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Abstract

Background: Atrial fibrillation (AF) isthe most common
cardiac rhythm disorder encountered in clinical practice.

It is associated with an increased risk of stroke, hospital-
ization, and mortality, al of which have a significant impact
on healthcare economic costs.

AF is often asymptomatic and is frequently underdiag-
nosed. In particular, paroxysmal episodes may be missed
during clinical evaluation and electrocardiogram.

Aimof Sudy: To investigate the prevalence and predictive
factors of atrial high rate episodes in patients with cardiac
implantable el ectronic devices and without a history of AF
in order to provide areliable basis for the clinical identification
of patients with a Atrial High Rate Episodes (AHRE) in
patients.

Patients and Methods: Thisis aretrospective, observa-
tional data collection study conducted at asingle, tertiary care
center in the Pacemaker Follow-up clinics at Ain Shams
University Hospitals. Patients with dual-chamber CIED (dual-
chamber pacemaker, ICD, CRT-P, and CRT-D), visiting the
device clinic during the period of May 2022 to November
2022, were eligible for this data collection protocol.

Results: According to the result of our study, coronary
artery disease, stroke/Transient ischemic attacks, left atrial
volumeindex >34.73 ml/m"2, |eft ventricular gjection fraction
48%, atrial pacing percentage >53%, and ventricular pacing
percentage >97% are independent factors associated with
AHREs in patients with CIEDs and without a history of AF.
The clinical outcomes were not evaluated due to the small
number of included patients and the short duration of the
study.

Conclusion: Coronary artery disease, stroke/Transient
ischemic attacks, |€eft atrial volume index >34.73 ml/m"2, left
ventricular gjection fraction 48%, atrial pacing percentage
>53%, and ventricular pacing percentage >97% are independ-
ent factors associated with AHRESs in patients with cardiac
implantable electronic devices and without a history of AF.
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Introduction

PACEMAKERS are electrical activity-generating
devices used to treat heart failure patients as well
as those with slow heart rate or symptomatic heart
block [1]. A pulse generator, which produces the
electrical current needed to stimulate the heart
muscle, and one or two €lectrodes, aso known as
leads, which are in charge of transferring the elec-
trical activity produced by the pulse generator to
the heart muscle, make up the mgjority of cardiac
pacemakers [2].

The most prevalent cardiac arrhythmiais atrial
fibrillation (AF), and itsincidence is predicted to
rise in the coming years due to aging populations
aswdl [3].

According to the guidelines any arrhythmia
that has the electrocardiogram (ECG) characteristics
of AF and lasts sufficiently long for a 12-lead ECG
to be recorded, or at least 30s on arhythm strip,
should be considered clinical AF. The presence of
arrhythmia-related symptoms is not required for
the definition of clinical AF, which therefore can
be symptomatic or asymptomatic [4].

Despite ongoing advancementsin AF diagnosis,
treatment, and prevention, AF morbidity and fatality
rates remain high, particularly in the older popula-
tion [5].

Nowadays, physicians should acknowledge
that a considerable proportion of AF episodes are
completely asymptomatic.

When aclinical event occurs (such as a stroke,
systemic thromboembolism, etc.), these episodes
may or may not be discovered at that time, or they
may be discovered by chance during sporadic
checks. However, thereis still some resistance to
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the administration of appropriate prophylaxiswith
oral anticoagulants (OACs) in patients at risk [6,7].

Through one or more intracavitary catheters,
CIEDs may now analyze, record, and perhaps treat
various types of arrhythmias [6,8,9]. Additionally,
the atrial lead can continuously track atrial activity
and document any arrhythmic episode known as
an atrial high rate episode (AHRE).

The fact that AHRES are only captured by
CIEDs under continuous monitoring and that they
include a variety of atrial arrhythmias, including
AF, atria flutter, and atrial tachycardia, aswell as
frequent transitions between regular and irregular
rhythm in the same patient, is a key characteristic
of these episodes. These recordings are captured
as Intracardiac electrograms (EGMs), which can
be stored in the memory of the devices.

Regarding the duration and atrial frequency of
the episode, thereis currently no agreement on the
best definition of an AHRE.

