
J A C C : C L I N I C A L E L E C T R O P H Y S I O L O G Y VO L . - , N O . - , 2 0 1 9

ª 2 0 1 9 B Y T H E AM E R I C A N C O L L E G E O F C A R D I O L O G Y F O UN DA T I O N

P U B L I S H E D B Y E L S E V I E R
Are Atrial High-Rate Episodes Associated
With Increased Risk of Ventricular
Arrhythmias and Mortality?

Pasquale Vergara, MD, PHD,a Francesco Solimene, MD,b Antonio D’Onofrio, MD,c Ennio C. Pisanò, MD,d

Gabriele Zanotto, MD,e Carlo Pignalberi, MD,f Saverio Iacopino, MD,g Giampiero Maglia, MD,h Paolo Della Bella, MD,a

Valeria Calvi, MD,i Antonio Curnis, MD,j Gaetano Senatore, MD,k Mauro Biffi, MD,l Alessandro Capucci, MD,m

Quintino Parisi, MD,n Fabio Quartieri, MD,o Fabrizio Caravati, MD,p Massimo Giammaria, MD,q

Massimiliano Marini, MD,r Antonio Rapacciuolo, MD, PHD,s Michele Manzo, MD,t Daniele Giacopelli, MSC,u

Alessio Gargaro, MSC,u Renato P. Ricci, MDv
ABSTRACT
ISS

Fro

Mo

De

De

Co
iEl

Civ

Dia

An

Int

Fo

Os

Fe

Sa

Ca

Be

fro

thi
OBJECTIVES This study evaluated the temporal association between atrial high-rate episodes (AHREs) and sustained

ventricular arrhythmias (VAs) in a remotely monitored cohort with implantable cardioverter-defibrillators (ICD) with

and/or without cardiac resynchronization therapy with a defibrillator (CRT-D).

BACKGROUND Clinical relevance of AHREs in terms of VA rate and survival has not been outlined yet.

METHODS This study analyzed data of patients with ICDs and CRT-Ds from the nationwide Home Monitoring Expert

Alliance network. The cohort included 2,435 patients with a median follow-up of 25 months (interquartile range: 13 to

42 months) and age 70 years (range: 61 to 77 years); 19.7% were women, 51.4% had coronary artery disease, and 45.2%

had a CRT-D. There were 3,410 appropriate VA episodes; 498 (14.6%) were preceded by AHREs within 48 h; in 85.5% of

this group, AHREs were still ongoing at episode onset. In a longitudinal analysis, the odds ratios (ORs) of experiencing any

VA in a 30-day interval with AHREs versus intervals without AHREs were 2.35 (95% confidence interval [CI]: 1.86 to 2.97;

p < 0.001) for ventricular tachycardia (VT), 3.06 (95% CI: 2.35 to 3.99; p < 0.001) for fast VT, 1.84 (95% CI: 1.36 to

2.48; p < 0.001) for self-extinguishing ventricular fibrillation (VF), and 2.31 (95% CI: 1.17 to 4.57; p ¼ 0.01) for VF. ORs

decreased with increasing AHRE burden. Patients with AHREs 48 h before VAs were more likely to experience VA re-

currences (adjusted hazard ratio [HR]: 1.78; 95% CI: 1.41 to 2.24; p < 0.001) and had higher overall mortality (HR: 2.67;

95% CI: 1.68 to 4.23; p < 0.001).

CONCLUSIONS AHREs were not uncommon 48 h before VAs, which tended to be distributed around intervals with

AHREs. Temporal connection between AHREs and VAs was a marker of increased risk of VA recurrence and a poorer

prognosis. (J Am Coll Cardiol EP 2019;-:-–-) © 2019 by the American College of Cardiology Foundation.
N 2405-500X/$36.00 https://doi.org/10.1016/j.jacep.2019.06.018
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ABBR EV I A T I ON S

AND ACRONYMS

AF = atrial fibrillation

AHRE = atrial high-rate

episode

AHRE-48-VA = ventricular

arrhythmia preceded by AHREs

within 48 h

CRT-D = cardiac

resynchronization therapy with

defibrillator

CI = confidence interval

EGM = electrogram

GEE = generalized estimating

equations

HMEA = Home Monitoring

Expert Alliance

HR = hazard ratio

ICD = implantable

cardioverter-defibrillator

OR = odds ratio

RM = remote monitoring

VA = ventricular arrhythmia

VF = ventricular fibrillation

VT = ventricular tachycardia
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S udden cardiac death is responsible for
approximately 25% of deaths related
to cardiovascular diseases (1). Ventric-

ular arrhythmias (VAs) or any shockable
rhythm by external defibrillators are the
initial recorded cardiac rhythm in 20% of
treated out-of-hospital cardiac arrests (2). In
the last 3 decades, the prognosis of patients
who experienced or were at high risk of
developing VAs profoundly changed,
due to the introduction of implantable
cardioverter–defibrillators (ICDs) and cath-
eter ablation of ventricular tachycardias
(VTs) (3–6).

