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Abstract Sudden cardiac death (SCD) is a major cause of
concern in end stage renal disease (ESRD), contributing to
70 % of cardiovascular mortality and 27 % of all-cause
mortality in dialysis patients. Yet its mechanisms and
pathogenesis remain largely obscure. This review discusses
the potential reasons for an exaggerated risk of SCD in
ESRD populations taking into account recent studies and
registry data and additionally explores the reasons for the
reported recent decline in SCD. The types of arrhythmias
typical of the hemodialysis population are yet to be fully
characterised and in this paper, we introduce an ongoing
implantable loop recorder (ILR) based study in hemodial-
ysis patients—CRASH ILR (Cardio Renal Arrhythmia
Study in Haemodialysis patients using Implantable Loop
Recorders). The findings of this study will hopefully guide
the design and implementation of larger ILR based studies
before undertaking larger scale interventional therapeutic
trials in this high risk population.
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Introduction

Chronic kidney disease (CKD), even in its intermediate
stages, has been shown to adversely impact on cardiovas-
cular (CV) outcomes. Mild renal insufficiency in the Heart
outcomes and Prevention evaluation (HoPe) study (serum
creatinine level 125-200 umol/l, n = 980 patients with CV
disease) was associated with a 40 % increase in the risk of
cardiac death when compared with those who had CV
disease and normal kidney function [1]. In the presence of
end stage renal disease (ESRD), the risk of CV mortality
increases exponentially with sudden cardiac death (SCD)
contributing to 70 % of CV mortality and 27 % of all-
cause mortality in hemodialysis patients [2]. SCD is
defined as an unexpected natural death from a cardiac
cause within 1 h of onset of symptoms in a person not
known to have a potentially fatal condition [3]. The risk of
SCD increases as estimated glomerular filtration (eGFR)
falls [4, 5]. In their landmark study of 19,440 CKD patients
who underwent cardiac catheterisation, Pun et al. [32]
demonstrated the impact of declining eGFR on SCD- this
relationship was most striking when eGFR fell <60 ml/
min/1.7> with a hazard ratio (HR) for each 10 ml/min/
1.73 m? decline in eGFR of 1.11 (95 % confidence interval
(CI) 1.06-1.17, p < 0.001) [6].

Following renal transplantation, the general risk of SCD
appears to be favourably modified, yet the risk from CV disease
remains 3-5 times higher compared to the general population.
Although there are no robust SCD mortality data in kidney
transplant recipients, a significant number of their deaths are
attributed to arrhythmia [7]. It is believed that persistent sym-
pathetic over activity and the use of immunosuppressant drugs
may play a role in the CV disease continuum [8].

This review will focus primarily on the cardiac abnor-
malities linked with SCD in patients with ESRD.
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Sudden cardiac death—risk factors and pathogenesis

The potential risk factors for SCD in ESRD have been the
subject of cardio renal research in recent years. Shared risk
factors for CV disease and ESRD undoubtedly play a role
in SCD in the hemodialysis population. Diabetes for
example is the etiology of ESRD in 20 % of new dialysis
cases [9] and is itself associated with a risk of SCD (noc-
turnal hypoglycaemia can cause ventricular arrhythmias
via QT segment prolongation [10]). Similarly, coronary
artery disease (CAD), documented in up to 50 % of post
mortem studies of SCD in the general population [11] is
found in 40 % of dialysis patients [12]. Coronary artery
bypass grafting (CABG) or revascularisation in the he-
modialysis population does not appear to remove all risk of
CV mortality. In one study, all-cause and arrhythmia-
related mortality in dialysis patients treated with coronary
revascularisation remained high at 290 and 76 deaths per
1,000 patient years respectively [13], suggesting that the
link between the two transcends above isolated myocardial
ischemia and its effects.

Factors such as inter-dialytic interval (SCD being most
common following a long inter-dialytic period, mode of
dialysis (hemodialysis carries greater risk compared to
peritoneal dialysis), composition of dialysate fluid and
dialysis induced rapid fluid and electrolyte shifts (potas-
sium, magnesium, phosphate and calcium [14]) have all
been scrutinised, yet the relative importance of the various
pathophysiological mechanisms that drive this phenome-
non remain largely mysterious. Endothelial dysfunction,
interstitial fibrosis and sympathetic over activity are some
of the other factors thought to contribute to the increased
risk of SCD in ESRD patients [15-18]. ECG findings such
as micro T wave alternans, abnormal ventricular repolari-
zation manifesting as QT prolongation and QT dispersion,
secondary to the above, have been linked to SCD.

