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Abstract: Background and Objectives: The aim of this study was to investigate the incidence of cere-
brovascular pathology in patients with chronic kidney disease and its effect on functional outcomes.
Materials and Methods: In a retrospective cross-sectional study (2018-2021), the medical records of
patients with acute hemorrhagic and ischemic stroke with concomitant chronic kidney disease who
received treatment in Riga East University Hospital Stroke Unit were analyzed. Data were analyzed
using IBM SPSS 26.0. The Kruskal-Wallis, Mann-Whitney U test, and Spearman’s rank correlation
coefficient methods were used. Results: The final sample consisted of 305 acute cerebrovascular
pathology patients (56.4% females). Overall, 57.3% of stroke patients had second-stage chronic kidney
disease with average serum creatinine levels of 104.3 mmol/L (£32.8). The functional outcome of the
stroke depended on the stage of chronic kidney disease. There was a statistically significant non-linear
correlation between glomerular filtration rate and NIHSS (National Institute of Health Stroke Scale)
score on admission (Rho —0.194, p = 0.016), glomerular filtration rate and NIHSS score on discharge
(Rho —0.186, p = 0.020), and glomerular filtration rate and modified Rankin score on admission
(Rho —0.237, p = 0.003) and discharge (Rho —0.224, p = 0.05). The mean NIHSS score of ischemic
stroke patients was 8.3 = 5.9 on admission and 6.5 =+ 5.8 on discharge. In the hemorrhagic stroke pa-
tient group, the mean NIHSS score was 9.5 &= 7.3 on admission and 7.1 & 6.9 on discharge. On average,
34.0% of ischemic stroke patients had an mRS score of 5 on admission, while in the hemorrhagic stroke
patient group, this figure was 41%. There was no statistical difference in the glomerular filtration rate
between the thrombolyzed versus non-thrombolyzed patient groups (Mann-Whitney U test = 1457,
p = 0.794). Conclusions: Chronic kidney disease is an important predictor of the severity and func-
tional outcome of a stroke; furthermore, the early management and prevention of complications
should be a top priority in the prophylaxis of this cerebrovascular pathology.

Keywords: stroke; ischemic stroke; hemorrhagic stroke; chronic kidney disease; functional outcome;
secondary prevention

1. Introduction

The incidence of chronic kidney disease worldwide is approximately 13.4%, making it
one of the most common chronic conditions in adults and the elderly [1]. Chronic kidney
disease is known to be an independent risk factor for ischemic and hemorrhagic stroke;
it is associated with a greater neurological deficit following ischemic stroke, a poor func-
tional outcome, and greater mortality [2]. The co-existence of vascular risk factors, such
as hypertension, diabetes mellitus, dyslipidemia, proteinuria, accelerated atherosclerosis,
vascular calcification, the effect of uremic toxins, prothrombotic tendency, and impaired
cerebral autoregulation, is highly prevalent in chronic kidney disease patients [3]. The
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estimated risk of stroke in patients with end-stage kidney disease is 5-30 times greater
than in the general population [4]. Chronic kidney disease (CKD) is known to have an
impact on treatment strategy as well as secondary prophylaxis. There is an inequality in the
management of acute stroke in patients with chronic kidney disease—both in the United
States and Europe [5,6]. In an analysis of nearly 700,000 patients from the Get With The
Guideline—Stroke program cohort, patients with chronic kidney disease were less likely to
receive evidence-based therapies compared with no chronic kidney disease, such as throm-
bolytic therapy, antiplatelets, statins, and smoking cessation programs [5]. Furthermore,
stroke can influence daily activities and quality of life after the acute cerebrovascular event.
In the Choices for Healthy Outcomes in Caring for End-Stage Renal Disease (CHOICE)
study of patients receiving dialysis, only 56% of patients were able to be discharged to
their home or acute rehabilitation [7]. There are few studies available on the functional
neurological outcomes of acute stroke in patients with concomitant chronic kidney disease.
The aim of this study was to investigate the incidence, functional outcome, stroke severity,
and secondary prevention of ischemic and hemorrhagic stroke in patients with concomitant
chronic kidney disease.

2. Materials and Methods

In this retrospective cross-sectional study (2018-2021), medical records of acute stroke
patients with concomitant chronic kidney disease were analyzed.

