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Abstract

Hemodialysis patients carry a large burden of cardiovascular disease; most onerous is the high risk
of sudden cardiac death. Defining sudden cardiac death among hemodialysis patients as well as
understanding its pathogenesis is challenging, but inferences from existing literature reveal
differences between sudden cardiac death among hemodialysis patients and the general
population. Vascular calcifications and left ventricular hypertrophy may play a role in the
pathophysiology of sudden cardiac death whereas traditional cardiovascular risk factors seem to
have a more muted effect. Arrhythmic triggers also differ in this group as compared to the general
population, with some arising uniquely from the hemodialysis procedure. Combined, these factors
may alter the types of terminal arrhythmias that lead to sudden cardiac death among hemodialysis
patients, having important implications for prevention strategies. This review highlights current
knowledge on the epidemiology, pathophysiology, and risk factors for sudden cardiac death among
hemodialysis patients. We then examine strategies for prevention including use of specific cardiac
medications and device-based therapies such as implantable defibrillators. We also discuss
dialysis-specific prevention strategies including minimizing exposure to low potassium and
calcium dialysate, extending dialysis treatment times or adding sessions to avoid rapid
ultrafiltration, and lowering dialysate temperature.
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Case presentation

A 26-year-old African American man was brought to the hospital following a sudden cardiac

arrest during hemodialysis at his outpatient dialysis center. He was being dialyzed on a 2
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mEQ/L potassium bath and 2 mEg/L calcium bath with a dialysate temperature of 37°C and
ultrafiltration goal of 3.9 liters. He was 1.5 hours into his 4 hour and 45 minute hemodialysis
treatment when he suddenly became unresponsive. Cardiopulmonary resuscitation (CPR)
was started while an automated external defibrillator (AED) was attached and subsequently
delivered a shock for ventricular fibrillation.

The patient had a history of obesity-related glomerulopathy and was on hemodialysis for ten
months prior to his cardiac arrest. His other medical problems included paroxysmal atrial
fibrillation, left and right sided systolic dysfunction with left sided diastolic dysfunction, and
aortic valve infective endocarditis requiring replacement five months prior to his cardiac
arrest. He frequently presented with large interdialytic weight gain leading to large
ultrafiltration goals and intradialytic hypotension.

This case offers the opportunity to explore several aspects of sudden cardiac arrest and
sudden cardiac death (SCD) among dialysis patients. What are the epidemiology and
pathophysiology of SCD in dialysis patients? What are the modifiable dialysis-specific risk
factors? What primary and secondary SCD prevention strategies are effective in this
population? This article will review the epidemic of sudden cardiac death in the
hemodialysis population with a focus on prevention.

of SCD

SCD is the largest contributor to mortality among hemodialysis (HD) patients. Cardiac arrest
accounts for a quarter of hemodialysis patient deaths? (Figure 1). International data from the
Dialysis Outcomes and Practice Patterns registry show that SCD among hemodialysis
patients is more common in the United States (33% of all deaths) than in other countries
including Japan (23%), Australia/New Zealand (19%), and Canada (18%). It is unknown
whether these findings are from different reporting schemes, dialysis practices, or baseline
patient characteristics.?

It is important to acknowledge that these SCD epidemiology data are derived from large
population registries that lack a systemic adjudication process and may be prone to
misclassification. There is no universally accepted and precise definition of SCD. First
identified as a specific cause of death by Hinkle and Thaler,3 sudden cardiac death has been
defined broadly as a natural, rapid, and unexpected cardiac death within an hour of symptom
onset.# Other definitions include death without an obvious non-cardiac cause in patients well
within the last 24 hours.> Paramount to the classification of death as sudden cardiac death is
the ability to determine: 1) the clinical circumstances surrounding death, and 2) the timing of
progression from symptoms to cardiac arrest. This poses several difficulties when applied to
the hemodialysis population. First, many deaths are unwitnessed and limited information is
available about the circumstances of death, making the exclusion of a non-cardiac cause
challenging.® Patients with end-stage renal disease (ESRD) may be susceptible to other
etiologies of sudden, unexpected death such as cerebral hemorrhage, pulmonary or air
embolism, or aortic dissection, which may be mistaken for SCD if there are no clinical or
autopsy data available to confirm a primary cardiac etiology. The potential for
misclassification of SCD was seen in an autopsy series of 93 Japanese dialysis patients who
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were apparent victims of SCD. Stroke was found as the most frequent etiology (25.8%),
followed by cardiac disease (19.4%) and infections (17.2%).’ Second, the timing and
unexpected nature of death can also be difficult to ascertain, since patients with ESRD are
chronically ill with numerous co-morbidities and are frequently hospitalized. What qualifies
a death as an “unexpected death” in this population can be subject to interpretation. Cardiac
arrests in the setting of withdrawal from dialysis or after missing dialysis treatment have
been included in SCD definitions in some studies, but consensus is that these circumstances
should be excluded since cardiac arrest is not unexpected in these situations.2:82

