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Abstract

Chronic kidney disease patients face an increased risk of cardiovascular disease mortality, and the
risk of sudden cardiac death increases as kidney function declines. Risk factors for sudden cardiac
death are poorly understood and understudied among chronic kidney disease patients. In the
general population, coronary heart disease-associated risk factors are the most important
determinants of sudden cardiac death risk, but among chronic kidney disease patients, there is
evidence that these factors play a much smaller role. Complex relationships between chronic
kidney disease-specific risk factors, structural heart disease, and arrhythmic triggers contribute to
the high risk of sudden cardiac death and ventricular arrhythmias, and modulate the effectiveness
of available therapies. This review examines recent data on the epidemiology, pathophysiology,
and mechanisms of sudden cardiac death among patients with chronic kidney disease and
examines current evidence regarding the use of pharmacologic and device-based therapies for
management of sudden cardiac death risk.

Introduction

Chronic kidney disease (CKD) affects more than 20 million Americans; compared to the
general population, these patients have a four to 20 times greater risk of sudden cardiac
death (SCD). (1) As kidney function declines, sudden cardiac death risk proportionally
increases. (2) Although coronary artery disease-related risk factors explain sudden cardiac
death risk in the general population, in CKD, these factors incompletely explain increased
risk. (2) Accordingly, there is an increasing body of evidence suggesting that targeting
traditional cardiovascular risk factors among CKD patients is an ineffective strategy to
address the high risk of cardiovascular mortality. Thus, the purpose of this review is to
highlight what is known and what remains to be understood about the relationships among
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CKD, ventricular arrhythmias, and sudden death, and to provide insights into management
of this problem based on the current state of evidence.

Epidemiology and Definition of Sudden Cardiac Death

SCD is an important cause of death among all patients with chronic kidney disease (CKD).
The specific risk of SCD among patients with CKD stages 3-5 has been explored. Secondary
analyses of subjects with moderate CKD enrolled in the MADIT-1l and COMPANION
implantable defibrillator trials have reported an incremental risk of SCD with decreasing
baseline glomerular filtration rate (3, 4). A linear relationship with a negative slope between
estimated glomerular filtration rate and SCD risk has also been observed among a large
population-based prospective cohorts with CKD and significant coronary heart disease (2),
postmenopausal women with coronary heart disease (5), and elderly persons without
clinically significant cardiac disease (6). (Figure 1) In these studies, the increased risk of
SCD associated with CKD could not be accounted for by the degree of measured cardiac or
other comorbidities.

In patients with end stage kidney disease (ESKD) treated with either hemo- or peritoneal
dialysis, the risk of SCD is alarming. According to United States Renal Data System
(USRDS) registry data, SCD accounts for about 1 of every 4 deaths among both
hemodialysis and peritoneal dialysis patients at an annual rate of 6-7% (7, 8). Recent
updated estimates from the USRDS suggest a modest improvement in the annual SCD rate
among prevalent dialysis patients, now reported as 5.5%. (9) The first nine months after a
patient initiates a hemodialysis regimen appears to be a particularly high-risk period for
SCD. (10) Survival following a sudden cardiac arrest among ESKD patients is universally
poor, with a 6-month survival between 3-11% (11-14). It is important to acknowledge that
data on SCD epidemiology is largely derived from data contained in large population
registries which may be prone to misclassification due to lack of a systematic adjudication
process and a precise definition of SCD. However, adjudicated data from randomized
clinical trials and several prospective hemodialysis and peritoneal dialysis cohorts are
largely in agreement with registry data regarding the relative contribution of sudden death to
all-cause mortality (22-26%) among dialysis-maintained ESKD patients (15-18).
International and regional comparison of SCD rates has not been systematically evaluated,
but multinational data from the Dialysis Outcomes and Practice Patterns (DOPPS) registry
suggests that sudden death accounts for the highest proportion of hemodialysis deaths in the
United States (33%) whereas lower proportions were observed in Japan (23%),
Australia/New Zealand (19%) and Canada (18%). (19) The relationship between decreased
SCD rates in these countries and differences in dialysis practices, particularly, increased
utilization of frequent and nocturnal hemodialysis is an intriguing observation that has not
yet been examined.

