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ABSTRACT

The risks of both ischemic and hemorrhagic stroke are par-
ticularly high in dialysis patients of any age and outcomes
are poor. It is therefore important to identify strategies
that safely minimize stroke risk in this population. Obser-
vational studies have been unable to clarify the relative
importance of traditional stroke risk factors such as blood
pressure and cholesterol in those on dialysis, and are
affected by biases that usually make them an inappropriate
source of data on which to base therapeutic decisions.
Well-conducted randomized trials are not susceptible to
such biases and can reliably investigate the causal nature
of the association between a potential risk factor and the
outcome of interest. However, dialysis patients have been
under-represented in the cardiovascular trials which have
proven net benefit of commonly used preventative treat-

ments (e.g., antihypertensive treatments, low-dose aspirin,
carotid revascularization, and thromboprophylaxis for
atrial fibrillation), and there remains uncertainty about
safety and efficacy of many of these treatments in this
high-risk population. Moreover, the efficacy of renal-spe-
cific therapies that might reduce cardiovascular risk, such
as modulators of mineral and bone disorder, online hemo-
diafiltration, and daily (nocturnal) hemodialysis, have not
been tested in adequately powered trials. Recent trials have
also demonstrated how widespread current practices could
be causing stroke. Therefore, it is important that reliable
information on the prevention and treatment of stroke
(and other cardiovascular disease) in dialysis patients is
generated by performing large-scale randomized trials of
many current and future treatments.

Stroke Definition and Subtypes

Stroke is an important cause of disability and the
third leading cause of death worldwide (1-4). Stroke
can be defined clinically by the rapid development of
a focal or global disturbance of cerebral function,
lasting for at least 24 hours (unless interrupted by
death), with no apparent nonvascular cause. Cere-
brovascular disease is a very heterogenecous disecase
and is classified by the different pathologies. The
three principal stroke subtypes are cerebral infarction
(or ischemic stroke), primary intracerebral hemor-
rhage, and subarachnoid hemorrhage. In the United
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States (US) general population, these subtypes make
up 87%, 10%, and 3% of strokes, respectively (5).

Ischemic stroke can be further subdivided by etiol-
ogy using the modified Trial of Org 10172 in Acute
Stroke Treatment (TOAST) criteria into large vessel,
cardioembolic, and small vessel (or lacunar) strokes
(6). Cerebral infarction may also result from other
insults which are not always considered in ischemic
stroke subtype classifications, such as severe hemo-
dynamic or metabolic disturbances. Primary intrace-
rebral hemorrhage can be subclassified anatomically
into deep or lobar subtypes (7). The majority of sub-
arachnoid hemorrhages (which are not a focus of this
review) are caused by cerebral aneurysm rupture (8).

The heterogeneity of stroke etiology means that the
risk factors and treatments for each subtype might be
expected to differ. Consequently, to study individual
ischemic and hemorrhagic stroke subtypes requires
both detailed stroke characterization and a very large
number of events. Most studies are restricted to con-
sidering only the main stroke subtypes.

Stroke Risk and Outcomes in Those on Dialysis

Chronic kidney disease (CKD) is associated with
an increased risk of vascular events, including
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stroke (9). There is a clear relationship between
worsening renal function and stroke incidence, with
patients on dialysis at the highest risk (Fig. 1). In
the United States, the risk of stroke among those
on dialysis is between two- and seven times higher
than in those without kidney disease (10). This
reflects a similar increase in the risk of ischemic and
hemorrhagic stroke (11). Across all age groups,
those on dialysis have consistently greater absolute
risk of a stroke than people of a similar age not on
dialysis. The relative increased risk of stroke is par-
ticularly high among young dialysis patients. In a
large study from Taiwan, incidence of both ischemic
and hemorrhagic stroke in those on dialysis aged
less than 45 was at least 10 times greater than the
general population. The very high risk in young
dialysis patients means the relationship between age
and stroke in dialysis patients is less steep than the
relationship observed in the general population (12).

