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Abstract

Stroke is the second most common cause of death and the leading cause of neurological disability worldwide, with huge
economic costs and tragic human consequences. Both chronic kidney disease (CKD) and end-stage kidney disease are
associated with a significantly increased risk of stroke. However, to date this has generated far less interest compared with the
better-recognized links between cardiac and renal disease. Common risk factors for stroke, such as hypertension,
hypercholesterolaemia, smoking and atrial fibrillation, are shared with the general population but are more prevalent in renal
patients. In addition, factors unique to these patients, such as disorders of mineral and bone metabolism, anaemia and its
treatments as well as the process of dialysis itself, are all also postulated to further increase the risk of stroke. In the general
population, advances in medical therapies mean that effective primary and secondary prevention therapies are available for
many patients. The development of specialist stroke clinics and acute stroke units has also improved outcomes after a stroke.
Emerging therapies such as thrombolysis and thrombectomy are showing increasingly beneficial results. However, patients
with CKD and on dialysis have different risk profiles that must be taken into account when considering the potential benefits
and risks of these treatments. Unfortunately, these patients are either not recruited or formally excluded from major clinical
trials. There is still much work to be done to harness effective stroke treatments with an acceptable safety profile for patients
with CKD and those on dialysis.
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Introduction Taking these advances into account, the American Heart Asso-

The term ‘stroke’ is not consistently defined in clinical practice or
research. The World Health Organization, introduced in 1970, de-
fines a stroke as ‘rapidly developing clinical signs of focal (or global)
disturbance of cerebral function, lasting >24 h or leading to death,
with no apparent cause other than that of vascular origin’ [1]. Tran-
sient ischaemic attacks were defined in 1975 as ‘an episode of tem-
porary and focal dysfunction of vascular origin, which are variable
in duration, commonly lasting 2-15 min, but occasionally lasting
as long as a day (24 h). They leave no neurological ‘dysfunction”
[2]. However, these definitions are now decades old and based
solely on clinical criteria, and do not take into account develop-
ments in basic science, neuropathology and neuroimaging.

ciation and American Stroke Association have redefined a stroke
as ‘brain, spinal cord or retinal cell death attributable to ischaemia,
based on pathological, imaging, other objective evidence, and/or
clinical evidence’ [3]. The three main stroke subtypes, cerebral in-
farction or ischaemic stroke, intracerebral haemorrhage and sub-
arachnoid haemorrhage have also been redefined based on these
principles. These subtypes account for ~87, 10 and 3% of all strokes
in the general population, respectively [4]. Furthermore, the new
definitions include the concept of ‘silent infarction/haemorrhage’
to take into account lesions discovered on neuroimaging or neuro-
pathological examination without a history of acute neurological
dysfunction attributed to the lesion [3]. Most subarachnoid
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haemorrhages occur as a consequence of aneurysmal rupture and
will not be considered further in this article.

In 2010, stroke was globally the second commonest cause of
death and the third commonest cause of life years lost due to pre-
mature mortality [5]. In addition, stroke is the leading cause of
neurological disability worldwide [6]. In the USA alone, 700 000
new strokes happen every year costing an estimated $70 billion
[7]. Furthermore, the suffering and negative consequences to pa-
tients, carers and society as a whole are incalculable. It is no won-
der that most elderly patients fear a disabling stroke more than
they fear death [8].

Chronic kidney disease (CKD) and end-stage kidney disease
(ESKD) are associated with an increased risk of stroke [9, 10].
Both CKD and ESKD, and stroke, are associated with premature
death, falls, cognitive impairment, dementia and decreased
quality of life [5, 11-13]. However, this cerebro-renal link has
attracted considerably less interest and research than the
well-recognized cardio-renal connection. In this article, we will
further examine the nature of the relationship between kidney
disease and stroke, emphasizing areas in need of further re-
search. We also highlight the rapidly evolving field of acute stroke
treatment, especially regarding the recent trials on acute reperfu-
sion treatments and the potential implications for nephrologists.