Due to the difficulty in determining the circumstances and timing of sudden death, SCD
definitions used in studies of the ESRD population have been variable, leading to wide
variations in reported SCD rates. A recent systematic review evaluated 42 cohort studies and
randomized controlled trials (RCTSs) reporting on SCD rates in ESRD patients.1% Only 25
studies provided a specific definition for SCD, and among those, only 17 included any
measure of time in their SCD definition. Reported SCD rates varied widely from 0.4 to
10.4% annually. Despite the troubling variability in SCD definitions across studies, 1!
clinical trials such as the Hemodialysis (HEMO) Study, Die Deutsche Diabetes Dialyse
Studie (4D), and Evaluation of Cinacalcet HCI Therapy to Lower Cardiovascular Events
(EVOLVE) Trial, where cause of death was carefully adjudicated, all reported a consistent
proportion of 22-26% of all trial deaths attributed to SCD.12-14 This is similar to what has
been consistently reported by large population registries such as the United States Renal
Data System (USRDS), and two studies comparing causes of death reported by USRDS with
adjudicated sources have shown reasonable sensitivity and specificity for cardiac causes of
death.11:15 However, improved harmonization of SCD definitions across studies is needed in
order to accurately track SCD rates and test interventions to reduce its incidence. Such a
definition should exclude in-hospital and hospice patients as well as death following
withdrawal of HD or after missing HD.

While ESRD patients receiving long-term dialysis are at the highest risk of SCD, it is
important to note that patients with moderate kidney disease are also at elevated risk. The
absolute number of individuals affected by SCD is much higher among CKD patients given
the higher prevalence of CKD compared to ESRD in the general population (Figure 2). This
highlights the opportunity for early SCD risk modification and the role of slowing CKD
progression to reduce the impact of SCD overall.

Pathophysiology of SCD

The pathophysiology of SCD is thought to result from the combination of a vulnerable
myocardium and an acute pro-arrhythmic trigger that leads to a terminal arrhythmia.1® In the
general population, this manifests as ischemic cardiomyopathy with reduced left ventricular
ejection fraction (LVEF) that is prone to disorganized cardiac conduction when subjected to
acute ischemia from coronary plaque rupture. Ventricular fibrillation is the terminal
arrhythmia in more than 80% of cases.16:17 It follows that therapies that prevent or slow the
progression of coronary artery disease (CAD) as well as defibrillation have been proven the
most beneficial in reducing SCD in the general population.1® The pathophysiology of SCD
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among hemodialysis patients, however, may be different in regards to coronary artery and
heart structure pathology, arrhythmic triggers, and terminal arrhythmias.

Coronary Artery and Structural Heart Pathology

Differences in the underlying pathology of CAD in ESRD patients (characterized by arterial
wall stiffening and calcification in the media layer, rather than lipid-laden intimal
atheromas)!® may explain why traditional cardiovascular risk factors such as cholesterol
levels,20 obesity,2! and blood pressure?? do not fully predict cardiovascular events and
mortality in patients with kidney disease. An observational study of over 19,000 patients
who underwent cardiac catheterization, 25% of whom had moderate to advanced CKD,
found that severity of CAD lesions did not explain the heightened risk of SCD among CKD
patients.23

