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Abstract 

One of the most relevant issues of nephrology, neurology, and cardiology 

is the management and treatment of patients with chronic kidney disease 

and stroke. Patients with chronic kidney disease have a risk of both 

thrombotic complications and bleeding, and they have a high risk of both 

ischemic and hemorrhagic stroke. Chronic kidney disease significantly 

worsens the outcome of stroke by limiting the treatment due to reduced 

drug clearance and side effects. Hemodialysis which causes drastic 

hemodynamic and biochemical changes leads to the "stress" of the 

cerebral vascular system, increasing the risk of stroke; kidney 
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transplantation reduces the risk of stroke due to functional recovery. 

Chronic kidney disease and stroke have significant socio-economic 

consequences. Patients with end-stage chronic kidney disease, as a rule, 

are not included in clinical trials; and stroke treatment tactics have not 

been developed for them. 

This review examines the interaction between kidneys and brain, the 

pathophysiology and epidemiology of stroke in all stages of chronic 

kidney disease, after kidney transplantation and discusses the 

management and treatment of chronic kidney disease patients with stroke. 

The investigation of the factors responsible for the high prevalence of 

brain lesions in chronic kidney disease will allow developing new 

treatment methods. 
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AF, atrial fibrillation 

AH, arterial hypertension 

AKI, Acute Kidney Injury 

APD, antiplatelet drugs 

APTT, activated partial thromboplastin time 

BBB, blood-brain barrier 

BP, blood pressure 

CInf, chronic inflammation 



 

CKD, chronic kidney disease 

CNS, central nervous system 

CVD, cardiovascular disease 

CVE, cardiovascular event 

DM, diabetes mellitus 

ED, endothelial dysfunction 

eGFR, estimated glomerular filtration rate 

EP, erythropoietin 

ESRD, end-stage renal disease 

HD, hemodialysis 

HS, hemorrhagic stroke 

IL, interleukin 

INR, International Normalized Ratio 

IS, ischemic stroke 

KD, kidney dysfunction 

LDL, low density lipoprotein 

LV, left ventricle 

MR, mortality risk 

NOAC, new oral anticoagulants 

RAAS, renin-angiotensin-aldosterone system 

RF, risk factor 

RS, risk of stroke 

SNS, sympathetic nervous system 

TNF-α, tumor necrosis factor α 

tPA, tissue plasminogen activator 

 

Introduction 

The combination of chronic kidney disease (CKD) and brain 

damage is becoming an increasingly relevant topic that deserves a lot of 



 

attention. The kidneys and the brain have a complex bidirectional 

relationship. CKD affects both the structure and functions of the brain, 

which is the cause of the spread of cerebrovascular diseases at all stages 

of CKD [1-2]. Thus, the patients with an earlier stage of CKD are more 

likely than the general population show brain abnormalities: those of 

white matter, atrophy, and brain infarcts [3-4]. According to the US Renal 

Data System database, individuals with an estimated glomerular filtration 

rate (eGFR) < 60 ml/min/1.73 m2 and patients with end-stage renal 

disease (ESRD) have a 3.7-fold and 5.8-fold increased risk of stroke, 

respectively [5]. In patients with previous lacunar stroke, CKD increases 

the risk of recurrent stroke by 50% [2]. Regardless of concomitant 

cardiovascular diseases (CVD), the risk of stroke (RS) increases with the 

progression of CKD stage, and the prevalence of stroke is 8 times higher 

than in the general population, and at the beginning of dialysis it makes 

6.7% [3]. Patients with CKD are at risk of both thrombotic complications 

and bleeding, and they have a high risk of both ischemic stroke (IS) and 

hemorrhagic stroke (HS) [6]. In dialysis patients, compared with the 

general population, RS increases three-fold for IS and six-fold for HS [4, 

7]. Meantime, patients with CKD are more prone to IS than HS [8]. CKD 

with a stroke is more common in patients younger than 50 years of age 

compared to the elderly population [2]. 

According to the results of studies, CKD is a strong independent 

predictor of short-term mortality and poor outcome in patients with acute 

stroke [2, 9]. Most patients with CKD die from CVD, including stroke, 

rather than from end-stage CKD [10]. CKD is included in the QRISK3 

model for predicting the risk of CVD and stroke.  