2.1. Study Population

This study utilized the data collected from the patients admitted to the Neurovascu-
lar Department of the Riga East University Hospital, Riga, Latvia from January 2018 to
January 2021 who were diagnosed with acute ischemic stroke or hemorrhagic stroke and
concomitant chronic kidney disease. In this study, patients were older than 18 years.

2.2. Measures and Definitions

All the patients included in this study were divided into 2 main groups according
to the pathogenesis of the acute stroke (stroke onset less than 7 days)—either ischemic or
hemorrhagic stroke. If the patients had an ischemic stroke, they were further subdivided
according to the Trial of Org 10172 in Acute Stroke Treatment (TOAST) classification [8]. If
the patients had a hemorrhagic stroke, then they were divided by the localization of the
hemorrhage into either intracerebral hematoma or subarachnoid hemorrhage and further
subdivided according to the cause of the hemorrhage: hypertensive, aneurysm rupture,
anticoagulation-related, vasculitis, arterio-venous malformation, or cryptogenic.

Chronic kidney disease was defined according to the KDIGO (Kidney Disease: Im-
proving Global Outcomes) definition as an abnormality of the kidney structure or function
for at least three months or a glomerular filtration rate less than 60 mL/min for at least three
months with or without evidence of kidney damage, which could present as proteinuria,
hematuria, or pathological changes in histology or imaging. The severity of chronic kidney
disease was classified into five stages based on glomerular filtration rate [9]. Patients with
anormal or mildly decreased glomerular filtration rate (GFR 60-90 mL/min) were consid-
ered for inclusion. This encompassed individuals exhibiting signs of nephrotic or nephritic
syndrome, those with asymptomatic urine analysis results, and those with asymptomatic
pathological kidney imaging findings. Additionally, patients experiencing hypertension at-
tributable to kidney disease were included. According to KDIGO guidelines, such patients
were classified as having stage 1 or stage 2 chronic kidney disease [9].

Patients with a glomerular filtration rate of 90 mL/min or in the range 60-90 mL/min
and no other signs of chronic kidney damage, e.g., proteinuria, hematuria, pathological
kidney biopsy or imaging results, as well as patients with a first-time documented decrease
in glomerular filtration rate and patients with acute kidney failure, were excluded from
this study.
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2.3. Clinical Course and Functional Outcome

In this study, acute stroke patients with a stroke onset of less than 7 days were included.
The functional outcome of the cerebrovascular pathology was estimated using the National
Institutes of Health Stroke Scale (NTHSS) and the modified Rankin scale (mRS) on admission
to the hospital and discharge.

The National Institutes of Health Stroke Scale (NIHSS) is a comprehensive 15-item
scale designed to assess the severity of a stroke. It evaluates various domains, including
the level of consciousness, eye movements, visual field integrity, facial movements, muscle
strength in the arms and legs, sensation, coordination, language, speech, and neglect [10].

The modified Rankin score (mRS) assessment gauges post-stroke functional indepen-
dence concerning pre-stroke activities through a single-scale item. Disability is categorized
as follows: none, slight, moderate, moderately severe, and severe. A score of 0 refers to no
symptoms at all [11].

2.4. Statistical Analysis

Data were analyzed using IBM SPSS 26.0. Non-parametric tests—Kruskal-Wallis,
Mann-Whitney U test, and Spearman’s rank correlation coefficient—were used. A p-value
of <0.05 was considered statistically significant.

3. Results
3.1. General Characteristics

The final sample consisted of 305 acute cerebrovascular pathology patients; 155 were
acute ischemic stroke patients, while the other half were hemorrhagic. In the ischemic

stroke patient group, 62.6% were females, 37.4% were males, and the mean age was
76 £ 11.2 years (Table 1).

Table 1. Demography of ischemic stroke patient and hemorrhagic stroke patient group, n = 305.