The European Society of Cardiology (ESC)
guidelines and the majority of studiesin the liter-
ature both use the definition that stipulates atime
restriction of 5 to 6 minutes and an atrial rate of
175 beats per minute [4].

These cutoffs are designed to reduce the possi-
bility of artifact inclusion since some high atrial
rate episodes may represent atrial arrhythmias of
clinical importance but rather are just noise signals
captured by the atrial lead [7,9].

Aim of the work:

To investigate the prevalence and predictive
factors of AHREs in patients with CIEDs and
without a history of AF in order to provide areliable
basis for the clinical identification of patients with
ahigh AHRE risk.

Patients and M ethods

Study population: This study included 300
patients who were undergoing follow-up of CIEDs
and without a history of AF.

Sudy setting: The study was carried out in the
Pacemaker Follow-up clinics at Ain Shams Uni-
versity Hospitals during the period from May 2022
to November 2022.

Inclusion criteria: Consecutive patients aged
18 years or older who underwent CIED implanta-
tion: dual chamber pacemaker, dual chamber im-
plantable cardioverter defibrillator, cardiac resyn-
chronization therapy-pacing, and cardiac

resynchronization therapy-defibrillator, patients
with no clinical evidence of a past AF attack and
patients in whom the implanted pacemaker could
diagnose and record atrial arrhythmia.

Exclusion criteria: Patients aged <18 years,
patients with clinical evidence of AF attacks before
pacemaker implantation, malfunctioning of CIEDs
due to malsensing, loss of capture, or dislodgment
of leads and patients who had a single chamber
device (pacemaker or ICD).

Sudy design: Acohort study in which patients
were divided into 2 groups according to the occur-
rence of AHREsS:

- Group 1: No AHRESs and group 2: AHREs

Methods:
Data collected included:

1- Patient demographics, comorbidities, and
indication for pacemaker implantation: All the
following data were collected: Age, gender, special
habits, ethnicity/race, occupation, medical history
(History of hypertension, diabetes mellitus, ischem-
ic heart disease, ischemic stroke or transient ischem-
ic attack, hyperlipidemia, chronic kidney disease,
history of atrial fibrillation, heart failure), medica-
tions and presence or absence of symptomatic
episodes of tachyarrhythmia (as palpitations or
syncopal attacks).

2- 12-lead ECG before the procedure: To detect
left atrial enlargement, and left ventricular hyper-
trophy and to exclude atrial fibrillation.

3- Echocardiography: To estimate left atrial
volume, left ventricular hypertrophy, left ventricular
dimensions, and left atrial diameter and to evaluate
left ventricular systolic function.

4- Pacemaker programming: The pacing mode
was set at DDD, with the lower rate limit at 60
b.p.m. and the upper rate limit at 130 b.p.m.

The maximum voltage in a pacemaker battery
was 2.8 V. Impedance reading values ranged from
300 to 1000 Ohms.

Atrial lead was set to record signals with am-
plitude between 1.5 to 5 mV. The ventricular lead
was set to record signals with amplitude between
5to 25mV. The atrial and ventricular bipolar sen-
sitivity was programmed to 0.5 and 2mV respec-
tively.

The pacing output safety margin was calculated
by multiplying the amplitude threshold by two.
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The maximum tracking rate was individualized
and the Mode switch function was activated.

M ode switch occurred when the atrial rate
exceeded 180 b.p.m. for a given number of beats
or period of time according to the default settings
of the manufacturer of the pacemaker. For manag-
ing AV delay, auto AV extension algorithms
(Medtronic's Search AV + with Auto PVARP) were
used to decrease unnecessary right ventricular
pacing and guard against retrograde conduction.

The AHRES diagnostic was programmed ON.
The atrial tachycardia detection rate (ATDR) was
programmed to 175 b.p.m.

The cumulative percentages of atrial and ven-
tricular pacing were recorded. CIEDs recorded
AHREs were visually inspected because some
AHREs may be electrical artifacts or false positives.

Ethical considerations: The study was approved
by the Cardiology Department Council and by the
hospital's ethical committee and conducted in
accordance with institutional guidelines on 18 th
April 2022.