Stroke is an independent predictor of CKD progression to ESRD 

[11]. A large-scale multicenter study showed that proteinuria or low 

eGFR occurs in 35% of patients with the first stroke [12]. Acute kidney 



 

injury (AKI) after the stroke is a new independent prognostic factor for a 

long-term survival and the occurrence of cardiovascular events (CVS) 

after stroke [13]. AKI is a common complication of acute IS, accounting 

for 12.9-62.5%, and is associated with high mortality [14-16]. AKI and 

CKD are interrelated; patients with CKD have a high risk of developing 

AKI after stroke; AKI exacerbates the ongoing progression of CKD [13]. 

CKD worsens the course and outcome of stroke, and restricts the 

use of medications due to reduced drug clearance, a greater predisposition 

to bleeding, and, consequently, more side effects [17]. Patients with stage 

3-5 CKD have a poorer prognosis, greater neurological deficits, and poor 

functional outcomes after stroke. CKD affects the choice of treatment and 

the secondary prevention of stroke [18]. The management of such patients 

is complicated by the lack of sufficient evidence to support the efficacy 

and safety of treatment at different stages of CKD due to their exclusion 

from clinical trials for safety reasons [19]. 

The combination of CKD and stroke has significant socio-

economic consequences. The costs of managing patients with stroke and 

CKD is 5 times higher than the mean costs for participants in the United 

States Health Insurance Program (Medicare FFS) [2].  

Thus, understanding the mechanisms of stroke pathogenesis in the 

progression of CKD is crucial for treating these patients and for stroke 

prevention. 

 

The relationship between the kidneys and the brain 

The relationship between the kidneys and the brain is bidirectional: 

there is a two-way correlation between stroke and kidney disease, since 

kidney dysfunction (KD) is observed in 40% of IS survivors, and the RS 

increases by 43% in stage 3 or more severe CKD compared to the general 

population [1, 11, 20]. CKD is diagnosed much more frequently in acute 



 

stroke survivors and ranges from 20 to 40% in patients with acute IS and 

from 20 to 46% in patients with acute intracerebral hemorrhage [18]. 

The brain and kidneys share similar anatomical features: both organs 

have high blood flow rates and local autoregulation. The kidney 

consumes twice as much oxygen as the brain does, and receives ~20% of 

the cardiac output [6]. The brain has the system of a low vascular 

resistance (with local autoregulation) that provides continuous high-

volume blood flow, making it vulnerable to microvascular damage caused 

by systemic hypertension. The blood vessels of the brain and kidneys are 

susceptible to damage due to high blood pressure (BP), as they have 

similar anatomical features [1]. 

CKD and brain damage have similar risk factors (RFs) (aging, 

diabetes, hypertension, and smoking) [8]. Atherosclerosis and vascular 

factors affect renal and cerebral function by ischemia, endothelial 

dysfunction, and blood-brain barrier (BBB) [21]. In addition to traditional 

and non-traditional CVD RFs, CKD is a predictor of thickening of the 

intima-media complex of the carotid arteries, progression of subclinical 

atherosclerosis, and increase in fatal and non-fatal CVEs. Patients with 

CKD have a significantly higher percentage of total calcification, the 

instability and destruction of atherosclerotic plaque [6].  

CKD impairs brain autoregulation, affecting blood vessels and 

cerebral blood flow, which increases the RS [22]. Meanwhile, 

cerebrovascular diseases can induce KD, since the kidney activity is 

regulated by the brain through neural connections. The central pathway of 

brain-kidney interaction can pass through the central nervous system 

(CNS) and sympathetic nervous system (SNS). Peripheral signaling 

pathways of cross-organ interaction can be regulated by inflammatory 

responses, autoregulation, the neuroendocrine system, and extracellular 

vesicles. Stroke-induced activation of the hypothalamic-pituitary-adrenal 



 

axis, CNS, and renin-angiotensin-aldosterone system (RAAS) can alter 

the release of hormones and neurotransmitters, thereby causing a KD. 

Inflammatory and immune responses mediate the KD after stroke. The 

release of inflammatory mediators by damaged brain cells can increase 

systemic inflammation [11].  

Accelerated arteriosclerosis disrupts the cerebral blood flow 

autoregulation. This causes damage to the microvessels as a result of the 

transmission of central aortic pressure to the cerebral capillaries. 

Endothelial dysfunction (ED) and arteriosclerosis are deteriorated by 

water and sodium retention, uremic toxins, electrolyte imbalance, and 

hyperparathyroidism [2, 23]. 