Definition of sudden cardiac death in CKD patients

As discussed above, it is important to acknowledge that SCD rates that are reported from
large, population-based registries are closely tied to how SCD is defined. The most widely
accepted definition of SCD is death from an unexpected circulatory arrest, occurring within
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an hour of symptom onset, or an unwitnessed, unexpected death in patients known to be well
within the past 24 hours without an obvious non-cardiac cause. (20-22) Several factors make
application of this definition difficult among CKD patients. First, as with other populations,
most sudden deaths among CKD patients are unwitnessed and clinical information collected
around the time is very often limited, making exclusion of a non-cardiac cause of sudden
death difficult. (23) Second, determining the sudden nature of death is problematic in CKD
patients, particularly among ESKD patients. ESKD patients are often chronically ill, carry a
high burden of comorbidities, and are frequently hospitalized and receive care in other
health care facilities. Because of these factors, there is lack of consistency in how SCD has
been defined in ESKD patients in existing literature. For example, cardiac arrests occurring
in the hospital, in the setting of hyperkalemia, during withdrawal from dialysis, and as a
consequence of a missed dialysis treatment have been included as SCD in some studies,
whereas other studies have excluded these as SCD. (19, 24, 25) If patient outcomes are to
improve, more uniform definitions of SCD when assessing cause of death will be critical to
identifying key risk factors and evaluating interventions.

Pathophysiology of SCD in CKD patients

SCD pathophysiology usually involves the combination of vulnerable myocardial substrate
with a transient arrhythmic trigger, leading to a terminal arrhythmia. (26) In the general
population, ischemic cardiomyopathy with reduced left ventricular ejection fraction is the
structural heart disease that accounts for the vast majority of SCD events. (26) Acute
ischemia from coronary plaque rupture induces disordered ventricular conduction in
diseased myocardium, and ventricular tachyarrhythmia (ventricular fibrillation or sustained
ventricular flutter) is the terminal arrhythmia in over 80% of cases. (26, 27) Thus, therapies
that prevent or slow the development of coronary heart disease and therapies using
defibrillation to convert ventricular arrhythmias to sinus rhythm have been shown to be
effective SCD management approaches in the general population.

SCD pathophysiology in CKD patients has not been clearly established, but current evidence
points to important fundamental differences. These differences include the pathology of
coronary artery disease (CAD) and underlying structural heart disease, a unique set of
arrhythmic triggers, and uncertainty regarding the final common arrhythmic pathway among
victims of SCD with CKD. It is important to note that most studies investigating
mechanisms of SCD in CKD patients have been conducted in patients with ESKD, with only
a few studies among patients with less advanced CKD.

Coronary Artery Pathology, Structural Heart Disease and SCD in CKD

patients

In contrast to the general population, in which CAD follows a general pattern of lipid-laden
intimal atherosclerotic lesions, CAD in CKD patients follows a pattern of diffuse multi-
vessel involvement with arterial stiffening and calcification in the medial arterial layers. (28)
Avrterial media calcification has been linked to overall cardiovascular mortality in
hemodialysis patients, but not to SCD risk specifically. (29) These differences in underlying
pathology may explain the reduced value of traditional cardiovascular risk factors such as
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cholesterol levels (30), obesity (31), and blood pressure (32) in predicting mortality and
cardiovascular events among CKD patients.