Satistical analysis:

Data were collected, revised, coded, and entered
into the Statistical Package for Social Science
(IBM SPSS).

The quantitative data were presented as mean,
standard deviations, and ranges when parametric
and median, and interquartile range

(IQR) when data was found non-parametric.
Also, qualitative variables were presented as num-
bers and percentages.

The comparison between groups regarding
qualitative data was done by using the Chi-square
test and/or Fisher exact test when the expected
count in any cell was found less than 5. The com-
parison between two groups regarding quantitative
data and parametric distribution was done by using
an Independent t-test while nonparametric distri-
bution was done by using the Mann-Whitney test.
The comparison between two paired groups regard-
ing quantitative data nonparametric distribution
was done by using the Wilcoxon test. Spearman
correlation coefficients were used to assess the
correlation between two quantitative parameters
in the same group. The receiver operating charac-
teristic curve (ROC) was used to assess the best
cut-off point with its sensitivity, specificity, positive
predictive value, negative predictive value, and
area under the curve (AUC) of the studied marker.
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The confidence interval was set to 95% and the
margin of error accepted was set to 5%.

S0, the p-value was considered significant as
the following: p-value >0.05: Non significant (N),
p-vaue <0.05:

Significant (S) and p-value <0.01: Highly sig-
nificant (HS).

Results

The current study included 300 individuals
who were recruited from Ain Shams University
Hogpitals.

All patients were undergoing follow-up of dual
chamber cardiac implantable devices in pacemaker
follow-up clinics.

Demographic data and comorbidities of the
studied patients: age ranged from 19 to 84 years
with amean age of 54.46+16.93 years. Males were
180 (60%) and females were 120 (40%), the occu-
pation of studied patients was as follows: 111
(37%) were housewives, 36 (12%) were employees,
87 (29%) were retired, 15 (5%) were teachers,
12(4%) were workers, 21(7%) were students,
15(5%) were drivers and 3(1%) were interviewers,
BMIranged from 21.76 to 36.36 with amean value
of 29.69+3.44 and of the study participants, 75
(25.0%) were smokers, 168 (56.0%) had hyperten-
sion, 78 (26.0%) had DM, 48 (16%) had CAD,
and 15 (5%) had strokes, 33(11%) were CKD, 132
(44%) had dyslipidemia, 82 (27.3%) had HF.

Table (1): Descriptive of demographic data of the studied

patients.
No. =300
Age (years):
Mean = SD 54.46+16.93
Range 19-84
Sex:
Mae 180 (60.0%)
Femae 120 (40.0%)
Smoking:
Non-smoker 225 (75.0%)
Smoker 75 (25.0%)
0,
Occupation: 111 (37.0%)
Housewife
Student 21 (7.0%)
Retired 87 (29.0%)
Employee 36 (12.0%)
Worker 12 (4.0%)
Driver 15 (5.0%)
Teacher 15 (5.0%)
Interviewer 3 (1.0%)
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Table (2): Descriptive of comorbidities of the studied patients.

No. %

HTN:

Non-hypertensive 132 44.0

Hypertensive 168 56.0
DM:

Non-diabetic 222 74.0

Diabetic 78 26.0
CAD:

Non-CAD 252 84.0

CAD 48 16.0
CKD:

Non-CKD 267 89.0

CKD 33 11.0
Dyslipidemia:

Non-dyslipidemia 168 56.0

Dyslipidemia 132 440
HF:

Non-HF 218 72.7

HF 82 27.3
Stroke/TIA:

Non-stroke 285 95.0

Stroke 15 5.0

Indication of CIED simplantation, device type,
device mode, device manufacturer, duration, and
medi cations of the studied patients:

Among the studied precipitants, 147 (49%) had
complete heart block (CHB), 54 (18%) had sick
sinus syndrome (SSS), 45 (15%) had mobitz 11, 21
(7%) had trifasicular block, 18 (6%0) had syncope,
9 (3%) had heart failure (HF), 3 (1%) had hyper-
trophic cardiomyopathy (HCM), 3 (1 %) had ar-
rhythmogenic right ventricular cardiomyopathy/
dysplasia (ARVC/D).