Due to their similar structure, the glomerular barrier and BBB are 

affected by inflammatory mediators, hypoperfusion, and ischemia. BBB 

permeability in CKD has not been well described [6]. BBB is of 

paramount importance, protecting the stability of the central nervous 

system from fluctuations in blood composition. The BBB consists of 

closely related cerebral endothelial cells, astrocytes, and other 

components and controls the transport of various proteins and nutrients 

between the central nervous system and the blood. The condition of 

vascular endothelium affects the brain oxygenation, metabolite transport, 

interstitial fluid balance, and fluid clearance. ED is a cofactor of 

damaging processes for the brain and kidneys. RAAS should also be 

considered as a cofactor of degenerative changes both in CKD and small 

vessel diseases, since it affects the regulation of blood pressure, 

vasoconstriction, thrombosis, and vascular wall damage. An impaired 

brain perfusion in CKD has a multifactorial structure, potentially due to 

systemic vascular diseases and insufficient vascular reactivity. Even at an 

early stage of CKD, the oxidative stress and inflammation lead to the 

vulnerability of blood vessels and endothelium, which, in turn, threatens 



 

the BBB integrity and facilitates the penetration of leukocytes and uremic 

toxins into the central nervous system [17, 11].  Models of acute kidney 

injury and CKD in animals showed a loss of BBB integrity against the 

background of uremia, which was confirmed by the results of contrast-

enhanced brain magnetic resonance imaging. In this way, the 

development of BBB dysfunction in patients with CKD has been shown. 

When the BBB integrity is disrupted, there is an increase in the 

permeability for fluid, proteins, and other plasma components to 

perivascular tissues, which causes interstitial edema, thickening of the 

arteriole walls, disrupting further vasodilation, oxygen and nutrient 

transport. Fibrinogen, having overcome the BBB, is broken down to 

fibrin, which activates microglia and attracts peripheral macrophages, 

causing inflammation. Fibrinogen blocks the maturation of 

oligodendrocyte progenitor cells, inhibiting myelin maintenance and 

repair [24]. The "neurodegenerative" hypothesis suggests that the 

development of brain vascular dysfunction in CKD is associated with the 

accumulation of uremic toxins, impaired BBB integrity, an imbalance of 

neurotransmitters, and altered drug pharmacokinetics [3]. 

 

Chronic kidney disease: pathophysiology of stroke 

Risk factors, atherosclerosis, cardiovascular diseases and uremic 

toxins 

The occurrence of cerebrovascular disorders in CKD may be 

associated with the presence of traditional and non-traditional CVD RFs. 

The most common RFs of stroke development in CKD patients include 

an advanced age, prior history of CVD, arterial hypertension (AH), 

diabetes mellitus (DM), atrial fibrillation (AF), Smoking, obesity and a 

sedentary lifestyle, as well as the male gender, the left ventricle (LV) 

hypertrophy on the electrocardiogram, concomitant CVDs and the eGFR 



 

lower than 60 ml/min/1.73 m2 [3, 8]. AF is the RF of stroke which 

prevalence in CKD makes 3.5%-27%. AF and CKD in combination 

increase the RS up to 5 times [2]. 

CKD is often associated with hypertension and high atrial pressure, 

as well as with RAAS activation. Angiotensin II may contribute to atrial 

fibrosis, increase atrial pressure, and modulate ion channels that are 

involved in structural and electrophysiological atrial remodeling. In CKD, 

as in the general population, RS increases with high systolic blood 

pressure, but with reduced eGFR, there is a greater RS with a systolic 

blood pressure of less than 120 mm Hg. Mortality in stroke patients 

doubles with a 20 mmHg increase in blood pressure [25]. The presence of 

resistant or uncontrolled hypertension correlates with higher RS in 

patients with renal failure [26]. 

A slight decrease in the renal function is manifested by some degree 

of peripheral and central neurological complications due to a gradual 

increase in oxidative stress, inflammation, hemodynamic and 

vasoregulatory disorders, and uremic toxins in humans and experimental 

models [27-30]. 

In CKD, atherosclerosis is one of the leading causes of stroke [31] 

and is characterized by an increased collagen content and arterial 

calcification, which leads to arterial stiffness [32]. ED and elevated 

interleukin-18 (IL) levels observed in CKD also contribute to vascular 

calcification and plaque formation in the coronary and cerebral arteries 

[33-34]. Impaired hemodynamics due to plaque formation and a 

thromboembolic mechanism due to a malfunction in the coagulation 

factor system provoke the stroke development. 

