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Introduction: Establishing the frequency and nature of arrhythmias in hemodialysis (HD) is an important

step in improving outcomes of these patients. We undertook this systematic review and meta-analysis to

characterize arrhythmia frequency in maintenance HD patients.

Methods: We identified studies on arrhythmias in adult patients on maintenance HD detected via

implantable loop recorders (ILRs). Studies included were in English and reported ILR-detected arrhythmia

incidence in HD patients. Data were extracted by one author using electronic spreadsheets and verified by

a second author. Random effects models were used for pooled inferences. The I2 statistic was used to

quantify heterogeneity.

Results: Five studies qualified for inclusion (317 patients). The overall estimates for the annualized rate of

death and sudden cardiac death (SCD) was 0.14 (95% confidence interval [CI]: 0.11–0.18) and 0.06 (95% CI:

0.03–0.10), respectively. Across all 5 studies, the combined annualized rate of patients experiencing at least

1 bradycardia/asystole event was 0.19 (95% CI: 0.11–0.33) but heterogeneity was high (I2 ¼ 79.8%). The

average annualized rate of sustained ventricular tachycardia (VT) or ventricular fibrillation (VF) episodes

(0.02, 95% CI: 0.01–0.05) was significantly lower (P < 0.001) than the rate of bradycardia/asystole reported

in the same patients. Incidence of atrial fibrillation (AF) varied significantly across the studies (from 0.07 to

0.83 patients per year) reflecting variable definitions (new-onset vs. total number of episodes).

Conclusion: The incidence of arrhythmias among chronic HD patients is high, with bradycardia/asystole

occurring more frequently than ventricular arrhythmias. Additional studies to refine estimates particularly

of AF are needed.
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M
aintenance dialysis patients have a greatly
increased risk of dying compared to patients

with preserved kidney function with mortality rates
exceeding 180 per 1000 patient-years in the most recent
United States Renal Data System Report.1 The majority
of deaths are attributed to cardiovascular disease, with
sudden cardiovascular death and arrhythmia
frequently implicated and accounting for 40% of
deaths with known cause.1 Similar rates of sudden
death have been reported in large clinical trials
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enrolling dialysis patients, confirming that sudden
death is a critical problem for the dialysis population,
particularly among those receiving chronic HD.2,3

Although this high risk of cardiovascular and sud-
den death is now widely recognized, it is not fully
explained by traditional cardiovascular risk factors.4,5

The etiology of sudden death, in particular, remains
incompletely understood. A clear relationship between
the timing of dialysis sessions and episodes of sudden
death6,7 as well as studies demonstrating associations
with serum or dialysate electrotype concentrations8-11

have strongly implicated arrhythmia as the principal
cause of sudden deaths on dialysis. However, sudden
deaths are frequently unwitnessed, and the only au-
topsy study to investigate the etiology of sudden death
in chronic dialysis patients included only 35 patients
Kidney International Reports (2021) 6, 56–65
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and identified dissecting aortic aneurysm rather than
primary arrhythmia as the most frequent sudden death
trigger.12

Establishing whether HD induces potentially fatal
arrhythmias, how frequently they occur, and the na-
ture of those arrhythmias, particularly the terminal
rhythms underlying sudden death events, would be an
important step in improving outcomes for patients on
dialysis. Documentation of premature ventricular or
atrial contractions, peri-dialytic changes in electrocar-
diographic morphology, and changes in heart rate
variability13-18 has motivated the need for cardiac
monitoring, but until recently, the use of surface
electrocardiographs or Holter monitoring technology
limited the realistic duration of monitoring to periods
of time that were insufficiently long to reliably capture
the occurrence of arrhythmia or SCD.

