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OBJECTIVES This study sought to determine, using continuous electrocardiographic monitoring (CEM)

pre–transcatheter aortic valve replacement (TAVR), the incidence and type of unknown pre-existing arrhythmic events

(AEs) in TAVR candidates, and to evaluate the occurrence and impact of therapeutic changes secondary to the detection

of AEs pre-TAVR.

BACKGROUND Scarce data exist on the arrhythmic burden of TAVR candidates (pre-procedure).

METHODS This was a prospective study including 106 patients with severe aortic stenosis and no prior permanent

pacemaker screened for TAVR. A prolonged (1 week) CEM was implanted within the 3 months pre-TAVR. Following heart

team evaluation, 90 patients underwent elective TAVR.

RESULTS New AEs were detected by CEM in 51 (48.1%) patients, leading to a treatment change in 14 of 51 (27.5%)

patients. Atrial fibrillation or tachycardia was detected in 8 of 79 (10.1%) patients without known atrial fibrillation or

tachycardia, and nonsustained ventricular arrhythmias were detected in 31 (29.2%) patients. Significant bradyarrhythmias

were observed in 22 (20.8%) patients, leading to treatment change and permanent pacemaker in 8 of 22 (36.4%) and 4

of 22 (18.2%) patients, respectively. The detection of bradyarrhythmias increased up to 30% and 47% among those

patients with pre-existing first-degree atrioventricular block and right bundle branch block, respectively. Chronic renal

failure, higher valve calcification, and left ventricular dysfunction determined (or tended to determine) an increased risk

of AEs pre-TAVR (p ¼ 0.028, 0.052, and 0.069, respectively). New onset AEs post-TAVR occurred in 22.1% of patients,

and CEM pre-TAVR allowed early arrhythmia diagnosis in one-third of them.

CONCLUSIONS Prolonged CEM in TAVR candidates allowed identification of previously unknown AEs in nearly

one-half of the patients, leading to prompt therapeutic measures (pre-TAVR) in about one-fourth of them. Pre-existing

conduction disturbances (particularly right bundle branch block) and chronic renal failure were associated with a higher

burden of AEs. (J Am Coll Cardiol Intv 2020;13:1763–73) © 2020 by the American College of Cardiology Foundation.
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ABBR EV I A T I ON S

AND ACRONYMS

AF = atrial fibrillation

AT = atrial tachycardia

AVB = atrioventricular block

CEM = continuous

electrocardiographic

monitoring

CI = confidence interval

ECG = electrocardiographic

ESVEA = excessive

supraventricular ectopic

activity

HAVB = high-degree

atrioventricular block

LBBB = left bundle branch

block

NSVT = nonsustained

ventricular tachycardia

OR = odds ratio

PPM = permanent pacemaker

RBBB = right bundle branch

block

TAVR = transcatheter aortic

valve replacement
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T ranscatheter aortic valve replace-
ment (TAVR) has emerged as a viable
alternative for the treatment of

elderly patients with severe aortic stenosis
(1–3). However, the occurrence of arrhythmic
events (either bradyarrhythmia or tachyar-
rhythmia) remains the most frequent compli-
cation of TAVR (4,5). Whereas most
arrhythmic events post-TAVR are directly
related to the procedure or valve prosthesis,
few data exist on the occurrence of pre-
existing arrhythmias in TAVR candidates. A
study using 24-h continuous electrocardio-
graphic monitoring (CEM) within the days
before the TAVR procedure showed that a
significant proportion of silent arrhythmias
were already present before the procedure
(6). However, it is well known that 24-h
continuous monitoring has a low sensitivity,
and electrocardiographic (ECG) monitoring
>24 h has shown a much higher sensitivity
for detecting arrhythmias (7). In addition to
determining the real impact of the TAVR pro-
cedure on arrhythmic events, the detection
of arrhythmias pre-procedure may help to
implement specific treatment measures
(e.g., pacemaker implantation, anticoagula-
tion therapy) that can improve the global care of
TAVR candidates, reduce hospitalization length, and
improve clinical outcomes post-TAVR. The objectives
of this study were to: 1) determine the incidence and
type of arrhythmic events in TAVR candidates as
assessed by prolonged CEM pre-TAVR; and 2) eval-
uate the occurrence and impact of therapeutic
changes secondary to the detection of arrhythmic
events pre-TAVR.
SEE PAGE 1774
METHODS

STUDY DESIGN AND PATIENTS. The PARE (Pro-
longed Continuous ECG Monitoring Prior to Trans-
catheter Aortic Valve Implantation) study
(NCT03561805) was a prospective, single-center
study, approved by the institutional ethics commit-
tee, and all patients provided signed informed con-
sent to participate. Patients with severe symptomatic
aortic stenosis referred for TAVR who did not have a
pre-existing permanent pacemaker (PPM) were
included. There was no restriction regarding the type
of valve and approach used for the TAVR procedure.
Patients underwent a prolonged (1 week) CEM using
the CardioSTAT device (Icentia, Quebec City, Canada)
within the 3 months before the TAVR procedure.
Patients requiring urgent TAVR precluding 1 week
ECG monitoring within the 3 months pre-TAVR were
excluded. All types of arrhythmic events were recor-
ded, as well as the specific therapeutic measures
implemented upon the occurrence of the arrhythmic
event. Following the TAVR procedure, the patients
were monitored (telemetry) until hospital discharge.
All arrhythmic events during the hospitalization
period were recorded. Clinical follow-up was also
performed at 30 days.