Uremia predisposes the brain to hypoxia, reduces metabolic activity, 

and causes dysregulation of excitatory and inhibitory neurotransmitters 

[35]. Phosphate, indoxyl sulfate, and the soluble receptor of glycation 



 

end-products are toxic for endothelial cells. In CKD, changes in the 

structure and function of the gut microbiota are observed. Urea and other 

metabolic products diffuse into the intestinal lumen and cause changes in 

the microbiota, which leads to the formation of proteolytic waste 

products, such as indoxyl sulfate, p-cresyl sulfate, indole-3-acetic acid, N-

oxide trimethylamine, and other uremic toxins of intestinal origin. Toxins 

increase oxidative stress, cause ED by synthesizing nitric oxide (NO), 

which can further cause the development of atherosclerosis and platelet 

dysfunction, potentiating their aggregation. Increased production of 

intestinal toxins is even more likely to cause uremia. These substances 

can activate the immune system of the intestinal mucosa and, by 

disrupting the permeability, move bacterial products into the blood, 

thereby causing the formation of inflammatory factors, the development 

of fibrosis and apoptosis. 

Secondary hyperparathyroidism disrupts neurotransmission by 

increasing the level of calcium in the brain. Anemia and malnutrition in 

CKD interfere with the delivery of oxygen to the brain, affecting brain 

metabolism. Deficiency of erythropoietin (EP), which is produced in the 

kidneys, is another predominant cause of anemia in CKD [36]. EP 

production has the anti-stroke neuronal protection, which is reduced in 

CKD [37]. In patients with ESRD, dialysis leads to a cognitive 

dysfunction due to a high blood pressure variability, causing brain 

hypoperfusion, microembolism, edema, or accumulation of cerebral 

hemosiderin 

 

Chronic inflammation 

Chronic inflammation (CInf) and oxidative stress are associated with 

the CKD progression. CInf is present in patients at all stages of CKD 

[38]. Markers of oxidative stress: mitochondrial superoxide, oxidized 



 

low-density lipoproteins (LDLs), homocysteine, superoxide dismutase, 

and glutathione are involved in the CKD progression [39]. Elevated 

levels of proinflammatory markers: IL-6, tumor necrosis factor-α (TNF-

α), osteoprotegerin, osteocalcin, osteopontin, and fibroblast growth factor 

23 were recorded in blood even in patients with stage 2 CKD [40]. 

Elevated levels of fibrinogen, IL-6, and TNF-α and decreased albumin in 

CKD patients are independently associated with the CKD progression 

[41]. Patients on hemodialysis (HD) had higher mortality if the levels of 

circulating proinflammatory cytokines (IL-1, IL-6, and TNF-α) were 

higher than those of proinflammatory cytokines (IL-2, IL-4, IL-5, IL-12, 

the complement system, and T-cell count) [42]. In addition, C-reactive 

protein is a predictor of stroke and death in dialysis patients. 

 

Phosphorus-calcium metabolism disorder 

In patients with KD or kidney damage, the impairment of 

phosphorus homeostasis leads to a decreased phosphorus excretion and 

causes hyperphosphatemia [43]. Hyperphosphatemia is a risk factor for 

cerebrovascular events associated with CKD [44]. The phosphate 

excretion regulation is the most important role of the kidneys in 

maintaining the phosphate balance. M. Tonelli et al. [45] presented the 

data that indicate a direct relationship between increased serum phosphate 

levels and the incidence of stroke in dialysis and non-dialysis patients. 

Hyperphosphatemia increases the risk of cerebral hemorrhage, while a 

decrease in serum phosphate levels leads to brain infarctions in patients 

on HD [46]. 

 

The acid-base balance disturbance 

In renal failure, a shift towards metabolic acidosis has a negative 

effect on the brain function [47]. L. S. Johnson et al. [48] showed a 



 

significant correlation between an increase in serum potassium levels and 

an increase in RS (ischemic and hemorrhagic) and mortality. The 

increased RS was also seen in hyponatremia [49]. In addition, 

hyponatremia affects the outcome of IS and HS. Other mechanisms in 

stroke pathogenesis in CKD, such as homocysteinemia, albuminuria, 

hyperlipidemia, hyperglycemia, disorders in the neuroendocrine system 

and intestinal microbiota, etc. are also under discussion [50]. 
 

