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Before You Start: Facts You Need to Know

e Patients with low glomerular filtration rate
(GFR) and/or albuminuria are at risk for both
ischaemic and haemorrhagic stroke subtypes.
Patients are at particularly high risk of cardio-
embolic and large artery stroke.

e Hypertension, diabetes mellitus, atrial fibrilla-
tion, and accelerated atherosclerosis are major
contributing risk factors but chronic inflam-
mation and genetic factors are also beginning
to emerge as important mechanisms.

* Due to their bleeding diathesis, patients with
CKD tend to have a higher rate of complica-
tions with acute stroke therapies including
thrombolysis and mechanical thrombectomy.

e Patients with CKD derive similar benefits
from standard stroke preventative therapies
including antiplatelet, lipid-lowering, antihy-
pertensive therapies, and anticoagulation but
their benefit is attenuated or unclear for
dialysis-dependent patients.
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14.1 Introduction

Chronic kidney disease (CKD) is predicted to be
the fifth leading cause of death worldwide by
2040 [1]. The rise in the prevalence of CKD can
be partly attributed to the rise in risk factors such
as obesity and diabetes but also as a result of our
increasingly elderly population with one third of
people over the age of 75 being affected by CKD
[2]. CKD has been established as a risk factor for
cardiovascular disease [3] and in particular cere-
brovascular disease (CVD), encompassing
stroke and its various subsets, as well as vascular
cognitive impairment and dementia [4, 5].
Compared to the general population, those with
CKD have a higher incidence of the risk factors
that we traditionally associate with stroke,
including hypertension, diabetes mellitus, and
atrial fibrillation [6]. However, there are other
non-traditional risk factors purported to be as a
result of kidney dysfunction including endothe-
lial dysfunction, chronic inflammation, uraemic
toxins, anaemia, mineral-bone abnormalities,
and dialysis related risk factors that are associ-
ated with an increased risk of CVD [5, 7]. This
chapter aims to explore the relationship between
CKD and CVD via various mechanisms and also
the complexities and barriers to the investigation
and management of CVD in this context. In
doing so we hope to provide practical guidance
on the management of these patients going
forward.
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14.2 Epidemiology

Stroke risk when assessed by kidney function, as
measured by estimated glomerular filtration rate
(eGFR), demonstrated an inverse relationship
with a stepwise increase in risk compared to the
general population [8]. Those patients with end
stage kidney disease (ESKD) receiving dialysis
were at highest risk of stroke (7.1-fold increased
risk). CKD staging no longer accounts for eGFR
alone but also acknowledges proteinuria as an
important marker of kidney dysfunction and a
risk of progression to ESKD [9]. Proteinuria has
also been established as a risk factor for stroke
with a dose-response relationship between level
of proteinuria and increasing risk of stroke [10].

When we consider the traditional stroke risk
factors; hypertension, diabetes mellitus, dyslipi-
daemia, and atrial fibrillation, and we consider
our CKD population, it is clear that there may be
a confounding relationship between certain of
these comorbidities and increased stroke risk in
CKD [11, 12]. In particular, hypertension occurs
in the majority of patients with CKD (67-92%)
and is considered a major confounder when
assessing the relationship between stroke and
CKD [4]. Atrial fibrillation (AF) is one of the
most frequently diagnosed cardiac arrhythmias
found in the general population and has been
found to have a bidirectional relationship with
CKD in a cause and effect loop and is therefore
expectedly seen with increasing frequency in
those with more advanced CKD and contributes
to the increasing risk of stroke in CKD patients
[13]. Patients with CKD who are diagnosed with
atrial fibrillation carry a poor prognosis and have
been found to be at higher risk for heart failure,
myocardial infarction, and all-cause mortality
[14], and in studies that adjusted for age, hyper-
tension, and cardiac disease demonstrated a
higher risk of stroke and death (HR 2.00, 95%CI
1.88 to 2.14 and HR 1.76, 95% CI 1.71 to 1.82,
respectively) [4].

The period surrounding initiation of renal
replacement therapy (30-day period before and
after) has been found to be a particularly high-
risk time period for the development of stroke
and transient ischaemia attack (TIA) (threefold

risk) [15]. When comparing renal replacement
therapy modalities, haemodialysis is most
strongly associated with stroke risk [7]. However,
this is likely confounded by the reasons for
choosing this treatment modality (for example,
they may have failed peritoneal dialysis as CKD
progressed with reduced wurine output).
Intermittent in-centre haemodialysis remains the
most commonly prescribed form of dialysis, with
patients normally attending three times a week
with a period of prolonged interdialytic gap
towards the close of the week- the time following
this gap has been associated with an increased
risk of stroke [16].