CardioSTAT DEVICE. The CardioSTAT is a single-use,
wire-free, wearable heart monitoring patch that pro-
vides continuous ECG recording of a single-lead
tracing up to 14 days. CardioSTAT comes in the form
of a thin flexible strip designed to be worn on the
upper part of the torso and features conventional gel
electrodes allowing a low impedance between the skin
and the electrode in order to obtain an optimal signal.
The device has been clinically validated, showing
excellent correlation with the standard Holter ECG
monitoring (8). The monitoring period in the present
study was of 7 days. Patients were asked to report any
symptom potentially related to arrhythmic events
(e.g., palpitations, dizziness, dyspnea, exercise intol-
erance) by pressing a symptom trigger button located
on the front of the device. Once the registration was
complete, the patient returned the device personally
or by mail. The data were analyzed at the service
center by a certified technologist and a report was sent
electronically to the cardiac electrophysiologist (I.N.)
for validation and final reporting. The time delay be-
tween the end of the monitoring and data interpre-
tation was no longer than 7 days.

OUTCOMES. The primary outcomes were: 1) the
incidence and type of arrhythmic events; and 2) the
therapeutic changes related to the diagnosis of
arrhythmic events before the TAVR procedure. Sec-
ondary outcomes were incidence and duration of
atrial fibrillation (AF), incidence of high-degree
atrioventricular block (HAVB), incidence of severe
bradycardia, percentage of patients with an indica-
tion of PPM, and percentage of patients with an
indication for anticoagulation therapy.

Significant arrhythmias were defined according to
current guidelines. Excessive supraventricular
ectopic activity (ESVEA) was defined as $30 prema-
ture supraventricular contractions/hour ($729 per
24 h) or an episode of premature supraventricular
contractions runs $20 beats (9). Paroxysmal AF was
defined as irregular RR intervals with absent P waves
lasting at least 30 s, and atrial tachycardia (AT) as
sudden rapid regular atrial rhythm with identifiable P
waves (10). Nonsustained ventricular tachycardia

https://clinicaltrials.gov/ct2/show/NCT03561805


FIGURE 1 Patient Flowchart

The overall population included 142 patients who did not have a prior pacemaker, screened for transcatheter aortic valve replacement (TAVR).

Patients requiring an urgent procedure and those in whom electrocardiographic (ECG) recording was insufficient or not returned back (n ¼
36) were excluded. Among the 106 TAVR candidates with complete 7-day ECG monitoring, 90 patients ultimately underwent elective TAVR.

PPM ¼ permanent pacemaker implantation; SAVR ¼ surgical aortic valve replacement.
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(NSVT) was defined as $3 consecutive complexes
originating in the ventricles at a rate >100 beats/min
(11). Severe bradycardia was defined as heart rate <40
beats/min (12). HAVB was defined as any of the
following: second-degree atrioventricular block
(AVB) type 2 (Mobitz II), 2:1 AVB, or $2 consecutive P
waves that do not conduct to the ventricle. Complete
heart block was defined as P waves with a constant
rate with dissociated ventricular rhythm (no associa-
tion between P waves and R waves) or fixed slow
ventricular rhythm in the presence of AF (5,13). PPM
implantation was indicated in the presence of HAVB
or complete heart block (13). Clinical events were
defined according to the Valve Academic Research
Consortium-2 criteria (14).

STATISTICAL ANALYSIS. Data on CEM before TAVR
was limited to a single study with ECG monitoring
duration limited to 24 h, which identified newly
diagnosed arrhythmias in about 16% of patients (6).
Assuming that extending the duration of CEM to
7 days would significantly increase the detection of
arrhythmic events (to $25% of patients), the sample
size of this observational study was estimated at 100
patients. Qualitative variables were reported as
counts and percentages and continuous variables as
mean � SD or median (interquartile range), depend-
ing on variable distribution. Categorical variables
were compared using the chi-square or Fisher exact
test as appropriate, and the Student’s t-test or Wil-
coxon rank sum test for continuous variables. The
factors associated with newly diagnosed arrhythmic
events were determined using a multivariable logistic
regression analysis. Parameters with a p value < 0.15
in the univariable analysis were modeled in a multi-
variable analysis using a stepwise procedure in a lo-
gistic regression model. After stepwise elimination, 3
variables were retained in the model: chronic renal
failure, left ventricular systolic dysfunction (ejection
fraction <50%), and valvular calcification (Agatston
score). A p value < 0.05 was considered significant for
all statistical tests. All data were analyzed using the
statistical package STATA version 14.0 (StataCorp LP,
College Station, Texas).