Hemostasis system disturbance  

In CKD, there are congenital platelet abnormalities, an altered 

response to antiplatelet drugs, and an abnormal endothelial function, 

which lead to a decreased regulation of the platelet activation, as well as 

to a disturbed platelet interaction with the vascular wall. Nephrogenic 

anemia also deteriorates the platelet dysfunction. Reduced glycoprotein Ib 

(GPIb) in the platelets of uremic patients contributes to impaired binding 

to von Willebrand factor and fibrinogen-activated platelets, thereby 

affecting primary hemostasis. In response to ED, the elevated levels of 

von Willebrand factor, thromboxane A2, and a decreased prostaglandin I2 

production trigger platelet aggregation [51]. Hemodynamic dysfunction 

in CKD contributes to hypercoagulation due to impaired platelet 

hemostasis. Elevated IL-6 and C-reactive protein levels in CKD provoke 

an inflammatory cascade and activate blood clotting mediators such as 

fibrinogen, von Willebrand factor, and factor VIII, thereby disrupting the 

normal blood clotting process [52].  

 

 

 

 



 

Epidemiology of stroke in various stages of chronic kidney 

disease and treatment of end-stage renal failure 

Predialysis stages of chronic kidney disease 

Mild CKD causes various pathogenic mechanisms, such as 

inflammation, oxidative stress, neurohormonal imbalance, the formation 

of uremic toxins, and vascular calcification, which damage the 

endothelium and blood vessels. Among patients with earlier-stage CKD, 

the brain alterations, including the white matter disease and brain atrophy, 

the asymptomatic infarcts are more common than in the general 

population [3]. A mild KD may increase the risk of IS or transient 

ischemic attack [53]. Lacunar infarction is a predictor of stroke. As the 

CKD stage progresses, the incidence of lacunar infarction increases. A 

decrease in GFR of lower than 60 ml/min/1.73m2 independently 

correlates with high RS and poor long-term outcomes [54]. In addition, a 

decrease in GFR by every 10 ml/min/1.73m2 increases the RS by 7% and 

an increase in albuminuria by every 25 mg/mmol increases the RS by 

10%. Thus, the RS increases with increasing the CKD stage.  

At early stages of CKD, there is a linear relationship between BP 

and RS. A meta-analysis including data from 33 studies reported 43% 

independent RS with the eGFR of no more than 60 ml/min/1.73m2 [55]. 

Meanwhile, the presence of proteinuria without an eGFR reduction is an 

important risk factor for stroke, but the effect of interventions to reduce 

proteinuria on the stroke incidence is unknown. AF as a stroke risk factor 

makes 16% in patients with eGFR of at least 45 ml/ min/1.73m2 and 

20.4% in patients with eGFR of no more than 45 ml/ min/1.73m2 [56]. 

According to a large-scale multicenter study, proteinuria or low 

eGFR is present in 35% of patients with the first stroke [12]. Patients with 

proteinuria have a 71% higher risk of stroke compared to patients without 



 

it, since proteinuria is closely associated with hypertension and other 

cardiovascular risk factors [57].  

 

Stroke while on dialysis therapy 

Traditionally, patients with advanced renal failure are excluded from 

randomized controlled trials evaluating the impact of medical 

interventions on the stroke occurrence. Despite the brain hyperperfusion 

at rest, ESRD is associated with a reduced oxygen delivery to the brain 

due to anemia. HD can increase the RS. Cerebral oxygenation is further 

reduced during HD due to a decreased regulation of cerebral blood flow, 

which leads to cerebral ischemia or "stunning" of the brain. Patients on 

HD have an impaired autonomic function, as evidenced by lower values 

of their sensitivity to baroreflexes compared to the general population 

[58].  

HD is the main method of replacement therapy for ESRD, which 

causes sudden and rapid fluctuations in blood pressure, osmolality, and 

acid-base balance, which together cause "stress" of the brain vascular 

network. The RS is 10 times higher in patients receiving renal 

replacement therapy compared to the general population. At the start of 

dialysis, the stroke patients had poor results, higher all-cause mortality, 

and lower survival rates than the non-dialysis patients. Stroke is one of 

the leading causes of death in dialysis patients [7-8]. 

