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A B S T R A C T

Sudden cardiac death (SCD) represents a major cause of death
in end-stage kidney disease (ESKD). The precise estimate of its
incidence is difficult to establish because studies on the inci-
dence of SCD in ESKD are often combined with those related to
sudden cardiac arrest (SCA) occurring during a haemodialysis
(HD) session. The aim of the European Dialysis Working
Group of ERA-EDTA was to critically review the current litera-
ture examining the causes of extradialysis SCD and intradialysis
SCA in ESKD patients and potential management strategies to
reduce the incidence of such events. Extradialysis SCD and
intradialysis SCA represent different clinical situations and
should be kept distinct. Regarding the problem, numerically
less relevant, of patients affected by intradialysis SCA, some
modifiable risk factors have been identified, such as a low con-
centration of potassium and calcium in the dialysate, and some
advantages linked to the presence of automated external defib-
rillators in dialysis units have been documented. The problem
of extra-dialysis SCD is more complex. A reduced left ventricu-
lar ejection fraction associated with SCD is present only in a mi-
nority of cases occurring in HD patients. This is the proof that
SCD occurring in ESKD has different characteristics compared
with SCD occurring in patients with ischaemic heart disease
and/or heart failure and not affected by ESKD. Recent evidence

suggests that the fatal arrhythmia in this population may be due
more frequently to bradyarrhythmias than to tachyarrhythmias.
This fact may partly explain why several studies could not dem-
onstrate an advantage of implantable cardioverter defibrillators
in preventing SCD in ESKD patients. Electrolyte imbalances,
frequently present in HD patients, could explain part of the ar-
rhythmic phenomena, as suggested by the relationship between
SCD and timing of the HD session. However, the high incidence
of SCD in patients on peritoneal dialysis suggests that other risk
factors due to cardiac comorbidities and uraemia per se may
contribute to sudden mortality in ESKD patients.

Keywords: dialysate, end-stage kidney disease, implantable
cardiac device, sudden cardiac arrest, sudden cardiac death

I N T R O D U C T I O N

Sudden cardiac death (SCD) is defined as an unexpected death
due to cardiac causes in a person with known or unknown car-
diac disease, within 1 h of symptom onset (witnessed SCD) or
within 24 h of the last proof of life (unwitnessed SCD). Since
cause of death is subject to interobserver variability, there can
be misclassification of SCD [1].

SCD is a leading cause of death among the general popula-
tion, accounting for up to 15% of all deaths [2]. SCD represents
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an important cause of death in end-stage kidney disease
(ESKD) patients [3], but the precise estimate of its incidence is
difficult to establish because studies on the incidence of SCD in
ESKD are often combined with those related to sudden cardiac
arrest (SCA) occurring during a haemodialysis (HD) session.
However, extradialysis SCD and intradialysis SCA represent
different clinical situations and should be kept distinct. In fact,
the dialysis session may itself favour the onset of life-
threatening arrhythmias, beyond the clinical conditions of the
patient. Moreover, hypotension and syncope are quite common
during HD sessions and highlight a series of risk factors [4, 5].
Their occurrence requires immediate interventions of health-
care professionals for a prompt diagnosis and for differentiating
these events from SCA. The aim of the European Dialysis
(EUDIAL) Working Group was to critically review the current
literature examining the causes of extradialysis SCD and
intradialysis SCA in ESKD patients and potential management
strategies to reduce the incidence of such events.

E P I D E M I O L O G Y O F S C D A N D
I N T R A D I A L Y S I S S C A I N E S K D P A T I E N T S

In the US Renal Data System database, arrhythmia and cardiac
arrest were the single greatest cause of death, comprising 40%
of known causes of death among dialysis patients, constituting
nearly 78% of all cardiovascular causes of death [3]. Compared
with peritoneal dialysis (PD), the rate of SCD is�50% higher in
HD patients 3 months after dialysis initiation, although these
rates reach parity by 2 years [3]. Although SCD accounts for a
considerable number of deaths in ESKD patients, it is somewhat
surprising that the number of such deaths during dialysis ses-
sions is not greater, considering the increased prevalence of left
ventricular hypertrophy and coronary atheromatous and arte-
riosclerotic disease in HD patients and the changes in cardiac
perfusion and electrolyte fluxes. Karnik et al. [6] reported a rate
of intradialysis SCA of 7.0/100 000 HD sessions, while Pun et al.
[7] described a rate of 4.5 per 100 000 dialysis treatments. The
incidence of such events is therefore relatively low, but the prog-
nosis after an intradialysis SCA is very poor. Karnik et al. [6]
observed that only 40% of patients were successfully resusci-
tated and were still alive after 2 days. Of the 60% who died
within 48 h of the arrest, 13% died in the dialysis unit.