Stroke is an umbrella term encompassing a
multitude of intracranial pathologies of varying
aetiologies and pathophysiology. ESKD is asso-
ciated with a sevenfold increased risk of isch-
aemic stroke and a ninefold increased risk of
haemorrhagic stroke, with as high as one third of
patients presenting with intracranial haemor-
rhage (ICH) having CKD [4, 17]. CKD has been
shown to increase the risk of all stroke subtypes
[12] but delineating the varied risk by subtype in
the CKD population is an area that requires fur-
ther study.

The increased risk of stroke in this already
vulnerable population confers a higher risk of
disability or poor functional outcomes post stroke
(25% risk 95% CI 5-48% of modified rankin
score > 2 at discharge), increased morbidity and
mortality (138% risk of in-hospital mortality,
95% CI 61% to 257%) compared to the general
population post stroke and overall they suffer
from more severe strokes at time of presentation
(higher National Institutes of Health Stroke Scale
NIHSS) [18].

14.3 Pathophysiology and Risk
Factors

In order to discuss the pathophysiology of stroke
in CKD patients, one must examine a multitude
of risk factors which can be categorised as tradi-
tional, non-traditional, and dialysis related risk
factors. In patients with CKD, the presence of
these risk factors culminates in a pro-thrombotic
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milieu in accordance with Virchow’s triad of ves-
sel wall damage, stasis of blood flow and hyper-
coagulability [19]. In contrast to this
pro-thrombotic state that we associate with isch-
aemic stroke, it has also been suggested that the
clot formed in patients with CKD is atypical and
may confer an increased risk of bleeding second-
ary to platelet dysfunction in the setting of urae-
mia and anaemia of CKD, particularly in the
context of albuminuria [20].

Renal and cerebral perfusion are governed by
auto-regulatory mechanisms mediated by the sur-
rounding rich capillary networks at both sites
(glomeruli and blood brain barrier respectively)
[21]. This shared pathophysiology may account
for the susceptibility of both sites to damage via
the traditional “vascular” risk factors.

Traditional risk factors include hypertension,
atrial fibrillation, diabetes, carotid artery disease,
obesity, and dyslipidaemia. As discussed above,
these conditions often present as comorbid diag-
noses in the presence of CKD and can signifi-
cantly confound the risk of stroke in this
population.

Hypertensive vascular damage or “strain ves-
sel hypothesis” has been proposed as a mecha-
nism linking CKD and stroke, with exposure of
the juxtamedullary afferent arterioles and the
deep perforating arteries to chronic hypertension
resulting in these “strain” vessels developing
hyaline arteriolosclerosis and impaired autoregu-
lation resulting in glomerular hypertension and
sclerosis and thus a decline in renal function and
worsening systemic hypertension [22]. The deep
perforating arteries of the brain develop a similar
lipohyalinosis that also results in impaired auto-
regulation and the development of reduced cere-
bral blood flow and consequently increased
ischaemic and haemorrhagic events in the areas
supplies by these strain vessels [23]. Although
hypertension is a major confounding factor in the
relationship between CKD and stroke, the rela-
tionship is still seen in models when adjusted for
hypertension [4]. Thus, this is unlikely the sole
contributing mechanism for this relationship.

Non-traditional risk factors occur as a direct
consequence of CKD [5]. Those with CKD are
considered to be in a state of chronic inflamma-

tion contributing to endothelial damage, a hyper-
coagulable state and the generation of reactive
oxygen species. Another hypothesis for the rela-
tionship between CKD and stroke also focuses on
their shared anatomy and auto-regulatory func-
tion but identifies albuminuria as a marker for
more generalised endothelial dysfunction leading
to an increased risk of vascular events, the “Steno
Hypothesis” [24]. Uraemia/uraemic toxins are
associated with increased atherosclerosis and
dyslipidaemia [25] but also platelet dysfunction
increasing both the thrombotic and haemorrhagic
risk in CKD [20]. CKD mineral-bone disease,
and more specifically hyperphosphataemia, are
associated with arterial medial calcification and
potentiate vascular stiffness that can contribute to
LVH and increase the risk of poor cardiovascular
outcomes [26].

Haemodialysis confers its own independent
risk factors for stroke mainly due to blood pres-
sure variability, intermittent episodes of cerebral
hypoperfusion which lead to chronic white mat-
ter changes, and vascular remodelling with
increased arterial stiffness secondary to long-
term dialysis [27]. It is likely that the period fol-
lowing the long interdialytic break is the time in
which dialysis patients are most vulnerable to
cerebral events due to haemodynamic variability.
Following the prolonged interdialytic gap, dialy-
sis patients are increasingly volume overloaded
and hypertensive and more susceptible to intra-
dialytic haemodynamic instability secondary to
abnormal autonomic function [28].