RESULTS

Of 142 patients with severe symptomatic aortic ste-
nosis and no prior PPM screened for TAVR in our
institution, 27 patients were excluded due to the need



TABLE 1 Clinical Characteristics According to the Occurrence of AEs During 7-Day

Continuous Electrocardiographic Monitoring

Overall
(N ¼ 106)

New AEs
(n ¼ 51)

No AEs
(n ¼ 55) p Value

Baseline variables
Age, yrs 80 � 8 81 � 6 80 � 9 0.206
Male 62 (58.5) 31 (60.8) 31 (56.4) 0.644
Hypertension 91 (85.8) 45 (88.2) 46 (83.6) 0.497
Previous coronary disease 58 (54.7) 30 (58.8) 28 (50.9) 0.413
Atrial fibrillation/flutter 27 (25.5) 18 (35.3) 9 (16.4) 0.025
COPD 29 (27.4) 14 (27.5) 15 (27.3) 0.984
eGFR <60 ml/min 51 (48.1) 30 (58.8) 21 (38.2) 0.034
CHA2DS2-VASc 4.3 � 1.3 4.4 � 1.2 4.2 � 1.3 0.357
STS-PROM, % 4.8 � 2.7 4.5 � 2.4 5.0 � 2.9 0.301

Electrocardiographic variables
PR interval, ms 180 � 41 183 � 54 179 � 27 0.626
QRS duration, ms 105 � 28 109 � 29 101 � 25 0.125
First-degree atrioventricular block* 20 (22.5) 11 (29.0) 9 (17.7) 0.206
Right bundle branch block 15 (14.2) 10 (19.6) 5 (9.1) 0.121
Left bundle branch block 9 (8.5) 4 (7.8) 5 (9.1) 1.000
Intraventricular conduction delay 4 (3.8) 3 (5.9) 1 (1.8) 0.350

Echocardiographic variables
LVEF <50% 27 (25.5) 17 (33.3) 10 (18.2) 0.074
Mean AV gradient, mm Hg 42 � 16 43 � 17 40 � 15 0.306
AV area, cm2 0.72 � 0.22 0.69 � 0.19 0.74 � 0.23 0.232

Computed tomography variables
Aortic annular area, mm2 429 � 119 441 � 119 419 � 119 0.414
Aortic annular perimeter, mm 75 � 10 74 � 12 75 � 8 0.709
Agatston calcium score, AU 2,164 � 1,376 2,394 � 1,612 1,947 � 1,081 0.107

Baseline treatment
Anticoagulation 22 (20.8) 14 (27.5) 8 (14.6) 0.102
Beta-blockers 53 (50.0) 25 (49.0) 28 (50.9) 0.846
Calcium-channel blockers 30 (28.3) 17 (33.3) 13 (23.6) 0.268
Digoxin 2 (1.9) 2 (3.9) 0 (0.0) 0.229
Amiodarone 3 (2.8) 1 (2.0) 2 (3.6) 1.000

Values are mean � SD, n (%), or median (interquartile range). *Patients in sinus rhythm (n ¼ 89).

AE ¼ arrhythmic event; AU ¼ Agatston units AV ¼ aortic valve; CHA2DS2-VASc ¼ congestive heart failure,
hypertension, age $75 years, diabetes mellitus, prior stroke or transient ischemic attack or thromboembolism,
vascular disease, age 65–74 years, sex category; COPD ¼ chronic obstructive pulmonary disease;
eGFR ¼ estimated glomerular filtration rate; LVEF ¼ left ventricular ejection fraction; STS-PROM ¼ Society of
Thoracic Surgeons Predicted Risk of Mortality.
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for urgent TAVR, and 9 patients were excluded due to
inadequate ECG recording (n ¼ 7) or monitor not
returned appropriately (n ¼ 2), leading to a study
cohort of 106 patients with completed 7-day CEM
(Figure 1). The main baseline characteristics of the
study population are summarized in Table 1. Mean
age of the patients was 80 � 8 years, and 58.5% were
men, with a mean Society of Thoracic Surgeons Pre-
dicted Risk of Mortality of 4.8 � 2.7%. Twenty-seven
(25.5%) patients had a history of prior AF (either
paroxysmal or permanent), and pre-existing first-de-
gree AVB and any intraventricular conduction dis-
turbances were present in 20 (22.5%) and 28 (26.4%)
patients, respectively.

INCIDENCE AND TYPE OF ARRHYTHMIC EVENTS

DURING 7-DAY CEM. The main ambulatory CEM
findings are displayed in Table 2. Arrhythmic events
were diagnosed in 51 (48.1%) patients, with a median
number of 2 (interquartile range: 1 to 6) episodes per
patient. In 14 patients (13.2% of the overall popula-
tion; 27.5% of the 51 patients with newly diagnosed
arrhythmias), the arrhythmic events led to thera-
peutic changes.

