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Abstract

Perhaps no other organ in the body is affected as often and in as many ways as the brain is in patients
with chronic kidney disease (CKD). Several factors contribute to the neurological disorders in CKD
including accumulation of uremic toxins, metabolic and hemodynamic disorders, oxidative stress,
inflammation, and impaired blood brain barrier among others. The neurological disorders in CKD
involve both peripheral and central nervous system. The peripheral neurological symptoms of CKD are
due to somatic and cranial peripheral neuropathies as well as a myopathy. The central neurological
symptoms of CKD are due to the cortical predominantly cortical, or subcortical lesions. Cognitive
decline, encephalopathy, cortical myoclonus, asterixis and epileptic seizures are distinct features of the
cortical disorders of CKD. Diffuse white matter disease due to ischemia and hypoxia may be an impor-
tant cause of subcortical encephalopathy. A special and more benign form of subcortical disorder
caused by brain edema in CKD is termed posterior reversible encephalopathy. Subcortical pathology
especially when it affects the basal ganglia causes a number of movement disorders including Parkin-
sonism, chorea and dystonia. A stimulus-sensitive reflex myoclonus is believed to originate from the
medullary structures. Sleep disorder and restless leg syndrome are common in CKD and have both
central and peripheral origin. This article provides an overview of the available data on the nature,
prevalence, pathophysiology, consequences and treatment of neurological complications of CKD.

Key words: Chronic kidney disease, uremia, peripheral neuropathy, cognitive dysfunction, cen-
tral nervous system, dementia, stroke

INTRODUCTION system function has improved significantly. The focus of
this article is to provide an overview of the prevalence,
nature, mechanisms, and consequences of the neurologi-
cal disorders in chronic kidney disease (CKD).

The prevalence of CKD has been reported as 13% in the
United States with a majority of patients manifesting some
neurological symptom(s).” The neurological complications
of CKD can be categorized into those that pertain to the
peripheral nervous system (neuropathy, myopathy) (Figure

Nearly 40 years have passed since the first comprehensive
review of the abnormal brain symptoms of renal disease
appeared in the literature.? During the past 4 decades,
our understanding of kidney dysfunction and the possible
mechanisms through which it can alter the nervous
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Peripheral Neurological Complications of
Chronic Kidney Disease
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Figure 1 Peripheral Neurological Complications of Kidney
Disease

PERIPHERAL NEUROLOGIC
COMPLICATIONS OF CKD

Peripheral neuropathy

1-Peripheral (somatic) neuropathy

Peripheral neuropathy of the limbs has been reported in
50%—60% of patients with end stage renal disease.” The
prevalence of peripheral nervous system involvement in
CKD may be even higher than the percentage cited above

since somatosensory evoked potentials in CKD patients
with no or minimal clinical symptoms of neuropathy
often shows distinct sensory conduction abnormalities.’
CKD induced neuropathy is progressive and involves
both motor and sensory axons.® Unpleasant and some-
times painful sensations, mostly affecting legs, impair
patients’ daily activities, and sleep; in more advanced
cases, weakness of the legs as well as poor balance
severely impact patients’ quality of life.

CKD-induced peripheral neuropathy results from a
variety of mechanisms. Intracellular accumulation of cal-
cium secondary to hyperkalemia in CKD and reversal of
the K/Ca pump can cause axonal damage and significant
axonal depolarization (presumably caused by hyperkale-
mia) has been demonstrated in CKD in the early stages of
neuropathy.®” Other implicated factors in CKD-induced
neuropathy include the neurotoxic effects of small mole-
cules (e.g., myoinositol and methylguanidine) which
accumulate in the body fluids in CKD, increased parathy-
roid hormone level and vitamin B1 deficiency.® Further-
more, many drugs which are used for management of
CKD are capable of causing peripheral neuropathy.®°

Treatment of CKD-related peripheral neuropathy is
both symptomatic and mechanistic. Painful sensations of
CKD-induced neuropathy may respond partially to gaba-
pentin and tricyclic antidepressants. However, gabapentin
has been reported to induce central neurotoxicity in
some CKD patients which is most likely related to the
CKD-induced increased permeability of the blood-brain
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Figure 2 Central/cortical complications of CKD
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Figure 3 Central/subcortical complications of CKD

barrier and exposure of the brain to the neurotoxic
effects of the drug.'! The peripheral neuropathy of CKD
usually does not respond to peritoneal dialysis, but in
some patients improves with hemodialysis. Renal trans-
plantation often leads to rapid reversal of neuropathic
symptoms.' !