14.4 Investigations

The main premise of stroke care and investiga-
tion remains based on the overarching principle
that “time is brain” [29]. To reduce the risk of
time delays in accessing necessary interventions,
the assessment and investigation of stroke is gen-
erally a strictly protocolled practice in most cen-
tres. The protocol or pathway usually includes an
initial rapid history assessment to establish risk
factors, timelines, and contraindications to
thrombolysis, a clinical exam using the interna-
tional National Institutes of Health Stroke Scale
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(NIHSS) assessment as a diagnostic and prog-
nostic tool and CT brain imaging including both
non-contrast, contrast angiography and perfusion
imaging.

The challenge that presents in the CKD cohort
is accessing timely investigation and diagnosis
due to clinical concerns regarding contrast-
induced nephropathy [30]. It is important to rec-
ognise that the theoretical risk of contrast-induced
nephropathy has not been demonstrated in a
recent meta-analysis which examined 14 studies
with 5725 patients undergoing CT angiography
and perfusion and 981 patients undergoing non-
contrast CT. The risk of acute kidney injury was
lower in patients who received a contrast load
compared with those who did not [31].
Additionally, comparing those who had prior
diagnoses of CKD with those who did not, there
was no significant difference in risk of acute kid-
ney injury.

MRI is another imaging modality of import in
stroke. MRI can be under-utilised in CKD
patients due to concerns regarding gadolinium
exposure leading to nephrogenic systemic fibro-
sis [32]. Current MRI protocols in stroke investi-
gation focus on diffusion weighted imaging or
susceptibility weighted imaging/gradient echo
and fluid-attenuated inversion recovery (FLAIR)
sequences and are in fact gadolinium free.

Based on the current evidence, one should
advocate for CKD patients to receive the stan-
dardised investigations including contrast angi-
ography and stroke-protocol MRI [33].

14.5 Acute Management

Disparities exist between the provision of stroke
management in the general population versus the
CKD patient cohort [34, 35], in particular with
regard to access to intravenous thrombolysis with
reports of significant delays in administration and
also under-utilisation of this treatment method in
the CKD cohort [30]. This deviation from the
provision of evidence-based medicine in the
CKD cohort spans across the initial stroke inter-
vention chosen, the use of antiplatelet agents, the
care of patients in a formal stroke unit and pre-

ventative interventions such as smoking cessa-
tion and statin therapy [34, 35]. The failure to
provide evidence-based care in CKD is likely
owing to the current lack of evidence in this field
and the concerns regarding CKD/dialysis patient
frailty and the increased risk of bleeding reported
in this population [36].

1. Thrombolysis:

Current best practice guidelines recom-
mend the use of intravenous thrombolysis
(IVT) in acute ischaemic stroke management.
Better functional outcomes have been reported
in patients who received IVT within 4.5 h of
stroke onset [37] but lately this timeline has
been expanded up to 9 h in specially selected
patients, normally based on the findings of CT
perfusion imaging and evidence of salvage-
able ischaemic brain tissue (Penumbra) versus
truly infarcted tissue (Core) [38]. To date,
most randomised control trials using IVT
have failed to include patients with advanced
CKD or, if included, failed to report stratified
CKD outcomes. Studies to date in this area
including a meta-analysis of seven observa-
tional studies, a post hoc analysis of the
Enhanced Control of Hypertension and
Thrombolysis Stroke Study and a U.S. based
registry study all demonstrated increased
mortality in those with CKD receiving IVT
[39—41]. However, they failed to establish this
increased mortality risk as being secondary to
intracerebral haemorrhage (ICH) but instead
found that these multi-morbid patients were at
a higher risk of hospital acquired complica-
tions such as infections and deep venous
thrombosis. Based on current evidence avail-
able, with a clearly established benefit to
receiving IVT in the general population, it is
proposed that IVT should be used in eligible
patients with CKD and in those on dialysis
once a normal activated partial thromboplas-
tic time (APTT) has been resulted [33].

2. Endovascular and Surgical Intervention.

There is a similar paucity of studies in the
area of thrombectomy or endovascular clot
retrieval in patients with CKD. In the absence
of any clear evidence against the use of this
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intervention in CKD patients, we advocate for
its use in suitable cases regardless of CKD
stage or dialysis status [33]. Dialysis patients
likely present a therapeutic challenge in terms
of endovascular access and the increased
bleeding risk but to date an analysis of 915
dialysis patients post thrombectomy showed
lower in hospital mortality and moderate-
severe disability compared with no treatment
in this cohort [42]. Intervention with throm-
bectomy in posterior circulation stroke
appears to be associated with increased ICH
risk in the presence of CKD [43], but the use
of thrombectomy in posterior circulation
stroke remains an early and evolving interven-
tion with benefits and risks still being estab-
lished [44]. Surgical intervention such as
decompressive hemi-craniectomy lacks spe-
cific evidence in those with CKD but should
be offered to those who would otherwise be
eligible for intervention.