P A T H O P H Y S I O L O G Y O F S C D A N D
I N T R A D I A L Y S I S S C A I N E S K D P A T I E N T S

When faced with sudden death, presumably of cardiac origin
(SCD), it is not easy to determine what arrhythmia led to death.
It may happen so that when the first electrocardiogram (ECG)
is performed it is impossible to understand whether any
recorded asystolic bradyarrhythmia is the cause of the event or
is the consequence of an episode of ventricular fibrillation (VF).
This doubt can be resolved only if a device [e.g. ECG Holter,
intracardiac device or implantable loop recorder (ILR)] was re-
cording the fatal event [8].

The rhythm most easily recorded in cardiopathic patients at
the time of SCD appears to be VF [9, 10]. However, Cobb et al.

[11] suggested that the episodes of VF represent the cause of
SCD in a smaller proportion than previously thought. It is not
clear what fatal arrhythmia is occurring in dialysis patients who
undergo SCD. Wan et al. [12] showed that 78.6% of the SCAs
occurring in 75 HD patients bearing a wearable cardioverter de-
fibrillator were due to ventricular tachycardia (VT) or VF and
only 21.4% were due to asystole. The average left ventricular
ejection fraction (LVEF) of the study population was 27.4%,
with <19% of patients having an LVEF >35%. A subsequent
study performed in HD patients with an implanted cardiac
monitor recorded eight unexpected SCDs due to severe brady-
cardia with asystole. In this population, one of the exclusion cri-
teria was the presence of LVEF <35% [13]. The idea that SCDs
may be due mainly to bradyarrhythmias has been strengthened
by two recent studies in HD patients with ILRs. Sacher et al.
[14] studied 71 HD patients (follow-up 21 months), document-
ing four SCDs in diabetic patients due to progressive bradycar-
dia followed by asystole. Three of the four subjects had an
LVEF >50% (for one of them, LVEF was not known).
Furthermore, Roy-Chaudhury et al. [15] documented 14 epi-
sodes of asystole and only one of sustained VT in a population
of 66 younger HD patients implanted with an ILR and followed
for 6 months. None of these arrhythmias were fatal. Eighty-six
percent of patients with clinically significant arrhythmia were
diabetic and their mean LVEF was 55%. Several authors have
suggested that there is a relationship between the timing of
SCDs and the dialysis session in HD patients, showing two fre-
quency peaks, one at the end of the longer interdialytic interval
(LIDI) and the second immediately after the first dialysis ses-
sion of the week [16, 17]. The study by Wong et al. [13] con-
firmed that the risk of SCD was greater during the LIDI.
Furthermore, all the events recorded by Sacher et al. [14]
occurred during the LIDI and the clinically significant arrhyth-
mias described by Roy-Chaudhury et al. [15] had the highest
frequency during the last 12 h of the LIDI. None of the de-
scribed studies could provide evidence of an association be-
tween plasma electrolyte levels and fatal events. However, the
study by Sacher et al. [14] showed that a higher risk for cardiac
conduction disorders was related to plasma potassium (Kþ)
concentration>5.0 mmol/L and a higher risk for ventricular ar-
rhythmia to a plasma Kþ concentration <4.0 mmol/L.
Epidemiological studies suggested a significant association be-
tween the values of pre-dialysis hyperkalaemia and SCD
[17, 18]. Combining all this evidence, we hypothesize that dur-
ing the first short interdialysis period of the week HD patients
suffer from a sudden decrease in plasma Kþ concentration,
whereas at the end of the LIDI they may present with marked
hyperkalaemia and acidosis. Both conditions can lead to cardiac
electrical instability, which could potentially result in life-
threatening arrhythmias (i.e. VF or bradyarrhythmia with asys-
tole). However, it is possible that other risk factors due to car-
diac comorbidities and uraemia per se may contribute to
sudden mortality in ESKD patients. In fact, PD patients, who
do not undergo rapid changes in electrolyte concentrations,
also show a high rate of SCD [19]. PD is less intense than HD:
the treatment is more or less continuous with slight variations
related to different modes of PD. Therefore it is also more
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difficult to identify a causal relationship between the actual
treatment and treatment-induced SCD. Nevertheless, the death
risk for abnormalities in plasma Kþ concentration could be
even higher in PD compared with HD patients since PD
patients are at a higher risk for hypokalaemia, a clinical situa-
tion that can lead to dangerous tachyarrhythmias [20]. A link
between SCD in PD patients with reduced LVEF and elevated
plasma levels of pro-brain natriuretic peptide (pro-BNP) and
troponin T has been shown, suggesting an important role of
heart failure and ischaemic heart disease as factors associated
with increased sudden mortality in this population [21]. Some
cardiovascular comorbidities have also been associated with
SCD in patients undergoing HD. In particular, a higher risk of
SCD in incident HD patients affected by obstructive sleep ap-
noea (OSA), after adjusting for possible confounding factors,
was shown when compared with subjects without OSA [22].
Moreover, among HD patients with severe aortic stenosis, with-
out aortic valve replacement, the risk of SCD was particularly
high [23].