Outcomes after stroke in dialysis patients are also
worse than in general populations. In the United
States, end-stage renal disease is associated with a
3-fold increase in in-hospital mortality following a
stroke (13), while dialysis patients in Taiwan with
stroke have a four- to five times higher mortality
rate than age- and sex-matched stroke patients not
on dialysis (12). In the United States, around two-
thirds of those on dialysis over 75 years of age will
be dead within a year of a stroke (compared to
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Fic. 1. Rates of incident stroke per 100 person years in preva-
lent chronic kidney disease patients in the United States in 2006
by age. Adapted from the 2009 United States Renal Data System
annual report (10); CKD, chronic kidney disease; stage 5 includes
all those with an eGFR <15 ml/minute/1.73 m> not on dialysis;
data in dialysis patients aged <65 years unavailable. Note that
the interpretation and reporting of these data are the responsibil-
ity of the authors and in no way should be seen as an official
policy or interpretation of the US government.

about a quarter of those without a stroke) (10), and
stroke is responsible for one in 15 dialysis deaths
(10). It is therefore important to identify treatments
that safely reduce stroke risk among dialysis
patients of all ages.

In this review, we discuss the role of blood pres-
sure, the current evidence for the prevention of ath-
erosclerotic and thromboembolic stroke, the efficacy
of antiplatelet therapy, the safety of thrombolysis,
and the potential for renal-specific treatments to
modify stroke risk in dialysis patients, with an
emphasis on the evidence generated from large-scale
randomized trials.

Stroke Risk Factors

Diabetes mellitus and hypertension are important
causes of both end-stage renal disease and stroke
(14,15). The increased stroke risk in dialysis patients
may therefore simply reflect the increased preva-
lence of “traditional” stroke risk factors. However,
it has also been proposed that “emerging” stroke
risk factors such as markers of CKD-mineral and
bone disorder (16,17), inflammatory biomarkers,
(18) and uremic toxins, which are all disturbed in
CKD, may contribute. The use of erythropoiesis-
stimulating agents (ESAs) also increases the risk of
stroke (19).

Table 1 summarizes some of the available obser-
vational studies of stroke in dialysis populations. In
these studies, older age and diabetes are consistently
observed to be independent stroke risk factors
(12,18,20-22). However, established stroke risk
factors, such as high blood pressure, appear to be
of less relevance in dialysis patients than would be
predicted from observations in general populations.
This has led to uncertainty about the precise impor-
tance of some traditional stroke risk factors in those
on dialysis. However, major biases intrinsic to the
study of diseased populations may explain the dif-
ferences between dialysis and general population
studies. Using the examples of blood pressure and
cholesterol, the potential for such biases to distort
observed associations in dialysis patients is dis-
cussed below.

Blood Pressure and Stroke

In apparently healthy adults, there is a log-linear
relationship between stroke mortality and blood
pressure: for every 20 mmHg increase in usual sys-
tolic blood pressure (SBP) or 10 mmHg increase in
usual diastolic blood pressure (DBP), stroke death
rates double (23,24). Lowering blood pressure in
randomized trials is associated with a comparable
risk reduction, confirming that this relationship is
causal (25).

The results from multiple studies in dialysis
patients are far less compelling. At least three stud-
ies have found no independent association between
stroke risk and measures of blood pressure
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(21,26,27), while two reasonably large studies have
found only weakly positive associations (20,28). In
unadjusted analyses from a study of 8920 US dialy-
sis patients, mean predialysis blood pressure (sepa-
rate systolic and diastolic results were not
presented) was not associated with stroke risk
(unadjusted hazard ratio [HR] 1.00, 95% CI 0.95-
1.05). After adjustment for potential confounders,
every 10 mmHg increment in mean predialysis
blood pressure was associated with only an 11%
increased risk of stroke (adjusted HR 1.11, 95% CI
1.05-1.18) (20).