Contemporary ILRs have enabled minimally invasive
and comprehensive capture of arrhythmias for periods
up to several years. A number of studies have now
leveraged this technology to better characterize the
occurrence of arrhythmias in the setting of HD, with
each study reporting a high incidence of cardiac
arrythmias.19-23 However, the challenges inherent to
recruiting patients for observational research using an
ILR required stringent recruitment criteria and limited
cohort size in these studies. As a result, CIs around
estimated rates were wide and the overall generaliz-
ability of the findings were uncertain. We undertook
this meta-analysis of studies using ILR technology to
characterize arrhythmia in maintenance HD patients,
summarize available data, describe the populations
studied, and refine estimates of arrhythmia incidence
among maintenance HD patients.
MATERIALS AND METHODS

Search Strategy, Study Selection, and Data

Extraction

This meta-analysis was performed in compliance with
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement. In accordance
with PRISMA guidelines, this meta-analysis was
registered in PROSPERO (Registration no.
CRD42019130461). A systematic review and meta-
analysis were conducted following a literature search
of PubMed and Embase to identify publications on
arrhythmias in HD patients detected via ILR. Search
dates included all articles published between January
1, 2000, and March 20, 2019. Search terms included:
“Hemodialysis” AND “Arrhythmia” AND “Implant-
able loop recorder.”

Titles and abstracts were retrieved and reviewed.
Articles were included if they reported ILR-detected
Kidney International Reports (2021) 6, 56–65
arrhythmia incidence in HD patients and were in the
English language. Case reports, conference abstracts,
editorials/commentary/letters, and review articles were
excluded. Final determination on article inclusion was
assessed by 2 authors via a consensus process (KS and
LCJ). Data were extracted by one author (KS or LCJ)
and verified by a second author (KS or LCJ).

Quality Review

A modified Newcastle-Ottawa scale was used to assess
study quality.24 The Newcastle-Ottawa scale is a sys-
tem to characterize quality of studies included in sys-
tematic reviews and meta-analyses. Each study is
assessed with 8 questions categorized into 3 groups:
study group selections, group comparability, and the
ascertainment of the outcomes of interest. Two authors
(TAM and BW) independently reviewed all manu-
scripts for study quality, with differences adjudicated
by contacting the manuscript authors for clarification
and then reaching consensus. Because all studies were
observational cohort studies without controls, the
comparability metric within the scale was not appli-
cable and was not included in our modified scoring
system.

Meta-analysis

Continuous variables were summarized by extracting
means, SDs, and sample sizes from reports. Mean and
SD were estimated from the reported medians and
interquartile range if necessary.24 Numerators and de-
nominators were extracted to estimate overall pro-
portions and CIs for dichotomous variables. To provide
summary estimates, random effects models were used
to estimate overall summary statistics across studies
where individual studies were treated as a random
variable.

The number of patient deaths, SCD, clinically rele-
vant VT or VF, bradycardia, asystole, and AF per study
definition were extracted from each report, and the
event rate per year of follow-up was estimated. Total
follow-up time was computed by multiplying the
average follow-up time in years by the number of pa-
tients studied for each study. A continuity correction
of 0.5 was added to studies where zero events were
reported. A mixed effect model treating each study as a
random effect and type of arrhythmia as a fixed effect
was used to test the difference between rates of
bradycardia/asystole and VT or VF events.

Cochran’s Q test for heterogeneity was performed for
each model to determine if the variability in outcomes
was larger than expected by sampling variability. The
I2 statistic was used to quantify the magnitude of
heterogeneity.25 Tests for heterogeneity between
studies for most outcomes of interest were highly
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Figure 1. Publication selection.
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significant; thus, random effects models were used to
better incorporate study heterogeneity when making
pooled inferences. Mixed effects models were
employed for meta-regression to evaluate the impact of
study level and aggregated patient-level data on the
difference in annualized bradycardia/asystole rates.
Reporting bias was assessed visually by plotting each
report’s log event rate versus its standard error (funnel
plot).

The metafor package for R (www.r-project.org) was
used for all analyses.26 P values < 0.05 were considered
significant.
RESULTS

Selected Studies

As shown in Figure 1, we identified 19 publications via
PubMed and Embase searches, of which 5 qualified for
inclusion.19-23 Characteristics of the included studies are
displayed in Table 1. The total population included 317
patients with end-stage renal disease implanted with
REVEAL XT/LINQ (Medtronic Inc., Fridley, MN) de-
vices (4 studies) or CONFIRM (Abbott, Inc., Abbott
58
Park, IL) devices (1 study). Initial enrollment ranged
from 2009 to 2013 and average follow-up within study
ranged from 5.9 to 21.3 months with a total of 392.8
years of total patient follow-up. Study quality range
from 5 to 6 on the Newcastle-Ottawa (NOS) 6-point scale.