Ischemic cardiomyopathy with reduced ejection fraction accounts for a minority (<30%) of
structural heart disease seen among victims of SCD with CKD. (25) Echocardiography in a
cohort of 1254 consecutive incident hemodialysis patients revealed that only 13% had left
ventricular ejection fraction < 50%; (33) in the CRIC study, a large prospective cohort of
patients with moderate CKD, only 18% of patients had left ventricular ejection fraction <
50%. (34) Ejection fraction and CHF severity also did not explain increased SCD risk
among CKD patients in an observational study of 19,000 patients who underwent cardiac
catheterization; this study also did not find an association between the severity of coronary
artery lesions and SCD risk in the CKD population. (35)

Diastolic dysfunction due to left ventricular hypertrophy, instead of left ventricular systolic
dysfunction, predominates in CKD patients who experience SCD. Two case series of
hemodialysis patients who experienced sudden cardiac arrest found that left ventricular
hypertrophy was seen in more than 70% of cases. (25, 36) An increase in left ventricular
mass index over time was found to be the most potent predictor of SCD death risk in 10-year
observational study of hemodialysis patients. (37) MRI studies of hemodialysis patients
describe a diffuse pattern of myocardial fibrosis underlying left ventricular hypertrophy, (38,
39) and this pattern occurs in the absence of significant coronary artery disease. (22) This
may be the result of multiple factors uniquely present in CKD patients, such as microvessel
disease and capillary deficit (capillary/myocyte mismatch) (40), disorders of mineral
metabolism and secondary hyperparathyroidism (41), and repetitive myocardial injury from
reduction in myocardial perfusion during dialysis and dialysis-induced myocardial
“stunning”. (42)

Arrhythmic triggers in CKD patients

Patients with CKD, especially those who are maintained on hemodialysis, are exposed to a
wide array of potential arrhythmic triggers. The finding that SCD occurs most frequently on
hemodialysis days, especially on the first hemodialysis day after the long dialysis-free
weekend for patients on a thrice-weekly treatment schedule, suggests that factors related to
the hemodialysis procedure trigger fatal arrhythmias. (25, 43) Observational studies have
identified both hyperkalemia and hypokalemia (44), exposure to low potassium and calcium
dialysate (12, 44), and rapid ultrafiltration rate (45-47) with an increased risk of
cardiovascular mortality and SCD. Over the course of a dialysis treatment,
electrocardiogram (ECG) measures related to ventricular repolarization such as QT interval
dispersion and QT interval prolongation worsen. (48) These ECG changes have been shown
to be influenced by exposure to low calcium and potassium during hemodialysis, and have
been independently associated with cardiovascular mortality in dialysis patients, although
they are yet to be specifically linked to a SCD risk. (49) These findings suggest that
perturbations in potassium and calcium are critical risk factors for SCD in dialysis patients;
among patients with moderate stage 3-4 CKD, no study to date has examined the role of
serum electrolyte levels in SCD risk. (25) If similar relationships are seen among moderate
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CKD patients, more careful management of serum electrolyte concentrations could have an
important impact on SCD risk.

Recent discussions have also brought to light the potential importance of alkalosis and
dialysate bicarbonate concentrations in the pathogenesis of SCD among hemodialysis
patients. Bicarbonate concentrates are mixed with acetate (metabolized by the liver to
bicarbonate) in the dialysate to manage metabolic acidosis that is common among
hemodialysis patients. However, higher dialysate bicarbonate concentrations have been
associated with hypokalemia, hemodynamic instability and QTc prolongation. (50-52) A
high prevalence (54%) of metabolic alkalosis (serum bicarbonate >30 mEg/L) was observed
in a case series of 50 hospitalized hemodialysis patients, all of whom were treated with
dialysate containing 35 mEg/L of bicarbonate and 8 mEg/L of acetate (total 43 mEg/L base).
(52) A recent study using data from DOPPS registries found a significant association
between serum bicarbonate level and all-cause mortality; however, the increased mortality
was primarily driven by infection-related complications rather than cardiovascular causes.
(53) In response to this concern and an unpublished report of an increased risk of cardiac
arrest associated with high predialysis serum bicarbonate levels within a dialysis
organization, the US Food and Drug Administration released a warning alerting clinicians to
account for the contribution of acetate to the total dialysate buffer concentration when
considering the appropriate dialysis prescription. This is a prudent consideration, and it is
intuitive to avoid high buffer levels among patients who are already alkalotic; however, it is
premature to make recommendations regarding the optimal dialysate or serum bicarbonate
concentration on the basis of data currently available.