Although VA is an independent risk factor
for cardiac mortality, only a few studies have
provided significant insight into the pre-
dictors of VAs and their onset (7,8). The as-
sociation between VA and atrial fibrillation
(AF) has been documented in some series,
but little is known about the underlying
mechanisms (9,10).

The aim of the present analysis was to
investigate the temporal association be-
tween device-detected atrial high-rate epi-
sodes (AHREs), including AF, atrial flutter, and atrial
tachycardias, and the risk of VA in patients with
remotely monitored implantable cardioverter-
defibrillators (ICD), with or without cardiac resynch-
ronization therapy with a defibrillator (CRT-D).
METHODS

ANALYSIS OBJECTIVE AND PROJECT DESIGN. Data
from the Home Monitoring Expert Alliance (HMEA)
database were analyzed (11). HMEA is an independent
project that pools remote monitoring (RM) data from
cardiac implantable electronic devices during routine
follow-up for specific analyses on investigators’ de-
mand. The present analysis was proposed by the first
author and approved by an executive committee
consisting of 7 members from sites that contributed
the highest data volumes with 2-year renewal. Forty-
one HMEA centers listed in the Online Appendix
contributed to data pooling. All patients gave writ-
ten informed consent before RM activation. The
HMEA project was approved by competent ethics
committees.
s attest they are in compliance with human studies committees

nd Food and Drug Administration guidelines, including patient co

linical Electrophysiology author instructions page.

received January 24, 2019; revised manuscript received June 28
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RM SYSTEM AND DIAGNOSTIC DATA. RM data were
generated during ordinary medical practice from ICD
and CRT-D devices equipped with home monitoring
technology (Biotronik SE KG & Co., Berlin, Germany),
based on daily Global System for Mobile (GSM) com-
munications from the device to a central service
center through a mobile patient unit.

VAs were evaluated by intracardiac electrogram
(EGM) registrations. EGM recordings included pre-
episode, detection, and post-therapy sections with
3-channel signals from the atrial, right ventricular,
and left ventricular electrodes, or the far-field signal
(Figure 1).

AHRE detection was based on the high atrial rate
criterion programmed with nominal settings (200
beats/min threshold rate). For each patient, we
retrieved AHRE burden, defined as the percentage of
time spent in AHREs in a single day. Persistent forms
of AHREs were included in the analysis.

ANALYSIS ENDPOINTS. The primary endpoint of the
analysis was the frequency of VA episodes preceded
by AHREs within 48 h (AHRE-48-VA). Multiple VA
episodes that occurred within the same day were
aggregated.

Further endpoints were the association between
VA occurrence and AHRE incidence, and the rate of
VA recurrences in the groups of patients with and
without AHRE-48-VA episodes.

Association of VA occurrence with AHRE incidence
was investigated by dividing individual follow-up
periods in 30-day intervals and modeling the risk of
VA occurrence in each interval as a function of AHRE
occurrence in the same interval. A schematic repre-
sentation of the analysis is provided in Figure 2.
Measure of association was expressed as the odds
ratio (OR) of VA occurrence in a 30-day interval with
AHREs versus a 30-day interval without AHREs.
Several cumulative daily AHRE burden cutoffs were
used for the analysis (any duration, $3, $6, $12, $18,
and 24 h). Age, sex, ischemic cardiomyopathy, beta-
blockers at baseline, secondary prevention of sud-
den death, left ventricular ejection fraction, history of
paroxysmal and persistent AF, and indication for CRT
were included as adjusted model covariates. Further
details are reported in the Online Appendix.

Patients with appropriate VA detections were
divided into 2 groups according to whether they had
at least 1 AHRE-48-VA episode. Time to first VA
and animal welfare regulations of the authors’ in-

nsent where appropriate. For more information, visit

, 2019, accepted June 28, 2019.
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FIGURE 1 Intracardiac Electrogram Registration of Arrhythmic Episode Remotely Transmitted

Onset of ventricular tachycardia with a mean cycle length of 280 ms during ongoing atrial fibrillation. Signals are from atrial (A), right ven-

tricular (V), bipolar electrodes, and ventricular coil to device can far-field (FF) electrodes.
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recurrence was then calculated in both groups to
investigate whether the presence of temporal con-
nections between AHREs and VAs could predict an
increased risk of subsequent VA recurrences. The all-
cause mortality rate was also evaluated in these 2
subgroups.

PATIENT SELECTION. At the time of the present
analysis, 2,971 patients with ICDs or CTR-D devices
were included in the HMEA database. Of those, we
selected only first-implant devices with atrial sensing
capabilities. Patients with permanent AF at time of
RM activation were excluded. Eventually, 2,435 pa-
tients who underwent implantation from 2007 to 2017
were eligible for the analysis.