. Stroke unit.

In acute stroke, admission to a dedicated
stroke unit has shown both a mortality and
morbidity benefit with reduced rates of post
stroke dependency in the general population,
with a number needed to benefit of 6 [45].
Patients with CKD, and in particular those on
dialysis, are often cohorted to a renal ward
regardless of reason for presentation due to
nursing familiarity with this complex patient
cohort. However, the benefit of acute stroke
care in a specialised unit is maintained from
the general population into those with estab-
lished CKD and should be encouraged [35].

. Dialysis considerations.

Management of intermittent dialysis in the
post stroke period presents a number of clini-
cal challenges managing intracranial pres-
sure, cerebral perfusion and anticoagulation
[33]. Studies have shown that during intermit-
tent haemodialysis subclinical cerebral
oedema can occur [46]. In patients who have
acquired an acute brain injury post stroke, an
increase in intracranial pressure and increas-
ing oedema may prove deleterious. Intracranial
pressure may also be affected by changing
osmolality during dialysis [47] and another

factor to consider is intradialytic blood pres-
sure and volume changes that may result in
cerebral hypoperfusion and with it extension
of the penumbra [27, 48]. The use of systemic
anticoagulation in the acute post stroke period
increases the risk of haemorrhagic transfor-
mation in the case of ischaemic stroke but also
ICH extension and potential progression to
herniation.

Current practice recommendations come
from expert opinion based reviews and aim to
avoid further intracranial insults via the above
mechanisms [49, 50]. Continuous renal
replacement therapy strategies have been
shown to reduce the risk of cerebral oedema
and hypoperfusion and thus it is recom-
mended for use in the post-stroke period par-
ticularly in the case of patients with large
infarcts, with ICH or in those who have blood
pressure dependent infarcts (secondary to
large vessel stenosis) [51]. Something that
requires consideration in the case of continu-
ous renal replacement therapy is the need for
anticoagulation within the circuit. In this
instance, regional anticoagulation with citrate
is most appropriate due to its selective block
of the haemostatic cascade within the circuit
without effecting the circulating patient’s
blood [52].

Given the risk of worsening oedema and
herniation syndromes in ICH, it is recom-
mended that dialysis should be delayed if
appropriate until the patient has stabilised
[53].

In those who are felt to be safe to proceed
to intermittent haemodialysis (a decision
made on a case-to-case basis by clinicians),
there have been suggestions of using shorter
dialysis times to limit changes in osmolality
and of utilising additional osmoles such as
mannitol or hypertonic saline. Additionally, it
has been suggested that using a cooler dialy-
sate during this acute stage would limit cere-
bral hypoperfusion by inducing
vascocontriction and therefore avoiding intra-
dialytic hypotension [54]. The recent
MYTEMP trial has reported discordant results
compared to previous studies that supported
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this hypothesis and calls into question the effi-
cacy of this therapeutic intervention [55].
However, alternate studies focusing on MRI
brain findings demonstrated a reduction in
white matter changes when dialysis was per-
formed at 0.5° below core body temperature
compared to a standard 37°, making this an
intervention that should be considered at an
individual level [54].

Peritoneal dialysis may be superior to
intermittent haemodialysis during this period
but we would still recommend avoiding large
volume, high glucose exchanges if possible to
reduce the risk of osmotic changes [56].

Importantly, when considering the post-
stroke period, one wants to optimise the
patients’ ability to engage with the multi-
disciplinary rehabilitation team and the tim-
ing and form of dialysis should take this into
consideration where possible.

14.6 Preventative Therapies
14.6.1 Lifestyle Modifications

Although specific data on stroke risk reduction in
this group is lacking, lifestyle modifications such
as salt restriction [57], weight management [58],
regular exercise [59], and smoking cessation [60]
have been shown to improve intermediate out-
comes associated with vascular risk such as blood
pressure, lipid profiles, insulin resistance, and
proteinuria, and are therefore, strongly encour-
aged in CKD.