Observations of racial differences in tolerance to hyper- and hypokalemia among CKD
patents suggest that genetic factors may play a role in determining susceptibility to
arrhythmic triggers. (54) While common variants in genetic loci encoding cardiac ion
channels have been identified as important modulators of SCD risk in the general
population, (55) no genetic susceptibility studies have ever been conducted in populations
enriched with CKD patients. ldentifying genetic variants that predict SCD risk in CKD
patients could help identify novel SCD pathways and serve as non-invasive risk markers for
targeted therapy.

SCD and Terminal Arrhythmias in CKD patients

Ventricular tachyarrhythmia is the final common pathway for the majority of SCD in the
non-CKD population, and is an important indicator of a primary cardiac etiology of sudden
death. Whether or not sudden deaths in CKD patients are predominantly the result of
ventricular tachyarrhythmia is unclear, as there is a lack of comprehensive prospective
cardiac monitoring data in CKD patients. A recent 24-hour Holter-monitoring study of 111
patients with moderate CKD found that 35% experienced ventricular arrhythmias
(predominantly ventricular extra-systoles), and that left ventricular mass index was the
strongest predictor of arrhythmias. (56) A retrospective study of 75 hemodialysis patients
who were prescribed a wearable cardioverter defibrillator and suffered a cardiac arrest event
found that ventricular tachyarrhythmias accounted for 79% of events. (57) A rat model of
progressive CKD demonstrated that the hearts of CKD rats had lower induction thresholds
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for ventricular fibrillation with loss of repolarization reserve and altered cardiac calcium
homeostasis. (58) These studies are balanced against other studies which report that as few
as 19% of cardiac arrest events in hemodialysis patients are due to ventricular arrhythmias,
whereas bradycardia, asystole and pulseless electrical activity were seen more commonly.
(12, 25, 59) This pattern of terminal arrhythmias suggest that other mechanisms, distinct
from the cardiovascular system itself, may be important causes of sudden death in ESKD
patients. Unique dialysis-specific complications such as hyperkalemia, air embolism,
exsanguination from vascular access, and other non-cardiac mechanisms could easily be
mistaken for a primary cardiac event. A small autopsy series of Japanese dialysis patients
who were victims of sudden death found stroke as the most frequent etiology (25.8%),
followed by cardiac disease (19%), and infectious disease (17.2%). (60) This disturbing lack
of clarity on the underlying terminal arrhythmias involved in SCD events in CKD patients
should fuel further investigation into characterization of SCD, since non-ventricular
arrhythmias would not be expected to respond to traditional resuscitative measures involving
defibrillation. The advent of a new generation of continuous, leadless arrhythmia monitors
including miniaturized implantable loop monitors and wearable monitors with extended
continuous monitoring capabilities should offer opportunities for further study. (61)

Prevention and Management of SCD Risk

Unfortunately, there have been no randomized clinical trials of interventions to reduce SCD
in CKD patients. Definitive studies are needed to develop effective strategies to manage the
problem of SCD, but recommendations can be developed based on existing evidence from
observational studies. As with investigations into the pathophysiology of SCD, studies of
therapies for SCD have been predominantly been conducted among patients receiving
chronic dialysis.

Given the heightened risk of SCD in the CKD population and the abysmal long-term
survival rate following a cardiac arrest, (62) primary prevention of SCD should be a major
priority. Efforts to identify high-risk patients are hampered by the fact that most of the risk
factors identified by prior studies have only weak associations with SCD in small cohorts of
patients. Even though potent SCD risk predictors in non-CKD populations such as low
ejection fraction have also been associated with SCD in some CKD populations such as
peritoneal dialysis patients, (18) the predominance of diastolic rather than systolic heart
dysfunction among CKD patients greatly reduces its utility in risk stratification. Biomarkers
which have been associated with increased risk of SCD include inflammatory markers (IL-6
(17), C-reactive protein (17), and adiponectin (63)) and markers of nutrition (serum albumin
(17), pre-dialysis serum creatinine (64)). Using data from the hemodialysis (HEMO) study, a
SCD prediction model was developed using available baseline variables. Using a forward-
selection process to select variables with significant associations, the final model included
age, diabetes, peripheral vascular disease, ischemic heart disease, serum creatinine, and
serum alkaline phosphatase, and model discrimination and calibration were good. (65)
Unfortunately, this prediction model has not been validated in other populations, and it is
unclear how risk factors identified by other studies mentioned above should be incorporated
and weighted in determining overall risk. (66)