There are several reasons why these analyses may
have underestimated the true magnitude of any
adverse effect of blood pressure in dialysis patients.
First, measurement of blood pressure once a
patient’s kidney disease has progressed to require
dialysis may not represent past exposure because:
(a) blood pressure is modified by both dialysis and
medication, and is generally treated to a guideline
target (29) (80% of US dialysis patients are pre-
scribed at least one antihypertensive drug (30)); and
(b) long-standing hypertension (and other cardio-
vascular diseases) can lead to lower blood pressure
by reducing cardiac contractility (31,32). The major-
ity of incident dialysis patients have evidence of
structural heart disease which worsens with increas-
ing dialysis vintage (33). As hypertensive heart dis-
ease may both lower blood pressure and increase
stroke risk, its presence may not only weaken the
observed association between blood pressure and
stroke, it may even reverse it, resulting in “J” or
“U” shaped associations between blood pressure
and adverse outcomes (this type of bias is referred
to as reverse causality) (34,35).

Secondly, it is important to consider the various
measures of blood pressure. High blood pressure in
dialysis patients results from extracellular volume
expansion, increased sympathetic activity, and vas-
cular stiffness (36). Vascular stiffness reduces sys-
tolic compliance and diastolic recoil (37,38) acting
to increase SBP while simultaneously lowering
DBP. Diastolic and mean blood pressure readings
are therefore more complicated exposures to con-
sider in this population.

Thirdly, diurnal variation in blood pressure in
dialysis patients can be considerable, particularly on
dialysis days. Predialysis BP is significantly greater
than the daily average BP (as estimated from ambu-
latory BP measurements), and postdialysis BP
recordings are significantly lower (39). Daily blood
pressure fluctuation within individuals means that a
single reading may not be indicative of a patient’s
“usual” blood pressure, and may result in patients
being miscategorized. On repeat measurement, an
individual’s blood pressure tends to be nearer the
population mean than on first measurement. When
the Study of Heart and Renal Protection (SHARP)
(40) dialysis patients’ SBP data were divided by
quintiles based on a single bascline measurement,
those in the highest quintile had an average SBP of
171 mmHg. On remeasurement at 2 months,

average SBP in this group was 151 mmHg and at
30 months, (the approximate study midpoint) it was
146 mmHg. The mean SBP in the lowest quintile at
baseline was 107 mmHg. By 2 months, average SBP
in this group had increased to 121 mmHg and by
30 months, it was 128 mmHg (Fig. 2).

The observed regression to the mean in SHARP
is typical, and if it is not taken into account by
observational studies, the relevance of SBP to stroke
will be systematically underestimated by such stud-
ies—the resulting bias is termed regression-dilution
bias. This underestimate can be corrected by divid-
ing the observed coefficient relating disease risk to
the exposure (i.e., the natural log of the risk ratio
[RR]) by its regression-dilution ratio (defined as the
average difference in SBP between the highest and
lowest quintiles of SBP at the study midpoint
divided by the difference at baseline [i.e., 18 mmHg/
64 mmHg = 0.28]) (23,41). This would mean, for
the sake of argument, if the risk ratio for the associ-
ation between a single measurement of SBP and
stroke in an observational study of dialysis patients
was 1.2 per 20 mmHg higher SBP, the relevance of
“usual” SBP to stroke would be e<%>, a 1.9-fold
increased risk per 20 mmHg.

Similar types of bias to those described above are
common in observational data from diseased popu-
lations and mean that observations from dialysis
cohorts must be interpreted cautiously. In the case
of blood pressure, the apparently weak association
between blood pressure and stroke in those on dial-
ysis should not be interpreted as justification for
more relaxed blood pressure targets, and the opti-
mum targets with which to treat modifiable risk fac-
tors that may be affected by reverse causality (such
as blood pressure or HbAlc) should not be identi-
fied by examining the lowest point in the “J” or
“U” shaped association curves.

As randomization controls for reverse causality
and other biases, the true relevance of blood pres-
sure to cardiovascular risk in dialysis patients may
well be best estimated from trials. Meta-analysis of
eight randomized trials of antihypertensive treat-
ments in 1679 hemodialysis patients has demon-
strated that there are benefits to lowering blood
pressure in this population: a mean reduction in
SBP of 4.5 mmHg and DBP of 2.3 mmHg resulted
in a 29% lower risk of cardiovascular events (risk
ratio [RR] 0.71, 95% CI 0.55-0.92; effect on stroke
was not presented). There was no heterogeneity
between those considered hypertensive and those
not (42).