14.6.2 Antiplatelet Therapies

Unfortunately, patients with moderate-to-severe
CKD were excluded from most clinical trials
evaluating efficacy and safety of antiplatelet
agents so there is little evidence to inform guide-
lines in this area, particularly for primary preven-
tion [61]. In a meta-analysis of three trials (HOT,
Heart and Renal Protection [HARP], Japanese
Primary Prevention of Atherosclerosis with
Aspirin for Diabetes [JPAD] trial) that studied

the effect of antiplatelet therapy for primary pre-
vention in CKD, there was no statistically signifi-
cant reduction in major cardiovascular events
including stroke (RR =0.92, 0.49-1.73, p =0.79)
or in mortality (RR = 0.74, 95% CI 0.55 to 1.00,
p =0.05) [62]. However, there was an increase in
major bleeding events (RR = 1.98, 95% CI 1.11
to 3.52, p = 0.02). The Aspirin to Target Arterial
events in Chronic Kidney Disease (ATTACK)
trial (NCT03796156) is an open-label, multi-
centre primary prevention trial of aspirin in CKD
currently underway that may help clarify the role
(or lack thereof) of aspirin in this setting. There is
somewhat better evidence to support the use of
antiplatelet therapy in secondary vascular pre-
vention in CKD. In a large Cochrane review of 50
RCTs (27,139 participants), antiplatelet agents
reduced the risk of myocardial infarction
(RR =0.87,95% CI 0.76-0.99), but not all-cause
mortality (RR = 0.93, 0.8-1.06), cardiovascular
mortality (RR = 0.89, 0.70-1.12) or specifically
stroke (RR =1.00, 0.58-1.72) [63]. However, it is
unlikely that the large benefits of aspirin as dem-
onstrated in the general population [64] would be
completely nullified in patients with CKD and
the guidelines consistently recommend its use for
secondary prevention in this setting [61, 65, 66].

14.6.3 Anticoagulation

Similar to antiplatelet therapy, anticoagulation is
highly effective in the general population [67] but
tends to be underused in the renal population
owing to bleeding or vascular calcification con-
cerns, and uncertain benefit in the dialysis popu-
lation [68]. However, there is clear, consistent
evidence of the efficacy of warfarin for the pre-
vention of stroke in patients with CKD albeit
with a more variable effect on bleeding events
[69, 70]. Novel oral anticoagulants (NOACS)
appear to even more effective in CKD, as high-
lighted by a recent, large systematic review and
meta-analysis of 11 trials (16, 787 participants)
where they were associated with a lower risk of
stroke or systemic embolism (RR = 0.79, 0.66 to
0.93), haemorrhagic stroke (RR = 0.48, 0.30 to
0.76), and all-cause death (RR = 0.88, 0.78 to
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0.99) when compared with vitamin K antagonists
[71]. There was no difference in the risk of bleed-
ing though and this meta-analysis was limited
only to patients with a creatinine clearance
>25 mL/min. Reassuringly, reversal agents such
as idarucizumab appear to be safe and effective in
CKD [72].

Anticoagulation use in dialysis patients is
more problematic. Multiple meta-analyses do not
support a protective effect for warfarin in the pre-
vention of ischaemic stroke and suggest that it is
associated with increased risk of major bleeding
[70, 73]. However, these have been based solely
on observational cohort studies as there are no
trials that have addressed this question.
Furthermore, many of the included studies do not
report time in the therapeutic range (TTR) which
may confound some of the risk estimates. In a
Danish registry study of 10,423 warfarin-treated
AF patients, a TTR < 70% was associated with a
higher risk of  stroke/thromboembolism
(HR =1.39, 1.20-1.60) and bleeding (HR = 1.22,
1.05-1.42) among patients with eGFR of
30-59 mL/min/1.73 m?, suggesting that the qual-
ity of warfarin monitoring and management may
similarly influence the efficacy and safety of war-
farin in dialysis patients [74].

Vitamin K antagonists such as warfarin have
also implicated in the progression of vascular cal-
cification in these patients due to inhibition of the
enzyme matrix gamma-carboxyglutamate Gla
protein that scavenges calcium phosphate in tis-
sues [75]. A recent multi-centre RCT investigated
the impact of vitamin K status on vascular calci-
fication in 132 patients on haemodialysis with AF
[76]. Patients were randomised to vitamin K
antagonists, rivaroxaban, or rivaroxaban plus
vitamin K2 supplementation. Changes in coro-
nary artery, thoracic aorta, and cardiac valve cal-
cium scores and pulse wave velocity, as used to
measure vascular calcification progression, were
not significantly different among the treatment
arms. There was also no difference in all-cause
death, stroke, and cardiovascular event rates
between the groups. The ongoing trial (AVKDIAL
[NCT02886962]) will compare vitamin K antag-
onists with no anticoagulation in dialysis-
dependent patients with AF may help definitively

answer the question of risk:benefit ratio of warfa-
rin in ESKD.