In contrast to the general population, where ischemic cardiomyopathy with reduced LVEF is
often seen in SCD, reduced ejection fraction is far less common among hemodialysis
patients who suffer SCD.24 In a study of 80 hemodialysis patients who were victims of
sudden death, only 46% had an LVEF of 50% or less and only 25% had an LVEF of 35% or
less.? Likewise, a cohort of over 1,200 consecutive incident hemodialysis patients who
underwent echocardiography revealed that only 13% had a reduced LVEF.2> Another
observational study also found that heart failure severity did not correlate with increased
SCD risk in CKD patients.23 Thus, in contrast to the general population, low ejection
fraction cannot fully account for the high rates of SCD in the hemodialysis population.
Instead, diastolic dysfunction from left ventricular hypertrophy (LVH) is more often
observed among hemodialysis patients who experience SCD. Two case series reported that
LVH was seen in more than 70% of hemodialysis patients with sudden cardiac arrrest.%-2 In
a 10-year observational study of HD patients, left ventricular mass index was the best
predictor of SCD risk over time.2” Even in the absence of significant CAD, LVH with
diffuse myocardial fibrosis has been demonstrated by MRI in patients on HD.28:22 Chronic
hypertension, anemia, microvessel disease leading to capillary/myocyte mismatch,3° and
repetitive myocardial injury brought on by hypoperfusion during dialysis may be to blame
for this pattern of disease.3!

Arrhythmic Triggers

It has been long observed that SCD occurs more frequently on hemodialysis days and
especially on Mondays and Tuesdays following the long dialysis-free weekends for patients
on a thrice-weekly hemodialysis schedule.924:32:33 |n contrast, there was no ‘day-of the-
week’ SCD pattern observed among peritoneal dialysis or HD patients undergoing treatment
more than three times a week in an observational cohort of over 14,000 ESRD patients in
Australia and New Zealand.”.3* Low calcium dialysate baths as well as both the excessive
accumulation and aggressive removal of potassium and fluid may underlie this pattern of
increased risk during the first dialysis day of the week.35-39 Finally, metabolic alkalosis
from exposure to high bicarbonate dialysate has been associated with hypokalemia,
hemodynamic instability, and QT prolongation.40-42
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Genetic factors may play a role in hemodialysis patients’ susceptibility to arrhythmic
triggers. A study examining SCD risk among related pairs of dialysis patients found a 70%
increased risk of SCD if one relative suffered sudden cardiac death, compared to non-
genetically related cohabitating dialysis pairs.#3 Specific genetic loci underlying the
increased SCD risk among genetically related hemodialysis patients are unknown, but
common variants in loci encoding cardiac ion channels may be involved.** Further
investigations could identify novel SCD pathways and lead to better identification of those
highest at risk for SCD.

Terminal Arrhythmias

Some data suggest that ventricular tachyarrhythmias are the most common terminal
arrhythmia associated with SCD not only in the general population#® but also in the CKD
population. A study of 111 Brazilian patients with moderate CKD who were monitored for
24 hours with a Holter monitor found that 35% of participants experienced a ventricular
arrhythmia, predominantly ventricular extra-systoles. Left ventricular mass index was the
strongest predictor of ventricular arrhythmias.46 Another group has shown that rats with
CKD had lower induction thresholds for ventricular fibrillation with loss of repolarization
reserve.4’ In a retrospective study of 75 hemodialysis patients who were prescribed a
wearable cardioverter defibrillator, 79% of the 84 sudden cardiac arrest events were recorded
as ventricular tachycardia or ventricular fibrillation.#8 Unlike most hemodialysis patients,
however, most of these patients had significant systolic dysfunction.

Other data suggest that hemodialysis patients may experience a larger proportion of non-
ventricular arrhythmias. A study of 400 patients who had a witnessed sudden cardiac arrest
in outpatient dialysis clinics found that 15% of cardiac arrests with a documented arrhythmia
were asystole.38 Another study found that non-ventricular arrhythmias including asystole
and pulseless electrical activity were even more common at 33% of all sudden deaths in HD
patients with a documented arrhythmia.*? Similarly, a retrospective study of 24 hemodialysis
patients with cardiac arrest at an inpatient hemodialysis unit found that cardiac arrest from
ventricular tachycardia and Ventricular fibrillation was only 31.6%. Bradycardia (26.3%),
asystole (15.8%), and pulseless electrical activity (15.8%) accounted for the majority of
arrhythmias (57.9%).%0 In a study of 50 Australian HD patients with LVEF over 35% that
were monitored with implantable loop recorders, bradycardia accounted for 65% of all
significant arrhythmias detected. Of the eight sudden cardiac deaths, six had captured
rhythm data that showed either bradycardia or asystole. Although not considered a
significant arrhythmia in this study, paroxysmal atrial fibrillation was common and
accounted for 62% of all documented arrhythmias. Only 0.8% of all arrhythmic events were
related to ventricular tachycardia or ventricular fibrillation.33 Similar findings were observed
in another cohort of HD patients that underwent brief Holter monitoring (86% of all events
were supraventricular tachycardia while only 14% were ventricular arrhythmias).>!