Hemodialysis induces changes in cardiac structure such
as left ventricular (LV) hypertrophy and LV dilatation
(documented in 75 and 34 % of patients respectively [19]).
Independent associations have been demonstrated even
between moderate renal impairment and abnormal left
ventricular geometry in the absence of clinical heart failure
[20]. This may be partly driven by uremic toxins such as
indoxylsuplhate and p-cresylsulphate via activation of
renal inflammatory and fibrotic processes seen in CV dis-
ease related to renal dysfunction [21]. These novel path-
ways may offer potential early intervention strategies for
pre-dialysis patients by targeting the site of toxin produc-
tion (colon in this case).

A recent study utilising rat models to understand the
pathogenesis of ventricular arrhythmias in CKD has sug-
gested that abnormalities in cardiac ion channel and cal-
cium handling can increase vulnerability to early after
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depolarization, triggered activity and ventricular arrhyth-
mias. In comparison with normal rats, mRNA levels of
TGF-B, microRNA-21, and sodium calcium-exchanger
type 1 were up regulated in CKD rats whereas the levels of
microRNA-29, L-type calcium channel, sarco/endoplasmic
reticulum calcium-ATPase type 2a, Kv1.4, and Kv4.3 were
down regulated. Cardiac fibrosis in this setting was mild
and not different between groups [22], as such this could
represent the mechanism of arrhythmias in CKD prior to
the onset of left ventricular wall fibrosis.

Incidence of SCD

Registry data are prone to certain inherent limitations,
under reporting being one of them. This has been a concern
with SCD as well and in their study, Bleyer et al. reviewed
death notification forms from 1995 to 2003 in five US
dialysis centres using an accepted definition of SCD. Of the
88 of 228 deaths (39 %) that could have been classified as
sudden, only 59 (26 % of total deaths) were classified as
sudden [14] with the remaining deaths being classified as
per their etiologies—e.g. acute myocardial infarction.

Nonetheless it is encouraging to note that the 2013
annual data report from the US Renal data system [2] (the
comprehensive national data system that collects, analyzes,
and distributes information about ESRD in the United
States) demonstrated a decline in the rate of SCD in hae-
modialysis patients between 2000 and 2011. The rate of
SCD in hemodialysis patients fell from 72 to 49 per 1,000
patient years with the largest absolute decline occurring in
those at highest risk (elderly, white race, diabetes). The
reduction in SCD was most striking in patients on perito-
neal dialysis where the rates fell from 62 to 36 per 1,000
patient years. These figures were much more modest in the
incident dialysis population (the first 90 days of therapy,
known to be a period of heightened SCD risk) with a
significant difference in the incidence of SCD in hemodi-
alysis of 7 versus 2 % in peritoneal dialysis patients, at the
end of the first year.

In the light of the above, it is useful to analyse the
possible explanations for this reduction in SCD. While the
increased use of implantable cardioverter defibrillators
(ICD) may play a role, overall they remain under utilised.
Two-year mortality in dialysis patients following ICD
implant still remains high (53 % following implantation for
primary prevention and 58 % after implantation for sec-
ondary prevention) [2]. Of note beta blocker usage amongst
dialysis patients has certainly increased and appears to
contribute to the decline in mortality [2].

A further question that arises is whether SCD is as
common as suggested by the US data systems. The recent
UK Renal Registry annual report [23] revamped the coding
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system for classification of cause of death, differentiating
‘Uncertain’ and ‘Other’ causes of death and as a result,
there was a substantial reduction in the proportion of
patients attributed to uncertain causes of death. Subse-
quently in the 2011 cohort, cardiac disease was responsible
for 23 % of deaths in prevalent dialysis patients, with
‘uncertain’ and ‘other’ causes of death contributing to
28 %. It is therefore possible that other catastrophic aeti-
ologies such as intra-cerebral pathology, pulmonary emboli
or aneurysms might be contributing to so-called ‘SCD’. If
this is the case, the beneficial role of a routine ICD would
be questionable.