Baseline characteristics were reported in all 5 studies
(Table 2), though the number and types of baseline
characteristics reported varied greatly. Average age
was 62.9 years (95% CI: 58.8–67.0). Patients started
dialysis on average 46.0 months (95% CI: 31.1–60.8)
prior to study.

Deaths

Deaths from any cause totaled 53 and ranged from 1 to
18 patients, with corresponding annualized death rates
ranging from 0.03 to 0.18 deaths per patient-year of
follow-up. Across all 5 studies, the overall estimate for
the rate of death was 0.14 (95% CI: 0.11–0.18) deaths
per patient-year of follow-up (Table 3, Figure 2).

Of 53 total deaths reported, 21 were considered SCD.
However, only 2 studies provided a definition for
SCD,19,21 with both defining SCD as sudden, unex-
pected death within 1 hour of symptom onset or
Kidney International Reports (2021) 6, 56–65
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Table 1. Characteristics of the included studies
Characteristic Roberts et al.20 Roy-Chaudhury et al.19 Sacher et al.22 Silva et al.21 Wong et al.23

Country United Kingdom United States, India France Brazil Australia

Years 2011–2014 2013–2014 2010–2014 2009–2010 2012–2014

Follow-up, mo 17.2 � 12.3 5.9 � 0.7 21.3 � 6.9 13.9 � 4.2 18.0 � 4.0

Patients, n 30 66 71 100 50

Device episodes
adjudication

Yes (authors) Yes (core lab) Yes (authors) Yes (authors) Yes (authors)

Bradycardia definition #30 bpm for $4 beats #40 bpm for $6 sec #30 bpm for $4 beats <40 bpm #40 bpm for $4 beats

Asystole definition Pause $ 3 s Pause $ 3 s Pause $ 3 s Pause $ 3 s Pause $ 3 s

VT/VF definition 12 beats >162 bpm $130 bpm for $30 s or VF $150 bpm for $30 s or VF VT > 30 s or VF $125 bpm for $30 s or VF

AF definition New-onset ILR-detected
AF

ILR-detected AF (new-onset and
total)

ILR-detected AF (new-onset and
total)

ILR-detected AF ILR-detected AF (new-onset and
total)

NOS scorea 5/6 6/6 6/6 6/6 5/6

ILR device Reveal XT Reveal XT or Reveal LINQ Reveal XT Reveal XT Confirm

AF, atrial fibrillation; bpm, beats per minute; ILR; implantable loop recorder; NOS, Newcastle-Ottawa scale; VT, ventricular tachycardia; VF, ventricular fibrillation.
aThree items’ metrics within the scale were not applicable and were not included in our modified scoring system.
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unwitnessed, unexpected death without obvious
noncardiac cause in patients known to be well within
the past 24 hours. The overall rate of SCD was 0.06
(95% CI: 0.03–0.10) SCDs per patient-year of follow-up
(Table 3, Figure 3). Cardiac-related deaths made up 24
(45.3%) of the deaths reported, and half of these (n ¼
12) were associated with bradycardia preceding death.
Thus, 12 of 21 SCDs (57%) were due to bradycardia.
However, for several patients the cardiac tracings were
not available at the time of death. Of those in which
preterminal recordings were available, 12 of 16 (75%)
were due to bradycardia.

Arrhythmias

Bradycardia and sustained VT or VF definitions
differed among the 5 studies. Specifically, 2 studies
defined bradycardia as episodes where the heart rate
was #30 beats per minute (bpm) for at least 4 consec-
utive beats,22,27 whereas the remaining 3 studies
Table 2. Baseline characteristics
Baseline characteristic Roberts et al.20 Roy-Chaudhury et al.19 Sach

Age, yr 67.8 � 12.1 56.3 � 12.2 65

Male, % 60.0 69.7

Mean months since dialysis initiation 45 � 40 35.6 � 37.3a 25.6

Diabetes, % 36.7 63.6

Hyperlipidemia, % — 60.6

Hypertension, % — 84.8

Heart rate, bpm 73 � 12 — 71

PR interval, ms 174 � 44 — 18

QRS, ms 102 � 22 — 94

LVEF, % 55 � 8 56.7 � 3.8a 61

Serum potassium, mmol/l 4.9 � 0.5 4.8 � 0.9a 4.7

Hemoglobin, g/dl 11.8 � 1.3 10.7 � 1.1a 11.