The lack of clear knowledge on the most common terminal arrhythmia among hemodialysis
patients is concerning since non-ventricular arrhythmias will not respond to traditional
resuscitative measures involving defibrillation.#> To help address this knowledge gap, the
Monitoring in Dialysis study also used implantable loop recorders to provide information
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collected over six months on the type and frequency of arrhythmias.> The final study
reports are pending, but unpublished data on the first 66 patients enrolled in the study have
suggested a large number of captured arrhythmic episodes predominantly due to atrial
arrhythmias (57.4%) followed by bradycardia (15%), with most events occurring in the post-
dialytic period. Ventricular arrhythmias comprised 9.1% of captured events.>3 The WEarable
cardioverter Defibrillator in HEmoDialysis (WED-HED) randomized trial will also provide
arrhythmia data by assigning at least 650 hemodialysis patients to the wearable defibrillator
arm and providing continuous monitoring data. Additionally, it will test device efficacy in
preventing SCD (Clinicaltrials.gov, Registry number: NCT02481206).

Primary Prevention of SCD

The chances of surviving sudden cardiac arrest are poor, with studies of witnessed sudden
cardiac arrest in dialysis clinics observing a long-term survival of only 8%.%4:5° Thus, efforts
towards primary prevention are likely to have the greatest public health impact. The first step
in reducing SCD in the hemodialysis population is to identify risk factors that can be used
for risk-stratification and targeted for risk-modification.

There are no large-scale studies specifically designed to develop and validate risk
stratification scores for SCD. However, several inferences can be made from existing data.
Since the first months following initiation of hemodialysis are a particularly high risk for
SCD and risk accumulates with dialysis vintage, patients at both extremes should be
considered a high risk population.8 Additionally, dialysis patients who are prone to large
interdialytic weight gains, extremes of serum potassium, and those who fall out of the
desired target ranges for mineral metabolism and nutrition also form the general profile of
the high-risk patient.3%:56 Victims of SCD are more likely to be diabetic and have a history
of arrhythmias and pre-existing heart disease.8>” Biomarker studies have established
associations between SCD and inflammatory markers such as IL-6,58 C-reactive protein,>®
and adiponectin®® as well as markers of nutrition including serum albumin®® and pre-dialysis
serum creatinine.3°

A secondary analysis of the HEMO study created a SCD prediction model that included age,
serum creatinine, serum alkaline phosphatase, and a history of diabetes, peripheral vascular
disease, and ischemic heart disease.5 While model discrimination (C-statistic 0.75) and
calibration were good, this prediction model has not been validated in other populations and
does not incorporate biomarkers or other risk factors identified by other studies to determine
overall risk.61

Cardiovascular Medications

Certain classes of cardiovascular medications have been useful in reducing SCD risk in the
general population. Beta-adrenergic blockers have been shown to reduce the risk of SCD
after myocardial infarction.52 Among 114 hemodialysis patients with dilated
cardiomyopathy, a randomized study of carvedilol showed a 24% reduction in mortality at
two years and a trend towards reduction in SCD.53 More recently, a randomized study of
200 hemodialysis patients evaluated the efficacy of atenolol versus lisinopril to reduce LVH
and found significantly fewer combined cardiovascular events and heart failure
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hospitalizations in the atenolol group.4 No difference in left ventricular mass was seen
between the groups, but patients treated with atenolol had fewer arrhythmias and cardiac
arrests, although the number of events was too small to establish statistical significance. In
contrast, a secondary analysis of the HEMO study did not find an association between beta-
blocker use and a decreased risk of SCD.5% Thus, based on the current state of evidence, it is
premature to make recommendations regarding initiating beta blocker therapy in dialysis
patients specifically to prevent SCD outside of the usual clinical indications such as systolic
heart failure or coronary heart disease.