The number of the studied patients who were
on antihypertensive was 168 (56%), antiDM was
78 (26%), and lipid-lowering agents was 132 (44%),
Diuretics was 111 (37%), rate control drugs was
120 (40%), rhythm control drugs was 30 (10%),
anticoagulation drugs was 33 (11%), antiplatelets
drugs was 69 (23%).

Electrocardiography and Echocardiographic
data of thestudiedpatients: LA diameter (cm)
ranged from 3.7 to 5.9cm with a mean value of
4.44+0.53, LVID (cm) ranged from 4-7.1cm with
amean value of 5.20+0.65, left atrial volume index
(ml/m"2) ranged from 14.28-70.09ml/m"2 with a
mean value of 32.39+9.609.

Left ventricular ejection fraction (%) ranged
from 15-80% with a mean value of 49.19+11.35.

Table (3): Descriptive of Indication of CIEDs implantation,
device type, device mode, device manufacturer
and duration of the studied patients.

No. = 300

Ind. of pacemaker implantation:

CHB 147 (49.0%)

SSS 54 (18.0%)

Mobitz |1 45 (15.0%)

Trifasicular block 21 (7.0%)

Syncope 18 (6.0%)

Heart failure 9 (3.0%)

HCM 3(1.0%)

ARVC/D 3(1.0%)
Devicetype:

Dual chamber ICD 21 (7.0%)

Dual chamber pacemaker 237 (79.0%)

Biventricular pacemaker 42 (14.0%)
Device mode:

DDDR 57 (19.0%)

DDD 243 (81.0%)
Device manufacturer:

Medtronic 75 (25.0%)

St.Jude Medical 198 (66.0%)

Biotronik 21 (7.0%)

Boston Scientific 6 (2.0%)
Device duration (months):

Median (IQR) 48 (24-84)

Range 1-216

Table (4): Descriptive of medications of the studied patients.

No. %

Anti HTN:

No 132 440

Yes 168 56.0
Anti DM:

No 222 74.0

Yes 78 26.0
Lipid-lowering agents:

No 168 56.0

Yes 132 440
Diuretics:

No 189 63.0

Yes 111 37.0
Rate control:

No 180 60.0

Yes 120 40.0
Rhythm control:

No 270 90.0

Yes 30 10.0
Anticoagulation:

No 267 89.0

Yes 33 110
Anti-platelet:

No 231 77.0

Yes 69 230
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Table (5): Descriptive of symptoms of the studied patients.

No. %

Palpitation:

No 243 81.0

Yes 19.0
Syncope:

No 201 97.0

Yes 3.0
Chest pain:

No 255 85.0

Yes 15.0

Table (6): Descriptive of electrocardiogram of the studied
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AHRESs attacks, AP% and VP%: The total
number of patients who had AHRES was 93 (31 %)
and patients who had not AHREs was 207 (69%).

The number of attacks ranged from 1 to 24 with
the duration of an attack ranged from 2 to 86861
seconds with amedian 12 (6-30).

Atrial pacing percentage ranged from 1-99%
with amedian 52 (30-53) while ventricular pacing
percentage ranged from 1 to 100% with a median
96 (80-99).

Table (8): Descriptive of AHRES, Number of attacks and
duration of attack of the studied patients.

patients. No. = 300
No. = 300 AHREs:
No 207 (69.0%)
ECG: LAE:
0,
No 258 (86.0%) Yes 93 (31.0%)
Yes 42 (14.0%) No. of attacks:
ECG: LVH: Median (IQR) 2(1-10)
No 225 (75.0%) Range 1-24
ves 75(25.0%) Duration of attack (seconds):
LAE: Left atrial enlargement. Median (IQR) 12 (6-30)
LVH: Left ventricular hypertrophy. Range 2-86861