CLASSIFICATION OF VA EPISODES AND METHOD OF

ADJUDICATION. As a large registry design, VA
detection was programmed according to routine care
in all devices. However, it reflected standard pro-
gramming schemes with limited interindividual
variability. The ventricular fibrillation (VF) detection
zone was programmed between 270 and 300 ms in
91% of patients; 98% of devices had at least 1 active
VT detection zone (including monitoring zones), 80%
of which were programmed within the 50 ms range
from 350 to 400 ms. Median Detection counters were
28 (interquartile range: 26 to 40) for device VT zones
and 12 (8 to 18) of 16 (12 to 24) for VF zones.
FLA 5.6.0 DTD � JACEP
VAs were a posteriori reclassified as follows: 1) any
VA episode detected in 1 of the 2 available VT detec-
tion zones was classified as VT; 2) any VA episode
detected in the device VF zone, but still showing
regular cycles (#25% stability limit) was classified as
fast VT; 3) any VA episode with an irregular cycle
detected in the VF zone, followed by a an aborted
shock, was classified as a self-extinguishing VF; and
4) any VA episode detected in the VF zone with an
irregular cycle and treated with delivered shocks was
classified as VF.

All available 3-channel EGM recordings relative to
VA episodes, as well as to AHREs detected within
1 month before VA episodes, were adjudicated by a
3-member board blinded to investigational sites.
A 2-stage adjudication process was applied during
EGM visual inspection: the first stage consisted of an
algorithmic application of objective electrophysio-
logical criteria, including comparison of atrial and
ventricular cycle length; atrioventricular decoupling;
and unstable ventricular rhythm during supra-
ventricular tachyarrhythmias. The second stage was
adjudication by majority vote, whenever objective
criteria were not possible or uncertain.

STATISTICAL ANALYSIS. Continuous variables were
reported as median (interquartile range), binary or
categorical variables as percentages, and rates as 100
patient-years. Between-group comparisons were
962_proof � 16 August 2019 � 1:18 pm � ce



FIGURE 2 Representation of the Analysis of Temporal Connection of AHREs to VAs

After dividing follow-up into 30-day intervals, probability of ventricular arrhythmia (VA) occurrence in any interval was modeled conditional for the presence of atrial

high-rate episodes (AHREs) in the same interval using multivariable logit generalized estimating equations with an exchangeable correlation matrix and several cova-

riates (including age, sex, ischemic cardiomyopathy, beta-blockers at baseline, secondary prevention of sudden death, left ventricular ejection fraction, and history of

paroxysmal and persistent atrial fibrillation). We reported the model conditional probability in terms of the odds ratio of VA occurrence in any 30-day interval with AHREs

versus intervals without AHREs. We used several daily cutoffs for cumulative daily AHRE burden to be included in the model as potential risk predictors (any

duration, $3, $6, $12, $18, and $24 h).
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performed with the Mann-Whitney U-test for contin-
uous variables, and with Pearson’s chi-square or
Fisher’s exact tests for binary or categorical variables.
Comparisons of frequency of AHREs 48 h before a VA
episode among VA types was performed with gener-
alized estimating equations (GEE) using the logit link
function and exchangeable “sandwich” correlation
matrix. GEEs were also used to evaluate association of
VA occurrence and AHREs, reporting odds ratios (ORs)
and 95% confidence intervals (CIs) of experiencing any
VA episode in a 30-day interval with AHREs versus
intervals without AHREs, adjusting by several model
covariates as described previously. Kaplan-Meier
curves were used to plot VA recurrence-free rates
calculated with the product-limit method and
compared between groups with the log-rank test. Sex-
and beta-blocker�adjusted hazard ratios (HRs) and
95% CIs were estimated with proportional hazard
shared-frailty Cox regression models using the inves-
tigational site as random effect variable. Statistical
significance was set at p ¼ 0.05 and adjusted with
Bonferroni’s correction in case of multiple compari-
sons. All analyses were performed with Stata software
version 11.1 SE (StataCorp, College Station, Texas).

RESULTS

PATIENT POPULATION. The 2,435 patients included
in the analysis were remotely monitored for a median
of 25 months (interquartile range: 13 to 42 months),
during which 734 patients experienced at least 1
appropriately detected VA episode and 153 patients
(20.8% of patients with $1 VA occurrence) had at
least 1 AHRE-48-VA episode. Complete patient
FLA 5.6.0 DTD � JACEP962_proof � 16 Au
characteristics are reported in the Table 1 for the
following groups: 1) the whole population; 2) patients
without any VA recurrence; 3) patients with VA oc-
currences never preceded by AHRE within 48 h; and
4) patients with at least 1 AHRE-48-VA episode. Most
characteristics were not significantly different be-
tween patients with and without VA occurrences,
although patients with VAs were younger, were more
frequently male, and received an ICD device, likely
due to higher prevalence of secondary prevention
indication. The pharmacological therapy was also not
significantly different among the latter groups.
Conversely, patients with AHRE-48-VA episodes were
older, had a higher prevalence of AF history, were in a
higher New York Heart Association functional class,
and had a higher percentage of CRT-D devices
compared with patients with VAs never preceded by
an AHRE within 48 h.