The evidence that cholesterol-lowering medications are beneficial in dialysis patients is not
compelling. Both 4D (atorvastatin) and A Study to Evaluate the Use of Rosuvastatin in
Subjects on Regular Hemodialysis: An Assessment of Survival and Cardiovascular Events
(AURORA) trials were adequately-powered studies that failed to establish a significant
cardiovascular benefit from statins among hemodialysis patients.13:66 In the Study of Heart
and Renal Protection (SHARP) Trial, the simvastatin/ezetimibe combination demonstrated
an overall benefit in the primary outcome of major atherosclerotic events among patients
with CKD (including two-thirds of patients with moderate CKD and one-third of patients on
dialysis). However, this was based on a decreased need for coronary revascularization in the
treated group, not all-cause mortality. As with prior trials, it also failed to detect a significant
benefit of statin therapy among dialysis patients, although the study was not powered to
detect a difference in this subgroup.67

The data regarding the benefit of renin-angiotensin-aldosterone system blockers on
cardiovascular outcomes in dialysis patients is mixed. RCTs of fosinopril and olmesartan
among hypertensive patients on hemodialysis both failed to demonstrate a reduction in
cardiovascular events or all-cause mortality.58:69 Furthermore, a meta-analysis of RCTs of
angiotensin converting enzyme inhibitors and angiotensin receptor blockers reinforced the
paucity of evidence to support a cardiovascular or mortality benefit from these medications
among hemodialysis patients.”® Yet, a significant reduction in left ventricular mass was
observed, leaving open the possibility that these medications might reduce SCD in a larger,
adequately powered trial.”® The Dialysis Outcomes Heart Failure Outcomes Study
(DOHAS) examined the effect of spironolactone on cardiovascular and cerebrovascular
events in 309 Japanese hemodialysis patients.” Although the number of SCD events was
too few to determine a treatment effect, patients randomized to spironolactone had a 60%
reduced risk of the composite outcome of death or hospitalization from cardiovascular and
cerebrovascular events.

A concluding observation on the use of cardiovascular medications to prevent SCD is that
the medications used in the general population to reduce cardiovascular risk appear to have a
muted effect in the dialysis population. Well-designed clinical trials are needed before such
medications can be recommended for routine use to prevent SCD in the dialysis population.

Adjusting the Hemodialysis Prescription

The hemodialysis prescription offers several opportunities to reduce SCD risk. Avoidance of
large electrolyte and volume shifts may be critical to reduce SCD risk among hemodialysis
patients. Three large cohort observational studies have described associations between
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increased SCD risk and low potassium baths (< 2mEg/L) in outpatient dialysis clinics.2-36:72
It is important to note that in these studies, many patients prescribed low potassium dialysate
already had pre-dialysis serum potassium levels in the normal range, suggesting that
inattention to serum potassium levels and failure to adjust the dialysate potassium
appropriately may have contributed to the risk of SCD. Further support for avoiding low
potassium dialysate and large potassium shifts comes from studies comparing the direct
arrhythmogenic effect of a constant dialysate potassium concentration versus dialysate
potassium modeling (i.e. serum to dialysate potassium gradient is maintained at a constant
level throughout treatment).”® Reduced incidence of premature ventricular contractions
during and after dialysis was seen in 30 HD patients exposed to potassium modeling versus
a fixed potassium dialysate, suggesting that more gradual potassium removal may be
protective. Unfortunately, dialysis equipment capable of potassium modeling is not widely
available, and precise individualization would also require the development of hemodialysis
machines capable of measuring serum potassium in real time. The recent availability of new,
well-tolerated potassium binding agents presents an intriguing opportunity to manage
hyperkalemia without resorting to low potassium dialysate. They may even afford the
opportunity to utilize higher potassium baths overall to reduce the arrythmogenicity of
HD.74’75