Ischemic Stroke Patients n =155  Hemorrhagic Stroke Patients n = 150

Gender Females (%) 62.6 51.0
Males (%) 37.4 49.0
Mean age (years) 76 £11.2 71.7 £ 14
Normal (%) 6.2 4.5
Elevated (%) 7.2 45
Blood pressure (BP) category Stage 1 hypertension (%) 5.6 11
Stage 2 hypertension (%) 49 23
Stage 3 hypertension (%) 32 57

3.2. Ischemic Stroke and Chronic Kidney Disease

In total, 51.6% of patients experienced a cardioembolic stroke, 21.9% experienced an
atherothrombotic stroke, and 26.5% experienced a cryptogenic stroke by etiology (TOAST
classification) [2]. For ischemic stroke, 80.0% of cases were localized in the anterior circu-
lation; of these, 45.8% were in the left middle cerebral artery, while 20.0% of patients had
a stroke in the posterior circulation. Most patients (52.3%) had stage 3a chronic kidney
disease, 23.9% had stage 2, 10.3% had stage 3b, 7.1% had stage 1, 5.2% had stage 4, and
1.3% had stage 5 (end-stage kidney disease) (Figure 1).

The mean serum creatinine levels were 99.4 £ 43.7 umol/L, and the mean glomerular
filtration rate (GFR) was 59.86 £ 20.1 mL/min. Patients with a GFR value exceeding 30 are
eligible to receive intravenous iodinated contrast. The modified Rankin score on admission
in 33.5% of cases was five, and in 26.5%, it was four on discharge (Table 2).

Furthermore, there was a statistically significant correlation between glomerular filtra-
tion rate and mRS on admission (Rho —0.237, p = 0.003) as well as on discharge (Rho —0.224,
p = 0.05). The NIHSS scores were 8 £ 5.9 on admission and 6.5 £ 5.8 on discharge, and there
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was a statistically significant non-linear correlation between GFR and the rates of this score
both on admission (Rho —0.194, p = 0.016) and on discharge (Rho —0.186, p = 0.020). This
study included 86.5% of patients who received thrombolytic therapy as a remedial drug in
acute stroke settings; nevertheless, there was no statistical difference between patients who
received thrombolysis or not based on their GFR (Mann-Whitney U test = 1457, p = 0.794).

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Stage 1 Stage 2 Stage 3a Stage 3b Stage 4 Stage 5 (ESKD)

W Patients, %

Figure 1. Stages of chronic kidney disease in ischemic stroke patients, n = 155.

Table 2. The modified Rankin score (mRS) on admission and discharge in ischemic stroke patients

n =155.
Modified Rankin Score (mRS) On Admission, %n = 155 On Discharge, %n = 155
0 1.9 5.2
1 7.1 11.6
2 45 14.2
3 18.1 194
4 34.8 26.5
5 33.5 6.0
6 0.0 1.0

The majority of patients with chronic kidney disease received secondary prophylaxis
after an acute ischemic event, and GFR was statistically significantly associated with the
type of the received anticoagulant; the lower GFR was, the more frequently patients were
prescribed edoxaban as a secondary prophylaxis for cardioembolic stroke (Kruskal-Wallis,
p =0.007), except for end-stage chronic kidney disease patients (note: the administration of
edoxaban is contraindicated if GFR is less than 15 mL/min). The lower the glomerular filtration
rate a patient had, the more often they received an adjusted dose of oral anticoagulant. A
total of 43.2% of patients with an atherothrombotic or cryptogenic cause of a stroke received
acetylsalicylic acid as secondary stroke prevention. In comparison, clopidogrel was prescribed
in 3.9% of patients, and 5.8% of these patients received dual anti-aggregation therapy.

The majority (49.0%) of chronic kidney disease patients had second-stage primary
arterial hypertension (Table 1) and were discharged on angiotensin-converting enzyme
inhibitors (65.2%), calcium channel blockers (49.7%), and the diuretic, antihypertensive
drug class (47.7%). Less frequently, patients were prescribed angiotensin Il receptor blockers
(14.9%) and alpha 2 receptor blockers (19.4%) (Table 3).

Overall, 85.1% of the ischemic stroke patients were prescribed statin therapy, regardless
of the stroke etiology. Out of 155 ischemic stroke patients, 71 received a 20-mg dosage of a
lipid-lowering drug (either atorvastatin or rosuvastatin) as the secondary stroke prophylaxis.
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Table 3. Prescribed antihypertensive drugs in ischemic stroke patient group, n = 155.