Newly diagnosed tachyarrhythmic events were
found in 37 (34.9%) patients, most of them (97.3%)
asymptomatic. Among the 79 patients without a prior
history of AF, paroxysmal AF or AT was identified in 8
(10.1%) patients, leading to a treatment change in 5 of
them (oral anticoagulation in 4, antiarrhythmic agent
in 1). Of the patients with newly diagnosed parox-
ysmal AF, the median AF burden was 0.2% (inter-
quartile range: 0.1% to 0.3%), with a median duration
of AF episodes of 2.1 (interquartile range: 1.3 to 10.7)
min. NSVT occurred in 31 (29.2%) patients, with no
episodes of sustained ventricular tachycardia.

Twenty-two (20.8%) patients experienced signifi-
cant bradyarrhythmias, most of them asymptomatic
(90.9%): severe bradycardia in 16, HAVB and severe
bradycardia in 4, and HAVB in 2 patients. Bradyar-
rhythmic events led to a treatment change in 10 pa-
tients (9.4% of the cohort study, 45.5% of the patients
with bradyarrhythmias): change in medical therapy in
6 and PPM in 4 patients with HAVB while awake (2 of
them with concomitant medical therapy modifica-
tion). Among those patients treated with PPM, 2
presented symptoms associated with HAVB (short-
ness of breath), with none of them experiencing
dizziness or syncope (Central Illustration).

FACTORS ASSOCIATED WITH ARRHYTHMIC

EVENTS. Clinical characteristics of the study popula-
tion according to the occurrence of arrhythmic events
as assessed by 7-day CEM are presented in Table 1. Pa-
tients with arrhythmic events more frequently had a
history of chronic kidney disease (58.8% vs. 38.2%;
p ¼ 0.034), a trend toward a higher prevalence of left
ventricular dysfunction (33.3% vs. 18.2%; p ¼ 0.074),
and increased aortic valve calcification (Agatston
score: 2,394 � 1,612 vs. 1,947 � 1,081 Agatston units;
p ¼ 0.107). By multivariable logistic regression anal-
ysis, the factors determining an increased risk of
arrhythmic events were chronic renal failure (odds
ratio [OR]: 2.67; 95% confidence interval [CI]: 1.11 to
6.41; p ¼ 0.028), and a higher Agatston calcium score
(OR: 1.04; 95% CI: 1.00 to 1.08; p ¼ 0.052 for each in-
crease of 100 Agatston units) and left ventricular
dysfunction (OR: 2.50; 95% CI: 0.93 to 6.69; p ¼ 0.069)
exhibited a tendency toward an increased risk of
arrhythmic events as assessed by 7-day CEM.

The occurrence of significant bradyarrhythmic
events during 7-day CEM according to the presence of
pre-existing conduction disturbances at baseline ECG



TABLE 2 New Onset AEs Observed During 1-Week Continuous Electrocardiographic

Monitoring With CardioSTAT Before TAVR (N ¼ 106)

Duration of CardioSTAT, days 7 (6–7)

Global arrhythmic burden

Patients with new AEs 51 (48.1)

Patients with new AEs requiring therapeutic changes 14 (13.2)

AEs recorded per patient 2 (1–6)

Noise, % 9.8 (5.2–19.3)

HR, beats/min 68 � 10

Tachyarrhythmias

Time in tachycardia (HR >100 beats/min), % 1.6 (0.4–6.1)

Patients with tachyarrhythmic events 37 (34.9)

Symptomatic tachyarrhythmias 1/37 (2.7)

Atrial arrhythmias* 8/79 (10.1)

Atrial tachycardia (>30 s) 2/79 (2.5)

AF (>30 s) 6/79 (7.6)

Duration of AF episodes

$30 s 6 (100)

$6 min 2 (33.3)

$30 min 1 (16.7)

Ventricular arrhythmias 31 (29.2)

Nonsustained VT ($3 beats, >100 beats/min) 31 (29.2)

$3 beats 28 (26.4)

>6 s 3 (2.8)

Sustained VT (>30 s) 0 (0)

Tachyarrhythmias requiring therapeutic changes 5 (4.7)

Anticoagulation therapy 4 (3.8)

Antiarrhythmic therapy 1 (0.9)

Bradyarrhythmias

Time in bradycardia (HR <60 beats/min), % 16.4 (2.6–49.2)

Patients with bradyarrhythmic events 22 (20.8)

Symptomatic bradyarrhythmias 2/22 (9.1)

HAVB 2 (1.9)

HAVB þ severe bradycardia 4 (3.8)

Severe bradycardia 16 (15.1)

Bradyarrhythmias requiring therapeutic changes 10 (9.4)

Change in medical therapy 6 (5.7)

Change in medical therapy þ PPM pre-TAVR 2 (1.9)

PPM pre-TAVR 2 (1.9)

Values are median (interquartile range), n (%), mean � SD, or n/N (%). *Only patients without prior AF or atrial
tachycardia in the denominator.