In conclusion, both brady- and tachyarrhythmias may un-
derlie SCD in ESKD patients. Recent data suggest that the
former may be most frequently responsible for the fatal event
in HD patients and a relationship between SCD and dialysis
timing has been shown. Diabetic patients seem to be particu-
larly exposed to this type of death, even in the presence of a
normal LVEF and should therefore be monitored more
carefully.

More than a decade ago, Davis et al. [24] described 110 epi-
sodes of intradialysis SCA that occurred in dialysis clinics, in-
cluding 10 before, 72 during and 20 immediately after the end
of the HD session. In the majority of cases occurring during
and after the HD session, the initial recorded arrhythmia was a
VF or a VT episode (67% and 85%, respectively), whereas in the
other cases, the first monitored ECG rhythm was a pulseless
electrical activity or asystole. Only 46% of patients survived at
least 24 h after SCA and 24% were discharged alive from the
hospital. The prognosis was better for those patients whose
event was associated with tachyarrhythmia compared with bra-
dyarrhythmia [24]. It should be remembered that two-thirds of
events occurred before the routine installation of automated ex-
ternal defibrillators (AEDs) in dialysis facilities. However, even
when an AED was available, the device was applied prior to
emergency medical services (EMS) arrival in only half of those
SCA events [24].

These findings are partially in contrast to those described
in a more recent study that examined 398 cases of SCA occur-
ring at outpatient dialysis facilities [25], designed to assess the
impact of dialysis practice guidelines recommending basic life
support (BLS) training for outpatient dialysis staff and avail-
ability of AEDs in dialysis clinics [26]. Dialysis staff initiated
cardiopulmonary resuscitation (CPR) before the arrival of
EMS in 81% of events. Sixty-six percent of the SCAs presented
with a non-shockable initial monitored rhythm, and dialysis
staff applied an AED before EMS arrival in 52% of cases.
Staff-initiated AED application was more likely within larger
dialysis clinics, but there were no significant patient or cardiac
arrest characteristics associated with AED use by dialysis staff.

Almost half of the patients (48%) survived to hospital admis-
sion and only 26% of the total population was discharged alive
from the hospital. Patients on whom CPR had been initiated
directly by dialysis staff had 3 times greater survival, as well as
a favourable neurologic status upon discharge, than patients
on whom CPR was performed exclusively by EMS, but there
was no advantage to early use of the AED, presumably be-
cause only 37% of patients demonstrated a shockable arrhyth-
mia [25]. As about only half of patients with access to AEDs
had monitoring by the dialysis staff, then it is possible that in-
creased AED usage could have identified more shockable
rhythms.

Many factors influence the ability of a victim or patient to re-
ceive effective BLS prior to the arrival of EMS [25].
Measurement of time to correct AED application and shock de-
livery (in shockable rhythms) may allow the standardization of
response at outpatient dialysis facilities. In a report on the
results of public access to defibrillation for cardiac arrests (oc-
curring at home in 87% of cases), earlier intervention (in
4.8 min versus 6.2 min) was associated with a higher rate of
shockable rhythms (close to 24%) and with a tripling of survival
(from 3.3% to 10.5%) [27].

In summary, even though intradialysis SCA outcomes are
poor, outcomes are greater than those for unselected out-of-
hospital SCA, and early application of AEDs is a likely next step
for potentially improving these outcomes. Finally, it should be
noted that only �20% of unselected patients who suffer an in-
hospital cardiac arrest have a shockable rhythm and have a sur-
vival to hospital discharge of�25% [28].

The incidence of intradialysis SCA is reported to be greater
during the first dialysis session of the week [6, 24]. At this time,
patients have the highest levels of plasma Kþ and metabolic aci-
dosis. A potassium dialysate (KþD) concentration <2 mmol/L
is associated with a >2-fold increase in the risk of SCA in
patients with pre-dialysis serum concentrations within the nor-
mal reference range [6, 7]. The risk of intradialysis SCA is also
doubled in patients treated with a low calcium dialysate
(Ca2þD) concentration (1.25 mmol/L) and increases in those
with a higher serum-to-Ca2þD gradient (40% for 1 mmol/L in-
crement) [29]. It is interesting to note that the association be-
tween SCA and low KþD and low Ca2þD persisted after
adjustment for a history of coronary heart disease and conges-
tive heart failure, while these traditional risk factors were not
significantly influential on SCA incidence [7]. Several studies
have shown that the HD session induces a prolongation of ven-
tricular repolarization time (expressed by the QT interval of an
ECG) inversely related to the calcium beginning-to-end plasma
gradient during the HD session [30–32]. This phenomenon is
particularly evident when both low Ca2þD (1.25 mmol/L) and
low KþD (2 mmol/L) concentrations are employed [32].