Renal impairment and the risk of stroke

A recent meta-analysis of over 2 million patients has confirmed
the strong inverse relationship between renal function and stroke
risk. For every 10 mL/min/1.73 m? decline in renal function,
stroke risk increases by 7% [9]. This meta-analysis also demon-
strated a strong direct relationship between albuminuria and
stroke risk. Any degree of albuminuria increases stroke risk by
68%, and for every 25 mg/mmol increase in albuminuria, stroke
riskincreases by 10% [9]. Interestingly, the effect of glomerular fil-
tration rate (GFR) and albuminuria appear to be additive with no
evidence of interaction [9]. These findings are consistent through
categories of CKD and albuminuria, gender and patient risk
groups (diabetes, hypertension and smoking) and types of stroke.
Patients on dialysis have the highest stroke risk at 2-7 times
higher than non-CKD patients, with a 3-5 times higher mortality
[14-16]. Indeed, about two-thirds of patients on dialysis aged over
75 years will be dead within a year of a stroke [14].

Other risk factors for stroke are very similar to those for car-
diac and peripheral vascular diseases. Increasing age, diabetes
mellitus, male gender, positive family history and non-white eth-
nicity are all well-established non-modifiable risk factors for
stroke [17]. In the general population, the major modifiable risk
factors for ischaemic stroke are hypertension, smoking, hyper-
cholesterolaemia and atrial fibrillation (AF) [17]. The risk for
haemorrhagic stroke increases with higher blood pressure, high
alcohol intake, bleeding diatheses and blood vessel wall fragility,
as often seen in the elderly. All these risk factors are overrepre-
sented in patients with CKD/ESKD. As in the cardio-renal syn-
drome, it is often very difficult to disentangle cause and effect
[18]. In addition, there are a number of risk factors that are fairly
unique to advanced CKD and ESKD patients including the min-
eral bone disorder associated with CKD (CKD-MBD), the dialysis
process itself as well as anaemia and its treatment with erythro-
poietin stimulating agents (ESAs) [17, 19].

Stroke had been for many centuries considered a natural and
inevitable consequence of aging [20]. However, with increasing
understanding of the natural history and pathophysiology of
the condition, the past few years have seen very rapid advances,
not only in preventative strategies, but also in acute treatments

aimed at improving outcomes and reducing disability [20].
These are discussed in the next two sections of this review
with an emphasis on CKD and ESKD patients.

Primary and secondary prevention of stroke

Hypertension

In the general population, there is a well-established relationship
between blood pressure and stroke with stroke mortality doub-
ling for every 20 mmHg rise in systolic blood pressure [21]. The re-
lationship between blood pressure and stroke in CKD/ESKD
patients is less clear, with some studies reporting no association
[17]. However, these observational studies are prone to signifi-
cant biases [17]. Meta-analyses of randomized controlled trials
in CKD/ESKD patients confirm that blood pressure reduction is
associated with a significant fall in cardiovascular events [22,
23]. However, the optimum blood pressure range, or indeed
even which blood pressure measurement (pre-, post-, intra- or
inter-dialysis) to use is still far from clear and needs to be deter-
mined [24].

Hypercholesterolaemia

Lowering low-density lipoprotein cholesterol with statin-based
treatment has repeatedly been shown to lower stroke risk in
many populations [25]. In patients with CKD/ESKD, lipid lowering
has been shown to reduce cardiovascular events and mortality
[26]. However, the same meta-analysis found that stroke was
not prevented by lipid-lowering treatment. There was marked
heterogeneity between the studies reporting stroke as an out-
come, and the negative results were mostly influenced by two
studies of haemodialysis patients [27, 28] leading the authors to
advise caution in the interpretation of their results in relation
to stroke [26]. Indeed, one of these two studies [27] reported an in-
creased risk of stroke with statin treatment, which instilled sig-
nificant doubt over statin-based lipid-lowering therapy in
haemodialysis patients. However, by far the largest trial examin-
ing the effect of lipid-lowering treatment in 9270 patients with
CKD and ESKD found a significant reduction in ischaemic stroke
[29]. There were comparable proportional benefits in patients al-
ready on dialysis at baseline and those that were not, with a pre-
dicted greater absolute benefit in dialysis patients due to their
higher baseline risk [17, 29]. However, analysing both patients
with CKD and ESKD together has drawn criticism from some
commentators who do not accept that the case for the benefits
of lipid lowering in patients with ESKD and feel it has yet been
proved [30]. Thus, although there remains significant scepticism
as to the role of lipid lowering in preventing stroke [31], and in-
deed cardiovascular events, in patients with advanced CKD and
ESKD, it is clear that statin-based therapies are safe and should
probably not be denied without good reason.