Arrhythmias and dialysis

Whilst some data are available in relation to numbers of
presumed SCD in the dialysis population, there is very
limited literature evaluating the actual arrhythmic burden
in patients with ESRD. Studies have shown the presence of
repolarization abnormalities (QT prolongation, QT dis-
persion and abnormal T wave axis deviation) in the pre-
sence of renal impairment [24, 25] (Table 1). Holter
monitoring around dialysis sessions have documented a
significant burden of high grade ventricular ectopy and
even non sustained ventricular arrhythmias [26, 27]. Ven-
tricular ectopy has been extensively analysed and there
appears to be no added risk secondary to the burden of
ectopic activity. These studies have generally used the
Lown classification for ventricular premature beats which
does not take into consideration the duration of arrhythmias
or additional risk factors. Thus it is plausible that the
predictive value of such non-sustained arrhythmias or other
ECG abnormalities recorded in the risk assessment of SCD
may not have been explored adequately.

While it has been hypothesized that the process of he-
modialysis per se is arrhythmogenic, intradialytic cardiac
arrest is a relatively rare phenomenon. Studies have dem-
onstrated intra-dialytic abnormal ventricular repolarization
(increased QT dispersion [28] and QT prolongation) yet
there has been no evidence of a direct relationship between
intradialytic arrhythmias and SCD. Pun et al. in their study
of 510 witnessed cardiac arrests in 43,200 hemodialysis
patients, failed to show any significant risk association with
the use of QT-prolonging medications and in fact demon-
strated that increased ultrafiltration volumes and electrolyte
abnormalities—low Ca dialysate <2.5 mEq/l [odds ratio
(OR) 2.00, 95 % CI 1.40-2.90], higher corrected serum Ca
(OR 1.10, 95 % CI 1.00-1.30) and increasing serum dial-
ysate Ca gradient (OR 1.40, 95 % CI 1.10-1.80) were
associated with increased risk of sudden cardiac arrest [29].
A separate study showed low potassium dialysate of less
than 2 meq/l to be implicated in SCD [30]. More recently

Genovesi et al. in their study of 122 hemodialysis patients
were also unable to show a significant QTc variation
between basal/pre-dialysis, intra dialysis and post dialysis.
In their multivariate model, while all three measured QTc
intervals appeared to have prognostic values for total
mortality, only prolonged basal QTc and intra dialytic QTc
intervals were significant predictors of SCD [31].

The risk of SCD appears to be most significant imme-
diately before and immediately after the first weekly hae-
modialysis session [32, 33]. A bimodal distribution of
death occurrences, with a 1.7-fold increased death risk
occurring in the 12 h period starting with the dialysis
procedure and a threefold increased risk of death in the
12 h before HD at the end of the weekend interval was
demonstrated by Bleyer et al. [14]. These daily variations
seem to be less in patients on peritoneal dialysis or home
hemodialysis or even hemodialysis patients receiving more
than three sessions per week [34]. It is thus plausible that
the bimodal peak in risk of arrhythmias may be driven by
two different types of underlying arrhythmic phenomena,
such as tachyarrhythmias and bradyarrhythmias. Bradyar-
rhythmias secondary to conducting system disease or
electrolyte abnormalities may prove detrimental either via
profound bradycardia or asystole, or via bradycardia
induced tachyarrhythmia.

The burden of supraventricular tachyarrhythmias in
dialysis patients also remains largely undefined. Atrial
ectopics and atrial fibrillation (AF) have been docu-
mented in routine ECGs and 24 h ECG recordings, with
a recent meta-analysis suggesting AF prevalence of
about 12 % [35] in the hemodialysis population. AF
appears to be more common in the intra dialytic period
[36]. This is important as AF not only increases the risk
of stroke 9.8 fold [37] in the hemodialysis population
but has also been identified as an independent risk factor
for sudden death [38]. Stroke prevention utilising oral
anticoagulants in the dialysis population remains con-
troversial, warranting careful consideration of risks and
benefits. All of the above therefore call for a better
understanding of the burden of AF and paroxysmal AF
in hemodialysis patients.

Therapeutic measures to prevent sudden cardiac death

Survival benefits secondary to risk factor modification
remain largely unproven. Statins for example have
repeatedly been shown to have no benefits on cardiovas-
cular death, non-fatal myocardial infarction, stroke or all-
cause mortality in dialysis patients despite appropriately
lowering serum cholesterol [39]. This may be explained by
CV disease in this population being mediated by low high
density lipoproteins, chylomicrons or small dense low
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density lipoproteins and thus bypassing disease modifying
processes mediated by statins.