There is some promising observational data
on NOAC use in dialysis patients. A retrospective
cohort study based on United States Renal Data
System (USRDS) data compared warfarin versus
apixaban in 25,523 dialysis patients with AF
[77]. Although there was no overall difference in
the risks of stroke/systemic embolism between
apixaban and warfarin (HR = 0.88, 0.69-1.12;
P =0.29), apixaban was associated with a lower
risk of major bleeding (HR = 0.72, 0.59-0.87;
P < 0.001). However, standard-dose apixaban
was associated with lower risks of stroke/sys-
temic embolism and death when compared with
lower-dose apixaban and warfarin. The RENal
hemodialysis patients ALlocated apixaban versus
warfarin in Atrial Fibrillation (RENAL-AF) trial
was unfortunately terminated early due to loss of
funding, and thus, only recruited 154 patients
that were followed-up for 1 year [78]. Aprixaban
resulted in similar rates of bleeding and strokes
as warfarin among patients with ESKD on hae-
modialysis. TTR with warfarin was only approxi-
mately 44%. The Edoxaban Low-Dose for EldeR
CARE AF patients (ELDERCARE-AF) study is
another multi-centre, ongoing RCT that will
compare the safety and efficacy of once daily
edoxaban versus placebo in Japanese AF patients
>80 years of age who are considered ineligible
for standard oral anticoagulant therapy [79]. This
group will include those with advanced CKD or
who are dialysis-dependent. There is clearly a
need for further dedicated dialysis trials of DOAC
versus placebo.

Left atrial appendage occlusion devices, used
to lower the thromboembolic risk in those with
absolute or relative contraindications to long-
term oral anticoagulation, appear to be equally
effective in those with CKD with similar proce-
dural safety [80]. Those with an eGFR <30 mL/
min/1.73m? had a lower overall survival rate but
the rate of non-fatal major adverse events during
follow-up (stroke, TIA, and major bleeding) was
not higher among patients with ESKD. However,
an important limitation of this analysis was that it
was a comparison based on expected event rates
as opposed to trial-based evidence. There is also
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a temporary requirement for anticoagulation in
the periprocedural period which may not be pos-
sible in a high-risk group.

14.6.4 Dual Blockade

A secondary analysis of the COMPASS
(Cardiovascular OutcoMes for People using
Anticoagulation StrategieS) trial revealed prom-
ising results for patients with CKD [81]. The
COMPASS trial was a double-blind, double-
dummy, randomised trial using a 3-by-2 partial
factorial design conducted at 602 centres in 33
countries. In one randomised comparison, rivar-
oxaban with or without aspirin was compared
with aspirin alone in patients with a history of
stable atherosclerotic vascular disease (chronic
coronary or peripheral artery disease). The other
randomised comparison compares pantoprazole
use with placebo and is still ongoing. The study,
unlike many cardiovascular trials, was deliber-
ately enriched with CKD patients, who accounted
for 6276 patients out of 27,387 in total. The pri-
mary composite outcome of cardiovascular
death, myocardial infarction, or stroke was
reduced with rivaroxaban 2.5 mg BD plus aspirin
in those with CKD (HR: 0.75; 95% CI: 0.60 to
0.94). Stroke as an individual endpoint was par-
ticularly reduced with dual blockade therapy
(HR = 0.42, 0.25-0.70; p = 0.0007), and there
was no excess bleeding in those with CKD as
compared to those without. However, those with
an eGFR <15 mL/min/1.73 m? were excluded
from the trial and there was only approximately
150 people with an eGFR 15-29 mL/min/1.73 m?
which may limit some of the generalisability of
these results to all patients with CKD. In addi-
tion, those patients with a history of stroke in the
preceding year were excluded, and only 5.2% of
the included CKD patients had any prior history
of cerebrovascular disease. Nonetheless, based
on this trial, we would recommend considering
low-dose rivaroxaban and aspirin for the preven-
tion of stroke in those with an eGFR 30-59 mL/
min/1.73 m? and a prior history of coronary artery
or peripheral artery disease. Dual blockade may

also have a role in secondary stroke prevention
though further evidence is required. The
Treatment of Cardiovascular Disease with Low-
Dose Rivaroxaban in Advanced Chronic Kidney
Disease (TRACK) trial (NCT03969953) may
help answer this question as it will randomise
high-risk advanced CKD patients including those
with a history of coronary artery disease, periph-
eral artery disease, non-haemorrhagic non-
lacunar stroke, diabetes mellitus, or those
>65 years, to low-dose rivaroxaban or placebo.

