann-Whitney
U test for continuous variables, where appropriate. Logistic
regression analysis was performed to determine the association
between potential predictors and outcomes of seizure. Odds ratio
was presented along with 95% confidence intervals (Cls). A two-
tailed p-value < 0.05 was considered statistically significant.
Analysis was performed using IBM SPSS Statistics version 19.0
(IBM Corp, Armonk, NY, USA).

RESULTS

Of the 563 records of patients with stroke that were reviewed,
37 met the selection criteria. Of these, 30 (81%) patients had
CKD (Stages G3b, G4, G5) and seven (19%) were on dialysis
at the time of stroke. The median duration of follow-up was 56
(range 20-93) months. Table | shows the patients’ demographic
and clinical characteristics. The mean age of the patients was
64.7 (range 36-87) years; 44% (n =16) of the patients were
male and 73% (n = 27) had diabetes mellitus. The mean
duration of hospital stay for the initial stroke was 28 (range
4-77) days. Using the Oxfordshire Community Stroke Project
classification,®? the distribution of stroke territory was as
follows: partial anterior circulation stroke (n = 23), posterior
circulation stroke (n = 8), total anterior circulation stroke

Table | . Patient demographic and clinical characteristics (n = 37).

Characteristic Mean * SD (range)/No. (%)

Age (yr) 64.7 +13.1 (36-87)
Male gender 16 (44)

Duration of hospital stay (day) 28.0 (4-77)
Diabetes mellitus 27 (73)
Comorbidities* 5(14)

Estimated glomerular filtration rate  21.3 £ 12.3 (5-44)
11.9+2.0(9-18)
12.1£6.1(3.8-26.0)

29.9+5.2(15-39)

Haemoglobin (g/dL)
Urea (mmol/L)
Albumin (g/L)

*Comorbidities include breast cancer, colon cancer, rectal cancer, cirrhosis and
gastrointestinal stromal tumour (three out of five patients died during follow-up).
SD: standard deviation

Table Il. Relationship between variables and survival.

Univariate analysis*

Unadjusted HR (95% CI) p-value
Age 1.05 (1.01-1.09) 0.014*
Male gender 0.59 (0.23-1.54) 0.28
Duration of 1.03 (1.01-1.06) 0.010f
hospital stay
Diabetes mellitus  0.55 (0.19-1.56) 0.26
eGFR 0.96 (0.92-0.999) 0.046*
Haemoglobin 0.75 (0.56-1.001) 0.051
Urea 1.03 (0.95-1.12) 0.46
Albumin 0.93 (0.85-1.02) 0.13

*Using Cox proportional hazards regression. tStatistically significant at p < 0.05.
Cl: confidence interval; eGFR: estimated glomerular filtration rate; HR: hazard ratio

(n = 3) and haemorrhagic transformation (n = 3). The mean
values on admission were: estimated glomerular filtration rate
(eGFR) 21.3 (range 5-44); haemoglobin 11.9 (range 9-18) g/
dL, urea 12.1 (range 3.8-26.0) mmol/L and albumin 29.9
(range 15-39) g/L.

A significant decrease in the NIHSS score was observed
from the time of admission to the time after discharge (6 [range
2-19] vs. 4 [range 1-17]; p < 0.001; Wilcoxon signed rank test).
Significant increases in the FIM motor score (31 [range 13-87] vs.
50.5 [range 13-91], p < 0.001; Wilcoxon signed rank test) and
FIM cognition score (24.6 [range 5-35] vs. 26.6 [range 5-35],
p = 0.046; paired t-test) were observed from the time of admission
to the time of discharge.

The median number of recurrent admissions after discharge
from the initial admission for stroke (i.e. initial diagnosis) was
6 (range 1-50), and the median duration of hospital stay was
48 (2-291) days. Older age, longer duration of hospital stay and
lower eGFR were all significantly related to mortality (p < 0.05),
while lower haemoglobin levels showed borderline significance
(p = 0.051; Table Il). These four factors were further assessed
using multivariable Cox regression analysis to identify the optimal
subset of independent predictors of mortality. Age, duration
of hospital stay and haemoglobin levels were found to have
significant independent relationships with mortality.

595



IOriginaI Article

1.0 H_L
—L
0.8 k—\_|
o —\_“\_‘
=
= b
0.6
3>
2]
c
9
b
80.44
e
o
0.2
0.0
T T T T T T T T
0 12 24 36 48 60 72 84
Time (mth)
Mth 12 24 36 48 60 72 84
No. of patients alive| 31 29 22 16 11 8 4
% surviving 84% | 81% 66% 63% 47% 42% 42%

Fig. 1 Graph shows the survival outcome of stroke patients with chronic
kidney disease/end-stage renal failure.
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Fig. 2 Graph shows survival outcomes of stroke patients with chronic
kidney disease/end-stage renal failure (CKD/ESRF cohort) vs. stroke
patients with normal kidney function (normal cohort). The former shows
significantly higher mortality (hazard ratio 3.5, 95% confidence interval
2.1-5.8, p < 0.001).