Adv Chronic Kidney Dis. Author manuscript; available in PMC 2015 November 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Pun

Page 7

In spite of these deficiencies, some general assumptions can reasonably be made about the
profile of the high-risk CKD patients based on demographic, comorbid, clinical, and
behavioral risk factors. For ESKD patients, the first months following initiation of
hemodialysis appears to be a period of increased hazard; risk accumulates with advanced
dialysis vintage for both hemodialysis and peritoneal dialysis patients alike. (24) Dialysis
patients who are prone to large interdialytic weight gains, extremes of serum potassium
level, and those who fall far out of the desired target ranges for mineral metabolism and
nutrition also form the general profile of the high risk patient. (44, 67) For all CKD patients,
victims of SCD are commonly diabetic and have a history of arrhythmias and pre-existing
heart disease. (24, 35)

Pharmacologic Agents and SCD prevention

A potential strategy to reduce SCD events would be to target high-risk CKD patients for
prevention using cardiovascular medications. Beta-adrenergic blockers have been shown to
reduce SCD after myocardial infarction, but their utility for this purpose in CKD patients
remains unclear. Hemodialysis patients prescribed beta-blockers were observed to have
improved survival after cardiac arrest (11), and a randomized study of carvedilol among 114
hemodialysis patients with dilated cardiomyopathy showed an overall 24% reduction in
mortality at 2 years, and a trend towards a significant reduction in SCD. (68) However, in a
secondary analysis of the HEMO study, beta-blocker use was not associated with a
decreased risk of SCD. (69) More recently, a randomized study of 200 hemodialysis patients
compared the efficacy of the beta-blocker atenolol with lisinopril to reduce left ventricular
hypertrophy. (70) Although no differences in change in left ventricular mass were seen
between the intervention groups, patients treated with atenolol had significantly fewer
combined cardiovascular events and heart failure hospitalizations, resulting in early
termination of the study. There were fewer arrhythmic and cardiac arrest events in the
atenolol arm, although the number of events was too small to establish statistical
significance.

The Study of Heart and Renal Protection (SHARP) trial suggests that cholesterol-lowering
medications provide overall benefit among CKD patients. (71) In SHARP, patients with
CKD (including two-thirds of patients with moderate CKD and one-third of patients on
dialysis) who were treated with simvastatin and ezetimibe experienced significantly fewer
cardiovascular events than patients who did not receive cholesterol-lowering medications.
The main reduction in the composite cardiovascular event rate was attributed to a decreased
need for coronary revascularization; there was no significant reduction in all-cause mortality
among treated patients. (71) It is important to note that the overall benefit was driven
primarily by the effect among patients with moderate CKD, with no significant benefit
detected among dialysis patients, although this could be attributed to a lack of statistical
power in this smaller subgroup. However, two previous adequately-powered studies also
failed to uncover a significant cardiovascular benefit from cholesterol-lowering statin
medications among hemodialysis patients: the 4D (atorvastatin) and AURORA
(rosuvastatin) trials. (16, 72)
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The cardiovascular benefit of renin-angiotensin-aldosterone system blockers on
cardiovascular outcomes has been investigated in patients with moderate CKD, but has been
poorly studied in ESKD patients on dialysis. Subgroup analyses of the Heart Outcomes and
Prevention Evaluation study showed that treatment with ramipril reduced cardiovascular
mortality among patients with mild to moderate CKD. (73) However, in another study, the
angiotensin receptor blocker losartan did not influence cardiovascular and overall mortality
among CKD patients with diabetic nephropathy. (74) A randomized controlled trial of
fosinopril and a more recent controlled trial of olmesartan among hypertensive chronic
hemodialysis patients both failed to demonstrate a reduction of major cardiovascular events
or all-cause mortality. (75, 76) A meta-analysis of randomized controlled trials of ACE
inhibitors and angiotensin receptor blockers in hemodialysis patients confirmed the lack of a
significant effect of these medications on cardiovascular events and mortality; however, a
significant reduction in left ventricular mass was observed, leaving open the possibility that
these medications might have a beneficial effect on cardiovascular events in a larger,
adequately powered trial. (77)