Serum and dialysate calcium have also been associated with an increased risk of
hemodialysis-related arrhythmias and SCD. Lowering of serum calcium during dialysis has
been shown to promote QT interval prolongation and ventricular arrhythmias.?1.76 In fact,
exposure to low calcium dialysate (<2.5 mEg/L) has been associated with a 40% increase in
the risk of SCD.”” A facility-level analysis of dialysis clinics that lowered the predominant
calcium dialysate concentration used in the clinics from 2.5 mEg/L to <2.5 mEg/L found a
higher incidence of intradialytic hypotension and hospitalization for heart failure
exacerbation following the switch compared to facilities that maintained dialysate calcium
levels at 2.5 mEg/L.”® Conversely, there is some observational evidence to suggest high
corrected calcium may play a role in mortality by promoting vascular calcifications and a
vulnerable myocardium.”® Consideration of the potential consequences of both too low and
too high calcium dialysate highlights the need for further investigation and the role of other
measures beyond calcium dialysate to optimize mineral metabolism including vitamin D
analogues, phosphate binders, and calcimimetics. Further support for the role of these agents
and optimal phosphate control comes from work demonstrating a link between
hyperphosphatemia and mortality, possibly through myocardial calcifications and distorted
microcirculatory hemodynamics.8°

In addition to electrolyte shifts, large shifts in volume from high ultrafiltration rates have
been consistently associated with cardiac events.3% Reviews from both the Dialysis
Outcomes and Practice Patterns Study (DOPPS) I and Il and the HEMO Study revealed that
ultrafiltration rates over 10 ml/kg/hr were associated with increased mortality.81 A
prospective observational study of 287 Italian HD patients also reported an association
between high ultrafiltration rates and increased mortality risk.3’ Efforts to reduce
interdialytic weight gain and therefore the need for high ultrafiltration rates include patient
dietary education, more frequent HD, extended dialysis treatment times, and smaller
gradients between dialysate and serum sodium levels.82

Am J Kidney Dis. Author manuscript; available in PMC 2018 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Makar and Pun

Page 9

Dialysate cooling can lead to less intradialytic hypotension and repetitive ischemic
myocardial injury. A study in which the dialysate temperature was lowered to 2°C below
body temperature reduced the occurrence of dialysis-induced myocardial wall motion
abnormalities, which have been associated with an increased risk of cardiac death.83
Furthermore, a RCT evaluating 73 incident hemodialysis patients subject to either the
control dialysate temperature of 37°C or lowering of dialysate temperatures to 0.5°C below
body temperature found a reduction in left ventricular mass in the cooled dialysate group
without major adverse effects or withdrawal .84 Frequent hemodialysis is another
intervention that potentially reduces left ventricular mass. A prospective, parallel-group trial
of 254 patients randomized to in-center hemodialysis six times per week or thrice weekly
HD observed an association between more frequent HD and reduced left ventricular mass.8°
The authors noted that ultrafiltration, interdialytic weight gain, and hypotension were less in
the frequent HD group. However, the sample size was too small to determine the effects of
frequent in-center hemodialysis on death.8°

Use of Implantable Cardioverter Defibrillators (ICDs)

In the general population, ICDs are a proven but expensive therapy to reduce SCD in high-
risk patients. However, multiple studies have demonstrated significantly reduced survival
among dialysis ICD recipients compared to their non-dialysis counterparts.86-90 An
observational study of 303 hemodialysis patients with heart failure found no significant
survival benefit among patients who received primary prevention ICD compared to matched
controls without ICDs (Figure 3).91 A meta-analysis of three trials of primary prevention
ICDs found no significant benefit of ICD use compared to control in the 1,040 patients with
eGFR < 60 ml/min per1.73 m2 analyzed.%2 There is also an increased risk of ICD-related
complications among dialysis patients including an increased risk of central venous stenosis
from intravascular leads, which is particularly detrimental to the maintenance of
hemodialysis vascular access.% In fact, the rate of central venous stenosis has reported to be
as high as 70% in a retrospective study of HD patients with an ipsilateral transvenous
pacemaker.%* Treatment options for central venous stenosis are limited since percutaneous
balloon angioplasty has a low primary patency rate and endovascular stenting is
contraindicated with an indwelling device lead in place.% Infectious-related complications
are a major concern in hemodialysis patients; a study of over 9,500 hemodialysis patients
with ICDs found high annual rates of bacteremia (52%) and device infections (4.2%).%6
Lead-associated endocarditis requires removal of not only the ICD but also often removal of
the vascular access.®