Five patients in the dialysis group and 13 patients in the
CKD group died during the follow-up period. Among those who
died, three patients had underlying malignancy and one had
liver cirrhosis. Significantly higher mortality was observed in the
dialysis group (hazard ratio [HR] 3.8, 95% CI 1.2-11.4, p=0.019;
Fig. 1). Despite adjusting for age, duration of hospital stay and
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haemoglobin level, higher mortality still persisted in the dialysis
group (HR 3.1, 95% CI 0.9-11.5, p = 0.08), although this was
not statistically significant.

The duration of hospital stay did not significantly differ
between patients in the dialysis group and those in the CKD
group (p = 0.28; Mann-Whitney U test). The change in NIHSS
score between the time of admission and discharge also did not
significantly differ between the two groups (p = 0.31; Mann-
Whitney U test). The FIM motor score on admission was of
borderline significance between patients on dialysis and those
with CKD (score = 31 vs. 19, p = 0.06; Mann-Whitney U test).
The change in FIM motor score between the time of admission
and discharge also did not significantly differ between the two
groups (p = 0.95; Mann-Whitney U test). The difference in FIM
cognitive score on admission between the two groups was not
significant (p = 0.44; independent ttest), and the change in FIM
cognitive score between the time of admission and discharge
also did not significantly differ between the two groups (p = 0.76;
independent ttest).

DISCUSSION

Although HD remains the mainstay of treatment in patients with
ESRF,?¥ Murray et al concluded that the number of stroke events
within the first month of HD increased by a factor of 7.%4 This
could be attributed to decreased cerebral perfusion and an altered
rate of blood flow.?*2% Other factors that may contribute to an
increased risk of stroke at the initiation of HD are advancing
age, diabetes mellitus, hypertension,"® use of erythropoiesis-
stimulating agent, blood viscosity and peripheral vascular
resistance.?® In the present study, the number of patients with
stroke on HD was small (n = 7) compared to those with CKD
(n = 30).

Compared to the general population, patients on HD have
about ten times®? increased risk of stroke (with 20%-30% being
haemorrhagic strokes)?”?® and an increased risk of haemorrhagic
transformation, with more haematoma volume in haemorrhagic
stroke.?” In the present study, 34 patients had ischaemic strokes,
two patients received recombinant tissue plasminogen activator
and three were found to have haemorrhagic transformation.
Seven patients in our study had underlying atrial fibrillation
and 12 had recurrence of stroke during the follow-up period.
In contrast to research conducted elsewhere, studies conducted
in Japan have demonstrated a high incidence of haemorrhagic
stroke, which can be explained by platelet dysfunction, heparin
use and the fact that the Japanese population has a higher risk
of haemorrhagic stroke compared to other populations.®%3"
Thrombolysis for the treatment of stroke in patients with ESRF
and CKD has shown conflicting results, with some studies
suggesting an increased risk of haemorrhage®* and others
reporting increased mortality without increased bleeding risk.®*
In our study, however, none of the patients had intracerebral
haemorrhage.

Ovbiagele et al, in a series of 94 patients with recent
intracerebral haemorrhage, found that patients who were
discharged home were less likely to have proteinuria or low eGFR;
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however, the authors did not find any statistical significance with
regard to these variables.®® In a large series that examined the
rehabilitation outcomes of elderly patients, Doyle et al found
that eGFR and the Barthel score were independent risk factors
for survival.®” In the present study, two of our patients received
recombinant tissue plasminogen activator, and only one of them
had haemorrhagic transformation.

It is observed that patients with CKD and stroke have poorer
survival and functional outcomes. When we compared the
data of 526 stroke patients without renal dysfunction seen in
our hospital with our cohort of stroke patients with underlying
CKD or HD, the latter were found to have longer duration of
hospital stay, more recurrent hospitalisations and poorer survival
outcomes (Fig. 2).

Previous studies have reviewed cerebral protection during
HD. Eldehni et al concluded that dialysis performed at 0.5°C
below a patient’s core temperature was associated with better
haemodynamic stability and protection against white matter
ischaemic changes.® Continuous, instead of intermittent
dialysis, has also been suggested to reduce the incidence of
brain injury.”

The present study was performed at a government restructured
hospital. The admitted patients represented all socioeconomic
levels from a local catchment area. Therefore, differences in
socioeconomic status and ethnicity were not likely to have
influenced our results, and this is a major strength of the study.
However, our study was limited by its retrospective, observational
and single-centre design. Further, patients who did not undergo
rehabilitation were excluded from our study.

In conclusion, our study found that despite significant
improvements in NIHSS and FIM scores, patients with stroke
and CKD who undergo HD continue to have poor survival. The
average duration of hospital stay and recurrent hospitalisation
rate in this group of patients are also higher than those in
stroke patients without CKD. Patients with HD tend to have
recurrent admissions and higher morbidity owing to fistula-
related problems. The morbidity and mortality in patients
with stroke and CKD who are on HD may also be attributable
to the complications associated with these comorbidities
rather than the stroke itself. Multidisciplinary community
rehabilitation that focuses on preventing and addressing these
issues may help to reduce recurrent hospitalisations in this
group of patients.
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