A marked prolongation of the QT interval due to sudden
intradialysis changes of plasma electrolytes could potentially in-
duce episodes of ‘torsades de point’ fibrillation. In contrast, pre-
dialysis hyperkalaemia could induce pulseless electrical activity
or asystolic events [32]. Knowledge of the patient’s electrolyte
balance can predict the necessary advanced cardiac life support
steps in the event of cardiac events.
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D I A L Y S I S T R E A T M E N T P R A C T I C E S

Dialysate potassium

The control of plasma Kþ remains a pervasive challenge in
the management of HD patients. One of the main goals of HD
is the removal of Kþ that has accumulated in the body in the in-
terval between two dialysis sessions. A correct Kþmass balance
during HD is crucial: for the vast majority of patients this
should be negative and of the same order of magnitude as the
positive interdialytic Kþ mass balance in order to prevent both
dangerous intradialysis hypokalaemia and fatal interdialysis
hyperkalaemia [33]. Indeed, some studies have shown that high
pre-dialysis Kþ concentrations are associated with an increased
risk of SCD [7, 34]. The magnitude of the plasma Kþ concentra-
tion is dependent upon dietary Kþ intake, urinary Kþ excretion
and Kþ losses in the stool, the utilization of Kþ binders, KþD
concentration, dialysate glucose and bicarbonate concentra-
tions, the efficiency of the dialyser and the duration and fre-
quency of dialysis [35]. Plasma Kþ concentration rapidly
decreases during the first 60 min and stabilizes during the last
60 min of dialysis. Plasma Kþ reaches a steady state during the
last hour of dialysis, while Kþ continues to be lost into the dialy-
sate. It can therefore be assumed that the Kþ removal rate is
equal to the intra- to extracellular mass transfer rate at these
time points [33].

The QT interval is a recognized ECG marker of the ventricu-
lar repolarization time and its prolongation has been associated
with an increased risk of SCD in both pathological and healthy
populations and also in HD patients [36–39]. Electrolyte disor-
ders are one of the main HD-related factors that can cause QT
interval alterations and cardiac arrhythmias, because of their in-
volvement in the genesis, duration, morphology and propaga-
tion of the cellular action potential. The electrolytes that mostly
influence the ventricular repolarization are Kþ and ionized
Ca2þ [40]. The Nernst equation indicates that the electrical ac-
tivity of the heart is related to the ratio of the intracellular and
extracellular Kþ levels. Using a lower KþD concentration, one
removes Kþ mainly from the extracellular space and very little
from the intracellular one. Surprisingly, most patients are able
to tolerate the intradialysis hyperpolarization of the cardiac
muscle membrane potential, induced by an increase in the in-
tracellular: extracellular Kþ ratio brought about by a reduction
in the extracellular Kþ value as a result of dialysis. The fre-
quency of arrhythmias is greater during the last 2 h of dialysis
and immediately post-dialysis [32]. Kþ modelling, first sug-
gested by Redaelli et al. [41], involves decreasing the KþD con-
centration exponentially to maintain a constant plasma–KþD
gradient of 1.5 mmol/L. Santoro et al. [42] observed greater
arrhythmogenic activity with the use of a constant and relatively
low KþD concentration compared with decreasing Kþ profiling
in dialysis-sensitive arrhythmic patients.

Given the above, there is no good evidence that intradialysis
ventricular arrhythmias are associated with an increased risk of
overall mortality or sudden mortality [43, 44] or that the use of
dialysis modalities with a profiled KþD improves clinical out-
comes. However, higher Kþ gradients (serum Kþ concentra-
tion–KþD concentration) are independently associated with a

greater risk of all-cause hospitalizations and emergency depart-
ment visits [45]. In addition, a low KþD concentration
(<2 mmol/L) is associated with an increased incidence of intra-
dialysis SCA [7] and extradialysis SCD compared with a KþD
concentration>3 mmol/L [18].