14.6.5 Lipid-Lowering Therapy

The efficacy of statin therapy for the primary pre-
vention of stroke in CKD patients was clearly
demonstrated in the landmark Study of Heart and
Renal Protection (SHARP) trial, in which 9270
CKD patients with CKD without pre-existing
vascular disease were randomly assigned to pla-
cebo or to the combination of simvastatin 20 mg
daily plus ezetimibe 10 mg daily [82]. There was
a 25% reduction in ischaemic stroke in the treat-
ment arm. In meta-analyses of trials of statins in
patients with established cardiovascular disease,
there was about a 40% reduction in the risk of
stroke in patients with CKD as per the general
population [83, 84]. High-intensity therapy (e.g.,
atorvastatin 80 mg or rosuvastatin 20 mg once
daily) has also been shown to be safe and effec-
tive in this group [85]. According to KDIGO
guidelines [66], all CKD patients over 50 years of
age should therefore be started on statin plus/
minus ezetimibe therapy. The American College
of Cardiology (ACC) has additionally recom-
mended the addition of proprotein convertase
subtilisin/kexin type 9 (PCSK9) inhibitors (or
ezetimibe) to maximally tolerated statin therapy
in high-risk patients with atherosclerotic cardio-
vascular disease and CKD where less than 50%
LDL-C reduction has been achieved with statins,
including high-intensity statins [86].

There appears to be a “statin resistance” in the
dialysis population, possibly related to a height-
ened role of non-traditional risk factors (e.g., min-
eral and bone abnormalities, uraemia) [87],
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additional lipid abnormalities (e.g., lipoproteins
rendered highly atherogenic by oxidation or
carbamylation), or intracellular cholesterol synthe-
sis activated by inflammatory stress [88], and its
pro-calcifying effects [89]. Multiple randomised
trials [90, 91] including SHARP [82] did not find
any benefit for statins in this population, with the
exception of those with very high serum LDL-
cholesterol levels (such as >145 mg/dL
[3.8 mmol/L]) in a posthoc analysis of the 4D study
(Die Deutsche Diabetes Dialyse Studie) [90]. For
this reason, KDIGO guidelines, do not recommend
starting statins de novo in dialysis patients [66].

14.6.6 Antihypertensive Therapy

Unfortunately, there has never been a dedicated
blood pressure RCT in the CKD population for
the prevention of stroke and most of the existing
evidence has been derived from posthoc or sub-
group analysis. The KDIGO 2020 Clinical
Practice Guideline on the Management of Blood
Pressure in CKD recommend a blood pressure of
less than 120/80 mmHg in CKD for both primary
and secondary prevention in patients where this
level can be feasibly tolerated. This recommen-
dation has been heavily influenced by subgroup
analysis of the Systolic Blood Pressure
Intervention Trial (SPRINT) in which targeting a
systolic blood pressure (SBP) <120 mmHg com-
pared with <140 mmHg reduced rates of major
cardiovascular events and all-cause death in
patients with CKD [92]. The risk of stroke was
similar in both treatment groups (HR = 0.99,
0.57-1.70; P = 0.96) but the trial was stopped
early (median follow-up 3.3 years) so follow-up
may have been too short to see a cerebrovascular
protective effect. The generalisability of the
results may also be limited as people with diabe-
tes, proteinuria >1000 mg/g or prior stroke were
excluded. However, specific stroke benefits asso-
ciated with more intensive BP control have been
seen in other trials such as the China Stroke
Primary Prevention Trial (CSPPT) [93]. In this
posthoc analysis of 3230 hypertensive patients
with eGFR 30-60 mL/min/1.73 m? and/or pro-

teinuria, a time-averaged SBP of <135 mmHg
was associated with lower risk of total first stroke
compared to a time-averaged on-treatment SBP
of 135 to <140 mmHg, (1.7% vs. 3.3%;
HR =0.51, 0.26-0.99).

As acknowledged by another recent KDIGO
controversies conference [94], there is not much
evidence to guide BP target thresholds in a sec-
ondary prevention setting, and the previous 2012
BP guidelines did not specifically address this
group. A posthoc analysis of the Perindopril
Protection against Recurrent Stroke Study
(PROGRESS) showed that perindopril was asso-
ciated with a 35% reduction in the risk of stroke
CKD patients with a history of recently symp-
tomatic cerebrovascular [95]. Perindopril pre-
vented one stroke or other cardiovascular event
among every 11 patients with CKD treated over
5 years, although it was unclear what the achieved
blood pressure or level of urine albumin were in
either arm of the trial. The Secondary Prevention
of Small Subcortical Strokes (SPS3) study, in
which patients with a history of lacunar stroke
were randomised to a lower (<130 mmHg) versus
higher (130-149 mmHg) target SBP included
474 patients with CKD [96]. Intensive BP control
resulted in a statistically nonsignificant reduction
in the cardiovascular composite outcome in CKD
but with greater risk of kidney function decline.

The ideal BP target in dialysis patients for
stroke prevention is evenly less clear with evi-
dence of a U-shaped associations between change
in SBP, all-cause mortality and cardiovascular
mortality, whereby post-dialytic drops in SBP of
up to 30 mmHg are associated with greater sur-
vival, but larger decreases of SBP are associated
with greater mortality [97].