Sudden hemodynamic changes, high blood pressure variability, 

dialysate and anticoagulants, vascular access, dialysis amyloidosis, 

vascular calcification, and years being on dialysis can cause either IS or 

HS. The IS is more common during the start of dialysis, and its incidence 

increases during further follow-up. An analysis of 21,000 dialysis patients 

in the United States found that stroke rates reached their peak within the 

first 30 days after starting dialysis [59]. In the Japanese cohort, IS (39%) 



 

and HS (35%) occurred during or 30 minutes after the onset of HD [8]. In 

their study H.H. Wang et al. [60] showed that HS developed more 

frequently during peritoneal dialysis. Thus, the onset of dialysis 

represents the period of the greatest RS. The risk factors of stroke in 

dialysis patients include the vascular risk factors that develop during 

dialysis, the vascular risk factors that precede dialysis and develop during 

the course of CKD [7]. About 90% of HD patients die from stroke. As 

noted earlier, in patients with HD, the level of proinflammatory cytokines 

and CRP correlates with RS and death. MR in HD patients after acute IS 

is 3 times higher. Most of the data on stroke in dialysis patients were from 

the United States and Japan. In the European study, it was HS that 

prevailed among patients [8].  

The majority of patients on HD are older, and they are more likely 

to have CVD RFs or concomitant CVD (hypertension, DM, congestive 

heart failure, LV hypertrophy, AF, peripheral vascular diseases, and lung 

diseases), which makes them predisposed to IS and HS compared to the 

general population. The AF prevalence in dialysis patients ranges from 

3.5% to 27% [61]. Mortality was high at the hospital admission stage, at 

30 days, and at one year after the stroke. In dialysis patients, IS prevails, 

accounting for about 70%, and has poor short- and long-term prognoses 

[62]. 

Nosocomial mortality increases, especially when eGFR is less than 

45 ml/min/1.73 м2 in patients with IS, but no relationship was found to 

the increase of nosocomial symptomatic intracranial hemorrhage and 

eGFR. In a Medicare study in patients over 65 years of age with acute IS, 

a low eGFR and the dialysis status at admission were independent 

predictors of adverse outcomes with a high risk of a 30-day and 1-year 

mortality, and rehospitalization [63]. The low level of eGFR at admission 

(lower than 15 ml/min/1.73 m2) increased the risk of short-term (1 month) 



 

mortality by 3 times, and that of a long-term (1 year) mortality rate by 4 

times compared to the patients with the eGFR of at least 90 ml/min/1.73 

m2 or in the dialysis population [64]. Other studies reported that 

proteinuria, but not a low eGFR, was an independent predictor of a high 

risk of neurological deterioration, disability, and death [65]. 

 

Stroke after kidney transplantation 

Kidney transplantation (KT) is the preferred treatment for ESRD 

patients and increases their survival rate. KT provides cardiovascular 

protection. The life expectancy of patients after KT has increased 

significantly in recent decades thanks to improved patient care, new 

immunosuppressive strategies, and post-transplant monitoring. The lower 

mortality rate among the patient undergoing KT compared to those on the 

waiting list for transplantation has been associated with CVE regress, but 

compared to the general population, they are at a higher MR and a CVD 

risk. KT reduced the risk of stroke by 63% compared to the subgroup of 

patients with ESRD. The incidence of stroke after KT has not been 

sufficiently studied [8]. There are insufficient data on cerebrovascular 

outcomes in patients who underwent KT. Although stroke is less common 

in people with KT, the mortality rate remains high. In Western countries, 

the stroke prevalence varies from 3.9 to 7.9%. According to S.T. Huang et 

al. [65], in the Asian population, the overall cumulative incidence of IS 

was 1.5%, which was significantly less than in the western cohort. This is 

partly due to the fact that the western cohort consisted of older patients 

with comorbidities. The prognostic factors for the development of HS 

were old age, diabetes mellitus, and peripheral vascular diseases [8, 65, 

66]. HS was registered in 36.84% of patients after KT. MR and CVEs in 

patients undergoing KT were 6.4% higher than in the general population. 

KT reduces dyslipidemia, improving the endothelial function that is kept 



 

for about 2 years after transplantation; by reducing LV mass index, the 

fibroblast growth factor leads to a decrease in mortality. S.M.H. Yeung et 

al. [67] followed-up the patients after KT over a 12.7-year period and 

noted a high MR in those on long-term dialysis (mortality was 37.7%). 

The correlation of NT-proBNP level with all-cause mortality was 

identified. In a retrospective cohort study of 17,628 subjects who 

underwent KT, the stroke-related mortality was found in 156 cases in 

people aged 30-49 years, more often females. A high MR from stroke was 

associated with an advanced age during transplantation, a graft failure, 

and pre-existing cerebrovascular diseases [68]. Further studies are needed 

to provide a better risk stratification and facilitate clinical trials to reduce 

the risk of stroke before and after KT. Thus, the risk of stroke after KT 

can be reduced by restoring kidney function. 