In conclusion, the true challenge in HD patients is to avoid
both life-threatening pre-dialysis hyperkalaemia (plasma Kþ

level>6 mmol/L) and post-dialysis relative hypokalaemia (or at
least a very rapid decrease of plasma Kþ concentration and the
related risk of lethal arrhythmias). Resins (calcium or sodium
polystyrene sulphonate) may be used; although Kþ-binding
sodium-based resins have been prescribed for 50 years, there
have been no large studies of their effects among HD patients
[46]. Newer Kþ binding medications are currently available
that could help to reduce the incidence of pre-dialysis hyperka-
laemia [47, 48]. Although possibly less acceptable to patients, al-
ternative dialysis strategies, such as longer or more frequent
HD sessions, may be required to control hyperkalaemia.

Dialysate calcium

In the last decade there has been a shift in Ca2þD prescrip-
tion down from 1.75 to 1.25 mmol/L [49]. A lower Ca2þD con-
centration may induce an increase in myocardial repolarization
time and QT interval [30, 32]. Lower Ca2þD concentrations are
also associated with a higher risk of intradialysis SCA [29]. The
prescription of an individualized Ca2þD concentration for HD
patients requires an integrated quantitative assessment of bone
mineral metabolism and of cardiovascular status. When choos-
ing a Ca2þD concentration, the impact on calcium balance and
the change in serum calcium levels must be considered, with
the awareness that these two aims might not necessarily be
achieved at the same time [49].

In conclusion, a low Ca2þD concentration should be avoided
in patients presenting with prolonged basal QT interval and
should not be used in combination with a lower KþD concen-
tration. The Ca2þD concentration should be designed so as not
to lower serum Ca2þ, especially in patients at risk of hypokalae-
mia at the end of the dialysis session.

Dialysate bicarbonates

The main potential adverse effects associated with a high di-
alysate bicarbonate (DBIC) concentration are increased carbon
dioxide formation, electrolyte imbalances and QT prolongation
[50]. During HD, an increase in serum bicarbonate levels leads
to a decrease in serum Ca2þ concentration. This phenomenon
is primarily caused by an alkalosis-induced change in the elec-
trical charge of proteins, which increases the amount of com-
plexed calcium. A correction of metabolic acidosis that is too
rapid can then compromise vascular and cardiac contraction
due to the decrease in Ca2þ [51]. Furthermore, Fissell and
Hakim [52] emphasized that dialysis treatment lowers plasma
Kþ, both by removal of Kþ into the dialysate and also by a rapid
shift of Kþ from the extracellular into the intracellular space, as
metabolic acidosis is corrected. Moreover, a randomized con-
trolled trial (RCT) reported an association between higher DBIC

concentration and a faster decrease in intradialysis plasma Kþ

concentrations [53]. When higher DBIC concentrations are
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employed, the combination of a sudden decrease in plasma
Ca2þ and Kþ induced by metabolic alkalosis could lead to dan-
gerous prolongation of ventricular repolarization time. An RCT
observed a prolongation of the QT interval in association with
high DBIC, low KþD and low Ca2þD concentrations [54]. This
association was an independent predictor of prolongation of
the QT interval [39].

In summary, individualizing the treatment to the patient is
important to correct metabolic acidosis while avoiding symp-
toms of transient secondary metabolic alkalosis and potential
harm. High DBIC concentrations may lead to sudden reductions
in plasma concentrations of both Kþ and Ca2þ. This phenome-
non causes an increase in ventricular repolarization time and
prolongation of the QT interval, potentially increasing the risk
for life-threatening arrhythmias. It is therefore advisable not to
combine lower Ca2þD and KþD concentrations with high DBIC

concentrations, particularly in patients with a prolonged basal
QT interval.

Dialysate magnesium

An electrolyte that has received little attention is magnesium.
A large observational study from Japan using data from 142 555
HD patients reported a J-shaped curve between magnesium
concentrations and all-cause mortality (both cardiovascular
and non-cardiovascular) [55]. Moreover, it has been shown
that serum magnesium concentrations are independently and
inversely associated with all-cause mortality, cardiovascular
mortality and sudden death in European HD patients [56].

Future magnesium research should address dialysate selec-
tion specific to magnesium concentrations (the standard dialy-
sates contain �0.5 mmol/L and serum magnesium typically
decreases during dialysis, which can be affected by citrate-
containing dialysates and higher DBIC concentrations) [57] and
the potential role in electrophysiologic abnormalities in the HD
population. These steps may allow future tailoring of the dialy-
sate specific to cardiac arrhythmias and SCD and SCA.

Ultrafiltration

An ultrafiltration volume>5.7% of body weight has been re-
lated to a higher risk for SCD {hazard ratio [HR] 1.13 [95% con-
fidence interval (CI) 1.00–1.27]; P¼ 0.04} [18]. Moreover, Pun
et al. [7] found an association between intradialysis SCA and
percent volume removed during the dialysis session [odds ratio
(OR) 1.11 (95% CI 1.02–1.20); P¼ 0.011]. However, more data
are needed to prove that an excessive ultrafiltration volume has
a causal relationship with the incidence of sudden mortality in
HD patients.