2-Cranial neuropathy
Among the cranial nerves, acoustic, and olfactory nerves are
especially susceptible to the deleterious effects of uremia. In
a study of 47 elderly subjects with CKD, mean auditory
threshold was 15 dB higher than that of the age matched
controls. A brain stem auditory evoked potential (BAEP)
study showed prolongation of the I-III interpeak intervals
in nearly 40% of the subjects with CKD denoting the pres-
ence of auditory neuropathy."” Such BAEP abnormalities
have been shown also in rats with CKD who have under-
gone nephrectomy.'* Other investigators '>'® have shown
BAEP evidence for presence of additional conduction
defects in the brain stem’s central auditory pathways. BAEP
abnormalities improved or normalized in some patients
after initiation of dialysis. Mirahmadi and Vaziri,'” however,
have shown that peritoneal dialysis does not improve the
hearing loss of patients with chronic kidney disease.
Olfactory dysfunction is common among the patients
with CKD. Griep et al.,'® studied the olfactory threshold
and odor perception in 101 subjects with CKD (mean
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creatinine clearance of 29.5 ml/min) and compared the
results with 15 age matched healthy controls. Odor dis-
crimination was impaired in patients with CKD compared
to controls. Odor perception threshold was significantly
higher in patients maintained on peritoneal dialysis and
hemodialysis compared to controls. Olfaction was normal
in kidney transplant patients and olfactory abnormalities
in patients with end stage renal disease reverted to normal
after kidney transplantation. Another study'® of 64
patients with CKD, have found normal odor perception
threshold, but significantly reduced odor identification
and discrimination in 56% of the CKD subjects compared
to controls; olfactory abnormalities were reversed after
successful renal transplantation. The mechanism of
impaired olfaction is believed to be related to harmful
effects of uremic toxins on olfactory lamina and olfactory
bulb. By limiting the attraction to food, the impaired
olfactory function may contribute to the highly prevalent
anorexia and malnutrition of CKD.

Patients with CKD, usually do not have significant
visual complaints, however, rare and reversible cases of
uremic optic neuropathy have been reported in this pop-
ulation.” Several investigators have demonstrated prolon-
gation of the major component of P100 of the visual
evoked response (VEP) in dialysis-treated and untreated
uremic patients.”"** with restoration of VEP abnormali-
ties to normal following kidney transplantation.*’
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Uremic myopathy

A typical myopathy characterized by proximal muscle
weakness, muscle atrophy, and characteristic electromyo-
graphic features of myopathy can develop in uremic
patients, but its true prevalence is unknown. Uremic
myopathy is uncommon in patients with GFRs of higher
than 25 ml/min and is more common among females
older than 60 years of age.** Several mechanisms have
been proposed to explain the development of uremic
myopathy: (I) Factors which increase cytosolic calcium in
myocytes such as secondary hyperparathyroidism and
impaired vitamin D metabolism. (II) Accumulation of
intermediate molecular weight uremic toxins such as gua-
nidine compounds and ouabain which also increase cal-
cium influx by altering the Na—K ATPase activity. (III)
Other putative factors to include mitochondrial dysfunc-
tion which manifests by quick and abnormal rise of
serum lactic acid after minimal exercise?” and is, in part,
caused by depletion of skeletal muscle mitochondrial con-
tent,*® (IV) CKD-induced insulin resistance which limits
delivery of glucose for production of energy,”” and (V)
CKD associated anemia®® which by limiting oxygen deliv-
ery contributes to the skeletal muscle atrophy and
impaired exercise capacity in patients with advanced
CKD. Treatment of uremic myopathy includes adequate
renal replacement therapy, improved nutrition, carnitine
supplementation, prevention and management of second-
ary hyperparathyroidism, correction of anemia with
recombinant erythropoietin, and renal transplantation.
The latter often improves the myopathy but fails to fully
restore muscle function.