VA EPISODE OCCURRENCE. Of 4,205 days with $1
ventricular episodes detections, EGM recordings were
available for 3,591 days (85.4%) and underwent the
adjudication process. After the exclusion of 795 epi-
sodes (18.9% of all VA detections), a total of 3,410
episodes were classified as appropriate VAs (Figure 1):
1,670 episodes were VT (49.0%); 1,050 episodes were
fast VT (30.8%); 613 episodes were self-extinguishing
VF (18.0%), and 77 episodes were VF (2.2%). VT epi-
sodes were appropriately treated with 12,840 anti-
tachycardia pacing bursts or ramps, of which 7,225
(56.3%) were successful. One-shot antitachycardia
pacing bursts were attempted 2,693 times in fast VT,
with 1,846 (68.5%) successes preventing as many full
capacitor charging cycles. Globally, 8,455 appropriate
gust 2019 � 1:18 pm � ce



TABLE 1 Patient Characteristics

All
Patients

Without VAs p Value*

Patients With VAs Never
Preceded by AHRE

within 48 h p Value†

Patients With VAs
Preceded by

AHREs within 48 h

N 2,453 1,701 (69.8) 581 (23.9) 153 (6.3)

Median age (yrs) 70 (61–77) 70 (61–77) 0.006 68 (59–76) <0.001 74 (67–78)

Sex (female) 20.4 21.5 0.02 17.0 0.001 10.5

NYHA functional class

I 9.4 9.6 0.81 11.0 0.04 3.3

II 62.7 63.4 61.7 62.0

III 26.7 26.0 25.7 34.8

IV 1.1 1.0 1.6 0.0

LVEF (%) 30 (28–35) 30 (28–35) 0.88 30 (25–35) 0.62 30 (27–34)

QRS duration (ms) 120 (100–142) 120 (100–143) 0.25 120 (100–140) 0.32 122 (103–142)

CRT devices 45.2 47.6 <0.001 37.5 0.02 47.7

Comorbidities

Diabetes 23.8 25.9 0.001 18.3 0.85 19.1

Chronic obstructive pulmonary disease 10.9 11.4 0.24 9.2 0.09 14.5

Stroke/TIA 8.9 8.7 0.43 9.9 0.70 8.7

Chronic kidney disease 12.8 13.1 0.49 11.8 0.90 12.3

Vascular disease 8.6 8.7 0.96 8.6 0.80 7.8

Cardiomyopathy

CAD 51.4 52.2 0.20 48.7 0.36 53.6

Nonischemic DCM 35.1 34.4 0.25 37.4 0.57 34.5

Valvular 6.3 5.3 0.22 6.9 0.14 11.1

Hypertrophic 3.6 3.9 0.22 2.6 0.94 2.8

Congenital 2.3 2.4 0.72 2.7 0.09 0.0

History of arrhythmias

Ventricular fibrillation 7.3 6.7 0.047 9.6 0.23 5.8

Sustained VT 14.4 11.4 <0.001 21.8 0.89 21.1

Non-sustained VT 19.0 18.6 0.60 19.7 0.74 21.1

Paroxysmal AF 8.1 8.4 0.01 4.7 <0.001 19.8

Persistent AF 5.1 5.0 0.06 2.9 <0.001 15.6

Therapy

ACE inhibitors 55.1 56.5 0.17 52.8 0.30 47.4

Beta-blockers 75.9 75.6 0.78 76.2 0.51 79.1

Sartans 9.3 9.7 0.27 7.9 0.37 10.6

Diuretics 71.5 71.1 0.22 71.3 0.26 76.5

Calcium antagonists 5.7 5.9 0.72 5.5 0.73 4.6

Spironolactone 16.6 16.5 0.65 15.5 0.07 22.9

Digitalis 4.9 4.3 0.57 5.0 0.02 11.0

Ivabradine 6.7 7.2 0.29 5.7 0.59 4.3

Anticoagulants 24.2 23.6 0.46 22.0 <0.001 40.5

Antiplatelet 46.7 47.8 0.32 47.8 0.36 40.3

Amiodarone 13.9 13.0 0.09 16.1 0.91 16.5

Sotalol 1.5 1.2 0.58 1.6 0.16 3.8

Values are n (%), median (interquartile range), and percentages. Calculations were performed with available nonmissing data. *Results of comparisons of patients without
ventricular arrhythmias (VAs) versus patients with VAs never preceded by atrial high-rate episodes (AHREs) within 48 h. †Results of comparisons of patients with VAs never
preceded by AHREs within 48 h versus patients with VAs preceded by AHREs within 48 h.