Taken together, these observations suggest at the very least that classes of medications that
effectively lower cardiovascular risk in the general population have a more muted effect in
patients with CKD. Further well-designed clinical trials are needed to assess the benefit of
these medication classes before routine use for SCD reduction can be recommended.

Management of Dialysis-Associated Arrhythmic Triggers

Greater attention to detail in determining the dialysis prescription, and avoidance of large
electrolyte and fluid volume shifts is critical to reduce the risk of SCD in patients with
ESKD. Elimination or limited use of low or no potassium dialysate from the outpatient
dialysis center is supported by three large cohort studies. (12, 19, 44) It is important to note
that in these studies, patients prescribed low potassium dialysate had mean predialysis serum
potassium levels in the normal range, suggesting that more careful adjustment of dialysate
potassium concentration in response to laboratory data may be an important step to reduce
the risk of SCD. The use of a dialysate potassium modeling, in which the serum to dialysate
potassium gradient is maintained at a constant level throughout treatment to reduce large
potassium shifts, has been shown to reduce the incidence of premature ventricular
contractions during dialysis. (78) Avoidance of low calcium dialysate and reduction in the
serum-dialysate calcium gradient has also been associated with a significant reduction in the
risk of SCD. (79) Making efforts to reduce interdialytic weight gain and ultrafiltration rates
is supported by consistent associations between higher ultrafiltration rates and cardiac
events. (47) Evolving data also supports the reduction of dialysate to serum sodium gradient
as a means to reduce weight gain and large ultrafiltration targets. (80) There is renewed
interest in dialysate cooling as a means to reduce intradialytic hypotension and repetitive
ischemic myocardial injury. A recent study suggests that reducing dialysate temperature to
two degrees Celsius below body temperature reduces the occurrence of dialysis induced
myocardial wall motion abnormalities, which have been associated with an increased risk of
cardiac death. (81) Reductions in left ventricular mass that were observed in clinical trials of
frequent and long slow hemodialysis are cause for optimism that these modalities may

Adv Chronic Kidney Dis. Author manuscript; available in PMC 2015 November 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Page 9

improve the tolerability of the dialysis procedure and prove beneficial in preventing SCD.
(82)

Implantable Cardioverter Defibrillators

The role of implantable cardioverter defibrillators (ICDs) for prevention in SCD in CKD
patients is controversial. ICDs are a proven but expensive therapy to reduce SCD and overall
mortality in patients at risk without kidney disease. Although it seems appealing to manage
the epidemic of SCD in CKD patients with this therapy, there is a lack of evidence
supporting safety and efficacy of ICDs. Randomized trials of ICDs have excluded patients
with advanced CKD, but secondary analyses of trial data demonstrate reduced benefit of
ICDs among patients with mild to moderate CKD. A recent meta-analysis of patient-level
data from three randomized trials of primary prevention ICD found no significant benefit of
ICD compared to control among 1,040 patients with eGFR<60 ml/min (adjusted HR 0.8,
95% CI 0.4-1.5). (83) (Figure 2) Among dialysis patients, multiple authors have reported
increased mortality and increased complication rates in ICD recipients compared to ICD
recipients without CKD. (84-86) An often overlooked complication of ICDs important to
CKD management is the potential for intravascular leads to promote central venous stenosis,
vascular access compromise and an increased risk of blood stream infections. (87) A recent
study examined 9,528 hemodialysis patients enrolled in the Medicare program who received
a defibrillator device between 1994-2006. (88) Annual mortality was disturbingly high at
45%, and the majority of deaths were attributed to arrhythmic causes (38%). The rate of
infection was also alarming, with high annual rates of bacteremia (52%) and device
infection (4.2%). This study also highlighted the growing number of dialysis patients who
receive primary prevention ICDs in the absence of trial data supporting efficacy in this
population. The study also compared survival of hemodialysis patients receiving a
secondary prevention ICD (i.e. after sustaining and surviving a cardiac arrest) with a
propensity matched control group. This analysis revealed a significant overall survival
advantage associated with ICD implantation (HR 0.86), although the benefit did not extend
past 3 years. Even though this analysis is subject to bias by indication, it corroborates
previous findings suggesting a modest survival benefit with secondary prevention ICDs.
(89) Newer leadless defibrillator devices such as the subcutaneous implantable defibrillator
and wearable external defibrillator may be especially advantageous among dialysis patients
to avoid vascular complications and minimize infectious risks.