AE ¼ arrhythmic event; AF ¼ atrial fibrillation; HR ¼ heart rate; PPM ¼ permanent pacemaker;
TAVR ¼ transcatheter aortic valve replacement; VT ¼ ventricular tachycardia.
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are shown in Figure 2. The presence of first-degree
AVB (p ¼ 0.047) and right bundle branch block
(RBBB) (p ¼ 0.008), but not left bundle branch block
(LBBB) or nonspecific intraventricular conduction
disturbances (p ¼ 0.910 and p ¼ 0.831, respectively)
were associated with a higher incidence of bradyar-
rhythmic events at CEM.

ARRHYTHMIC EVENTS POST-TAVR. Among the 106
TAVR candidates that underwent 7-day CEM, 7 and 8
patients were finally referred to surgical valve
replacement and conservative management (frailty
condition or excessive comorbidity burden) after
heart team evaluation, respectively (Figure 1). One
additional patient, with pre-existing first-degree AVB
and a nonspecific intraventricular conduction
disturbance, died before the TAVR procedure from
sudden death. This led to a total of 90 patients who
finally underwent elective TAVR. The main proce-
dural and 30-day outcomes of TAVR are outlined in
Table 3. At 30 days, there was 1 (1.1%) noncardiac
death and 1 (1.1%) stroke in another patient with
history of AF and no relevant arrhythmic events
detected on pre-procedural 7-day CEM. Nineteen
(21.1%) patients developed new onset persistent LBBB
post-TAVR, and new onset AF post-TAVR occurred in
3 (3.3%) patients. Significant bradyarrhythmias
requiring PPM after TAVR occurred in 17 (18.9%) pa-
tients. Fifteen (16.7%) patients presented HAVB or
complete heart block post-TAVR, 1 patient had alter-
nant RBBB and LBBB, and another patient had sinus
node dysfunction.

In one-third of the patients with new onset
arrhythmic events post-TAVR (AF, bradyarrhythmic
events requiring PPM), significant arrhythmic events
had already been diagnosed during pre-procedural 7-
day CEM (Figure 3). Frequent episodes of silent
ESVEA (not meeting the criteria for AF) were identi-
fied during CEM pre-TAVR in 1 of the 3 patients with
new onset AF post-TAVR. Similarly, significant bra-
dyarrhythmias had been previously detected with
CEM pre-TAVR in 5 of 17 (29.4%) patients requiring a
PPM within 30 days post-TAVR and in 9 of 21 (42.9%)
patients receiving a PPM because of severe bradyar-
rhythmias either before or after the procedure. Among
those patients with pre-existing first-degree AVB or
RBBB, and concomitant severe bradyarrhythmias
during CEM pre-TAVR, 66.7% and 50.0% required
PPM implantation before or after TAVR, respectively.

DISCUSSION

The results of this first study evaluating the useful-
ness of pre-procedural prolonged CEM in patients
with severe aortic stenosis screened for TAVR can be
summarized as follows: 1) 1 of 10 patients exhibited
subclinical episodes of AF or AT, and a therapeutic
change (anticoagulation or antiarrhythmic therapy)
was implemented in close to two-thirds of such pa-
tients; 2) significant bradyarrhythmias were detected
in w20% of patients (HAVB in about one-fourth of the
cases), with treatment changes and PPM required in
approximately one-half and one-fifth of them,
respectively; and 3) pre-TAVR CEM allowed early



CENTRAL ILLUSTRATION New-Onset Arrhythmic Events Pre-TAVR and Associated Therapeutic Changes

New-Onset Atrial Fibrillation / Atrial Tachycardia
(N = 79)

New-Onset Bradyarrhythmia
(N = 106)

No AF / AT
n = 71 (89.9%)

AF / AT
n = 8 (10.1%)

Atrial fibrillation
n = 6

Atrial
tachycardia

n = 2

Anticoagulation
n = 4 (50%)

Antiarrhythmic
n = 1 (12.5%)

No therapy
n = 3 (37.5%)

No
bradyarrhythmia
n = 84 (79.2%)

Severe
bradycardia

n = 16

HAVB
n = 6Bradyarrhythmia

n = 22 (20.8%)

No therapy
n = 12 (54.5%)

PPM
n = 2 (9.1%)

Beta-blocker
decrease / withdrawal

n = 6 (27.2%)
Beta-blocker decrease 

+ PPM 
n = 2 (9.1%)

Continuous ECG Monitoring Pre-TAVR

Asmarats, L. et al. J Am Coll Cardiol Intv. 2020;13(15):1763–73.