DISORDERS OF THE CENTRAL
NERVOUS SYSTEM IN CKD

Cortical or predominantly cortical
symptoms in CKD

The features of cortical disorder in CKD include cognitive
dysfunction, delirium, encephalopathy and dementia, focal
stroke- related symptoms (paralysis, spasticity) as well as
cortically originated abnormal movements such as cortical
myoclonus, asterixis, and epileptic seizures (Figure 2).

Impaired cognition and altered sensorium
in CKD

A prevalence of 16%—38% has been cited for the spec-
trum of cognitive dysfunctions in CKD.?° In the early
stages of CKD, patients demonstrate poor concentration,

short attention span, emotional disturbance, depression,
preoccupation, apathy, and impairment of recent mem-
ory. Severe deterioration of renal function can lead to
impaired sensorium, delirium, delusions, and hallucina-
tions. In some patients, hallucinations and delusions may
lead to agitation and aggressive behavior.

A large number of factors and mechanisms have been
implicated in the pathogenesis of cognitive decline and
encephalopathy associated with uremia. Kidney failure is
associated with accumulation of numerous endogenous
and exogenous substances in the blood and body fluids
which are toxic to the brain. There is now evidence that
blood brain barrier is altered and becomes more perme-
able in kidney failure allowing influx of noxious agents to
the brain. Impairment of the blood-brain barrier in CKD
is, in part, mediated by systemic inflammation which is a
constant feature of chronic renal failure.’*~* In the pres-
ence of systemic inflammation, cytokines and chemokines
including different interleukins reach the brain tissue and
inflict damage to neurons and astrocytes.”” In fact, pykno-
sis and apoptosis of hippocampal neurons have been
demonstrated in uremic animal models.>*

Reduced renal clearance of homocysteine in renal fail-
ure often leads to increased blood level homocysteine
(>15umol/L) and its conversion to homocysteic acid
which via activation of NMDA receptors”” causes neuro-
toxicity. In addition, homocysteic acid can cause endothe-
lial dysfunction and exert a pro-thrombotic effect.*
Further evidence indicates that both albuminuria and
decreased GFR singularly and independently correlate
with cognitive decline among patients with renal failure.*”
Uremia itself may impair the blood-brain barrier and
make it more permeable to circulating toxic chemicals and
inflammatory substances. In vivo and in vitro experiments
have shown that elevated urea at clinically relevant con-
centrations can destroy the intestinal epithelial tight junc-
tion apparatus and allow entry of toxic material into the
blood stream.’®*” In addition, uremia is invariably associ-
ated with oxidative stress. Oxidative stress results in con-
version of nitric oxide to toxic peroxynitrite which leads to
protein and lipid peroxidation and neuronal damage.***’
In fact, increased neuronal apoptosis has been demon-
strated in the hippocampal tissue of rats with renal failure
induced by subtotal nephrectomy.”?

Poor clearance of drugs and their increased penetration
through blood-brain barrier is another factor which plays
a role in neurotoxicity and cognitive decline in CKD. In
case of opiates, decreased excretion via cation secretory
transport system, increases their plasma level (for instance
meperidine) leading to lethargy and impaired cognition.
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Response to dialysis and renal transplantation

Adequate dialysis improves the cognitive function of ure-
mic patients with peak improvement noted approximately
24 hours after dialysis.*' Successful renal transplantation
improves all aspects of cognitive function shortly after
successful transplantation except for memory which may
take up to 1 year to show any notable improvement.**

Dialysis disequilibrium syndrome

Rapid and infrequent hemodialysis treatment results in
acute symptoms characterized by headaches, confusion,
delirium, and seizures—a condition designated as dialysis
disequilibrium syndrome (DDS). DDS usually occurs
toward the end of the dialysis session. Neuro-imaging
studies (CT, MRI) demonstrate diffuse brain edema which
is attributed to the faster removal of urea from extracellular
fluid compartment than intracellular compartment. The
resulting osmotic disequilibrium leads to acute brain
edema due to the rapid influx of water into brain tissue.
This phenomenon is, in part, mediated by downregulation
of brain urea transporter, upregulation of water
transporters-aquaporin (AQ4 and AQP9) and increased
production of certain osmolites such as taurine, glutamate,
sorbitol, and inositol in the CKD brain tissue.™ Adminis-
tration of mannitol results in reduction of brain edema
and significant improvement of clinical symptoms of
DDS.** Introduction of the slower rate and more frequent
dialysis has significantly reduced the incidence of DDS.