 

Treatment 

Kidney diseases complicate the treatment and secondary prevention 

of stroke. Insufficient number of clinical trials has been conducted in 

patients with CKD to study the effects of certain treatments and this is a 

subject of discussion [2, 19]. 

For individuals with CKD without dialysis, the stroke prevention, 

approaches to diagnosis and treatment of stroke are similar to those in 

general population without CKD. The method of both primary and 

secondary prevention of stroke is to reduce blood pressure. However, the 

targeted BP values for stroke prevention in CKD patients remain being 

discussed [8, 69]. The impact of intensive BP reduction in terms of 

protection or harm remains controversial [70]. The intensity of BP 

reduction in CKD and stroke has been discussed in several studies (SPS3, 

SPRINT, CSPPT). In accordance with the data obtained, the latest 

guidelines of the ESC/ESH (2018) and the Russian Society of Cardiology 



 

(2020) recommend reducing the systolic blood pressure to lower than 130 

mm Hg and the diastolic blood pressure to 70-79 mm Hg (but the systolic 

blood pressure should not be lower than 120 mm Hg). Overall, these BP 

targets seem reasonable for both primary and secondary prevention of 

stroke in patients with CKD. RAAS blockers can both reduce the risk of 

CVEs, and also delay the progression of CKD [69]. However, the 

treatment should be adjusted according to its effect on the renal function 

and electrolytes, especially in patients with advanced CKD [71]. RAAS 

blockers are clearly useful for the secondary prevention of stroke in CKD 

[72]. The PROGRESS (Perindopril Protection against Recurrent Stroke) 

study showed a 35% reduction in the risk of recurrent stroke in patients 

with kidney disease with a history of cerebrovascular pathology [73]. 

Lowering lipids with statins effectively reduces RS in patients with 

stage 3-4 CKD. Current data do not support the lipid reduction in the 

dialysis patients with inflammation and/or malnutrition, or in the dialysis 

patients who have not previously received treatment. Target LDL levels 

for cerebrovascular protection in patients with CKD deserve further 

investigation [8, 74]. KDIGO recommends statin treatment for patients 

with CKD over 50 years of age without any individual risk calculation 

[75]. 

Patients with CKD have an increased risk of both thromboembolic 

complications and bleeding, which limits the possibilities of 

pharmacotherapy. The use of antiplatelet drugs (APDs) as a secondary 

measure for the prevention of IS in patients with CKD has not gained 

convincing evidence. For patients with CKD, the balance of benefits and 

risks of using APDs remains unclear. The American Heart Association 

recommends aspirin for primary prevention of stroke in patients with 

CKD with eGFR 30-45 ml/min/1.73 m2 [76]. An open multicenter 

ATTACK trial is ongoing to investigate the effect of 75 mg of aspirin on 



 

reducing the risk of CVEs in patients with CKD [77]. Dual antiplatelet 

therapy for patients with CKD is probably ineffective. They have a high 

incidence of stroke recurrence. In patients with CKD, the antiplatelet 

effect of clopidogrel is reduced. In the CHARISMA study, patients with 

diabetes and CKD treated with clopidogrel experienced a high incidence 

of cardiovascular and general mortality [78]. Ticagrelor and prasugrel 

were more effective APDs compared to clopidogrel for patients with 

CKD. 

Continuous anticoagulant therapy is recommended for the 

prevention of stroke and thromboembolic complications in patients with 

nonvalvular AF. Traditional recommendations for anticoagulation with 

warfarin or new oral anticoagulants (NOACs) for the prevention of 

thromboembolic stroke in severe CKD or dialysis patients with AF cannot 

be applied. Direct oral anticoagulants and warfarin are preferred in stage 

1-3 CKD, while in stage 4 the choice depends on the pharmacokinetics of 

the drug and the patient's characteristics [79]. In patients with ESRD and 

AF, warfarin increases the risk of stroke, especially during the first 30-90 

days after the start of treatment [80], due to accelerated vascular 

calcification that occurs as a result of antagonism of vitamin K. To 

prevent the risk of bleeding, the warfarin dose reduction is required by 

10% in patients with eGFR 30–59 ml/min/1.73 m2 and by 19% in patients 

with eGFR less than 30 ml/min/1.73 m2 in order to maintain the 

international normalized ratio (INR) of no more than 4 [81]. In some 

patients, due to excessive hypocoagulation caused induced by warfarin, 

the CKD progression is accelerated and warfarin-associated nephropathy 

develops, which is defined as an increase in creatinine levels of more than 

26.5 mmol/L detected within a week after an INR increase of more than 3 

without obvious signs of bleeding [82]. 