Patients with newly diagnosed atrial fibrillation (AF) or atrial tachycardia (AT) (79 patients with no prior history of AF or AT) (top right) using the CardioSTAT device

within the 3 months before the transcatheter aortic valve replacement (TAVR) procedure. Patients with newly diagnosed significant bradyarrhythmia (bottom right).

ECG ¼ electrocardiographic; PPM ¼ permanent pacemaker.
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arrhythmia diagnosis in about one-third of the pa-
tients with new onset arrhythmic events post-TAVR.

A high arrhythmic burden has been shown in
elderly patients with calcific aortic valve stenosis
(6,15). Progressive pathophysiological changes such
as calcium deposit on the conduction system, along
with increased left ventricular overload resulting in
left ventricular hypertrophy or fibrosis and left atrium
overload, have been suggested to play a role in the
pathogenesis of dysrhythmias in this population
(16,17). Urena et al. (6) identified previously unknown
arrhythmias in 16% of TAVR candidates who had 24-h
ECG monitoring the day before the procedure
(paroxysmal AF or AT in 10.5% of patients without
known AF or AT, NSVT in 6.0%, significant bradyar-
rhythmias in 6.4% patients without prior PPM),
resulting in therapeutic changes in 43% of such pa-
tients. Nevertheless, the efficacy of arrhythmic
detection by monitoring devices depends on the
duration and method of ECG monitoring, and 24-h
ECG Holter exhibits moderate sensitivity (44% to
66%) compared with longer event recorders (>90%)
(7,9). Notably, the use of 7-day CEM in the present
study translated into a higher diagnostic yield for the
detection of previously unknown arrhythmias (over-
all 48.1%; paroxysmal AF or AT in 10.1%, NSVT in
29.2%, significant bradyarrhythmias in 20.8%).

The prevalence of silent AF in the elderly has
ranged between 1.5% and 14%, depending on type
and duration of ECG monitoring (9). Of note, asymp-
tomatic AF detection increases in higher-risk pop-
ulations (e.g., history of stroke, patients with
structural heart disease) and extended duration of
ECG monitoring ($7 days), and it has been associated
with a worse prognosis, given the potential delay in
anticoagulation prescription in the absence of symp-
toms (18). Importantly, the occurrence of ESVEA has
been strongly associated with an increased risk of
incident AF, stroke, and mortality (9). In the present
study, the prevalence of newly diagnosed ESVEA and



FIGURE 2 Incidence of Bradyarrhythmic Events During 7-Day Ambulatory Cardiac Monitoring Pre-TAVR According to Pre-Existing CDs at

Baseline Electrocardiogram

Occurrence of relevant bradyarrhytmic events during 7-day ECG monitoring pre-TAVR according to baseline ECG. Pre-existing 1st-degree

atrioventricular block (AVB) and right bundle branch block (RBBB), but not left bundle branch block (LBBB)/intraventricular conduction

disturbance (IVCD), associated with a higher incidence of arrhythmic events. CD ¼ conduction disturbance; other abbreviations as in Figure 1.
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paroxysmal AF were 32.9% and 7.6%, respectively,
but was not associated with an increased risk for
stroke (occurring in 1 single patient with prior history
of AF). Interestingly, new onset AF post-TAVR
occurred in 3 patients, of whom 1 had ESVEA during
preprocedural 7-day CEM. Whereas ESVEA has been
considered a surrogate marker for paroxysmal AF,
future studies are needed to evaluate whether
intensive risk factor or therapeutic modification in
these patients could improve outcomes or mitigate
the progression from supraventricular ectopy to AF.

Whether to initiate anticoagulation in patients
with device-detected AF remains controversial. In the
present study, anticoagulation treatment was initi-
ated in 4 patients with newly diagnosed episodes of
AF and high stroke risk (mean CHA2DS2-VASc
[congestive heart failure, hypertension, age $75
years, diabetes mellitus, prior stroke or transient
ischemic attack or thromboembolism, vascular dis-
ease, age 65 to 74 years, sex category] score: 5.5).
Although a device-detected threshold of >5.5 h has
been suggested for anticoagulation initiation for pa-
tients with long-term CEM (i.e., cardiac implantable
electronic devices) (9), it seems prudent to offer a
much lower threshold for patients undergoing CEM of
shorter duration, and current guidelines recommend
that patients with AF should be given oral anticoag-
ulants, irrespective of paroxysmal ($30 s) or persist-
ing AF (10). Of note, integration of AF burden and
CHA2DS2-VASc score is crucial in the decision to pre-
scribe anticoagulation, with recent studies suggesting
an increased risk of thromboembolic events in pa-
tients with CHA2DS2-VASc score $5, regardless of
device-detected AF duration (19). Further trials are
needed to determine the minimal duration of AF
needed to warrant anticoagulation initiation.

