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(CKD). The presence of even mild renal insufficiency is 
associated with a 40% increase in cardiac death and a 
300% increase in the risk of sudden cardiac arrest (SCA) 
compared to those with normal renal function  [1] . The 
greatest risk of cardiovascular and sudden death, how-
ever, is reserved for those patients on chronic dialysis. 
These patients have an extraordinarily high mortality, 
with cardiovascular disease and SCA accounting for 60 
and 25% of all-cause mortality, respectively  [2] . Once car-
diac arrest occurs in this group of patients, survival is 
poor even if it occurs in the controlled setting of a dialy-
sis unit. With 600,000 individuals currently receiving re-
nal replacement therapy in the United States alone, re-
ducing mortality from cardiovascular disease and SCA 
among dialysis patients is a global health challenge.

  Definitions of Sudden Cardiac Death: Do They Apply 

to the CKD Patient? 

 Traditional definitions of SCA include either a wit-
nessed cardiac arrest which occurs suddenly and within 
an hour of symptom onset or an unwitnessed death which 
is unexpected in a patient known to be well in the last
24 h without a clear non-cardiac cause of death. Whether 
these definitions apply to dialysis patients who spend a 
disproportionate amount of time in a healthcare setting 
and have significant competing risks of death from other 
causes is a matter of debate.
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 Abstract 

 Death from cardiovascular disease in general and sudden 
cardiac arrest (SCA) in particular are exponentially propor-
tional to declining renal function and are a major cause of 
mortality among those with chronic kidney disease (CKD). 
The greatest risk, however, is reserved for those patients on 
chronic dialysis. These individuals have an extraordinarily 
high rate of death, with cardiac disease accounting for 45% 
and SCA responsible for 25% of all-cause mortality. Once car-
diac arrest occurs, survival is extremely poor. Thus, reducing 
mortality from cardiovascular disease and SCA in dialysis pa-
tients is a global health challenge. The main objectives of this 
review are to elucidate the nature of SCA in the dialysis pop-
ulation, describe possible mechanisms and risk factors, and 
discuss options for prevention. 

 Copyright © 2013 S. Karger AG, Basel 

 Introduction 

 Cardiovascular mortality is inversely and exponen-
tially proportional to renal function and is a major cause 
of death among all patients with chronic kidney disease 
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  In patients without CKD, the proportion of SCA due 
to ventricular tachycardia (VT) and ventricular fibrilla-
tion (VF) is estimated at 50–75%. Whether VT/VF is 
equally represented in patients with mild to moderate 
CKD is unknown, but there is evidence to suggest sub-
stantial variance in the dialysis population. In a case se-
ries of cardiac arrest calls in a single dialysis unit, VT/VF 
was found in only 16% at initial evaluation  [3] . An au-
topsy series of chronic dialysis patients revealed that the 
majority of deaths thought to be due to SCA were actu-
ally due to vascular events (i.e. stroke, ruptured aneu-
rysms) and not arrhythmias  [4] . These findings raise the 
possibility that the risk of arrhythmic death in dialysis 
patients may be overestimated in some settings.

  Mechanisms and Risk Factors 

 Sudden death occurs from a confluence of arrhythmo-
genic triggers superimposed on a vulnerable substrate. 
For chronic dialysis patients, both vulnerable substrate 
and triggers exist in abundance. Underlying structural 
abnormalities including left ventricular hypertrophy 
(LVH), systolic dysfunction, coronary artery disease 
(CAD), and arteriosclerotic vascular disease provide just 

some of the anatomic milieu for malignant arrhythmias. 
Fluid and electrolyte shifts, divalent ion abnormalities, 
derangements in autonomic function, and abnormalities 
in cardiac conduction represent just some of the potential 
triggers ( fig. 1 )  [5] .

  Cardiac Risk Factors 

 Ischemic Heart Disease 
 The prevalence of atherosclerotic heart disease in-

creases as renal function declines. Renal dysfunction pre-
disposes the patients to not only the risk of developing 
atherosclerosis but also acts synergistically to increase 
the complications of the disease process. Coronary le-
sions in CKD are characterized by a distinct intima-me-
dia thickening and calcification of the coronary arteries. 
Hyperphosphatemia and associated secondary hyper-
parathyroidism result in non-compliant vessels due to 
vascular calcification with smooth muscle proliferation. 
Rates of myocardial infarction and survival after myo-
cardial infarction are adversely affected by CKD  [6] .