LVEF, left ventricular ejection fraction; PR, interval duration on ECG; QRS, interval on baseline
aMean and SD estimated from median and interquartile range.
bPooled estimate for LVEF did not include data from Wong et al.23

N, sample size of reported data.
Dashes indicate variables that were not reported.
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defined bradycardia as episodes with a heart rate <40
bpm (Table 1).19,21,23 The definition of asystole was
consistent across all studies. Three studies provided
counts of general bradyarrhythmias that combined
episodes of bradycardia and asystole,19,21,22 whereas
access to the patient-level data for a fourth study
allowed for a combined count of bradycardia and
asystole.20 The fifth study did not report the number of
unique patients with bradycardia or asystole; thus, the
number of patients with bradycardia were used in the
analysis.23

The total number of bradycardia/asystole episodes
varied greatly between studies, ranging from 3 to 1475.
Two studies reported more than 1000 episodes in 15
patients19,23—suggesting variation in reporting or
episode count that was highly clustered within certain
subjects (Table 3). Across all studies, the combined
annualized rate (number of patients with at least 1
episode per patient-year) of patients experiencing at
er et al.22 Silva et al.21 Wong et al.23 n Value (95% CI)

� 8.6 59.0 � 8.8 67.0 � 11.0 317 62.9 (58.8–67.0)

73.2 65.0 72.0 317 68.7 (63.7–73.8)

� 32.7a 53.8 � 30.0 72 � 48 317 46.0 (31.1–60.8)

59.1 70.0 58.0 317 58.8 (48.5–69.2)

— 54.0 58.0 216 57.0 (50.4–63.6)

84.1 97.0 86.0 287 88.8 (80.8–96.7)

� 13 73 � 15.2 — 201 72.2 (70.3–74.1)

5 � 34 173 � 24 — 201 177.6 (168.9–186.3)

� 22 91 � 18 — 201 94.8 (89.6–100.0)

� 11 59.5 � 10.8 35%–40%: 4%
40%–59%: 36%
>60%: 58%

295 58.0 (55.7–60.3)b

� 0.7 — — 167 4.8 (4.7–4.9)

2 � 1.2 — — 167 11.2 (10.6–11.8)

ECG.
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Table 3. Results of the included studies
Outcome: events (patients) Roberts et al.20 Roy-Chaudhury et al.19 Sacher et al.22 Silva et al.21 Wong et al.23

Patients (number) 30 66 71 100 50

Deaths 8 1 16 18 10

SCD 2 0 4 7 8

Bradycardia — 1461 (13) — — 1031 (15)

Asystole — 14 (6) — — 180 (14)

Bradycardia/ asystole 3 (3) 1475 (15) 64 (16) 155 (25) —

VT/VF 2 (2) 1 0 1 10 (2)

AF 188 (3) 4419 (27); new onset in 22 NR (21); new onset in 14 42 (13) 4749 (21); new onset in 14

AF annualized rate* (95% CI) 0.07 (0.02–0.21) 0.68 (0.45–1.03) 0.11 (0.07–0.19) 0.11 (0.07–0.19) 0.19 (0.11–0.32)

Intervention 3 pacemakers 5 pacemakers 3 pacemakers 1 pacemaker 1 pacemaker, 1 ICD

AF, atrial fibrillation; CI, confidence interval; ICD, implantable cardioverter defibrillator; NR, not reported; SCD, sudden cardiac death; VF, ventricular fibrillation; VT, ventricular
tachycardia.
*New-onset AF used when available.
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least 1 bradycardia/asystole event was 0.19 (95% CI:
0.11–0.33) (Figure 4). There was a high degree of het-
erogeneity in the annualized rate of patients with
bradycardia/asystole (I2 ¼ 79.8%), which ranged from
0.07 patients per year to 0.46 patients per year.19,20