Atrial fibrillation

AF is the most common sustained cardiac arrhythmia with an es-
timated prevalence of >1.5-2% worldwide [32]. Patients with AF
have a 5-fold increased risk of stroke, although this increased
risk is not homogeneous and is dependent on the concomitant
presence or absence of other risk factors [32]. The stroke risk
associated with AF is significantly reduced with anticoagulation,
although this is at the expense of an increased risk of bleeding
[32]. Antiplatelet agents, even when used in combination, are
not as effective as oral anticoagulation [33]. Several risk stratifica-
tion scores, such as the CHADS, and CHA,DS,-VASc scores, have
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been developed to identify patients at high risk of stroke who
would derive the most net benefit from oral anticoagulation with
vitamin K antagonists [32, 34]. The potential benefits of anticoagu-
lation therapy need to be weighed against the increased bleeding
risk associated with such therapy using scores such as HAS-
BLED. This score adds a point for being a dialysis patient or trans-
plant recipient or having a creatinine level of >200 umol/L [34].

Having CKD/ESKD is associated with an increased prevalence
of AF and vice versa [35]. The prevalence of AF in patients with ad-
vanced CKD has been reported at 4-21% and in dialysis patients
at 7-27% [35]. The presence of AF confers a high risk of stroke in
both patients with CKD and ESKD [35]. However, the inclusion of
CKD as a risk factor as in the R,CHADS, score or by adding 1 or 2
points to other established scores such as the CHA,DS,-VASc for
stroke risk does not increase the predictive value of these scores
[36-39].

Patients with advanced CKD and ESKD with AF have generally
been excluded from anticoagulation trials. However, subgroup
analyses of patients with early CKD suggest that these patients
should be treated as per the general population [34]. The decision
to anticoagulate patients with AF and ESKD is much more contro-
versial given the associated increased bleeding risk [34]. Patients
on haemodialysis are at particularly high risk of suffering
a serious bleed, which may outweigh any stroke risk reduction
conferred by anticoagulation [40]. Furthermore, the risk for vas-
cular calcification may be enhanced by warfarin use [34]. As
such, opinion on the use of anticoagulation in AF patients on dia-
lysis is currently divided with commentators arguing that it is
both safe and clinically beneficial [41] and others that the risks
are not justified given the poorly documented benefits [42].
Indeed, two recent studies from Europe [43] and the USA [44]
reported both no benefit [43] and a reduction [44] in ischaemic
stroke with warfarin treatment in haemodialysis patients with
AF.Randomized controlled trials examining the value of anticoa-
gulation in ESKD patients with AF are warranted [44].

All the currently available non-vitamin-K oral anticoagulants
have a degree of renal excretion, and all trials have excluded pa-
tients with advanced CKD [34]. Therefore, these agents should
probably only be used as they were studied in their respective
trials and should not be used in patients with advanced CKD
(estimated GFR <30 mL/min/1.73 m?) [32].

Antiplatelet agents

In general, guidelines recommend the use of antiplatelet agents
(clopidogrel, aspirin or aspirin plus extended release dipyrid-
amole) for secondary prevention after an ischaemic stroke
based on robust evidence [45]. There have been no appropriately
sized trials of aspirin, or indeed other antiplatelet agents, on
stroke, or other cardiovascular end points, in patients with
CKD/ESKD. A recent meta-analysis found that the evidence for
antiplatelet agents in patients with CKD was of low quality,
being frequently derived from post hoc analyses of trials of broad-
er populations [46]. The review concluded that antiplatelet
agents have uncertain effects on stroke and mortality and may
increase bleeding risk. There have also been reports of worsening
renal function in patients with CKD treated with aspirin [47].In a
meta-analysis by the Antithombotic Trialists Collaboration, as-
pirin was found to reduce serious vascular events, including
stroke, in haemodialysis patients by 41% [48]. However, the num-
ber of subjects was low with only 1000 patients in each group and
<40 events per group.