The optimum therapeutic blood pressure target in
dialysis patients, however, remains uncertain. This
question has been addressed in people with diabetes
mellitus (but not with CKD) by the Action to Con-
trol Cardiovascular Risk in Diabetes (ACCORD)
study, which compared a “normalized” SBP
(<120 mmHg) with an intensive blood pressure low-
ering regimen versus a less intensive regimen. An
average SBP of 119 mmHg versus 134 mmHg was
achieved in the two treatment arms, resulting in a
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by quintiles of baseline measurement. SHARP, Study of Heart and Renal Protection

41% reduction in the risk of stroke (HR 0.59, 95%
CI 0.39-0.89) (43). A trial of comparable design in
dialysis patients would help provide information
about whether blood pressure should be reduced to
lower levels than are currently recommended.

Atherosclerotic Cerebrovascular Disease
Prevention and Treatment

Lowering Low-Density Lipoprotein (LDL)
Cholesterol

Observational analyses among dialysis patients
suggest an apparent lack of any association between
higher cholesterol and mortality. Indeed, those with
very low total cholesterol concentrations are at
highest risk of death and there is a flat relationship
at cholesterol levels within the “normal” range (44).
It has been hypothesized that the presence of
inflammation may explain the negative association
at low total cholesterol concentrations, as inflamma-
tion both inhibits cholesterol synthesis and is associ-
ated with cardiovascular risk. The same bias may
confound the relationship between cholesterol and
stroke in those on dialysis, in whom no consistent
association between total, non-high-density lipopro-
tein (non-HDL) or LDL cholesterol concentration
and stroke risk has been observed (summarized in
Table 1) (20).

In apparently healthy people, large-scale meta-
analysis of observational studies has demonstrated a
modest positive relationship between non-HDL cho-
lesterol (made up mostly of LDL cholesterol) and
ischemic stroke risk (45). Unadjusted analyses from
a 45,390 Japanese haemodialysis patient registry
found that neither higher non-HDL cholesterol, nor
higher LDL cholesterol were associated with ische-
mic stroke risk until adjustment was made for pre-
dictors of protein energy wasting and inflammation.
After such adjustment, the size of the association
between higher non-HDL cholesterol and ischemic
stroke in hemodialysis patients (HR per 39 mg/dl
higher non-HDL cholesterol = 1.11, 95% CI 1.04-
1.19) (18) was similar to the adjusted association
observed in apparently healthy adults (HR per
43 mg/dl higher non-HDL cholesterol = 1.12, 95%
CI 1.04-1.20) (45).

In a wide range of high-risk populations, reducing
LDL cholesterol with statin-based regimes clearly
reduces ischemic stroke risk (46). Randomized trials,
by avoiding the biases inherent to observational
studies, have been able to demonstrate that LDL
cholesterol is a risk factor for major atherosclerotic
events (including ischemic stroke) in those with
advanced CKD, thereby illustrating the difficulty of
relying on observational studies to guide therapeutic
decisions in those with CKD (or indeed in any pop-
ulation). SHARP demonstrated that lowering LDL
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cholesterol by 33 mg/dl in 9270 CKD patients with-
out a previous myocardial infarction (MI) or coro-
nary revascularization reduced risk of major
atherosclerotic events by 17% (RR 0.83; 95% CI
0.74-0.94). This included a significant reduction in
the risk of a nonhemorrhagic stroke (RR 0.75; 95%
CI 0.60-0.94). There were comparable proportional
benefits for major atherosclerotic events in patients
already on dialysis at baseline and those that were
not (test for heterogeneity p = 0.25), with those on
dialysis predicted to benefit more, in absolute terms,
due to higher baseline risk of an atherosclerotic
event (40). SHARP also demonstrated that intensive
lowering of LDL cholesterol in advanced CKD is
safe, therefore lowering LDL cholesterol with statin-
based therapy should be considered a key part of
any strategy to reduce dialysis patients’ ischemic
stroke and other atherosclerotic disease risk (47).