P R E V E N T I O N T O O L S — D R U G S

A paucity of evidence exists regarding the role of cardiovascular
drugs in the prevention of SCA in HD patients. This is mainly
due to commonly excluding HD patients in RCTs. Below is a
summary regarding the efficacy and safety of drugs acting on
the electrophysiological properties of the heart and/or on the
sympatho-vagal regulation of the heart and vessels with regard
to the specific setting of HD patients.

b-blockers

Conflicting results regarding the efficacy and safety of b-
blockers in HD patients have been found. For example, a sys-
tematic review included three RCTs that found a significant risk
reduction for b-blockers in cardiovascular mortality and car-
diovascular events, but also nine observational studies that did
not find any effect in these outcomes [58]. In contrast, in three
other observational studies, b-blockers were associated with a
lower risk for SCD in HD patients [18] or a reduction in all-
cause mortality [59, 60]. In another RCT, including 114 HD
patients, a significant reduction in all-cause and cardiovascular
mortality, yet no statistically significant reduction in SCD, was
found for the patients treated with carvedilol [61]. In a post hoc
analysis of the Hemodialysis Study, including 1747 patients, no
association between b-blocker intake and SCD was found [62].

Angiotensin-converting enzyme inhibitors (ACEis)/
angiotensin receptor blockers (ARBs)

So far, no convincing data on the benefit of ACEis or ARBs
for preventing SCD in HD patients has been found. No signifi-
cant reduction in the risk of cardiovascular events in the treat-
ment group with an ACEi or ARB was found in a systematic
review [63]. For example, RCTs on fosinopril and olmesartan
have both failed to demonstrate a reduction in the risk of car-
diovascular events or all-cause mortality in HD patients [64,
65]. Similarly, in another study, the risk of SCD was not statisti-
cally significantly reduced for the HD patients treated with spi-
ronolactone [66]. However, in two observational studies, a
reduction in cardiovascular mortality or overall mortality was
found for HD patients treated with an ACEi [67, 68].

Potassium binding agents

Sodium polystyrene sulphonate and calcium polystyrene
sulphonate are commonly used in the general population to
treat chronic hyperkalaemia [48, 69], however, contradicting
effects of fludrocortisone or sodium zirconium cyclosilicate
(ZS-9) on plasma Kþ levels in HD patients have been found
[70–72]. In these two RCTs, outcomes associated with SCD and
cardiovascular mortality were not reported [48, 69].

Calcium channel blockers (CCBs)

In an observational study, a beneficial, although not statisti-
cally significant, effect of CCBs for HD patients was found on
death at 24 h after SCA [73]. Similarly, in another observational
study including 4065 HD patients, the use of CCBs was associ-
ated with a 23% lower risk of cardiovascular mortality [74].

Calcimimetics

In the Cochrane review of Ballinger et al. [75], including 18
studies with 7446 participants, no effect on all-cause or cardio-
vascular mortality was found for patients treated with cinacal-
cet. SCD was not included as an outcome in this review and was
only investigated in one study, in which no differences in SCD
were found between cinacalcet and usual care [76].
Etelcalcetide, which was compared with placebo in two RCTs,
significantly reduced parathyroid hormone levels; however,
hypocalcaemia was more common in the etelcalcetide group
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and led to prolongation of QT intervals in many patients. No
mortality or cardiovascular outcomes were reported [77].

Amiodarone

Amiodarone exerts many electrophysiological effects and is
widely used for both atrial and ventricular tachyarrhythmias,
despite the risk of adverse effects (on the thyroid gland, lungs
and liver). However, there have been no consistent findings re-
garding its effectiveness in preventing SCD in HD patients. In
an analysis of Dialysis Outcomes and Practice Patterns Study
(DOPPS) amiodarone was associated with a higher risk for
SCD in HD patients [HR 1.44 (95% CI 1.16–1.81)] [18], how-
ever, as for any observational study, no conclusion on causality
can be drawn. In a Cochrane systematic review [78] including
24 studies, amiodarone was associated with a significant reduc-
tion in the risk of SCD, cardiac and all-cause mortality for per-
sons at high risk (primary prevention) or who have recovered
from an SCA (secondary prevention), however, no specific sub-
groups of ESKD or HD patients were included in these studies.

Digoxin

In a retrospective observational cohort study including
120 864 incident HD patients, digoxin use was associated with a
28% increased risk of death and the increase in mortality risk
was most pronounced in patients with lower pre-dialysis serum
Kþ levels [79].