ACE ¼ angiotensin-converting enzymes; AF ¼ atrial fibrillation; CAD ¼ coronary artery disease; CRT-D ¼ cardiac resynchronization therapy with defibrillator; DCM ¼ dilated
cardiomyopathy; ICD ¼ implantable cardioverter-defibrillator; LVEF ¼ left ventricular ejection fraction; NYHA ¼ New York Heart Association; TIA ¼ transient ischemic attack;
VT ¼ ventricular tachycardia.
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shocks were started, and 4,836 (57.1%) were eventu-
ally delivered in 725 patients.

On a per-patient analysis, 380 (15.6%) patients
experienced $1 VT episode, 321 (13.2%) patients had
fast VT, 434 (17.8%) patients experienced self-
extinguishing VF, and 75 (3.1%) patients had VF.
FLA 5.6.0 DTD � JACEP
The corresponding rates were 6.5, 5.5, 7.4, and 1.3
episodes per 100 patient-years, respectively.

AHRE INCIDENCE 48 H BEFORE VA EPISODES. Of
the 3,410 appropriately detected VA episodes, 498
(14.6%) were preceded by AHREs within 48 h: 219 were
962_proof � 16 August 2019 � 1:18 pm � ce



TABLE 2 Incidence of VAs and AHRE Within 48 h Before Episodes in the

ICD and CRT Groups

VT
p

Value Fast VT
p

Value
Self-ex

VF
p

Value VF
p

Value

Patients with V episodes
(n/100 patient-years)

ICD 7.3 0.54 5.5 0.72 7.3 0.77 1.3 0.54

CRT 5.4 5.4 7.5 1.2

All 6.5 5.5 7.4 1.3

Patients with AHREs 48 h
before days with V episodes

Rate (n/100 patient-years)

ICD 1.3 0.045 1.1 0.27 0.7 0.14 0.3 0.78

CRT 1.4 1.3 1.1 0.3

All 1.3 1.2 1.0 0.3

Percentage relative to number of
patients with V episodes

ICD 17.8 20.1 11.6 20.4

CRT 26.7 25.4 16.7 23.3

All 21.0% 22.3 13.7 21.6

Values are %. The p values refer to the results of comparisons between CRT and ICD groups. CRT devices:
n ¼ 1,232 median follow-up: 23 months (range: 12 to 41 months). ICD devices: n ¼ 1,383; median follow-up:
27 months (range: 14 to 44 months). Ventricular fibrilliations (VFs) are classifications or VAs (see text for
definition).

Self-ex VF ¼ self-extinguishing VF; V ¼ ventricular; VT ¼ fast ventricular tachycardia; other abbreviations as in
Table 1.
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VT (13.1%); 177 were fast VT (16.9%); 86 were self-
extinguishing VF (14.0%); and 16 were VF (20.8%).
Four hundred sixty-one of the 498 (92.5%) episodes
occurred the same day, and 426 (85.5%) were dual ar-
rhythmias with AHREs still ongoing during VA onset.
On average, about one fifth of patients with VAs had
AHREs within the preceding 48 h: 21.0% had AHREs
within 48 h before VT; 22.3%hadAHREs before fast VT,
13.7% had AHREs before self-extinguishing VF; and
21.6% had AHREs before VF. Differences among VA
types were not statistically significant at GEE analysis.
Further details are reported in Table 2, together with
comparisons between patients with CRT and ICDs with
no significant results.

ASSOCIATION OF DAILY AHRE BURDEN WITH RISK

OF VA EPISODES. Analyzing 30-day intervals of
individual follow-ups, there were 9,551 intervals with
AHRE burden, 591 of which (6.2%) included $1 VA
episodes. Figure 3 displays examples from 5 patients
who had VA episodes occurring shortly after initiation
of periods with AHREs. In a longitudinal multivariable
GEE analysis, AHREs of any duration were an
independent predictor of an increased risk of VA
occurrence in 30-day intervals. Adjusted ORs of
experiencing VA episodes in any interval with AHREs
ranged between 1.84 and 3.06 versus intervals without
AHREs, which reached statistical significance in all VA
types (Figure 4). Only secondary prevention of sudden
death was significant among model covariates: the OR
FLA 5.6.0 DTD � JACEP962_proof � 16 Au
of experiencing any VA in secondary prevention
versus primary prevention was 2.20 (95% CI: 1.77 to
2.73; p < 0.001). Online Table 1 provides detailed
results of the GEE analysis of VA risk in 30-day
intervals with AHREs versus intervals without
AHREs, confirming the statistically significant associ-
ation of VA with AHREs in both subgroups of primary
and secondary prevention as indication for ICD.