Carotid Revascularization

Carotid atherosclerosis is a well-known risk fac-
tor for stroke in the general population and surgical
removal of such plaque can reduce the risk of future
cerebrovascular disease (48,49). For patients with a
recent (<6 months) ischemic cerebrovascular event
and 70-99% ipsilateral carotid stenosis, carotid end-
arterectomy is recommended when the perioperative
morbidity and mortality risk is estimated to be <6%
and life expectancy is sufficiently long (and may be
considered for symptomatic stenosis of 50-69%)
(49,50).

Carotid stenting is a less invasive alternative to
endarterectomy. In the 2502 patient Carotid Revas-
cularization Endarterectomy versus Stenting Trial
(CREST), carotid stenting was associated with half
the risk of a periprocedural MI, but almost twice
the risk of a periprocedural stroke. As the absolute
risks of a periprocedural stroke or MI were similar
in the population studied, the risk of the primary
outcome of stroke, MI, or death did not differ
between the two treatment arms (HR 1.11, 95% CI
0.81-1.51) (51). Dialysis patients are at high risk of
operative complications, including MI (52), but the
heavy burden of carotid calcification also predis-
poses them to periprocedural stroke (53-55). It
therefore remains unclear whether stenting is any
safer than endarterectomy for carotid stenosis in
those on dialysis (49).

Thromboembolic Stroke Prevention

Less than one-fifth of patients commencing dialy-
sis have a normal echocardiogram (56). Left ventric-
ular hypertrophy is very common and often
accompanied by ventricular dilatation, coronary
atherosclerosis with calcification, and increased arte-
rial stiffness. Consequently, congestive heart failure
manifests in about a third of incident dialysis
patients (57), and the prevalence of atrial fibrillation
(AF) is high (13% of US hemodialysis patients aged

65-75 years; 19% of those aged 75-85 years; and
23% of those over 85 years have a history of AF
(58)).

The Framingham study demonstrated that AF
increases stroke risk 5-fold (59). In addition,
reduced kidney function increases the probability of
thromboembolic complications of AF (60). Corre-
spondingly, AF in dialysis patients has been associ-
ated with significantly increased ischemic stroke risk
(Table 1) (21,22,27,61,62).

There is evidence from randomized trials that
anticoagulation reduces thromboembolic stroke risk
in AF in patients from non-dialysis populations,
and there is net benefit in those at moderate to high
stroke risk (63—-66). Meta-analysis of the large trials
of the direct thrombin inhibitor dabigatran and the
factor Xa inhibitors (rivaroxaban, apixaban, and e-
doxaban) has demonstrated that these newer agents
are as effective as warfarin at preventing ischemic
stroke (RR 0.92, 95% CI 0.83-1.02) and are less
likely to cause a hemorrhagic stroke (RR 0.47, 95%
CI 0.38-0.64) (67). All these newer anticoagulants
are eliminated (at least in part) by the kidneys, but
few patients with advanced CKD were included in
the definitive trials. Currently, none of these agents
have a license for use in dialysis patients (68). Anxi-
eties about the safety of warfarin in those on dialysis
also exist, not only because pretreatment bleeding
risk is already high (69), but also because inhibition
of vitamin K-dependent carboxylation of matrix Gla
protein (a calcification inhibitor) raises the possibil-
ity that warfarin may accelerate arterial calcification
and thereby increase the risk of non-cardioembolic
ischemic stroke (and other vascular disease) (62,70—
74). This has led some to recommend that dialysis
patients with non-valvular AF should not routinely
be considered for thromboprophylaxis (70), but
there is no large-scale randomized evidence in dialy-
sis to support this view (Table 2).

Five recent observational analyses of the associa-
tion between warfarin prescription and stroke in
those on dialysis with AF have yielded conflicting
results (perhaps reflecting different amounts of
residual confounding between these studies (75)):
one study in US dialysis patients with AF found
warfarin prescription to be associated with an
increased risk of ischemic stroke (72), in two other
North American studies, there was no significant
association (73,76), while two from Scandinavia
suggested that warfarin prescription in those on
renal replacement therapy (or with advanced CKD)
was associated with reduced risk of stroke (or sys-
temic thromboembolism) (69,77).