A high prevalence of ventricular arrhythmias has
been classically described in patients with severe
aortic stenosis (17). The prevalence of pre-existing
NSVT in TAVR recipients, defined according to cur-
rent guidelines, has been established between 6.0%
and 9.6% in previous studies using short 24-h ECG
monitoring before the procedure (6,20), and up to
13% (episodes >6 s) within the year post-TAVR by
implantable CEM (15). A higher rate of NSVT was
observed in the present study (29.2%), mainly
attributable to extended ECG recording, although
most episodes (90%) lasted <6 s (none sustained),
and did not lead to pre-TAVR therapeutic measures.
One patient with mild left ventricular dysfunction,



TABLE 3 Procedural and 30-Day Outcomes in Patients Undergoing TAVR, Overall and

According to the Occurrence of AEs During 7-Day Continuous Electrocardiographic

Monitoring Pre-TAVR

Overall
(N ¼ 90)

New AEs
(n ¼ 41)

No AEs
(n ¼ 49) p Value

Procedural findings

Valve type

Balloon-expandable valve 58 (64.4) 29 (70.7) 29 (59.2) 0.254

Self-expandable valve 32 (35.6) 12 (29.3) 20 (40.8)

Approach

Transfemoral 55 (61.1) 22 (53.7) 33 (67.4) 0.185

Non-transfemoral 35 (38.9) 19 (46.3) 16 (32.7)

Valve size, mm 26.6 � 2.7 26.5 � 2.7 26.7 � 2.7 0.663

Valve-in-valve 5 (5.6) 2 (4.9) 3 (6.1) 1.000

Pre-dilatation 9 (10.0) 6 (14.6) 3 (6.1) 0.180

Post-dilatation 17 (18.9) 8 (19.5) 9 (18.4) 0.890

Procedural success 88 (97.8) 40 (97.6) 48 (98.0) 0.898

30-day outcomes

All-cause death 1 (1.1) 0 (0.0) 1 (2.0) 1.000
Cardiovascular death 0 (0) 0 (0) 0 (0) —

Stroke 1 (1.1) 0 (0.0) 1 (2.0) 1.000
Myocardial infarction 2 (2.2) 1 (2.4) 1 (2.0) 1.000
Major or life-threatening bleeding 6 (6.7) 2 (4.9) 4 (8.2) 0.685
AEs

New onset AF* 3 (4.5) 2 (7.7) 1 (2.4) 0.555
Severe bradyarrhythmias requiring
PPM

17 (18.9) 8 (19.5) 9 (18.4) 0.890

HAVB/CHB 15 (16.7) 7 (17.1) 8 (16.3) 0.925
Alternant RBBB þ LBBB 1 (1.1) 1 (2.4) 0 (0.0) 0.456
Sick sinus syndrome 1 (1.1) 0 (0.0) 1 (2.0) 1.000

Values are n (%) or mean � SD. No patient was lost to follow-up. *Patients with no history of AF (n ¼ 67).

CHB ¼ complete heart block; HAVB ¼ high-degree atrioventricular block; LBBB ¼ left bundle branch block;
RBBB ¼ right bundle branch block; other abbreviations as in Table 2.
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newly diagnosed AF and NSVT during pre-TAVR CEM,
died before the procedure, although no definite
arrhythmic cause could be confirmed at the time of
sudden death. Larger studies are needed to assess the
potential association between pre-existing ventricu-
lar arrhythmias and sudden cardiac death in patients
undergoing TAVR.

The prevalence of pre-existing significant bra-
dyarrhythmias—severe bradycardia or HAVB—in
TAVR candidates was higher (20.8%) than previ-
ously reported (5.5% in overall patients and 6.4% in
patients without prior PPM) (6). This translates into
a number needed to screen of 5 TAVR candidates to
diagnose 1 previously unknown significant bra-
dyarrhythmia (18 patients to diagnose 1 HAVB
before TAVR). Of note, therapeutic intervention was
required in one-half of the patients with bradyar-
rhythmias during 7-day CEM before the procedure.
Additionally, and in accordance with previous
studies (6), CEM pre-TAVR allowed prompt identi-
fication of previously unknown bradyarrhythmias in
approximately one-third of patients requiring PPM
post-TAVR (possibly not related to the procedure
but already pre-existent in this high-risk
population), although CEM seemed to fail reducing
the global rate of PPM post-TAVR. Indeed, the rate
of significant bradyarrhythmias requiring PPM after
TAVR in the present study was high (18.9%), which
may be explained by several factors. First, unlike
our study, most studies to date have not excluded
patients with prior PPM when reporting post-TAVR
PPM rates (denominator including patients with an
intracardiac device at baseline), leading to a sys-
tematic underestimation of the real incidence of
PPM post-TAVR (21). Second, the SAPIEN 3 valve
(Edwards Lifesciences, Irvine, California)—for which
higher rates of PPM have been reported compared
with SAPIEN XT valves—was used in 58% of the
TAVR procedures, which may have influenced the
rate of PPM in the present study (22). Indeed, the
reported PPM rates with the SAPIEN 3 valve have
been higher than 10%, almost double than the rates
generally observed with previous-generation
balloon-expandable valves (4). This phenomenon
may be due to either its design (bulkier skirt aimed
to reduce paravalvular regurgitation, longer stent
frame) or a potential learning curve effect with the
new-generation valve likely related to valve posi-
tioning issues (too low ventricular positioning in
the initial experience with this valve type) (22). Of
note, a trend toward a reduction in the need for
PPM was observed throughout the study period,
from 23.1% to 7.7% when comparing the first with
the second half of SAPIEN 3 valve implantations
(p ¼ 0.124).