As shown in Figure 4, ORs increased with
decreasing AHRE burden in all forms of VAs, consis-
tent with shorter AHREs being more frequently
associated with VA occurrences. Statistical signifi-
cance was lost soon after 3-h AHRE burden for VT,
whereas statistical significance in more aggressive
forms of VAs, as fast VTs and self-extinguishing VFs,
persisted up to $12-h AHREs.

EFFECT OF AHRE ON VA RECURRENCE AND

SURVIVAL. Patients with any AHRE preceding VA
were more likely to experience VA recurrences (HR:
1.78; 95% CI: 1.41 to 2.24; p < 0.001) after adjusting for
sex and beta-blocker therapy. In patients with AHRE-
48-VAs, median time to subsequent VA episode was
4.5 months (95% CI: 1.9 to 6.5 months), whereas in
patients without AHREs 48 h before VAs, the median
time to a subsequent episode was 21.1 months
(95% CI: 13.9 to 38.9 months); the Kaplan-Meier plot
is shown in Figure 5A. The group of patients with
AHRE-48-VAs also showed a decreased 5-year sur-
vival (Figure 5B) compared with the group with VAs
never preceded by AHREs within 48 h (all-cause
mortality rate of 5.9 per 100 patient-years vs. 2.5 per
100 patient-years; sex- and beta-blocker�adjusted
HR: 2.67; 95% CI: 1.68 to 4.23; p < 0.001). Differences
in survival persisted after excluding patients with a
history of AF (4.8 � 100 patient-years vs. 2.6 � 100
patient-years; p ¼ 0.004).
DISCUSSION

In a large series of patients with RM ICD and CRT-D
devices, we detected a temporal relationship be-
tween VAs and AHREs in approximately 20% of pa-
tients who experienced a sustained VA. On a
longitudinal analysis, 30-day intervals with AHREs
were associated with a 2- to 3-fold increased risk of
VA occurrence compared with AHRE-free intervals,
with the association decreasing with higher AHRE
burdens. Patients with AHREs 48 h before any VA
episode had 78% increased risk of experiencing VA
recurrences, with a median time to recurrence of
4.5 months, and lower 5-year survival compared with
patients who never presented with AHREs 48 h before
a ventricular episode (Central illustration).
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FIGURE 3 Temporal Distribution of VAs Relative to AHREs

Examples from 5 patients with VA episodes (red vertical lines) and daily percentage with AHRE burden (blue vertical lines) reported along the

horizontal time axis (follow-up days). Segments of 30 days are highlighted. The plots show several AHRE burden days distributed around VA

episodes. Abbreviations as in Figure 2.
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DOES AF TRIGGER VENTRICULAR ARRHYTHMIAS?

In our study, AHREs frequently occurred during the
48 h preceding VAs, and were detected by the RM
system in approximately 20% of patients with VAs.
Similarly, Stein et al. (12) showed that 8.6% of VT/VF
episodes in their cohort of ICD recipients occurred
during ongoing atrial tachycardias or AF episodes,
and 20% of the patients with VT/VF events had at
FLA 5.6.0 DTD � JACEP
least 1 dual tachycardia episode. Our results were in
line with these data, because we observed that 14.5%
of VAs was preceded by AHRE episodes within 48 h,
as well as 6.2% of 30-day intervals with AHRE epi-
sodes presented with at least 1 VA episode. However,
our findings were additive because we showed that,
although AHREs could not be considered efficient
predictors due to low specificity, AHREs were an
962_proof � 16 August 2019 � 1:18 pm � ce



FIGURE 4 VA Risk in 30-Day Intervals With AHREs

Forest plot showing the results of a longitudinal analysis reporting adjusted odds ratio of VA occurrence in 30-day intervals with AHREs versus

intervals without AHREs. CI ¼ confidence interval; VF ¼ ventricular fibrillation; VT ¼ ventricular tachycardia; other abbreviations as in Figure 2.
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independent risk factor of VA occurrence. Although
most VAs were not preceded by AHREs and most
AHREs were not associated with VAs, our analysis
showed that temporal connection between AHREs
and VAs was not rare in patients with VAs. When
present, the temporal connection was associated with
increased risk of subsequent VA recurrences with
shorter recurrence time and worse prognosis. We
FLA 5.6.0 DTD � JACEP962_proof � 16 Au
used GEEs to reflect the longitudinal structure of the
data and to model the probability of finding a VA
episode in any 30-day interval marginal to the pres-
ence of AHREs in the same interval. The AHRE
component in the model was statistically significant,
independent of the adjusting covariates, including
history of paroxysmal and persistent AF, which was
relatively more frequent in the group with AHREs
gust 2019 � 1:18 pm � ce
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FIGURE 5 Kaplan-Meier Plots and Survival Estimates

(A) Kaplan Meier plots of time to VA recurrence after a first episode. Times were rescaled

at first VA episode. (B) Kaplan-Meier survival estimates. The 734 patients with ventricular

episodes were divided into (I) the group of patients who never experienced AHREs in 48 h

before ventricular episodes (n ¼ 581; blue line) and (II) patients who experienced at least1

ventricular episode with AHREs in the preceding 48 h (n ¼ 153; red line). HR ¼ hazard

ratio; other abbreviations as in Figure 2.
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preceding VAs (Table 1). Our analysis showed that the
probability of experiencing a ventricular episode was
higher in 30-day intervals with AHREs compared with
intervals without AHREs, even after adjusting for a
history of AF, thus providing evidence that VAs tend
to be distributed in days with AHREs.