There is clearly a need for dedicated RCTs in
CKD and dialysis patients to better establish BP
targets for people with and without prior stroke.

14.6.7 Carotid Interventions
The North American Symptomatic Carotid

Endarterectomy Trial (NASCET) was the only
large randomised trial of carotid interventions
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that reported results according to kidney func-
tion [98]. Surgery was highly effective for
CKD patients with symptomatic high-grade
stenosis resulting in a RR reduction of 82.3%
(95% CI 54.5-93.1%) compared to 50.8%
(95% CI 12.6-72.3%) for patients without
CKD. The number needed to treat by surgery
to prevent one ipsilateral stroke within 2 years
was only four for patients with CKD. Rates of
perioperative cardiac complications (myocar-
dial infarction, congestive heart failure, and
arrhythmias) were higher in the CKD group
though perioperative death rates were similar
between groups.

However, the majority of CKD patients
included in the NASCET analysis had CKD stage
3a with a mean eGFR of 49 mL/min/1.73 m? In
an analysis of the Vascular Study Group of New
England database, 30-day mortality appears to
increase with worsening kidney function, from
0.4% in mild CKD to 0.9% in severe CKD
(defined as an eGFR <30 mL/min/1.73 m?
P = 0.01) [99]. However, in a multi-variate
regression model, CKD status did not predict
30-day stroke or death, and even in patients with
severe CKD, there was an overall 5-year survival
rate of 71%, contrasting with the bleaker out-
comes for severe CKD with PVD whose 5-year
survival rate is only 21% irrespective of interven-
tion [100]. We would therefore agree with guid-
ance from the Society for Vascular Surgery who
recommend carotid endarterectomy for symp-
tomatic CKD patients with moderate-severe ste-
nosis [101]. However, careful perioperative
assessment and management is essential given
their ~ higher  rate of  periprocedural
complications.

Unfortunately, the perioperative and long-
term outcomes after carotid endarterectomy in
dialysis patients appear to be quite poor. In a ret-
rospective analysis of 5142 dialysis patients in
the US Renal Disease System-Medicare-matched
database, there was a high rate of 30-day compli-
cations including stroke, MI, and mortality for
both asymptomatic and symptomatic patients
(2.7% vs. 52% [P = 0.001], 4.6% vs. 5.0%
[P = 00.69], and 2.6% vs. 29% [P = 0.61],

respectively) [102]. The overall 3-year survival
was also only 46% and 42% in the asymptomatic
and symptomatic cohorts respectively. We would
therefore recommend carotid intervention in only
a select group of high-risk, symptomatic dialysis
patients. There is currently insufficient evidence
to recommend stenting over carotid endarterec-
tomy in either CKD or dialysis patients. The
Carotid  Revascularization and  Medical
Management for Asymptomatic Carotid Stenosis
Trial (CREST-2; NCT02089217) is an ongoing
set of trials, one of which will randomise patients
in a 1:1 ratio to endarterectomy versus no endar-
terectomy and another will randomise patients in
a 1:1 ratio to carotid stenting with embolic pro-
tection versus no stenting. This will include
patients with an eGFR >30 mL/min/1.73 m? and
may therefore provide further information to
inform best clinical practice in this area. However,
a dedicated trial of carotid interventions in symp-
tomatic patients with high-grade stenosis who
have advanced CKD or who are dialysis-
dependent is clearly required.

14.6.8 SGLT-2 Inhibitors

Sodium-glucose  co-transporter-2  (SGLT-2)
inhibitors appear to have promising vascular ben-
efits in CKD patients with type 2 diabetes melli-
tus as demonstrated by recent large
placebo-controlled outcome trials [103-105].
However, their potential benefit for stroke pre-
vention in the general population or this specific
group is less clear. In an analysis of the CANVAS
(Canagliflozin ~ Cardiovascular ~ Assessment
Study) trial which randomly assigned randomly
assigned 10,142 participants with type 2 diabetes
mellitus and high cardiovascular risk to cana-
gliflozin or placebo, there was no significant dif-
ference in event rates between groups (HR =0.87;
95% CI, 0.69-1.09), though there may have been
too few events overall to detect a significant ben-
efit [106]. However, a meta-analysis of 32 trials
with 75,540 participants also did not find a class
or individual effect for any of the 3 SGLT-2
inhibitors therapy for stroke prevention [107].
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Before You Finish: Practice Pearls for the
Clinician

Stroke symptoms may be subtle in haemodi-
alysis patients and therefore easily missed.
Admission to the stroke unit is associated with
reduced mortality for patients with CKD
including for those who are dialysis
dependent.

In the absence of definitive trial evidence, the
decision to anticoagulate and the choice of
agent should be individualised in the haemo-
dialysis population.
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