  Though obstructive CAD is an important contributor 
to SCA in dialysis patients, it is clearly not the only one. 
Clinical trial data reveal that direct CAD-related deaths 
account for only 9% of all-cause mortality whereas SCA 
accounts for one-quarter  [7] . An analysis of data from the 
USRDS found a 2-year mortality of 48 and 43%, respec-
tively, after non-drug eluting coronary stents and coro-
nary artery bypass surgery in the dialysis population with 
annual mortality attributed to arrhythmic mechanisms 
estimated at approximately 8%. This data implies that 
while revascularization may have some importance in 
preventing SCA, the sole reliance on this intervention 
may be an inadequate strategy in dialysis patients  [8] .

  Cardiomyopathy 
 Congestive heart failure is present in one-third of pa-

tients at the initiation of dialysis. Three forms of uremic 
cardiomyopathy are described and include: (1) LVH, (2) 
dilation, and (3) systolic dysfunction. Left ventricular 
dysfunction and LVH are far more common in dialysis 
patients compared to the general population. Ejection 
fractions below 35% are seen in approximately 1 in 7 di-
alysis patients and LVH is present in as much as 80%  [9] . 
Interstitial fibrosis and endothelial dysfunction represent 
the main pathophysiological mechanisms underlying 
these cardiomyopathies. Arterial hypertension is docu-
mented in the majority of patients and is a well-estab-
lished major risk factor for LVH. Anemia, fluid overload, 
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 Fig. 1.  Potential causal factors of SCA (adapted from Herzog et
al. [5]).
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and the presence of an arteriovenous fistula result in vol-
ume overload which also promotes the development of 
left ventricular dilation and hypertrophy. These structur-
al abnormalities may ultimately lead to diastolic and sys-
tolic dysfunction and their attending risks of heart failure 
and sudden death. MRI evaluation of hemodialysis pa-
tients suggests that hypertrophy is the predominant form 
of uremic cardiomyopathy with left ventricular dilation 
and systolic dysfunction more the result of infarction or 
diffuse fibrosis  [10] . The presence of LVH in the dialysis 
cohort carries important prognostic value with a left ven-
tricular mass index of  1 125 g/m 2  associated with a 30% 
increase in mortality. Whether or not this is due to sud-
den death is uncertain, but a higher rate of arrhythmias 
can be anticipated due to ischemia, the presence of myo-
cardial scar, and the prolongation in ventricular repolar-
ization associated with increases in left ventricular mass 
 [11] .

  In all individuals, systolic dysfunction correlates with 
cardiac survival, but the threshold for increasing risk may 
be different in patients on dialysis. In the non-dialysis 
population, an ejection fraction of less than 35–40%, re-
gardless of etiology, is the most potent risk factor for SCA. 
This is not clearly the case in dialysis patients where the 
majority of SCA occurs in those with ejection fractions 
 1 35%  [12] . This also appears to hold true for peritoneal 
dialysis patients where an ejection fraction of  ̂  48% was 
found to be an independent predictor of SCA, emphasiz-
ing that even mild degrees of systolic dysfunction may be 
all that is necessary to precipitate events in the setting of 
renal replacement therapy  [13] .

  Electrophysiologic Instability 
 The propensity for life-threatening arrhythmias in di-

alysis patients is linked not only to the high prevalence of 
structural heart disease but also to underlying perturba-
tions in electrophysiologic properties. Coronary disease, 
LVH, and systolic dysfunction are known for their strong 
remodeling effects of cardiac ion channels resulting in the 
acquired cardiac channelopathies that can prolong ven-
tricular repolarization  [14] . Such an adverse modulation 
of the cardiac electrophysiological matrix is characterized 
by a progressive reduction of the naturally redundant K +  
channels and concomitant increase in the sensitivity to 
inhibition of the remaining K +  channels. This results in 
further prolongation of repolarization and an elevation in 
the risk for lethal arrhythmias. In addition to the inherent 
alterations in ion channel modulation, electrolyte distur-
bances and exposure to multiple proarrhythmic medica-
tions play important roles in SCA in these patients.