The potential bleeding hazards and lack of clear efficacy of
antiplatelet agents for the prevention of ischaemic stroke need
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to be acknowledged in patients with CKD/ESKD and discussed
in that context. As for anticoagulation in AF, the decision to
treat with antiplatelet agents to prevent further ischaemic
strokes is probably best individualized.

CKD-MBD

Arterial medial calcification of the aorta [49, 50] and intracranial
arteries [51] increases in prevalence with age and worsening
renal function, leading to increased arterial stiffness and systolic
blood pressure, both of which are associated with an increased
risk of stroke and subsequent mortality [49, 50]. Biochemical mar-
kers of CKD-MBD, especially raised serum phosphate, parathy-
roid hormone and fibroblast growth factor 23 [52, 53], have all
been associated with increased mortality, although a causal
role has still to be proved.

Dialysis

Although having ESKD in itself remains the largest risk factor as-
sociated with stroke incidence, several lines of evidence have
suggested that the process of haemodialysis itself further in-
creases the risk of stroke. Firstly, the risk of stroke is much higher
in the first few weeks after starting dialysis [54, 55]. Secondly,
strokes appear to be more common during a dialysis session
[56, 57]. Thirdly, strokes also appear to be more common after
the long (3-day) break from dialysis, when fluid and electrolyte
abnormalities are at their peak [58]. These findings could poten-
tially be explained by episodes of cardiovascular instability and
cerebral hypoperfusion during fluid removal, and in the case of
haemorrhagic stroke, as a result of the temporary anticoagula-
tion required during dialysis [17]. These concepts have led to
the suggestion that changes designed to increase haemodynam-
ic stability and reduce circulatory stress could be beneficial to
stroke risk and cerebral function.

The addition of convection therapy to dialysis (haemodiafil-
tration) reduces cardiovascular instability, and a trial has
shown that it significantly reduces all-cause and cardiovascular
mortality as well as stroke deaths [59]. Trials of daily dialysis
and long-nocturnal dialysis have been small but have consistent-
ly been associated with improved surrogate markers of cardio-
vascular and cerebrovascular risks, including improved blood
pressure control, less left ventricular hypertrophy and improved
blood results, especially those related to CKD-MBD [60, 61]. Inter-
estingly, a recently published small trial comparing cooled di-
alysate (5°C below core body temperature) with standard 37°C
dialysate demonstrated a considerable reduction in radiological
features of brain injury [62]. Whether these findings are reprodu-
cible in larger studies or translate into improved patient out-
comes remains to be proved.

Anaemia and ESAs

Observational studies of anaemia and stroke risk provide con-
flicting evidence: in the general population [63] and in CKD pa-
tients, anaemia is associated with an increased risk of stroke
[64], whereas in ESKD patients, it appears to be protective [54,
65]. As with all observational studies, caution in interpretation
is required given the high likelihood of confounding by ill health
and inflammation.

Interventional randomized controlled trials of ESAs in CKD
patients have consistently demonstrated an increased risk of
worse outcomes in the groups where a higher haemoglobin re-
sult had been targeted. In the TREAT study (4048 patients)
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using Aranesp (darbapoetin alpha), a doubling of stroke (both is-
chaemic and haemorrhagic) risk was observed in the higher
(130 g/L) compared with the lower (90 g/L) targeted group [66].
In the CHOIR study (1432 patients) using epoietin alpha, the
group randomized to achieve a higher haemoglobin (135 g/L)
had a higher risk of the composite end point of death, myocardial
infarction, heart failure and stroke, compared with the lower
(113 g/L) group [67]. There was no difference in the rate of strokes
when analysed separately. In the CREATE study (603 patients)
using epoietin beta, there were no differences in outcomes
between the higher-target (130-150 g/L) and lower-target (105-
115 g/L) groups [68]. However, there was an increased incidence
of hypertension and headaches in the higher-target group.

In dialysis patients, a randomized controlled trial using epoie-
tin alpha had to be stopped early because targeting a normal
haematocrit of 0.42 was associated with an increased risk of all-
cause mortality and non-fatal myocardial infarction compared

with targeting a lower haematocrit of 0.30 [69]. There was also a
non-statistically significant increase in stroke deaths.