Some of the heterogeneity between studies could be
attributed to the bradycardia definition employed (0.11
patients per year when a 30-bpm cutoff was employed
vs. 0.27 patients per year when a 40-bpm cutoff was
used, P ¼ 0.04). The incidence was robust in compar-
ison to other arrhythmias necessitating a therapeutic
device, with 13 of the 14 implanted cardiovascular
implanted electronic devices being pacemakers
(Table 3). After adjusting for the heart rate cutoff,
Figure 2. Annualized death rate for any cause pooled across studies. Ve

60
neither the average age of study participants nor the
percentage of study participants reporting a history of
diabetes was associated with annualized bradycardia/
asystole rate (Supplementary Figure S1; P ¼ 0.18 and
P ¼ 0.56, respectively).

No more than 2 patients with at least 1 sustained VT
or VF episode were observed in any single study, with
Sacher et al. observing no sustained VT or VF episodes
in their cohort of 71 patients monitored for a total of
126 patient-years (Table 3).21 The annualized rate of
patients with sustained VT or VF ranged from 0 pa-
tients per year to 0.05 patients per year.21,19 Figure 4
shows that across all 5 studies the average annualized
rate of patients with sustained VT or VF episodes was
rtical line indicates pooled estimate across studies. FUP, follow-up.

Kidney International Reports (2021) 6, 56–65



Figure 3. Annualized sudden cardiac death rate pooled across studies. Vertical line indicates pooled estimate across studies. FUP, follow-up;
SCD, sudden cardiac death.
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0.02 (95% CI: 0.01–0.05) and was significantly lower
than the rate of bradycardia/asystole reported in these
same patients (P < 0.001).

The rate of patients with newly reported and new or
recurrent AF during the follow-up period ranged from
0.07 to 0.68 patients per year and from 0.11 to 0.83
patients per year, respectively (Table 3, Figure 5).
However, although the algorithms used to detect AF
were similar across studies, they differed in reporting
new-onset AF, total AF, or nonspecific origination of
AF (Table 1). Because of these methodologic differ-
ences, we chose not to report a pooled estimate for the
rate of AF occurrence.

Examination of the funnel plots (Supplementary
Figure S2) did not indicate concern for publication
bias. However, the annualized rate of patients with
both new AF and with new or recurrent AF was higher
than expected in Roy-Chaudhury et al.19 relative to the
other reports.
DISCUSSION

This meta-analysis examined studies that investigated
the incidence of arrhythmias in patients with chronic
kidney disease on HD using an ILR. ILRs are unique,
providing continuous ECG monitoring for changes in
rate (bradycardia, asystole and tachycardia) and
rhythm (i.e., AF). The current generation of ILRs are
Kidney International Reports (2021) 6, 56–65
implanted by inserting the device subcutaneously on
the left side of the chest and has been shown to be
acceptable to HD patients.1 Importantly, the use of ILRs
as a continuous monitoring modality provided sub-
stantial insight into cardiac events in HD patients.

All-cause mortality was similar across the included
studies, at a calculated rate 0.14 deaths per patient-year
of follow-up (Figure 2). Although there was moderate
variation in rates across the studies (Figure 3), 40% of
deaths were characterized as SCD. Overall, the inci-
dence of SCD was 0.06 (0.03–0.10), which is comparable
to the US Renal Data System reported rate of cardiac
arrest and ventricular arrhythmias among HD patients
of 0.048 events per patient-year.1 Thus, although the
reported studies may systematically undercount the
incidence of arrhythmia during the early months of
dialysis, the high all-cause mortality and SCD rates
provide reassurance that the populations studied are
unlikely to be healthier than typical prevalent HD
populations. The observed heterogeneity in sudden
death and the various arrhythmias may, in part, be
explained by study design: Roy-Chaudhury et al. had
the shortest average follow-up, reporting rates during
the first 6 months of implantation.20 Comparatively, the
other 4 studies included in the analysis examined ar-
rhythmias for the duration of device longevity, which
could reach up to 3 years. Additional heterogeneity can
be attributed to the variation in definitions of SCD.
61



Figure 4. Annualized rate of arrhythmias by arrhythmia type pooled across studies. Vertical line indicates pooled estimate across studies. FUP,
follow-up; VF, ventricular fibrillation; VT, ventricular tachycardia.
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Furthermore, the ILR was not always retrieved post-
humously to allow for the mechanism of death to be
clearly determined.