  Dialysis patients also demonstrate a withdrawal in 
parasympathetic tone and an increase in the sympathet-
ic input to the heart. Alterations in heart rate variability 
(HRV) occur more frequently in dialysis patients and 
correspond with increased incidences of SCA and over-
all cardiovascular mortality  [15] . Another measure, T-
wave alternans (TWA), reflects spatiotemporal hetero-
geneity of repolarization and serves as both a marker 
and a cause of malignant arrhythmias. In a study of 
TWA in chronic HD patients, 85% were found to have 
abnormal measures while a separate study found a two-
fold increase in the prevalence of abnormal TWA com-
pared to controls  [16, 17] . Heart rate turbulence (HRT) 
measures cardiac vagal responsiveness and is an impor-
tant predictor of cardiac events in heart failure patients. 
In dialysis patients, abnormal HRT was present in 57%, 
though the predictive value for SCA has not been as-
sessed  [17] .

  Dialysis-Related Risk Factors 

 Type of Dialysis: Peritoneal versus Hemodialysis 
 Cardiovascular death rates and sudden cardiac death 

rates are similar between patients treated with peritoneal 
and hemodialysis. In a 5-year study of peritoneal dialysis 
patients, 24% of all deaths were due to SCA, a number 
strikingly similar to that observed in hemodialysis pa-
tients  [13] . There is an interplay, however, between the 
type of renal replacement therapy, dialysis vintage, and 
risk of SCA with the relative hazard of cardiac arrest in 
hemodialysis compared to peritoneal dialysis varying 
with time after initiation of renal replacement therapy. 
The rate of cardiac arrest is about 50% higher in hemodi-
alysis patients within the first 3 months of dialysis initia-
tion, but they are similar at 2 years  [18] .

  Dialysate 
 Rapid shifts in electrolyte concentrations can alter the 

action potential and support proarrhythmia. The use of 
low potassium dialysate appears to be a risk factor for 
SCA  [19] . In a case-control study of 43,200 hemodialysis 
patients, the use of low potassium ( ! 2.0 mEq/l) baths was 
associated with higher SCA risk, a finding that could not 
be explained by the pre-dialysis serum potassium levels. 
In a separate study comparing 400 reported cardiac ar-
rest cases occurring in dialysis units against a nationally 
representative cohort of 77,000 hemodialysis patients, 
those that suffered an arrest were nearly twice as likely to 
have been dialyzed against a 0- or 1.0-mEq/l potassium 
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dialysate  [20] . These suggest that avoiding low potassium 
dialysate prescriptions when possible may reduce the risk 
of SCA.

  Dialytic Intervals 
 The incidence of SCA in hemodialysis patients is het-

erogeneously dispersed among dialytic intervals with the 
highest incidence observed during the 2-day interval pri-
or to the first dialysis session of the week  [12] . In a study 
of 32,065 patients, the rate of all-cause mortality, mortal-
ity from cardiac causes, mortality from cardiac arrest, 
mortality from myocardial infarction, and admissions 
for myocardial infarction, heart failure, stroke, and dys-
rhythmia were all higher on the day after the longest dia-
lytic interval  [21] . While it may be assumed that serum 
potassium plays a role, no such discrepancies were found 
in those patients with and without SCA  [12] . Addition-
ally, no differences in HRV, TWA, or HRT were noted 
between dialytic intervals  [17] . Whether daily dialysis 
can reduce cardiovascular mortality and sudden death 
risk has yet to be determined.

  Role of Hyperphosphatemia 
 In conjunction with hypocalcemia and 1,25-vitamin 

D deficiency, hyperphosphatemia can provoke smooth 
muscle proliferation, vascular calcification and coronary 
artherosclerosis  [5, 6] . Data from two national random 
samples of hemodialysis patients including 12,833 fol-
lowed for 2 years showed that hyperphosphatemia, ele-
vated parathyroid hormone levels, and elevations in cal-
cium-phosphate (Ca-PO 4 ) product were independently 
associated with death due to CAD and SCA  [22] . While 
the cause of this link is speculative, the data suggest a role 
for elevated serum PO 4  either in the development, pro-
gression, or the rupture of atheromatous plaques in the 

coronary arteries. Additionally, myocardial fibrosis in-
duced by elevated levels of parathyroid hormone in pa-
tients with uremic cardiomyopathy may contribute to ar-
rhythmogenesis, while hyperphosphatemia and Ca-PO 4  
product are thought to result in myocardial calcification 
with disruption of the structure and function of the car-
diac conduction system  [23] .