Risk of VAs was higher during the first hour after
AHREs onset, as shown by the decreasing VA risk with
higher AHRE burden cutoffs. Risk of fast forms of VA
(VF and self-extinguishing VF) persisted up to 12 h
from AHRE onset, whereas it faded after 3 h in VTs.
Although a complete explanation of the underlying
mechanism was not straightforward, the finding did
not support the hypothesis of a dose-dependent
relationship between AF and VA in the short term,
and it might suggest a rapid effect of atrial arrhyth-
mias on the ventricular arrhythmic substrate. Ven-
tricular rate immediately after AF onset is usually
faster than that in the subsequent hour. This might be
due to a shift toward a lower level of sympathetic
activity after the initial increase (13) or activation of
compensatory molecular mechanisms, such as the
progressive reduction of fully active calcium ions
observed in permanent AF (14).

MECHANISM OF VA ONSET DURING AHREs. Several
electrophysiological mechanisms have been pro-
posed to explain the onset of VA during AHREs.
Rapid ventricular rates during an atrial tachyar-
rhythmia directly reduce ventricular refractoriness,
and the irregular rhythm of AF leads to short-long-
short sequences that may be pro-arrhythmic (15).
Gronefeld et al. (16) noticed an arrhythmia onset
pattern with a typical short-long-short sequence in
which the short-coupled beat was morphologically
different from sinus rhythm; this indicated a trig-
gered ventricular activation that is more frequently
observed in patients with AF compared with patients
in sinus rhythm. Atrial tachyarrhythmias may also
indirectly affect ventricular electrophysiology
through pro-arrhythmic hemodynamic and neuro-
hormonal changes, such as altered mechano-
electrical coupling (17), increased sympathetic tone
(18), and ischemia.

Our analysis could not provide evidence of any
causal relationship between AHREs and VA onset.
Beyond purely electrophysiological or neurological
mechanisms, AHREs temporally close to VAs may
certainly relate to clinical events, such as worsening
cardiomyopathy and heart failure decompensation
that likely predispose to ventricular arrhythmias.

Distinguishing between AHREs that are temporally
closed but are still separate and AHREs that are
ongoing during VA onset might be potentially
FLA 5.6.0 DTD � JACEP
important, because in the former case, it would sug-
gest that there might be a common mechanism (ulti-
mately related to worsening cardiomyopathy or
exacerbating heart failure) that triggers both ar-
rhythmias independently. However, in the latter
case, the linkage might be more causal, with AHREs
providing an electrophysiological trigger for VA
onset. Whether the latter mechanism is prevalent
could not be assessed by our analysis, but the hy-
pothesis would be consistent with the observation
962_proof � 16 August 2019 � 1:18 pm � ce
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CENTRAL ILLUSTRATION Clinical Relevance of the Association Between AHREs and VAs

Vergara, P. et al. J Am Coll Cardiol EP. 2019;-(-):-–-.

In a cohort of 2,435 patients with implantable cardioverter-defibrillator (ICD) and/or cardiac resynchronization therapy with defibrillator (CRT-D) devices, temporal

connection of atrial high-rate episodes (AHREs) with ventricular arrhythmias (VAs) was statistically significant. Thirty-day intervals with AHREs were associated with

1.84 to 3.06 adjusted odds ratio of VA versus intervals without AHREs. Patients with VAs preceded by AHREs within 48 h were exposed to a high risk of VA recurrence

and 5-year mortality. HR ¼ hazards ratio; VF ¼ ventricular fibrillation; VT ¼ ventricular tachycardia.
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that AHREs were still ongoing in 85% of VAs with
detections of AHREs within the preceding 48 h.

AF AND MORTALITY. For decades, the main clinical
risk of AF was considered related to thromboembolic
events. However, in Olmsted County adult residents
(19), 4,500 patients with AF showed a 2-fold higher
mortality risk than control subjects; the risk was
highest within the first 4 months after the first AF
diagnosis and decreased thereafter. In patients with
severe left ventricular dysfunction, history of AF was
also associated with significant comorbidities that
translated into higher long-term risks of adverse
events (20,21). These observations raised the question
whether the increase in mortality was linked to the
effects of comorbidities or if there was any indepen-
dent effect of AF itself. Data provided by Bunch et al.
(22) favored the latter hypothesis, showing that, in
patients with no history of AF, the risk for death
dramatically increased from 3.2% to 8.9% when they
FLA 5.6.0 DTD � JACEP962_proof � 16 Au
developed AF shortly after receiving an ICD. AF and
ejection fraction were independent predictors of
overall and arrhythmic mortality also in patients with
heart failure. Patients with new-onset AF had a higher
mortality rate (42% over 2.6 years) compared with
both no AF (10%) and persistent AF (16%) groups (23).