Dialysis dementia

Dialysis dementia is a progressive and fatal disorder which
is related to aluminum toxicity caused by high levels of alu-
minum in the dialysate and use of aluminum-based phos-
phate binders.* The affected patients develop a rapidly
progressive and often irreversible dementia. Water purifica-
tion and use of nonaluminum phosphate binders have dra-
matically reduced prevalence of dialysis dementia.*

Epileptic seizures and movement disorders
Severe cognitive decline in kidney disease and uremic
encephalopathy,”” can be associated with clinical symp-
toms of cortical excitability such as epileptic seizures,
myoclonus, and asterixis. *®

Epileptic seizures of generalized tonic-clonic type can
occur in CKD but are more common in patients with
acute renal injury. Among metabolic encephalopathies,
uremic encephalopathy more often causes seizures."” A
variety of factors in CKD can irritate the cerebral cortex
and cause seizures. Secondary hyperparathyroidism is a
common consequence of advanced kidney disease.*’
Parathyroid hormone enhances the function of calcium
transporters in the brain and the calcium content of the
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brain is increased in uremia. Increased intracellular cal-
cium leads to neuronal hyper-excitability. Guanido com-
pounds which are increased in the cerebrospinal fluid of
patients with uremia suppress the function of Gabaergic
receptors and enhance NMDA receptor function- both of
which are capable of inducing cortical excitation.”
Changes in GABA, nor-epinephrine, and acetylcholine in
the brain of uremic patients also contribute to enhanced
depolarization of cortical neurons.”"

Myoclonus is a movement disorder characterized by
rapid limb or body jerks usually lasting less than 100
milliseconds. Myoclonus can be of cortical or subcortical
in origin. Cortical myoclonus is a fast type of myoclonus
with a duration of 50 milliseconds or less. Repetitive cor-
tical myoclonus can lead to generalized tonic-clonic seiz-
ures. In some patients with CKD, myoclonus is multifocal
and small in amplitude (mini-myoclonus) and hence can
be easily overlooked.

Asterixis, sometimes called negative myoclonus, is
inability to maintain a fixed position, best seen in the
extended hands as a flapping motion.’* Asterixis is not
specific to renal disease and can be seen in other meta-
bolic disorders specifically hepatic encephalopathy. Aster-
ixis and myoclonus usually disappear after improvement
of renal encephalopathy.

Subcortical brain changes and subcortical
symptoms in CKD

Two major forms of subcortical pathology have been
shown to be associated with uremic encephalopathy.
These are white matter changes and posterior reversible
encephalopathy.

White matter changes

White matter changes in the brain are seen in advanced
age, diabetes, hypertension, ischemia, and anemia.”> His-
tologically, white matter changes represent axonal degen-
eration and local areas of brain edema. The MRI of
patients with CKD demonstrates significantly higher inci-
dence of extensive white matter changes in the brain—
33% among patients with CKD versus 6% among age
matched controls.”* It has been shown that extensive sub-
cortical white matter changes in the brain correlate with
increased risk of cognitive decline and dementia.

Posterior reversible encephalopathy

This entity is a clinical condition characterized by enceph-
alopathy and MRI findings of subcortical (white matter)
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Figure 4 Posterior reversible encephalopathy. (A) High signal changes seen in MRI at parieto- occipital regions associated
with encephalopathy. (B) Changes cleared after improvement of the renal failure. Reprinted with permission from Chowdhary

et al. Neuropsychiatr Dis Treat 2015, DovePress.

edema affecting predominantly the posterior region of the
brain.”” Severe hypertension is the usual culprit with or
without kidney disease. The subcortical white matter
changes usually improve or disappear with control of
hypertension. Although posterior reversible encephalopa-
thy in patients with kidney failure is usually attributed to
hypertensive encephalopathy, it has been reported some-
times in patients with kidney disease in the absence of
hypertension, implicating the role of uremia itself in white
matter edema.’® Tmprovement in kidney function often
results in improvement of encephalopathy and abnormal
posterior MRI signals (Figure 4).