Antihypertensive Drug Class Patients, %n = 155

Diuretics 47.7

Alpha 2 receptor blockers 15.5

Beta-blockers 19.4

Angiotensin II receptor blockers 14.8

Angiotensin-converting enzyme (ACE) 65.2
inhibitors

Ca?* channel blockers 49.8

3.3. Hemorrhagic Stroke and Chronic Kidney Disease

In the hemorrhagic stroke patient group, 51.0% were females, 49.0% were males,
and the mean age was 71.7 £ 14.4 years (Table 1). In total, 82.6% of these patients had
spontaneous intracerebral hemorrhage; in 86.0% of cases, this was caused by uncontrolled
hypertension; in 2.6% by the rupture of an aneurysm; in 1.3%, this was related to anticoag-
ulation therapy; in 1.3% due to vasculitis; in 1.3% due to arterio-venous malformation; and
in 7.3% of cases due to cryptogenic etiology (Figure 2).

B Patients, %
100
90
80
70
60
50
40
30
20

0 — N

Uncontrolled Aneurysm Anticoagulant Vasculitis arterio-venous  Cryptogenic
hypertension rupture related malformation

Figure 2. The etiology of hemorrhagic stroke, n = 150.

In most cases (59.3%), the hemorrhage was localized in the right hemisphere. Of these
cases, 64.0% had stage 3a chronic kidney disease, 17.3% had stage 2, 6.7% had stage 3b,
6.0% had stage 4, 3.3% had stage 1, and 2.7% had end-stage kidney disease (Figure 3).
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Figure 3. The stages of chronic kidney disease in hemorrhagic stroke patients, n = 150.



Medicina 2024, 60, 219

6 of 10

The mean glomerular filtration rate was 55.0 & 21.9 mL/min, and serum creatinine
levels were 109.1 4 85.4 mmol/L. The modified Rankin score on admission was 4 (40.7%),
while on discharge it was 3 (26.7%) (Table 4).

Table 4. The modified Rankin scores (mRS) on admission and discharge in hemorrhagic stroke
patients n = 150.

Modified Rankin Score (mRS) On Admission, %n = 150 On Discharge, %n = 150
0 0.0 0.0
1 47 8.0
2 8.7 17.3
3 14.7 18.7
4 28.8 26.7
5 40.7 19.3
6 1.3 6.0

The average NIHSS score on admission was 9.5 £ 7.3, while on discharge it was
7.1 £6.9. In hemorrhagic stroke, a statistically significant correlation was not found be-
tween glomerular filtration rate and mRS on admission (Rho 0.104, p = 0.209) and discharge
(Rho 0.040, p = 0.625), or between glomerular filtration rate and NIHSS score on admission
(Rho —0.041, p = 0.623) and discharge (Rho 0.003, p = 0.976).

In total, 57.0% of hemorrhagic stroke patients had third-degree primary arterial hy-
pertension (Table 1) and were discharged on angiotensin-converting enzyme inhibitors
(71.3%), calcium channel blockers (60.7%), the diuretic, antihypertensive drug class (41.3%),
angiotensin II receptor blockers (14.0%), or alpha 2 receptor blockers (19.4%) (Table 5).

Table 5. Prescribed antihypertensive drugs in hemorrhagic stroke patient group n = 150.

Antihypertensive Drug Class Patients, %n = 150
Diuretics 41.3
Alpha 2 receptor blockers 44.0
Beta-blockers 54.6
Angiotensin II receptor blockers 14.0
Angiotensin-converting enzyme (ACE) inhibitors 71.3
CaZ* channel blockers 60.7

In the hemorrhagic stroke patient group, a statistically significant correlation was
found between the glomerular filtration rate and the type of prescribed antihypertensive
drug. The glomerular filtration rate was 10 mL/min lower in those patients who received
antihypertensives of the beta-blocker drug class. In comparison, GFR was 10 mL/min
higher in those who received angiotensin receptor blockers.

Regarding statin therapy, only 14.0% of hemorrhagic stroke patients received it as
secondary stroke prophylaxis.