  Prevention of Sudden Cardiac Arrest 

 Medical Therapies 
 There is little evidence to date that any specific medi-

cal therapy has major impact on the prevention of SCA in 
the dialysis patient.  � -Adrenergic blockers, a mainstay of 
therapy in patients with cardiovascular disease, has not 
been adequately evaluated in the dialysis population. In 
one small study of dialysis patients with dilated cardio-
myopathy, the use of carvedilol was associated with a de-
crease in overall mortality and a non-significant reduc-
tion in SCA risk  [24] . A report from the Dialysis Out-
comes and Practice Patterns Study found that those 
patient receiving  � -adrenergic blockers had lower overall 
mortality  [25] . Retrospective studies have suggested a 
survival benefit from the use of angiotensin-converting 
enzyme inhibitors in dialysis patients, though a random-
ized trial of fosinopril failed to show any reduction in 
cardiovascular events including cardiac arrest  [26] . Simi-
lar results were observed in the 4D trial which evaluated 
the efficacy of atorvastatin in type 2 diabetic dialysis pa-
tients. The study showed a non-significant 8% reduction 
in the composite endpoint of death from cardiac causes, 
fatal stroke, non-fatal myocardial infarction, or non-fatal 
stroke  [7] . In a trial of an angiotensin II receptor blocker 
the results were more encouraging with those assigned to 
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candesartan experiencing a reduction in cardiovascular 
events, total mortality and sudden deaths compared to 
the control arm  [27] . Confirmatory studies are necessary 
before the routine use of angiotensin receptor blockers in 
dialysis patients without heart failure can be recom-
mended.

  Implantable Defibrillators for Sudden Death 
Prevention 
 While it may be tempting to assume that a popula-

tion at high risk for SCA such as those on dialysis would 
naturally benefit from implantable cardiac defibrillators 
(ICD) therapy, this is not clearly the case. The competing 
risk of death from other causes and the elevated compli-
cation rate of ICD implantation appear to limit the utility 
of these devices in dialysis patients.

  Unlike in the general population, there are no ran-
domized studies that have evaluated ICDs in dialysis pa-
tients who have survived SCA. Retrospective evidence 
suggests that ICDs may marginally lower short-term 
mortality. Data on 2,232 dialysis patients who received an 
ICD for secondary prevention were compared to 8,928 
controls. There was a modest but significant reduction in 
mortality in years 1 and 2, but a convergence in survival 
rates at 3 years  [28] . The USRDS reports median survival 
of only 18 months in dialysis patients receiving ICDs re-
gardless of indication and well below that of non-dialysis 
ICD recipients ( fig.  2 )  [18] . Nonetheless, current ICD 
guidelines do not distinguish between patients with and 
without CKD and in the absence of controlled trial data 
it appears that device implantation for secondary indica-
tions is reasonable.

  For primary prevention of SCA, the interaction be-
tween CKD and ICD benefit is also poorly delineated. 
The benefit of the ICD for primary prevention of SCA ap-
pears to be attenuated in CKD patients in general with 
every 10-unit decrease in estimated glomerular filtration 
rate associated with a 17% increase in SCA risk even with 

the device in place  [29] . As with secondary prevention, 
there are no clinical trial data to guide ICD implantation 
for primary prevention in the dialysis population. 

  There are several reasons why ICDs may not prolong 
the life of the dialysis patient. First, defibrillation thresh-
olds are known to be elevated in this population, raising 
the possibility that the device may be unable to terminate 
VT/VF should it occur. Second, complications including 
infections, bleeding, and lead dislodgement are all higher 
in the dialysis cohort as is compromise of vascular access 
 [30] . Similarly, perioperative mortality is increased five-
fold among dialysis patients undergoing ICD implanta-
tion  [31] . Third, it is also possible that arrhythmic events 
in this population may simply be an epiphenomenon of 
impending cardiovascular collapse. Therefore, any de-
vice that simply terminates life-threatening arrhythmias 
may have little impact on long-term mortality. This is 
supported by a comparison of dialysis and non-dialysis 
ICD recipients that showed that while dialysis is the 
strongest predictor of appropriate ICD therapy for VT/
VF, it is also the strongest predictor of mortality  [32] .

  Future Directions 

 The growing prevalence of dialysis and its attendant 
risk of SCA makes risk stratification and prevention im-
portant goals. Unfortunately, the failure to include large 
numbers of dialysis patients in most major cardiology tri-
als has limited our ability to better care for these indi-
viduals. Disease-specific, large-scale prospective cohort 
studies are required to define risk factors for SCA. Barri-
ers should be removed to allow data linkage between ad-
ministrative databases, registries, and clinical trial data. 
Randomized trials are needed to assess a wide spectrum 
of interventions as basic as  � -adrenergic blockers and as 
complicated as ICDs (possibly subcutaneous), sympa-
thetic denervation, and changes in dialysis itself.
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