Parkinsonism and involuntary movements
(chorea, tremor, dystonia)

Recognition of the symptoms specifically related to basal
ganglia damage (a subcortical structure) in renal failure is
a relatively new observation. These symptoms are usually
in form of Parkinsonism, involuntary movements (chorea,
tremor, dystonia, subcortical myoclonus) and often pre-
sent as complication of subcortical strokes.”” ™" A major-
ity of these patients have diabetic nephropathy although
serum glucose may be normal or not as high as that seen
in diabetic ketoacidosis which is known to cause dysfunc-
tion of basal ganglia and involuntary movements. Hence,

it is currently believed that uremia also plays a role in
these complications as an independent factor.

In uremic encephalopathy, magnetic resonance imaging
often shows signal abnormalities in the basal ganglia with
frequent involvement of putamen presenting as an increase
in T1 and a decrease T2 sequences. In one study,’® bilat-
eral MRI high signal abnormalities (T1) of dialysis patients
correlated with high serum magnesium levels. The basal
ganglia related symptoms of Parkinsonism, chorea, dysto-
nia, and tremor along with signal abnormalities in MRI dis-
appear or significantly improve after reversal of kidney
failure following renal transplantation. Reversible signal
abnormalities in basal ganglia have been attributed to cyto-
toxic edema and demyelination.®"%*

Reticular myoclonus

Reticular myoclonus is a form of subcortical myoclonus
with a short duration of 50 milliseconds or less similar to
cortical myoclonus. The rapid body jerks are stimulus
sensitive and involve proximal as well as distal muscles.
Chadwick and French® believed that much of myoclonic
jerks seen in uremia are of reticular reflex type. Infusion
of urea into the rat's blood stream has been shown to
cause this form of myoclonus which seems to originate
from the reticular formation of the brain stem’s nucleus
gigantocellularis below the midbrain level.**
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Restless legs syndrome

Patients with restless legs syndrome (RLS) experience
unpleasant sensations with urge to move the legs in the
evenings or at night which often interfere with initiation
of sleep. Restless legs syndrome is often associated with
periodic leg movements which disturb sleep and lead to
frequent arousals. These movements typically consist of
extension and dorsiflexion of the toes, and in more severe
cases, flexion of the knee and thighs. Depletion of iron in
the CNS plays a major role in pathogenesis of RLS. Iron is
a co-factor for thyrosine hydroxylase an enzyme that syn-
thesizes dopamine. Dopamine modulates the function of
motor and sensory spinal cord neurons and decreased
dopamine levels in CNS contributes to RLS symptoms.
Patients with CKD often have iron deficiency and anemia
with low ferritin and low serum transferrin saturation.

Trenkwalder et al.® recently reviewed the issue of RLS
in major medical diseases from 14 available studies with
an observational cross-sectional design. The recorded
prevalence of RLS in chronic kidney disease was 68% for
U.S. and Western European countries. Factors associated
with an increased risk for RLS included caucasian ethnic-
ity, lower serum transferrin saturation, intake of calcium
channel blockers, lower parathyroid hormone at baseline,
longer duration and frequency of dialysis, number of
additional comorbidities, lower education levels, and
obstructive sleep apnea.

Treatment of RLS consists of oral or intravenous iron
supplementation. Symptoms respond to dopaminergic
drugs; pramipexole, ropinirole, and rotigotine (skin patch).
Gabapentin and pregabalin are also effective.

Stroke and chronic kidney disease

Occlusive or hemorrhagic cerebrovascular disease is the
cause of many of the above cited cortical and subcortical
neurological symptoms in CKD. In 2006, the United States
renal data system reports noted the annual incidence of
stroke in chronic renal disease as 10% compared to 2.5%
in the general population.®® The risk of stroke for dialysis
patients in general has been reported to be 5 times higher
than that of normal population and it is particularly higher
in hemodialysis patients (4-10 times).®” Among dialysis
patients, those with diabetes and nephrosclerosis are more
prone to develop stroke earlier. Other risk factors include
black or hispanic ethnicity and older age as well as pres-
ence of known risk factors such as hypertension and heart
disease. Intracerebral hemorrhage is more common in
hemodialysis patients, due to changes in coagulation sys-
tem and recurrent anticoagulation with heparin
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administration. In fact, neuro-imaging data (CT and MRI)
demonstrate microbleeds in the brain paranchyma of
26%-61% of hemodialysis patients.® Chronic renal dis-
ease itself can facilitate development of stroke via presence
of several factors: oxidative stress, systemic inflammation,
coagulation abnormalities, dyslipidemia, and hyperhomo-
cysteinemia to mention a few. In addition, CKD is associ-
ated with higher incidence of medical disorders which are
potential risks for stroke. For instance, the incidence of
atrial fibrillation in patients with chronic kidney disease
has been reported as 7%-27% which is considerably
higher than that in the general population.®® Chronic kid-
ney disease can also worsen the course of an ongoing
stroke by inflicting further damage to the endothelial tis-
sue via elevated cytokines and other inflammatory media-
tors in the circulation. In fact, the intima and media of
carotid arteries are significantly thicker in patients with
CKD than that of age-matched general population.”