Chronic kidney disease was the strongest predictor
of new onset arrhythmic events during preprocedural
ambulatory CEM. It is well known that patients with
chronic renal disease are predisposed to heart rhythm
disorders, including AF (16% to 21% in patients not
dependent on dialysis, 15% to 40% in patients on
dialysis), ventricular arrhythmias, and sudden car-
diac death, with annual rates of sudden death in
nondialysis patients comparable to that of post-
infarction patients (23). Several mechanisms have
been proposed to explain this relationship: common
risk factors, long-standing abnormalities predispos-
ing to arrhythmogenic conditions, myocardial
ischemia, volume shifts, or left ventricular hypertro-
phy and dysfunction. Also, there was a trend toward
increased pre-TAVR arrhythmic burden in patients
with left ventricular dysfunction, as previously
shown by Urena et al. (6), and in several previous
studies evaluating patients with aortic stenosis
(24,25). Likewise, calcium deposition at the level of
the conduction system in patients with calcific aortic
stenosis could translate into prolonged His-
ventricular intervals and HAVB (26), partially



FIGURE 3 New Onset Atrial Fibrillation and Need for Pacemaker According to the Occurrence of Previously Unknown Arrhythmic Events

During 7-Day Cardiac Monitoring Pre-TAVR

Continuous ECG monitoring pre-TAVR identified early arrhythmic events in 33% of the patients with new-onset atrial fibrillation post-TAVR,

and in 29% and 43% of the patients requiring a pacemaker post-TAVR or pre-/post-TAVR, respectively. Abbreviations as in Figure 1.
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explaining the observed trend toward increased pre-
existing unknown arrhythmias in patients with se-
vere valve calcification.

Patients with pre-existing first-degree AVB or
RBBB exhibited higher rates of new onset bradyar-
rhythmic events during the 7-day CEM pre-TAVR,
although the relatively small sample size and num-
ber of bradyarrhythmic events observed precluded
the assessment of independent predictive factors. Of
note, the presence of first-degree AVB and RBBB have
been associated with increased risk of PPM (4- to 11-
fold, and 3- to 47-fold, respectively), the latter being
the strongest and most consistent predictor of PPM
post-TAVR in the literature (5). This raises the ques-
tion whether this subset of patients may particularly
benefit from pre-TAVR screening strategy with long-
term CEM to improve detection of severe subclinical
bradyarrhythmias before TAVR, although larger
studies are warranted to further evaluate these
findings.

STUDY LIMITATIONS. This was a single-center study,
and potential variations in the arrhythmic burden
related to geographic patterns cannot be ruled out
and may limit generalizability of our findings. Sec-
ond, a significant portion (one-fourth) of the study
patients had previously documented AF, although
none of those patients had a prior PPM. Third,
the single-lead design of the ambulatory CEM used
in the present study did not allow the assessment of
the incidence of new-onset LBBB before the
TAVR procedure. Last, the relatively limited
sample size of the study precluded the evaluation of
the predictive factors associated with newly
diagnosed tachyarrhythmic and bradyarrhythmic
events (analyzed separately).

CONCLUSIONS

Nearly one-half of elderly patients with severe
symptomatic aortic stenosis presented newly diag-
nosed arrhythmic events during 7-day CEM pre-
TAVR. Paroxysmal AF or AT and significant bradyar-
rhythmias were observed in one-tenth and one-fifth
of patients, respectively, with pharmacological or



PERSPECTIVES

WHAT IS KNOWN? TAVR candidates are at risk of

developing cardiac arrhythmias.

WHAT IS NEW? Pre-TAVR prolonged CEM detects

previously unknown arrhythmic events in nearly 50%

of the patients and allows prompt therapy imple-

mentation in nearly one-fourth of them.

WHAT IS NEXT? Further studies are needed to

evaluate the role of tailored CEM in selected high-risk

populations (pre-existing conduction disturbances

[RBBB], chronic renal failure, or increased valve

calcification).
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invasive intervention required in about half of them.
These findings support the usefulness of CEM for the
early diagnosis and treatment of arrhythmic events in
TAVR candidates. Also, they open the door to further
studies evaluating the possibility of tailored CEM pre-
TAVR in selected populations with certain baseline
clinical features (e.g., chronic renal failure, left ven-
tricular dysfunction, higher valve calcification) or
pre-existing conduction disturbances (first-degree
AVB, RBBB).
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