These studies reinforce the dangers of relying on observation-
al studies to dictate clinical practice and the potential dangers of
introducing new treatments proved in the general population to
patients with CKD/ESKD or on the basis of observational studies,
without robust evidence from large randomized controlled trials.
This is particularly poignant in the context of the recent develop-
ments in the acute treatment of stroke discussed below.

Acute treatment of stroke
Stroke clinics
Early assessment in a dedicated stroke clinic and rapid initiation

of treatments, including antiplatelet agents, antihypertensive
agents, statins, oral anticoagulants for AF and endarterectomy

Fig. 1. Computed Tomography perfusion brain parametric maps. Clockwise from left: (A) CBF map demonstrating a large area of reduced perfusion in the right MCA
territory (arrows). (B) MTT map shows prolongation within the right MCA territory (arrows), corresponding with reduced CBF in the same region. (C) CBV map
demonstrating no abnormality. This represents a CBV/MTT mismatch or ‘ischaemic penumbra’ (salvageable brain tissue). (D) Map demonstrating region of ‘ischaemic
penumbra’ (seen in yellow). This patient would be amenable to acute reperfusion therapy in the form of thrombolysis or thrombectomy. CBF, cerebral blood flow;

MCA, middle cerebral artery; MTT, mean transit time; CBV, cerebral blood volume.
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for symptomatic stenosis after a minor stroke has been shown to
reduce the 90-day stroke recurrence rate by 80% [70]. Thus, the
success and efficacy of a rapid access stroke clinic depend heavily
on the prompt identification of symptoms suggestive of an early
stroke. Patients with advanced CKD or ESKD, especially those on
haemodialysis, already have a very high symptom burden as a
consequence of their dialysis treatment, including paraesthe-
siae, generalized weakness and headaches, making early identi-
fication of a stroke potentially problematic [71]. Ways of ensuring
patients with advanced CKD/ESKD get rapid and equitable access
to these clinics in the event of a stroke remains a challenge. How-
ever, before widespread changes in clinical practice are intro-
duced and further burdens placed on these patients, evidence
needs to be generated to prove that they would indeed benefit
from this intervention. At present, no such evidence exists.

Specialized stroke units

The efficacy of specialized stroke units in decreasing the morbid-
ity and mortality after a stroke has been demonstrated in mul-
tiple studies, with the positive effects being observable for
several years after the event [72-74]. Regular communication, co-
ordinated care as well as strict adherence to protocols and the
best practice are all key features of stroke units [75]. Patients
with advanced CKD or ESKD may preferentially be admitted to
renal units for ‘specialist’ renal care, including dialysis, and,
therefore, inadvertently be denied the best care for an acute
stroke. Measures should be in place to ensure that patients who
might potentially benefit have access to stroke units and that
regular dialysis sessions have minimal impact on treatment
and rehabilitation. Nevertheless, the demands placed on haemo-
dialysis patients, both in terms of treatment time and the time
taken to recover from a haemodialysis session, may make some
interventions, for example, daily physiotherapy, not possible and
thus negate some of the potential benefits stroke units offer.

Carotid endarterectomy/stenting

Carotid endarterectomy (CEA) is currently recommended as sec-
ondary prevention in patients with a symptomatic high-grade ca-
rotid artery stenosis of >70% and potentially in moderate stenosis
(50-69%) depending on the severity of symptoms and individual
patient characteristics [76]. Carotid artery stenting (CAS) has
more recently been introduced as an alternative therapeutic
intervention for patients with high risk of surgical complications
[77]. Both CAS and CEA were deemed to be equally effective in the
CREST study with a 4-year stroke or a death rate of 8% in the CAS
group and 6.4% in the CEA group [78]. Stenting was shown to
cause more non-disabling stroke peri-procedurally in patients
at the age of >70 years, whereas endarterectomy carried a greater
peri-procedural risk of acute myocardial infarction, cranial nerve
palsies and access site haematoma [78, 79]. Long-term follow-up
in the International Carotid Stenting Study revealed a signifi-
cantly higher 5-year incidence of non-disabling stroke in patients
who underwent CAS versus CEA (15.2 versus 9.4%; cumulative
risk 8.9 versus 5.8%), although the incidence of disabling or
fatal stroke did not differ significantly (6.4 versus 6.5%). Some
studies also reported higher rates of severe restenosis or occlu-
sion after treatment in the CAS arm [80].