Our data were in line with these observations
because we found that patients with AHRE-48-VAs
showed more than double 5-year mortality
compared with patients with ventricular episodes
that never preceded by AHREs.

CLINICAL IMPLICATIONS OF AF ONSET IN HEART

FAILURE PATIENTS. In a time when the scientific
debate is under way on the clinical relevance of
AHREs in relation to the risk of stroke (24–27), our
results brought to light an additional aspectdwarning
against underestimating AHREs when temporally
connected to VAs. Patients with heart failure and
AHREs (including short episodes) might still be
gust 2019 � 1:18 pm � ce



PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: AF is known to

be associated with increased risk of thromboembolic events. RM

of cardiac implantable electronic devices has been shown to

favor early detection and quantification of AHREs and arrhythmia

burden. Early reactions guided by alerts from a RM system based

on daily transmissions resulted in lower all-cause mortality in

patients with heart failure.

TRANSLATIONAL OUTLOOK 1: In patients with ventricular

dysfunction, the risk of sustained VAs was significantly higher in

periods with AHREs, including short (<12 h) episodes.

TRANSLATIONAL OUTLOOK 2: Patients with VAs preceded

by or during AHREs are exposed to an increased risk of VA re-

currences and overall mortality. Future studies are needed to

evaluate whether a timely treatment of VAs preceded by AHREs

improves patients’ outcomes.
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exposed to higher risk of ventricular arrhythmias,
despite a relatively lower risk of stroke compared
with clinical AF.

Patients with AHRE preceding a VA showed a 78%
increased risk of VA recurrences in our study, which
was again consistent with previous observations
(12,28). These findings reinforced the importance of
RM for continuous surveillance and early alerts in
patient management and identification of the most
suitable therapeutic intervention, including start of
oral anticoagulation, antiarrhythmic therapy optimi-
zation and, when appropriate, non-pharmacological
rhythm control strategies. AF catheter ablation was
shown to reduce ICD therapies, improve ejection
fraction (29), survival (30), reduce hospitalization for
worsening heart failure, and deaths from cardiovas-
cular causes (31).

STUDY LIMITATIONS. This study was observational
and retrospective; therefore, it had several limita-
tions, including lack of uniform procedures. Although
we detailed clinical information at the time of device
implantation, we did not have data about changes in
patient status and medical therapy during follow-up.
However, our analysis was based on a large data re-
pository generated by daily RM of devices that pro-
vided comprehensive information on arrhythmias,
which reduced the risks of underreporting and re-
flected current medical care in ordinary settings.
Also, the adjudication process was extended to
available EGM recordings of AHREs that occurred at
onset and during up to 1 month before all appropriate
VAs. Full EGM review of all AHREs over complete
episode duration was definitely not possible with any
currently available cardiac implantable electronic
device and RM technology, because AHRE duration
could range from a few minutes to several days,
whereas EGM recordings were available for seconds at
AHRE onset and during VA episodes. However, RM
was shown to be a reliable tool for monitoring atrial
arrhythmias. It is a class I indication for early detec-
tion and quantification of AF (32).

Finally, it should be also emphasized that we
studied a particular population with current in-
dications for ICD and/or CRT; therefore, extrapolation
to other populations is not straightforward.
FLA 5.6.0 DTD � JACEP
CONCLUSIONS

In our analysis, patients having AHREs 48 h before
any ventricular episode showed a higher ventricular
recurrence rate and poorer prognosis. Although our
results could not prove a causal relationship, the
observed temporal connection between AHREs and
VAs might point to a pro-arrhythmic effect of AHREs
as well as a marker of a period of both atrial and
ventricular arrhythmia susceptibility.
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This study interrogated the database of the Home Monitoring Expert Alliance network to analyze

data from 2,435 patients with remotely monitored implantable cardioverter-defibrillator and

cardiac resynchronization therapy devices to evaluate the temporal association between atrial

high-rate episodes (AHREs) and ventricular arrhythmias (VAs). AHREs were ongoing 48 h before

or during VAs in 14.6% of all VA episodes. Thirty-day intervals with AHREs were associated with

2- to 3-fold increased risk of VAs versus intervals without AHREs. Patients with AHREs 48 h before

VAs had a higher VA recurrences rate and overall mortality. Our findings might help outlining clinical

relevance of AHREs when temporally associated with VAs in patients with ventricular dysfunction.
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