4. Discussion

The aim of this study was to investigate the incidence of cerebrovascular pathology
in patients with chronic kidney disease and its effect on functional outcomes. The study
involved 305 patients with acute cerebral pathology, where half were patients with acute
ischemic stroke and the remainder consisted of patients with hemorrhagic stroke. Patients
were mainly females with a mean age of approximately 70 years. As mentioned, the highest
number of patients had stage 3a kidney disease, which is characterized by GFR rates of
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45-59 mL/min. In the ischemic stroke patient group, 51.6% had a cardioembolic etiology
according to the TOAST classification [8]. Similarly, in a study published by Seon-Mi
K. et al. (2023), higher stages of chronic kidney disease were associated with a higher risk
of atrial fibrillation development. The incidence rates of atrial fibrillation were 1.77 per
1000 person-years for subjects without chronic kidney disease and 4.33 for those with
stage 4 CKD [12].

According to the National Kidney Foundation, CKD is defined as GFR < 60 mL/min/
1.73 m? or persistent kidney damage markers in a term longer than three months [13].
Observing the same GFR level in each group, the creatinine level was higher in the hemor-
rhagic stroke patient group. MRS was higher in the ischemic stroke group compared to the
hemorrhagic stroke group on admission and discharge, but the opposite was seen for the
NIHSS score. Higher mRS indicates more severe functional impairment, which applies to
the NIHSS. To sum up, interpreting a stroke’s severity may depend on the scale used in a
case. Chronic kidney disease patients have 49.0% greater risk of neurological deterioration,
defined as a two-point increase in the NIHSS scale, and 25.0% greater risk of a mRS of
2 or more at discharge than patients without chronic kidney disease [3,14]. In a study
conducted by Nagaraja et al. (2023), in patients with kidney function impairment, higher
NIHSS scores were observed, showing a higher neurological deficit compared to the control
group without a loss of kidney function [15]. A correlation was observed between GFR and
mRS on admission and discharge and NIHSS score on admission and discharge in ischemic
patient groups. In a study conducted by Fabjan et al. (2007), it was observed that in patients
with acute ischemic stroke, patient mortality was higher in patients with a higher NIHSS
score, lower GFR, and lower albumin levels [16]. Our study observed no exact correlation
between GFR, NIHSS score, and mRS in a hemorrhagic stroke patient group. In a study
conducted by Zhaoxia et al. (2022), it was found that the risk of in-hospital mortality,
non-routine discharge, hemorrhagic stroke severity, and in-hospital stroke complications
increased as the glomerular filtration rate declined [17]. Another study conducted by Yang
et al. (2014) revealed no correlation between glomerular filtration rate and increased risk of
disability at 3 months [18]. The data discrepancy may be related to the differences in the
study design and the study population.

Irrespective of age and stroke severity, intravenous thrombolysis administered within
a time window is associated with better functional outcomes [19], which is also crucial
for chronic kidney disease patients, who are often prone to large cerebral infarcts due to
the high prevalence of atrial fibrillation [20]. Our study included 86.5% of patients who
received thrombolytic therapy as a remedial drug in acute stroke settings; nevertheless,
there was no statistical difference between patients who received thrombolysis or not
based on their GFR. The use of intravenous thrombolysis in CKD patients is one of the
key inequities in stroke care, with delays to treatment [21] and under-treatment reported
due to the assumed higher risk of intracerebral hemorrhage [5,6]. Although there still
have not been enough studies conducted in this field, the guidelines consider it safe to
use intravenous thrombolysis in otherwise-eligible patients with chronic kidney disease,
including hemodialysis patients with a normal activated partial thromboplastin time [22].

According to the data, patients in the ischemic stroke group mostly had second-
and third-stage primary arterial hypertension. In the hemorrhagic stroke group, more
than eighty percent of cases of stroke were caused by uncontrolled arterial hypertension.
Hence, control of hypertension is one of the primary goals of patients who have survived
a cerebrovascular event. According to data provided by Kelly et al., hypertension is
prevalent in a substantial percentage, ranging from 67.0% to 92.0%, of individuals with
CKD. Recent findings indicate that adjusting for long-term premorbid blood pressure
significantly complicates the relationship between CKD and stroke. Current evidence
suggests that CKD is linked to an increased tendency toward thrombosis. However, the
clots formed in CKD exhibit distinct structural and functional characteristics compared
to those in individuals with normal renal function. This divergence may elucidate why
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individuals with CKD face a heightened risk of thrombosis while paradoxically being at an
elevated risk of bleeding [23].