The current body of evidence suggests that in over 90%
of patients with asymptomatic carotid stenosis, intensive med-
ical therapy in the form of antihypertensive treatment, lipid-
lowering agents and lifestyle measures are preferable to and
confer lower risk than vascular intervention in the form of CEA

Modulation of stroke risk in chronic kidney disease

Table 1. Summary of recently published intra-arterial thrombectomy trials

Baseline NIHSS

(range)

Mortality

mRS 0-2 at 90 days

Baseline renal
function

Upper age limit

(years)

Mean age
(years)

Treated

(%)

Control
(%)

Treated

(%)

Control
(%)

Renal exclusion criteria

Treated

Control

Trial acronym, n

None specified
None specified

Not reported
Not reported

None

18 65
69

19
20

33
71

19
40

17 (14-22)
17 (13-20)

18 (14-21)

MR CLEAN 500 [97]

None

3 (9-19)

EXTEND IA 70 [98] (stopped

early)
ESCAPE 315 [99] (stopped

None specified

Control: 84 (SD 27)

None

53 19 10 71

29

16 (13-20)

17 (12-20)

Treated: 84 (SD 28)

Not reported

early)
SWIFT PRIME 196 [100]

Creatinine >176.8 umol/L or

85

66

60 12

36

17 (13-20)

17 (13-19)

GFR <30 mL/min/1.73 m?

or on dialysis
Creatinine >265.2 ymol/L

(stopped early)

Not reported

85

44 16 18 66

28

17 (14-20)

17 (12-19)

REVASCAT 206 [101]

NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin scale; SD, standard deviation; GFR, glomerular filtration rate.
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or stenting. This was confirmed in the SMART trial, which
showed an annual risk of stroke of <1% with modern medical
therapy alone [81]. Trials to determine any potential benefit of
endarterectomy or stenting are still ongoing in asymptomatic
patients [82].

To date, there has been no randomized trial focusing on the
benefit of carotid revascularization in patients with CKD or
ESKD. In a re-analysis of the North American Symptomatic Ca-
rotid Endarterectomy Trial (NASCET), which collected data on
baseline creatinine, patients with high-grade stenosis and CKD
were found to have a much higher 2-year risk of stroke compared
with non-CKD patients (31.6 versus 19.3%, respectively) [83].
Treatment with CEA reduced this risk by 82% in CKD patients ver-
sus 51% in non-CKD patients. There was a higher risk of cardiac
events in the peri-procedural period in the CKD group but similar
rates of stroke and death.

Acute reperfusion therapy

The aim of reperfusion therapy is to relieve the arterial occlusion
(recanalization) and restore blood flow as soon as possible, to re-
duce tissue injury and death, and hence improve outcomes [6].
After an arterial occlusion, there is an area of hypo-perfused
brain tissue, the ischaemic penumbra (Figure 1), which could po-
tentially be prevented from progressing to irreversible infarction.
With the passage of time, more ischaemic penumbra tissue in-
farcts, increasing the size of the unsalvageable ischaemic core

(Figure 1) and diminishing the potential benefit of restoring per-
fusion and salvaging brain tissue [6].

Reperfusion treatments broadly fall into two categories: intra-
venous thrombolysis with recombinant tissue plasminogen acti-
vator (IV rtPA) and intra-arterial approaches to directly remove
the clot.

Intravenous thrombolysis

A systematic review and meta-analysis of 12 randomized con-
trolled trials of IV rtPA given within 6 h of an ischaemic stroke
in over 7000 patients confirmed that, in the first 7 days, IV rtPA
significantly increased symptomatic intracranial haemorrhage
(5.8%), fatal intracranial haemorrhage (2.9%) and death (2.5%)
[84]. However, by the end of the studies (1-6 months), there was
a significantly increased survival free of dependency (4.2%),
improved outcome on the modified Rankin Scale (5.5%) and no
significant difference in mortality (19.1% IV rtPA versus 18.5%
control) [84]. These findings have been replicated in large obser-
vational studies [85, 86], confirming the trial findings and cost
effectiveness [87] of IV rtPA in clinical practice. As such, thromb-
olysis with IV rtPA has become the standard of care in many
countries for patients with an acute ischaemic stroke.