In conclusion, contradicting and limited evidence have been
found on the efficacy and safety of anti-arrhythmic drugs for
HD patients in terms of SCD or fatal cardiovascular events. In
addition, poor long-term adherence to drug therapy is found in
dialysis patients [80, 81], which might limit the validity of the
findings to daily clinical practice. Therefore no strong recom-
mendations in favour of any specific medication or type of
medication can be made and large high-quality RCTs in HD
patients are needed.

P R E V E N T I O N T O O L S — I M P L A N T A B L E
C A R D I O V E R T E R D E F I B R I L L A T O R S ( I C D s )

Guidelines for sudden death prevention published by the main
cardiology associations recommend implanting an implantable
cardioverter defibrillator (ICD) in primary prevention in
patients with LVEF <35% and with a life expectancy of at least
1 year and, in the setting of secondary prevention, in patients
with documented VF or haemodynamically not tolerated VT in
the absence of reversible causes [82]. However, the presence of
ESKD was an exclusion criterion in the RCTs that demon-
strated that the ICD confers a survival benefit in populations
with a high risk of SCD [83–85]. Several observational studies
have shown that, in patients implanted with an ICD in primary
prevention, the presence of ESKD constitutes a negative prog-
nostic factor in terms of mortality [86–88]. However, when
populations of dialysis patients with indication for ICD implan-
tation are compared, data are not consistent. Hiremath et al.
[89], in an observational study collecting data from two regis-
tries, showed that an ICD implant is associated with better sur-
vival in ESKD patients with ventricular dysfunction (LVEF

<35%) when compared with patients not implanted with the
device [HR 0.40 (95% CI 0.19–0.82)] [89]. The risk of bias and
unmeasured confounding obviously constitutes an important
limitation and propensity score matching can be employed for
reducing this risk. Indeed, Pun et al. [90], comparing two pro-
pensity-matched cohorts of ESKD patients, one that received
an ICD in primary prevention and the other without ICD, did
not observe differences in mortality in the two groups (43.4% in
the ICD cohort versus 39.7% in the control group). The uncer-
tainty about evidence leads to the fact that only a minority of
ESKD patients with an indication for ICD implantation actually
receive the device. In an Italian population of 2072 ESKD
patients (154 of them having an LVEF <35%), only 52 (33%)
were implanted with an ICD. As expected, mortality was higher
in patients with an ICD indication than in those without [HR
1.59 (95% CI 1.06–2.38)], but subjects with ventricular dysfunc-
tion and without an ICD implant had the worst prognosis [HR
2.67 (95% CI 2.09–3.39)]. The rate of SCD was higher not only
in patients with an ICD indication, but also patients without an
ICD indication had a high incidence of SCD [91]. The high in-
cidence of SCD in dialysis patients with preserved LVEF is the
rationale of the only RCT so far performed in this population,
the ICD2 trial [92]. This very recent study is particularly inter-
esting because the presence of LVEF <35% was an exclusion
criterion, thus leading to an RCT exploring a new indication for
ICD implantation in the specific setting of dialysis patients. The
study tried to answer the question whether ESKD per se is a risk
factor for SCD, independent of a low ejection fraction, and if
this risk can be minimized by ICD implantation. Indeed,
patients who, according to the guidelines, would have a classical
indication for ICD implantation for primary prevention of
SCD, on the basis of a depressed ejection fraction, were not
recruited. The trial was stopped, as per the recommendation of
the data and safety monitoring board, for futility reasons (i.e. in-
ability of the RCT to achieve its original objectives) after inclu-
sion of 188 patients of the 200 planned, 97 in the ICD group and
91 in the control group. The median duration of follow-up was
6.8 years. The 5-year mortality rate was high and similar in the
two groups (50.6% in the ICD group versus 54.5% in the control
group). The cumulative incidence of SCD was 9.7% in the ICD
group versus 7.9% in the control group [HR 1.32 (95% CI 0.53–
3.29)] [92]. The reasons for the failure of the ICD strategy to re-
duce total and sudden mortality may be several: first of all, we
must consider the possibility of a failure of the device linked to
the presence of non-shockable rhythms (asystole/pulseless elec-
trical activity) or of an arrhythmia arising in a setting of hyperka-
laemia and/or severe disorders of the acid–base balance [13, 93],
leading to ineffective termination by ICD shocks or immediate
reinitiation after shock delivery. Only post-mortem analysis of
the intracardiac ECGs (actually planned in the design of the
ICD2 trial) was able to clarify what arrhythmia was associated
with SCD. It is important to underline that the rate of device-
related adverse events was very high (27.5%) [92]. They were di-
rectly related to the ICD implantation procedure (haematoma or
infection) or were due to lead dysfunction. ICD explantation was
necessary in 7.5% of cases, mostly because of bacteraemia [92].
The outcome of patients implanted with an ICD appears more
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convincing in the clinical setting of secondary prevention.
Herzog et al. [94] retrospectively analysed a population of 6042
dialysis patients hospitalized for VF/cardiac arrest, discharged
alive and surviving at least 30 days from admission. Only 7.6% of
these patients had an ICD implantation. The latter was indepen-
dently associated with a 42% reduction in death risk [HR 0.58
(95% CI 0.50–0.66)] [94]. Charytan et al. [95] showed in a popu-
lation of 9528 dialysis patients who received an ICD for second-
ary prevention between 1994 and 2006 an overall 14% (95% CI
9–19) lower mortality risk compared with propensity-matched
controls [95].