Antiplatelet Therapy

Among patients at high risk of occlusive vascular
disease, the Antithrombotic Trialists’ (ATT) colla-
boration meta-analysis of randomized trials has
shown that aspirin reduces the risk of ischemic
stroke risk by about one-fiftth (RR 0.83, 95% CI
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TABLE 2. Key areas of uncertainty surrounding the efficacy and
safety of strategies to prevent and treat stroke in dialysis patients

All stroke
Optimal targets for blood pressure control
Frequency and duration of hemodialysis
Phosphate reduction using calcium- and/or non-calcium-based
binders
Suppression of parathyroid hormone with calcimimetics or
vitamin D therapy
Ischemic stroke
Aspirin (or other antiplatelet agents) for primary and
secondary prevention
Thrombolysis for acute ischemic stroke
Carotid artery endarterectomy or stenting for treatment of
large vessel cerebrovascular disease
Thromboprophylaxis with warfarin (or novel anticoagulants)
for atrial fibrillation
Hemorrhagic stroke
Regional anticoagulation compared to systemic anticoagulation
for hemodialysis

0.73-0.95). Aspirin also increased the risk of a hem-
orrhagic stroke by about two-fifths (RR 1.39, 95%
CI 1.08-1.78) (78). In the Western populations stud-
ied in these trials, because ischemic stroke is much
more common than hemorrhagic stroke, the net
effect on first stroke of any type was an overall
reduction in risk (RR 0.89, 95% CI 0.82-0.97).
Because hemorrhagic strokes have a worse outcome
than ischemic strokes, the net relative effect on fatal
stroke would be expected to be somewhat smaller.
When attention was restricted to fatal strokes, there
was no significant effect on any such strokes (RR
1.15, 95% CI 0.94-1.41) (78).

The best evidence for the effect of antiplatelet
therapy on vascular risk in dialysis patients come
from randomized trials primarily designed to inves-
tigate the effects of antithrombotic therapy on vas-
cular access patency. In a subgroup analysis by the
ATT meta-analysis, aspirin was found to reduce
serious vascular events (nonfatal MI, nonfatal
stroke, or vascular death) in hemodialysis patients
by 41% (RR 0.59, 95% CI 0.40-0.89) (79).

The ATT also demonstrated that aspirin clearly
increases the risk of major extracranial bleeding.
For the average trial patient with established vascu-
lar disease (i.e., secondary prevention), the absolute
benefit of antiplatelet therapy was an order of mag-
nitude greater than the risk of harm (78). However,
the net effect of antiplatelet therapy in dialysis
patients, who are at substantially increased risk of
serious bleeding (69), has not been tested in an ade-
quately sized trial. Based on event rates among dial-
ysis patients in SHARP (and applying the summary
risk ratios for aspirin from the ATT meta-analysis
(78)), treating 1000 dialysis patients with vascular
disease with aspirin for 5 years is projected to pre-
vent 16 ischemic strokes and 75 MIs or revascular-
izations, but also cause an additional 19 intracranial
bleeds and 53 serious extracranial bleeds. These esti-
mates raise considerable uncertainty and emphasize
the need for a large randomized trial of antiplatelet
therapy in dialysis patients both with and without
established vascular disease (Table 2).

Acute Stroke Treatment

Among patients without CKD, individual patient
data meta-analysis by the Stroke Thrombolysis Tri-
alists’ (STT) collaboration including 6756 patients
from nine randomized trials has demonstrated that,
despite an early hazard of symptomatic intracranial
hemorrhage, intravenous recombinant tissue plas-
minogen activator (rt-PA) administered within
4.5 hours of the onset of symptoms clearly
increased disability-free survival at 3—6 months (80).
The proportional benefits were greater if rt-PA was
administered within 3 hours.