Similarly erythropoietin stimulating agents, which cost
$1.87 billion annually [2] in US dialysis patients have
failed to decrease CV mortality and have in fact been
associated with an increased risk of stroke in a large ran-
domized controlled trial in diabetic CKD patients [40].
Active vitamin D supplementation, the second largest
medical expenditure in dialysis patients, has also not been
shown to reduce left ventricular hypertrophy or improve
left ventricular diastolic dysfunction in these patients [41].
The EValuation Of Cinacalcet Hydrochloride Therapy to
Lower Cardio Vascular Events (EVOLVE) trial evaluating
the use of calcimimetics to treat secondary hyperparathy-
roidism in dialysis patients has not demonstrated a reduc-
tion in cardiovascular deaths either [42].

A large observational study by Foley et al. [43]
indicates that beta blocker therapy has a robust associ-
ation with survival in dialysis patients. Beta blockers
exert asympatho-inhibitory effect, can decrease the fre-
quency of ventricular arrhythmias, improve heart rate
variability and increase baroreflex sensitivity. Sympa-
thetic over activity is particularly linked with the dis-
eased kidney and although beta blocker specific trials in
dialysis patients are limited, data suggests they play a
positive and beneficial role in the management of CV
disease and reduction of mortality in this population. In
a recent placebo-controlled trial of 112 HD patients with
dilated cardiomyopathy, Cice et al. [44] showed that
carvedilol use was linked with a significant reduction (52
vs. 73 %) in mortality. Beta blocker use at the time of a
cardiac arrest in HD patients has also been associated
with higher survival [45]. It is therefore encouraging to
note that 58 % of current HD patients with no cardiac
comorbidities are on beta blockers, as compared to 17 %
in 1996-1997 [2, 46].

Implantable cardioverter defibrillators

An ICD offers a well-established interventional treatment
in the reduction of SCD in patients with poor LV function
or failed SCD. While guidelines do not exclude their use in
ESRD patients, they remain significantly under-used. The
reasons are multifold. Firstly, the evidence behind ICDs is
based on trials that largely excluded those with severe
CKD. It is unclear whether ventricular arrhythmias are
indeed the primary cause for SCD and if so, whether as a
result of concurrent electrolyte imbalances, there is a risk
of intractable arrhythmias that will not respond to anti-
tachycardia pacing or defibrillation. Guidelines recommend
that ICDs are implanted only in those with a life expec-
tancy of >1 year. Prognosis in ESRD is poor and the risks
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of infection, issues with vascular access or bleeding com-
plications make device implantation even less inviting.

Studies have questioned the efficacy of ICDs in pre-
venting SCD in the presence of CKD [47, 48] with con-
flicting results on overall mortality reduction in dialysis
patients [49]. In one study, one-, two-, and three-year
unadjusted survival for dialysis patients receiving an ICD
after cardiac arrest were 71, 53, and 36 %, respectively,
versus 49, 33, and 23 % for matched dialysis patients who
did not receive an ICD [50]. Overall mortality in this study
of ESRD patients was significantly higher than that reported
for non-ESRD patients in the Anti-Arrhythmics versus
Implantable Defibrillators (AVID) trial [51] yet the relative
benefit from ICD therapy was similar (42 % reduction in
overall death risk for ESRD patients versus 38 % reduction
in the AVID trial). The risk of death after primary preven-
tion ICD placement also appears to be proportional to CKD
severity [52]. This is despite an increased frequency of
appropriate ICD shocks documented in this population. Pun
et al.’s meta- analysis of data from the Multicenter Auto-
matic Defibrillator Implantation Trial I (MADIT-I), MA-
DIT-II, and the Sudden Cardiac Death in Heart Failure Trial
(SCD-HeFT) (n = 2,867 patients of whom 36.3 % had
eGFR <60 ml/min/1.73 m?) demonstrated that the survival
benefit of ICDs in comparison to usual care depends on
eGFR and the ICD was associated with survival benefit for
patients with eGFR >60 ml/min/1.73 m> (adjusted HR 0.49,
95 % posterior credible interval 0.24-0.95), but not for
patients with eGFR <60 ml/min/1.73 m? (adjusted HR 0.80,
95 % posterior credible interval 0.40-1.53) [53]. A recent
meta-analysis of seven studies reporting on patients with
ESRD having ICDs concluded that those receiving dialysis
had a 2.7 times greater mortality compared with those not on
dialysis [54].