 

NOACs are predominantly excreted by the kidneys (80% for 

dabigatran, 35% for rivaroxaban, and 27% for apixaban), resulting in a 

greater risk of bleeding associated with a long half-life of the drug. The 

use of these drugs during dialysis and in patients with eGFR lower than 

15 ml/min/1.73 m2 should be limited [83]. Dosage recommendations for 

patients with renal failure vary depending on the NOAC. The efficacy and 

safety of apixaban, rivaroxaban, edoxaban, or dabigatran in patients with 

mild to moderate CKD compared to patients without CKD has been 

demonstrated. Rivaroxaban, apixaban, and edoxaban (but not dabigatran) 

are approved in Europe for use in patients with severe CKD (stage 4, 

eGFR 15-29 ml/min/1.73 m2) [84]. In the United States, apixaban is 

approved for the treatment of chronic stable dialysis patients. 

Heparin is safe in non-dialysis patients; for dialysis patients, the 

dose needs to be adjusted [79]. Enoxaparin is the most commonly used of 

the low-molecular-weight heparins and is recommended for severe CKD 

(1 mg/kg once daily). There are no data on dalteparin and tinzaparin in 

severe CKD, so it is preferable to avoid their use [85]. Although 

fondaparinux is preferred in cases of heparin‐induced thrombocytopenia, 

it is not recommended in severe CKD.  

An acute stroke therapy, including intravenous thrombolysis and 

intra-arterial interventions, such as mechanical thrombectomy, may be 

considered as a stroke treatment option in patients with CKD [86]. CKD 

is a significant predictor of poorer functional outcome and mortality in 

stroke patients who have received endovascular thrombectomy, but the 

presence of CKD should not prevent the implementation of this treatment 

method. Using thrombolysis with tissue plasminogen activator (tPA) is 

problematic for patients with CKD [8]. Thrombolysis causes a number of 

subclinical manifestations, such as transient infarctions, lacunar 

infarctions, and microbleeds, and is associated with high nosocomial 



 

mortality and adverse outcomes [87]. The American Heart 

Association/American Stroke Association 2018 Guidelines for the early 

management of patients with acute IS indicate that patients with ESRD 

who are on HD and with normal activated partial thromboplastin time 

(APTT) are recommended to receive intravenous alteplase (Class I; 

evidence level C-LD), but in increased APTT, the risk of hemorrhagic 

complications increases. 

Z.Z. Rao et al. [88] conducted a cohort study involving 18,320 

patients with IS who received tPA drugs; the study results showed the 

relationship of eGFR with hospital mortality (mortality was 4% at eGFR 

lower than 45 ml/min/1.73 m2 , and 0.9% at eGFR 45-59 ml/min/1.73 m2) 

and no statistically significant differences in the development of 

intracerebral hemorrhage. 

Thus, the stroke management and prevention in patients with CKD 

is a complex task that requires a multidisciplinary approach. No stroke 

treatment methods have been developed for ESRD patients yet, which 

requires clinical and research priority for them. Studying the 

pathophysiological basis of stroke in CKD will allow us to develop new 

treatment methods.  

 

Conclusion 

Chronic kidney disease is recognized as a high risk factor for stroke. 

Chronic kidney disease is included in the QRISK3 model for predicting 

the risk of cardiovascular disease and stroke. The risk of cardiovascular 

disease and a cardiovascular event increases in dialysis-dependent 

patients. Kidney transplantation reduces the risk of stroke by normalizing 

the kidney function. Chronic kidney disease and stroke are excluded from 

clinical trials, and there are no guidelines for the management and 

treatment of stroke. Management and treatment of patients with chronic 



 

kidney disease and stroke is a complex task and requires an 

interdisciplinary collaboration. Patients with end-stage renal disease 

should have clinical and research priorities. Studying the 

pathophysiological mechanisms of stroke development at various stages 

of chronic kidney disease will allow us to choose the right prevention 

tactics and develop new treatment methods. 
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