However, there was a clear early hazard of fatal
intracranial hemorrhage within 7 days (OR 7.14,
95% CI 3.98-12.79). In absolute terms, this equated
to an increased risk of early death due to intracra-
nial hemorrhage of about 2%, in exchange for an
increase in disability-free survival of about 10% for
treatment within 3 hours and about 5% for those
treated between 3 and 4.5 hours (80). As advanced
CKD is associated with 3-fold increased risk of
hemorrhagic transformation after ischemic stroke
(odds ratio 2.90, 95% CI 1.26-6.68) (81), should the
proportional effects of rt-PA observed in the STT
meta-analysis remain the same for those on dialysis,
the absolute risk of early death due to intracranial
hemorrhage from rt-PA might similarly increase
3-fold (i.e., to about 6%) and outweigh the potential
benefit. When surveyed, two-thirds of nephrologists
in the United Kingdom have a high degree of con-
cern about thrombolysis (82). Uncertainty has also
been identified in a survey of US stroke specialists,
who prefer the use of mechanical clot retrieval over
intravenous rt-PA in dialysis patients (Table 2) (83).
Whether or not a dialysis patient with an ischemic
stroke receives rt-PA, it is important that regular
dialysis does not then interfere with the proven
benefit of rehabilitation in stroke units (84).

Effects of Renal-Specific Therapies on Stroke
Risk

Treatments for Mineral and Bone Disorder

Arterial medial calcification of intracranial vessels
becomes increasingly prevalent with advanced age
and reduced renal function (85). Calcification results
in increased vessel wall thickness and stiffness,
which increases SBP and pulse-wave velocity (both
of which are associated with increased risk of stroke
(17,23) and stroke death (37,38)). Mineral and bone
disorder may contribute to accelerated vascular cal-
cification (86), and its markers (increased serum
phosphate, calcium, parathyroid hormone [PTH],
and fibroblast growth factor 23 concentration) have
all been independently associated with increased
mortality in dialysis patients (87-89). However, a
causal role for mineral and bone disorder in cardio-
vascular disease (including stroke) has yet to be
demonstrated. Randomized trials of phosphate
binders have not been sufficiently powered to test
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the effect of this phosphate reduction on hard car-
diovascular outcomes (90) and lowering PTH by
about 250 pg/ml and calcium concentration by
about 0.4 mg/dl in the 3883 dialysis patient Evalua-
tion of Cinacalcet Hydrochloride Therapy to Lower
Cardiovascular Events (EVOLVE) trial had no sig-
nificant effect on the primary outcome of death,
MI, hospitalization for unstable angina, heart fail-
ure, or a peripheral vascular event (HR 0.93, 95%
CI 0.85-1.02; information on the separate effect on
stroke was not presented) (91).

Hemodialysis

Data from the United States Renal Data Service
(USRDS) suggest there is a greater than 4-fold
increase in the risk of stroke in the first month after
starting dialysis (10,92). A question was therefore
raised as to whether the dialysis process is a “stress
test” and is responsible for some of the increased
risk of stroke in dialysis patients, perhaps by caus-
ing reduced cerebral perfusion during ultrafiltration
or episodes of intradialytic hypotension, or by
increasing the risk of hemorrhagic stroke by use of
anticoagulation (despite dialysis also abrogating
uremic bleeding risk).

When the timing of strokes is examined, there
does appear to be an increase in stroke presentation
around the time of a dialysis session. Most hemodi-
alysis patients spend about 7% of their week
(12 hours a week) on dialysis. Among the 58
hemodialysis patients with a hemorrhagic stroke in
a Japanese study, 10% occurred during hemodialy-
sis with a further 9% shortly afterward (93). Of the
86 ischemic strokes in the same study, 19%
occurred during dialysis and 15% shortly after (93).
Of the 90, 11% ischemic strokes in the US hemodi-
alysis patients from the CHOICE study occurred
during hemodialysis (21). Although these data sug-
gest the dialysis process itself may indeed cause
some strokes, a much large observational study of
hospital admissions in US hemodialysis patients
identified that the peak day of the week for a dialy-
sis patient to suffer a stroke is on the dialysis day
after the long interdialytic period, when metabolic
and volume control is at its worst (94). One might
therefore hypothesize that more frequent or longer
dialysis may be an important intervention to pre-
vent stroke. Randomized studies of daily (noctur-
nal) hemodialysis found increased dialysis frequency
led to a fall in blood pressure, reduced left ventricu-
lar mass, and improved markers of mineral and
bone disorder, all of which might theoretically
reduce stroke risk (95,96).