Newer leadless defibrillator devices including subcutaneous implantable defibrillators and
wearable external defibrillators may be an advantageous alternative among hemodialysis
patients to avoid vascular access complications and minimize infectious risk. While
subcutaneous implantable defibrillators are not available for patients requiring transvenous
pacing, two single-center cohorts reported favorable safety data — no subcutaneous
implantable defibrillators device-related infections and no excess of inappropriate shocks in
HD patients compared to the non-dialysis patients studied.®”:%8
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Until the question of efficacy regarding ICD therapy in the HD population is definitively
answered with well-designed randomized trials, increased communication between
nephrologists and cardiologists is needed to counsel potential ICD recipients about the
likelihood of increased risks and reduced benefits compared the general population. If ICD
placement is deemed necessary, such discussions can also help optimize placement in order
to limit vascular access compromise.

Improving Survival Following sudden cardiac arrest

Summary

As discussed earlier, the chances of survival following sudden cardiac arrest are poor,>45°
and this information should be included in advance directive discussions with patients.
Notwithstanding, existing sudden cardiac arrest management strategies include CPR,
defibrillation for ventricular arrhythmias, and subsequent evaluation for secondary
prevention ICDs. Because of the high risk of sudden cardiac arrest in dialysis clinics, the
National Kidney Foundation released guidelines in 2005 recommending that all outpatient
dialysis clinics provide basic life support/CPR training for dialysis staff and on-site
capabilities for defibrillation using AEDs.?® The effect of placing AEDs in hemodialysis
clinics was evaluated in a retrospective study comparing survival post-sudden cardiac arrest
among patients in hemodialysis clinics with and without AEDs on site.100 No significant
benefit of AED-equipped clinics on sudden cardiac arrest survival was observed. However,
this may have been due to significant deficiencies in CPR efforts in dialysis clinics including
poor utilization of AEDs. In the study, deployment of the AED could be documented in only
27% of events in AED-equipped clinics. Similar evidence of poor AED utilization was seen
in another study of sudden cardiac arrest events occurring in outpatient dialysis clinics
where available AEDs were used by dialysis staff in only 53% of cardiac arrests.#%:190 Thus,
improving the capabilities and readiness of dialysis staff to perform adequate basic life
support may be an opportunity to improve sudden cardiac arrest outcomes. Patients who are
fortunate enough to survive a sudden cardiac arrest should be considered for a secondary
prevention ICD. Although subject to selection bias, several observational studies have
consistently shown a modest survival advantage of secondary prevention ICDs compared to
propensity matched controls,96.101,102

Figure 4 and Table 1 contain a summary of known risk factors for SCD and suggestions to
address them, based on the current state of evidence.

SCD is a major problem in HD patients, and our understanding of this disease is
underdeveloped. Further well-designed cohort studies are needed to understand disease
pathophysiology and risk factors, and randomized intervention trials are needed before new
and effective prevention strategies can be implemented. Based on current evidence, a
common-sense approach to SCD prevention among HD patients would be to identify and
treat those at highest risk with existing cardiovascular medications and reduce potential
dialysis-related arrhythmic triggers. Strategies to reduce dialysis-related arrhythmic triggers
include more frequent or extended dialysis sessions, monitoring pre-dialysis potassium more
commonly, avoiding very low potassium and calcium dialysate baths when possible, and
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reducing dialysate temperatures. Other therapies such as ICDs should be used judiciously
and on a case-by-case basis, with recognition of the associated hazards that these devices
carry for the hemodialysis population.

Case Review

Returning to our case, our patient survived his cardiac arrest. Cardiac enzymes and
electrocardiogram did not suggest acute myocardial infarction. Several prior
electrocardiograms, however, did show a prolonged QT interval and he was referred to
outpatient genetic testing as part of a thorough examination. It was presumed that structural
heart disease including L\VH and aortic valve replacement as well as the rapid potassium and
fluid shifts during dialysis played a significant role in his cardiac arrest. These risk factors
could not be entirely controlled. In fact, he was initially dialyzed on a 3 mEg/L potassium
bath while hospitalized but due to subsequent hyperkalemia, he was returned to a 2 mEqg/L
potassium bath by discharge. To reduce his SCD risk as an outpatient, all QT interval
prolonging medications were discontinued (including fluconazole and ondansetron) and the
following changes were made to his dialysis prescription: raising his dialysate calcium to 2.5
mEq/L, lowering the dialysate temperature, and adding an extra dialysis session over the
long weekend if interdialytic weight gain resulted in excessively high ultrafiltration goals.
He also underwent dietary education regarding potassium restriction and he is being
considered for treatment with novel potassium binding agents. Given the difficulty
controlling his risk factors and history of cardiac arrest, the decision was made to implant a
leadless subcutaneous ICD instead of a traditional ICD in hopes of preventing further events
and reducing the risk of infection and central venous stenosis.
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Figure 1.
Cause of death among dialysis patients 2011-2013. Adapted from the United States Renal