The most frequently prescribed antihypertensive medicine was ACEIs. In the context
of preventing secondary strokes, the effectiveness of diuretics and an ACEI is notable,
and they complement other therapies aimed at reducing atherogenic and thrombogenic
risks, including the use of aspirin [24]. In a hemorrhagic stroke group, a correlation was
found between the use of antihypertensives and GFR. In patients who used ARBs, GFR
was 10 mL/min higher. Both medications affect the renin-angiotensin—aldosterone sys-
tem differently, where ARBs block angiotensin II type 1 receptors and ACEIs inhibit an
angiotensin-converting enzyme. A study provided by Ma et al. (2012) shows that pa-
tients who use ACEIs have a lower risk of non-fatal stroke compared to the patient group
that uses ARBs [25]. Atherosclerosis is a basic pathological factor for atherothrombotic
brain infarction, whereas arteriosclerosis is a factor for intraparenchymal hemorrhage [26].
Endothelial dysfunction is common in CKD in which uremic toxins, insulin resistance,
vascular calcification, dyslipidemia, anemia, and renin-angiotensin activation are proposed
to cause chronic inflammation and oxidative stress and promote atherogenesis and arte-
riosclerosis. Stroke risk increases when a decline in GFR and an increase in albuminuria
are observed. A GFR of <90 mL/min/1.73 m? is associated with an increased risk of
all-cause stroke by 39.0%. The Kidney Disease: Improving Global Outcomes (KDIGO)
classification of CKD may be a useful tool for stratifying the risk of stroke in the general
population. However, estimates of the absolute risk of stroke require adjustment for race
and clinical setting [27]. Hypertension can be defined as an independent risk factor for
stroke and chronic kidney disease. Long-term blood pressure control can be defined as a
potentially important confounder of the association between chronic kidney disease and
stroke risk [28].

Statin therapy is beneficial in reducing the risk of cardiovascular events in non-dialysis
chronic kidney disease patients [29]. Our results revealed that statin therapy was prescribed
for 85.1% of ischemic stroke patients, while it was prescribed for only 14.0% of patients in the
hemorrhagic stroke patient group. Similar results were found in the Salfort kidney cohort
study (2019)—statin therapy was prescribed for 75.0% of ischemic stroke patients [30].

The limitations of this study include a retrospective design with no opportunity
to collect data directly from patients included in the study. Additionally, there was no
opportunity for long-term follow-up with patients after discharge to determine functional
outcomes. Data records that were provided sometimes lacked crucial information, so there
was a reason to exclude some potential participants from the study. No additional factors
that could have influenced functional outcomes were explored.

Another limitation arises from the insufficient information available on specific causes
of CKD, such as diabetic nephropathy, hypertensive nephrosclerosis, and glomerulonephri-
tis (GN), with a particular emphasis on drug-induced GN. In a study conducted by
Kaze et al., in a group of 9170 participants with type 2 diabetes that was followed for
4.9 years, 156 participants developed a stroke. Compared with participants with both
normal urine Albumin—Creatinine Ratio (UACR) and eGFR, those with UACR > 30 mg/g
and eGFR < 60 mL/min/1.73 m2 had increased risks of stroke [31].

5. Conclusions

A large sample of patients (n = 305) was investigated retrospectively for three years,
observing the correlations of different stroke etiologies with functional outcomes in pa-
tients with impaired renal function. Chronic kidney disease was an essential predictor
of the severity of cerebrovascular pathology; more specifically, it had a high impact on
the functional outcome in the ischemic stroke patient group. A statistically significant
correlation was found between glomerular filtration rate on admission and discharge and
NIHSS and modified Rankin scores, and consequently, lower glomerular filtration was
the worse functional outcome in ischemic stroke patients. Compared to the hemorrhagic
stroke patient group, no statistically significant correlation was found between glomeru-
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lar filtration rate and functional outcome. More prospective multicenter studies should
be conducted to evaluate the CKD effect on functional outcomes in patients after stroke.
Evaluating a functional outcome over a longer period can be considered for future research.
It is important to prevent CKD progression and improve post-stroke functional outcomes
by controlling risk factors such as hypertension, which can affect CKD progression and
hemorrhagic stroke incidence, and diabetes, which is one of the main risk factors for CKD
and hyperlipidemia.
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