However, studies have reported an increased bleeding risk in
stroke patients with advanced CKD compared with patients with
normal renal function after thrombolysis [88-91]. These studies
were all observational and included only small numbers

RIGHT CAROTID
LATERAL OBLIQUE
POST PROCEDURE

Fig. 2. Successful intra-arterial treatment for an acute thromboembolic stroke involving the right middle cerebral artery (MCA). Pre-treatment digital subtraction
angiogram—anterior (A) and lateral (B) views demonstrate proximal M1 occlusion of the right MCA. Defects are shown by arrows. Post-treatment—anterior (C) and
lateral (D) views demonstrate recanalization of the proximal MCA and restoration of flow in its distal branches.
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of patients with CKD. There is no good-quality data on the use of
IV rtPA in dialysis patients.

Despite the proven benefits of IV rtPA in the general popula-
tion, there is still significant room for improving outcomes.
This is especially true when proximal arterial occlusions are con-
sidered. These account for about one-third of all ischaemic
strokes and typically result in more severe neurological disability
[6]. After IV rtPA alone only 10-15% of internal carotid artery
occlusions and 25-50% of proximal middle cerebral artery occlu-
sions recanalize; only 35-40% of patients achieve functional inde-
pendence [92, 93]. This has led to the development and study of
techniques to improve recanalization rates with more direct
intra-arterial therapies.

Intra-arterial treatments

Early studies quickly established that endovascular treatments
were effective in rapidly re-establishing blood flow after an is-
chaemic stroke. However, the three first randomized controlled
trials of endovascular recanalization published in 2013 failed to
demonstrate any improvement in patient outcomes [93-95]. Sev-
eral factors have been postulated to be responsible for these fail-
ures [96]. Firstly, these trials were performed using intra-arterial
thrombolysis or first-generation clot retrieval devices. Secondly,
patients with mild to moderate stroke severity were included
and may have been less likely to benefit from endovascular reper-
fusion. Thirdly, patients with occlusion of smaller intracranial
vessels were included, whereas larger vessel occlusions have
been demonstrated to be more resistant to recanalization by IV
rtPA and more likely to benefit from endovascular treatment.

Five studies with stricter inclusion criteria and using third-
generation stent-retriever devices published in 2015 [97-101] re-
ported significant clinical benefits of endovascular mechanical
therapy (Table 1), with more studies presenting similar results
in subsequent international stroke meetings [96]. Figure 2 de-
monstrates the successful recanalization of the right middle
cerebral artery using a third-generation stent-retriever device. It
is interesting that although only two of these studies [100, 101]
specifically excluded patients with significant renal impairment,
only one published baseline renal function and even then only
in the supplementary material accompanying the main article
(Table 1) [99]. Furthermore, the average age of patients included
in four of the five studies was <70 years. Whether patients with
advanced age and CKD/ESKD were not recruited into these stud-
ies by the investigators because of concerns regarding general
frailty or the potential renal toxicity from contrast agents is un-
clear. Thus, whether these interventions will have the same
benefit to harm ratio in patients with CKD/ESKD remains to be
determined in a randomized controlled trial. This not only relates
to the potential differences in haemorrhagic risk but also to the
risk of acute kidney injury associated with the use of contrast
media.

Conclusions

Stroke remains a major cause of disability and mortality world-
wide. The increased risk found in CKD/ESKD patients is being in-
creasingly recognized, as is the fact that the current thought
processes about risk are insufficient to explain the pathophysi-
ology, which remains poorly understood. In keeping with most
conditions associated with CKD/ESKD, there is a distinct lack of
good-quality large randomized controlled trials with which to
guide treatment. Proven effective therapies for reversing such a
sizeable stroke risk in patients with CKD, and especially ESKD,
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do not exist. This situation needs to be addressed urgently, espe-
cially in light of the rapid development of interventions to both
reduce the stroke risk and the functional impact following stroke
in the general population. History has taught us that blindly ex-
trapolating the results of trials in the general population to pa-
tients with CKD/ESKD is fraught with danger [102]. Let us not
repeat these mistakes again.
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