Refinements to the hemodialysis process may also
be helpful in reducing stroke risk. The addition of
convection  therapy  promotes cardiovascular
stability. In the randomized Online Hemodiafiltra-
tion (HDF) Survival Study, HDF reduced episodes
of intradialytic hypotension by 28% (RR 0.72, 95%
CI 0.68-0.77) compared to thrice weekly hemodialy-
sis. HDF also reduced all-cause mortality by 30%

(RR 0.70, 95% CI 0.53-0.92), which included fewer
stroke deaths (RR 0.39, 95% CI 0.16-0.93; the
effect on nonfatal stroke was not presented (97)).

Vascular Access

Vascular access may increase stroke risk through
multiple mechanisms. First, data from a period
when antibacterial catheter locks were less widely
used found about one in 10 strokes in dialysis
patients were related to endocarditis (98). Secondly,
a stroke at the time of a vascular access procedure
should prompt investigation for a persistent patent
foramen ovale (99). Lastly, vascular access may also
affect cerebral hemodynamics: a Japanese hospital
stroke registry examined 1168 new strokes including
151 among maintenance hemodialysis (93,100). Of
the 86 ischemic strokes in hemodialysis patients,
vertebrobasilar disease made up 43% of strokes,
compared to 33% of those not on dialysis (93). The
authors raised the hypothesis (that clearly needs fur-
ther testing) that arteriovenous vascular access may
account for this possible difference, perhaps by
altering flow velocity of the vertebral artery as a
result of low shunt resistance.

Erythropoiesis-Stimulating Agents

Anemia has been associated with stroke risk in
CKD (101). This observation may simply be due to
confounding by ill health, as inflammation reduces
the erythropoietin response. It has also been
hypothesized that anemia may promote structural
heart disease such as left ventricular hypertrophy,
thereby increasing stroke risk (102,103). However,
the relationship between anemia and left ventricular
hypertrophy may not be causal, as correction of
anemia in CKD in the Cardiovascular Risk Reduc-
tion by Early Anemia Treatment with Epoetin Beta
(CREATE) trial did not affect left ventricular mass
(104). Moreover, the relationship between stroke
and anemia is reversed in dialysis patients, with low
or normal hemoglobin (Hb) appearing protective
(92,103). The Trial to Reduce Cardiovascular
Events with Aranesp Therapy (TREAT) studied
diabetic patients with CKD not on dialysis, and
found a clear doubling of stroke risk in the higher
Hb target arm (target Hb 13 vs. 9 g/dl, HR 1.92,
95% CI 1.38-2.68) (19), a hazard that was not
modified by any baseline characteristic. An excess
of venous thromboembolic complications (41 [2.0%]
vs. 23 [1.1%]) was also observed in the higher Hb
target group. However, the observation that the
stroke hazard appeared to double for ischemic and
hemorrhagic strokes considered separately suggests
that, in addition to prothrombotic effects, erythro-
poiesis-stimulating agents are causing stroke
through additional mechanisms, of which the
2 mmHg higher DBP in the higher Hb target group
remains the most plausible (105).

The Normal Hematocrit study randomized 1233
dialysis patients to a “normal” hematocrit (0.42)
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versus a low-target hematocrit (0.30). The study was
terminated early when the risk ratio for the primary
endpoint (all-cause mortality and nonfatal MI) for
the “normal” hematocrit group was 1.3 (95% CI
0.9-1.9) (106). There was also a non-significant
excess of stroke deaths (14 [7.2%] “normal” hemat-
ocrit vs. 9 [5.6%] low hematocrit; data on nonfatal
strokes have not been published (107)). These
results highlight the need for large-scale trials of
widely used current treatments, as well as novel
ones.

Summary

The risk of both ischemic and hemorrhagic stroke
is particularly high in dialysis patients of all ages,
but there is a lack of reliable evidence in dialysis
patients on which to recommend interventions for
the prevention of stroke or for its acute treatment.
Observational studies in dialysis patients are partic-
ularly affected by biases that usually make them an
inappropriate source of data on which to base ther-
apeutic decisions. Consequently, it is important that
reliable information on the prevention and treat-
ment of stroke (and other cardiovascular disease) in
dialysis patients is generated by performing more
large-scale randomized trials of many current and
future treatments.
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