Data System, 2015 Annual Data Report, Figure 9.1b. Other cardiovascular causes include
acute myocardial infarction, atherosclerotic heart disease, congestive heart failure,
cerebrovascular accident, and other cardiac events.!
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Figure 2.
Rates of SCD in selected populations (left) and absolute numbers of affected individuals

(right). CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; CKD,
chronic kidney disease; ND, non-dialysis.16:23
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Figure 3.
Mortality among hemodialysis patients with and without ICDs (matched cohorts). Log-rank

P =0.71; HR = 0.94 (95% Cl: 0.67, 1.31).91 Abbreviations: Cl, confidence interval; HR,
hazard ratio; ICD, implantable cardioverter defibrillator. Reprinted from Pun et al®1 with
permission of Oxford University Press.
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Figure 4.

/Patient Factors B

+ Age

+ Genetic factors

+ Inflammation

+ Poor nutrition

+ Length on dialysis (first few
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/Cardiac Factors A
+ Systolic and diastolic cardiac
dysfunction
+ Left ventricular hypertrophy
+ Vascular stiffness
* Vascular calcifications
+ Intradialytic myocardial stunning
+ Sympathetic overactivity
+ Asymptomatic, silent arrhythmias

(e.q. atrial fibrillation)
\+ Myocardial fibrosis i

Major hypothesized risk factors for sudden cardiac death including postulated
pathophysiology of sudden cardiac death, data source Di Lullo et al 80
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Table 1

Possible Strategies for SCD Prevention in HD Patients

General Strategy Specific Intervention

Manage cardiomyopathy

Systolic Dysfunction Use carvedilol in patients with dilated cardiomyopathy

Diastolic dysfunction/LVH Consider more frequent HD to reduce left ventricular mass; consider use of spironolactone, ACE
inhibitors, or ARBs

Minimize arrhythmic triggers

Potassium shifts Monitor pre-dialysis potassium frequently, especially after hospitalization and change dialysate
bath accordingly; avoid low (< 2 mEg/L) potassium baths; consider potassium modeling and
potassium binding agents to reduce interdialytic hyperkalemia

Calcium shifts Avoid low (< 2.5 mEg/L) calcium baths, especially with concurrent use of QT interval prolonging
medications

Metabolic alkalosis Avoid high dialysate bicarbonate concentrations in alkalotic patients; account for all sources of
base in dialysate, including acetate

Rapid ultrafiltration Encourage patient adherence to salt and fluid restrictions; avoid sodium ramping and large
dialysate/serum sodium gradients; extend dialysis time so that ultrafiltration rates do not exceed 10
ml/kg/hr

Dialysis-induced myocardial ischemia | Lower dialysate temperature to between 0.5°C and 2°C below patient temperature to reduce
intradialytic hypotension

Medications Avoid QT interval prolonging medications whenever possible and reconcile medication list
regularly
Weigh risks and benefits of ICDs Consider ICDs for secondary prevention; increase communication between nephrologists and

cardiologists to consider risks and benefits of primary prevention ICDs; consider leadless
defibrillators to reduce vascular and infectious risks

Improve response to cardiac arrest Increase dialysis clinic staff awareness of cardiac arrest risk and readiness to provide basic life
support; encourage awareness and CPR training among patients and families

Adapted from Pund03 with permission of Elsevier.

Abbreviations: HD, hemodialysis; LVH, left ventricular hypertrophy; ACE inhibitors, angiotensin converting enzyme inhibitors; ARBs, angiotensin
receptor blockers; ICDs, implantable cardioverter defibrillators; CPR, cardiopulmonary resuscitation
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