ESRD patients have longer stays, higher in-hospital
mortality and higher rates of device related complications
[55], warranting careful consideration of risks vs benefits
of device therapy on an individual basis. In their decision
model analysis evaluating risks and benefits of ICD
implantation in CKD, Amin et al. [47] demonstrated that
with stages 1 and 2 CKD, ICD implantation reduces mor-
tality. In more advanced CKD, the benefit was less sig-
nificant and age-dependent—ICD implantation was
favoured at ages <80 years for stage 3, ages <75 years for
stage 4 and ages <65 years for stage CKD.

CRASH-ILR (Cardio Renal Arrhythmia Study
in Haemodialysis patients using Implantable Loop
Recorders)

Whilst one might argue for a randomised control trial of
ICD therapy in dialysis patients, the mixed reports cited
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above as well as a number of ‘negative’ results from large
scale interventional trials in ESRD might make investiga-
tors cautious about embarking on further studies in this
population. There is one such study (ICD2 trial) underway,
designed to evaluate the efficacy and safety of prophylactic
ICD therapy in reducing SCD in 200 dialysis patients aged
55-80 years [56]. Engaging dialysis patients in interven-
tional research is particularly challenging and it becomes
essential to identify sub-populations of patients with ESRD
who are most likely to benefit from an intervention. Prior to
designing a trial aimed at reducing SCD, such as with ICD
implantation, it is fundamental to gain an understanding of
the true burden of arrhythmias (bradycardia and tachyar-
rhythmia) in the presence of ESRD. A 12 lead ECG only
represents a snapshot of cardiac electrical activity and may
be recorded when the patient is asymptomatic or between
periods of abnormal arrhythmias. Conventional ambulatory
ECG recording is more favourable as it provides data for
1-10 days at a time but again this could be an asymp-
tomatic period. Event monitors require patients to have
symptoms, have sufficient warning to activate the monitor
and to be able to activate the monitor when symptomatic.
All of these limitations would appear to be addressed by
the use of implantable loop recorders (ILR) and we propose
this as the next logical step in the investigation of SCD in
the presence of ESRD. We feel that an enhanced under-
standing is fundamental to embarking on interventional
studies.

We therefore designed a unique study called CRASH-
ILR (Cardio Renal Arrhythmia Study in Haemodialysis
patients using Implantable Loop Recorders) conducted
jointly by cardiologists and renal physicians in a regional
dialysis unit. In this pilot study of 30 patients we implant a
new generation implantable loop recorder (ILR) (Reveal
XT, Medtronic, Inc) in patients who have been on he-
modialysis for more than 90 days. Demographics, history
of co-morbidities, details of dialysis sessions, electrolyte
levels and echocardiographic data including precise left
ventricular mass measurements are recorded for each
patient. Patients download data from the Reveal XT every
time they dialyse (thrice weekly) via a secure mobile phone
link. In >5,000 days of continuous ECG recording in pts on
HD >22 % had significant events (2 patients demonstrated
>3 s pauses requiring pacemaker implantation, one died
from SCD and ILR interrogation identified ventricular
fibrillation, one required ILR explantation due to infection
and died from unrelated SCD several weeks later, one had
sudden onset of atrial tachycardia requiring anti arrhythmic
drugs). Patient activated recordings were all associated
with sinus rthythm [57]. We aim to document >30,000 days
of monitoring and thus provide insight into developing and
powering a definitive study that utilises ILR technology to
identify ESRD patients at high risk for SCD). Data from

such a study will underpin a targeted interventional study
that has a realistic chance of benefit.

Conclusion

Cardiovascular death is common in ESRD, and it has been
suggested that SCD accounts for around 27 % of all-cause
mortality in this population. Yet data are unclear and this
may represent an overestimation. There is uncertainty
regarding the arrhythmic mechanism (i.e. brady or tachy
arrhythmias) as ESRD with associated neurohormonal
activation and cardiac structural abnormalities serves as the
perfect substrate for both of these mechanisms. Studies
utilizing implantable loop recorder technology will add to
our understanding of the pathophysiology and mechanisms
involved in SCD and will guide the design and imple-
mentation of a larger study aimed at characterising patients
at risk of developing arrhythmias.
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