There is a broad perception that many cases of SCD
could be aborted or treated with appropriate therapy
such as pacemakers, implantable cardiac defibrillators
(ICDs), or antiarrhythmic therapy. This issue was
recently tested directly in the ICD2 study that exam-
ined the use of prophylactic ICDs in HD patients and
was stopped early because of futility, with no differ-
ence in the ICD and usual care arms.28 It should be
noted that despite the efficacy of ICDs in preventing
SCD in individuals with preserved kidney function,
most HD patients do not meet the criteria for ICD im-
plantation.27 Our results provide a potential explana-
tion for this finding, suggesting that serious and fatal
arrhythmias in HD patients are much more likely to
represent conduction defects (bradycardia/asystole)
than shockable tachyarrhythmias, which is echoed in
this report’s finding that 50% of cardiac deaths were
preceded by a bradycardia or pause episode. Further
emphasizing this hypothesis is the finding that 13 of
the 14 patients implanted with a pacing or defibrillat-
ing device over the follow-up of their respective study
received a pacemaker, whereas only 1 received an ICD.
However, it is important to recognize that all patients
62
will have an arrhythmia as their terminal event that
may be asystole or VF at the time of death. It is possible
that a number of the documented arrhythmias resulting
in death in the included studies were merely an
observation of terminal events, rather than causative,
malignant arrythmias. This may be particularly perti-
nent when considering agonal events and progressive
bradycardia/asystole that were seen in 10 of the re-
ported cases. However, because ILRs should generally
have sufficient memory to capture events of VT or
fibrillation that subsequently progress to asystole, our
data do imply that primary tachyarrhythmia leading to
cardiac arrest were rare in the populations included in
these studies. Our data suggest that devices with
combined pacing and defibrillation capacity may be
worth studying in the HD population despite the
apparent lack of benefit of ICDs in the ICD2 trial.

We found that the incidence of ventricular ar-
rhythmias was low, which was surprising considering
that previous reports demonstrated an association be-
tween renal insufficiency and ICD shocks.29,30 Never-
theless, analysis of these data indicates a relatively high
rate of bradycardia/asystole events across the popula-
tion instead. Furthermore, the use of implanted thera-
peutic cardiac devices may have resulted in some
underestimation of the total number of bradycardia/
Kidney International Reports (2021) 6, 56–65



Figure 5. Annualized rate of atrial fibrillation (AF) pooled across studies by arrhythmia type pooled across studies. Top panel: new-onset AF.
Bottom panel: new or recurrent any AF identified by implantable loop recorder (ILR). The study by Roberts et al.20 provided data only for new-
onset AF. The study by Silva et al.21 provided data only for all ILR-detected AF and did not clearly distinguish between de novo and recurrent AF.
FUP, follow-up.
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asystole events. This high incidence of bradycardia/
asystole is perhaps not surprising when considering
the potential mechanism of bradycardia/asystole in this
population with the potential for cardiac specialized
conduction system fibrosis and calcification along with
the potential added impact of autonomic dysfunction.

AF incidence was high when compared to a normal
population, although notable variation existed across
the studies. The prevalence of AF across the HD pop-
ulation in the US Renal Data System population was
19.6% in 2016,3 whereas the reported incidence in
clinical studies is in the region of 20%.31-34 Impor-
tantly, it is not clear which patients experienced a new
diagnosis of AF and which were previously diagnosed
as only some studies indicated new versus established
AF. This high incidence of AF is not unexpected, as the
ILR provides complete disclosure on arrhythmias
whether symptomatic or asymptomatic. The use of
ILRs in other patient populations has also demonstrated
a high prevalence of AF in patients with no previous
history. For example, the REVEAL AF study detected a
40% prevalence of AF during 30 months of ILR
monitoring among patients at high risk, but without
known history, of AF.35 Similarly, AF was detected in
30% of cryptogenic stroke patients in the CRYSTAL AF
Kidney International Reports (2021) 6, 56–65
study after 36 months of follow-up,36 and in 34% of
older adults with stroke or AF risk factors who were
monitored for 16 months on average in the ASSERT-II
study.37 The aggregated results suggest that subclinical
AF has a similarly high prevalence in the HD popula-
tion as in other high-risk populations, and that further
studies are needed to determine the association of
monitor-detected AF with clinical events and to test
potential treatments (e.g., anticoagulation) for ILR-
detected AF.