In the absence of randomized trial data that specifically addresses the efficacy of ICD
therapy in the CKD population, increased communication between nephrologists and
cardiologists is needed to counsel potential ICD recipients about the likelihood of increased
risks and reduced benefits compared to estimates obtained from the general population, and
coordinate ICD placement when indicated to reduce the possibilities of vascular access
compromise.

A summary of potential preventative strategies for patients at high risk for SCD is listed in
Table 1.
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Conclusion

SCD is a major problem in CKD patients, and our understanding of this disease is
underdeveloped. Well-designed cohort studies will be needed to understand basic
understanding of disease pathophysiology and risk factors, and randomized intervention
trials will be needed before new and effective management practices can be developed.
Based on current evidence, a common sense approach to SCD prevention would be to target
patients at highest risk for treatment with existing cardiovascular medications and reduce
and monitor potential dialysis-related arrhythmic triggers for ESKD patients maintained on
hemodialysis. Other therapies such as more frequent dialysis modalities and 1CDs should be
used judiciously and on a case-by-case basis, with recognition of the associated hazards that
these approaches carry in the vulnerable population of patients with CKD.
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Figure 2.

Kaplan-Meier Survival Curves in ICD Recipients vs. Non-recipients According to eGFR.
Unadjusted HR for mortality benefit of ICD: eGFR>=60 HR=0.53, 95% CI 0.42-0.67;
eGFR<60 HR=0.92, 95% CI 0.74-1.14. (83)
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Table 1
Possible Strategies for SCD Management in High Risk CKD Patients. (adapted from Pun
et. al (90))
Strategy Possible Intervention
Manage Underlying Cardiomyopathy
Systolic Heart Dysfunction Assess left ventricular systolic and

diastolic function within 3 months of
dialysis initiation and every 3 years
thereafter

Use carvedilol in patients with
dilated cardiomyopathy

Diastolic Heart Dysfunction (Left Consider frequent hemodialysis to

Ventricular Hypertrophy) reduce left ventricular mass;
consider the use of angiotensin
converting enzyme inhibitors or
angiotensin receptor blockers

Minimize Arrhythmic Triggers

Potassium shifts Monitor potassium more frequently
especially after hospitalization, and
change dialysis prescription
accordingly

Avoid low (< 2meq/L) potassium
baths.

Calcium shifts Avoid low calcium baths, especially
in the context of concurrent use of
QT prolonging medications

Metabolic Alkalosis Account for acetate in dialysis acid
concentrate to determine total
buffer; avoid high dialysate
bicarbonate concentrations in
patients who are alkalotic.

Rapid Ultrafiltration Encourage patient compliance with
fluid restriction between treatments.

Avoid sodium ramping and large
dialysate/serum sodium gradients

Extend dialysis time to reduce
ultrafiltration rate

Dialysis-induced myocardial ischemia  Cool dialysate temperature

Weigh benefits and risks of
Implantable Cardioverter Defibrillators

Consider secondary prevention
ICDs after cardiac arrest

Additional data needed to support
primary prevention ICD among
patients with eGFR<60 ml/min/m?2

Increase coordination between
nephrologists and cardiologists to
consider vascular and infectious
risks, especially among ESKD
patients and patients at high risk of
CKD progression
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