An important problem is the high rate of complications as-
sociated with ICD implantation in dialysis patients. A meta-
analysis showed a significant increase in infectious complica-
tions associated with the presence of ESKD [HR 8.73 (95% CI
3.42–22.31)] [96]. Infections of the ICD system require com-
plete removal of the implanted system, a procedure associated
with inherent risk and complications [97]. Other frequent com-
plications are those related to lead dislodgement requiring revi-
sion, lead dysfunction requiring extraction, bleeding and
venous thrombosis [92, 98, 99]. It has been suggested that the
use of subcutaneous ICDs may be an advantage for reducing
the risk of central venous stenosis and infection compared with
an endocardial ICD with transvenous leads, but this kind of de-
vice may not be useful in case of severe bradyarrhythmias [100].

In general, the decision to implant an ICD in the setting of
ESKD and dialysis is clinically challenging and should require
an interdisciplinary approach, with strict collaboration between
nephrologists and cardiologists, targeted to assess in the indi-
vidual case the risk–benefit of every specific treatment option
[97]. Clinical decision making may be even more difficult in
case of life-threatening ventricular tachyarrhythmias that ap-
pear to be facilitated by transient but not entirely correctable
causes [101].

In a clinical perspective, the challenge in decision making
about ICD implantation is that, given the substantial
comorbidities that frequently exist in ESKD patients, the benefit
of ICD therapy may be attenuated due to the competing causes
for death. This important issue may also be associated with a se-
ries of factors, including electrolyte imbalances, that increase
the risk of ineffective shock therapy or onset of non-shockable
rhythms (asystole/pulseless electrical activity) as the pathophys-
iological mechanism of arrhythmic SCD (Figure 1).

C O N C L U S I O N S

SCD remains a major cause of death in the ESKD population,
despite the efforts made in recent years to prevent it and to
identify patients at greater risk. Regarding the problem, numeri-
cally less relevant, of patients affected by intradialysis SCA,
some modifiable risk factors have been identified, such as low
KþD and Ca2þD concentrations, and some advantages linked
to the presence of AEDs in dialysis units have been docu-
mented. However, it must be recognized that the arrhythmia
determining the fatal event is not always shockable. The prob-
lem of extradialysis SCD is more complex and its causes remain
partly unknown. A reduced LVEF associated with SCD is pre-
sent only in a minority of cases occurring in HD patients. This
demonstrates that SCD occurs with different characteristics in
ESKD compared with patients with ischaemic heart disease
and/or heart failure and not affected by ESKD. Recent evidence
suggests that in this population, bradyarrhythmias may repre-
sent the fatal arrhythmia more frequently than tachyarrhyth-
mias. This fact may partly explain why several studies could not
demonstrate an advantage of ICDs in preventing SCD in ESKD
patients. Electrolyte imbalances, frequently present in HD
patients, could explain part of the arrhythmic phenomena, as
suggested by the relationship between SCD and timing of the

FIGURE 1: It shows the arrhythmias potentially leading to SCD and the role of ICD therapy.
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HD session. However, the high incidence of SCD in PD patients
suggests that other factors are also involved in determining sud-
den mortality in the uraemic patient.
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A B S T R A C T

In chronic kidney disease (CKD), phosphate homoeostasis
plays a central role in the development of mineral and bone dis-
order (MBD) together with decreased serum calcium and ele-
vated serum parathyroid hormone, fibroblast growth factor 23
and sclerostin levels. Today there are only a few data exploring
the direct role of abnormal phosphate homoeostasis and hyper-
phosphataemia in the development of CKD-MBD. On the other
hand, several studies have looked at the link between hyper-
phosphataemia and cardiovascular morbidity and mortality in

CKD, but there is a lack of evidence to indicate that lowering
phosphate levels improves cardiovascular outcomes in this
population. Furthermore, the impact of liberalizing phosphate
targets on CKD-MBD progression and bone fracture is cur-
rently not known. In this review we discuss the central
role of phosphate in the pathogenesis of CKD-MBD and how
it may be associated with fracture risk, both in hyper- and
hypophosphataemia.
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