An important goal of our study was to understand
the characteristics of the HD populations observed in
ILR studies. In the included manuscripts, 317 patients
were enrolled between 2009 and 2013 with 392 years of
patient follow-up. Although the mean age of the pop-
ulation studied was slightly younger than the average
HD patient represented in many Western dialysis
populations,2 many other patient characteristics were
consistent with previous investigations of HD pop-
ulations. This analysis captured patients with an
extended time since HD initiation (average of 46.0
months), which is important because the first year on
HD carries with it a high rate of morbidity and mor-
tality when compared to an established, well-controlled
HD population. US Renal Data System figures indicate
63



CLINICAL RESEARCH PR Roberts et al.: Arrhythmias in Hemodialysis
that the incidence of death on HD drops dramatically
from month 2 to month 12.3 Therefore, if a high pro-
portion of early deaths on HD are attributable to sud-
den death, the prevalent patients enrolled in the ILR
studies are likely to be enriched for individuals with a
lower probability to experience serious cardiac ar-
rhythmias than the average dialysis patient. Thus, es-
timates from these studies, including our summary
estimates, may underestimate the true rate of
arrhythmia in the dialysis population. One important,
yet underinvestigated, metric that would provide
greater insight into patient risk is the temporal asso-
ciation among HD therapy and cardiac events. Unfor-
tunately, only 2 studies, Roy-Chaudhury et al. and
Wong et al., reported this outcome. Although their
work is complementary and consistent with increased
risks of peridialytic risk of arrhythmia, particularly
during the long interval, differences in methods of
reporting and time periods investigated precluded the
calculation of summary estimates. The clinical impli-
cations of this important question point to the need for
more research to better understand this association.

We also identified significant variation among the
baseline demographics of the populations examined in
this meta-analysis. It is possible that this heterogeneity
accounts for the significant variation in outcomes
among different groups, that is, SCD, bradycardia/
asystole, ventricular arrhythmias, and AF. It is also
possible that differences in patient population, dialysis
practices, electrolyte disturbances, and duration of
time on HD allows for variation in the incidence of
arrhythmias. Our inability to provide separate sum-
mary estimates for asystole and bradycardia due to
their joint reporting in several trials and instead having
to report the overall incidence of conduction defects
(combined bradycardia and asystole) also provided
analytic challenges. Additionally, differences in device
programming and sensing across various models,
including algorithms, and episode reporting introduces
variability that is difficult to capture in this type of
summary analysis. Finally, the clustering of events
required that we estimate the rate of detection of at
least 1 event occurring in an individual patient rather
than the rate of arrhythmias.

Our findings should be interpreted within the
context of the strengths and weaknesses of our analysis
as well as the underlying studies. In addition to
providing a useful overview of the similarities and
differences in the included study populations and
arrhythmia definitions used, our meta-analysis pro-
vides the first comprehensive overview of arrhythmia
rates in the HD population that provides more accurate
and generalizable estimates than any single trial. The
rate of SCD is comparable to reported populations;
64
however, this analysis revealed a higher than expected
prevalence of bradycardia/asystole events as a potential
underlying cause of SCD, challenging the original
emphasis on ventricular arrhythmias in this patient
population. Furthermore, AF is also highly prevalent
and much more common than previous registry data
suggest. These findings provide a framework for future
studies to investigate not only the role of bradycardia/
asystole in HD patients but the efficacy of therapeutic
strategies such as the use of potassium binders or
manipulation of dialysate potassium, calcium, magne-
sium, or bicarbonate rates to reduce morbidity and
mortality in HD patients.
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