A glomerular filtration rate (GFR) of below 60 ml/min
and presence of albuminuria are independent risk factors
for stroke in patients with CKD.”" The data from British
Regional Heart Study demonstrate that the risk of stroke
is increased significantly in CKD patients with a serum
creatinine level exceeding 1.3 dl.”* In a recent study of
3932 patients with CKD of whom 143 had stroke, after
correction for confounding factors, proteinuria levels
exceeding 0.5 g/dl and albuminuria exceeding 30 mg/dl
showed significantly higher correlations with the inci-
dence of stroke than GFR.”> Another recent review identi-
fied 30,392 cases of strokes in 83 studies derived from 20
randomized clinical trials (68,516 participants). The risk
of stroke increased by 7% for every 10 ml/min/1.73 m?
decrease in GFR. A 25 mg/mmol increase in albumin/cre-
atinine ratio correlated with a 10% increased risk of
stroke. The effect of albuminuria was independent of
GFR.”* The association of proteinuria with increased risk
of stroke is most likely due to its well-known effect on
blood coagulation system.””>"’

Prevention and management of stroke in patients with
CKD

In a recent review, Tonelli et al.”® discussed challenges in
prevention and management of stroke in chronic kidney
disease. The challenge is in part related to scant clinical
trials and paucity of controlled data.

Prevention and management of known risk factors such
as obesity, hypertension, and diabetes is essential in reduc-
ing the risk of stroke. Treatment with aspirin is advocated
by most in the CKD stages 1 and 2, but remains controver-
sial in the higher stages. Strategies aimed at improving
GFR and reducing albuminuria are effective in reducing
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the risk of stroke in this population. Measurement of car-
bamylated albumin may prove to be a better prognostic
indicator of morbidity and mortality than proteinuria.”
The utility of statins for stroke prevention in CKD remains
unproven but a recent meta-analysis of 6 clinical trials
conducted between 2012 and 2013 suggests efficacy in
prevention of cardiovascular complications in patients
with CKD.®” Some studies suggest that daily hemodialysis
instead of 3 times per week lowers the blood pressure
and, hence, indirectly lowers the risk of stroke.®!

Management of stroke in patients with CKD is compli-
cated due to increased risk and side effects of the thera-
peutic interventions. Jung et al.** reviewed the data on
the use of tissue plasminogen activator in 7168 patients
with acute stroke, 28% of whom had CKD. Patients with
CKD had an increased risk of intracerebral hemorrhage
and were more likely to have a poorer outcome at 3
months. Dad and Weiner® in a recent manuscript, rec-
ommended that for individuals with CKD who do not
require dialysis, the prevention and management of stroke
can be similar to the approach in the general population.
For individuals with end-stage renal disease, far less is
known regarding strategies to prevent stroke. The benefit
of stroke prophylaxis using warfarin in dialysis patients
with atrial fibrillation is uncertain. End-stage renal disease
patients can be managed aggressively in the setting of
acute stroke. Outcomes after stroke at all stages of CKD
are poorer compared to general population, and improv-
ing these outcomes should be the subject of future
investigations.

CONCLUSION

Chronic kidney disease results in a variety of neurological
disorders that involve both peripheral and CNS. The
CKD-associated neurological disorders contribute to
physical and mental disabilities and impaired quality of
life in this vulnerable population. While considerable pro-
gress has been made in the understanding of the features
of the CKD-associated neurological disorders, many
unanswered questions remain which require future inves-
tigations to define the mechanisms of and effective treat-
ments for these disabling complications.

Manuscript received March 2017; revised July 2017.
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