Table (7): Descriptive of echocardiographic data of the studied

patients. Table (9): AP% and VP% of the studied patients.
No. = 300 No. = 300
LAVI (mi/mr2): APY%:
'\R/lean +SD 31‘2-?;3’:%6099 Median (IQR) 52 (30-53)
ange .20~ (0.
g Range 1-99
LAV (ml):
Mean + SD 47.57+18.75 VP%:
Range 26.34-106.8 Median (IQR) 96 (80-99)
LVH: Range 1-100
No 258 (86.0%)
Yes 42 (14.0%)
v R,'gg"n (J_,CFQD 5 20+0.65 Demographic data between the two groups:
Range 471 Age was highly significant between the two groups
. , and occupation was significant between the two
LA Diam. (cm): - . Y
Mean + SD 4.44+0.53 groups while sex and smoking were not significant
Range 3759 between groups 1 and 2.
LVEF (%). Height and BMI were significant while weight
Mean + SD 49.19+11.35 hiahlv sianificant between the t
Range 15.80 was highly significan een the two groups.

LAVI : Left atrial volume index.

LAV : Left atrial volume.

LVEF : Left ventricular gjection fraction.

LV Diam.: Left ventricular diameter.
LA Diam.: Left atrial diameter

DM, CKD, CAD, HF, and stroke/TIA were
highly significant between the two groups.

HTN and dydlipidemia were significant between
the two groups (Table 12).
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Indication of CIEDs implantation, device type,
device mode, device manufacturer, duration, and
medi cations of the two groups:

There was no statistically significant difference
as regarding the indication of CIEDs implantation,
device type, mode, manufacturer, or duration of
implantation (Table 13).

The percentage of patients who are on anti-
HTN, anti-DM, lipid lowering agents, and antico-
agulation drugs was significantly higher in Group
2thanin Group 1.

Pal pitation and chest pain were highly signifi-
cant in Group 2.

Electrocardiography and Echocardiographic
data of the 2 groups: LA enlargement was highly
significant in group 2 and LAVI (ml/m”*2), and LA
diameter (cm) were significantly higher in Group
2thanin Group 1.

AP% and VP% of the two groups. The atria
pacing percentage and the ventricular pacing per-
centage were highly significant in the AHREs

group.

The ROC analysisrevealed that the best diag-
nostic cutoff value of the left atrial volume index
was 34.73ml/m"2 and the left atrial diameter was

more than 4.5cm. The best diagnostic cutoff value
of LVEF was less than or equal to 48%.

The atrial pacing percentage and ventricular
pacing percentage were significantly higher in the
AHRES group with the best diagnostic cutoff being
avalue was 53% and 97% respectively.

Logistic regression analysis for predictors of
AHRES:

In univariate logistic regression analysis, age
>52 years, BMI >27.34Kg/m"2, hypertension,
diabetes mellitus, coronary artery disease, Dyslip-
idemia, heart failure, chronic kidney disease,
stroke/Transient ischemic attacks, 1eft atrial volume
index >34.73ml/m"2, |eft atrial diameter >4.5cm,
left ventricular gjection fraction 48%, atrial pacing
percentage> 53% and ventricular pacing percentage
>97% were significant factors associated with
AHREs. (Table 19).

In multivariate logistic regression analysis,
coronary artery disease, stroke/Transient ischemic
attacks, palpitation, syncope, left atrial volume
index >34.73ml/m"2, left ventricular gjection
fraction 48%, atrial pacing percentage >53%,
and ventricular pacing percentage >97% were
independent factors associated with AHRES.
(Table 20).

Table (10): Comparison between two groups as regard Age, sex, and occupations.

No AHREs

AHREs Test

No. = 207 No. =93 value vgue Sig
Age (years):
Mean £ SD 52.67+17.59 58.45+14.67 —2.768¢ 0.006 HS
Range 19-84 19-80
Sex:
Male 128 (61.8%) 52 (55.9%) 0.938* 0.333 NS
Female 79 (38.2%) 41 (44.1%)
Smoking:
Non-smoker 156 (75.4%) 69 (74.2%) 0.047* 0.829 NS
Smoker 51 (24.6%) 24 (25.8%)
Occupation:
Housewife 66 (31.9%) 45 (48.4%) 17.703* 0.013 S
Student 18 (8.7%) 3(3.2%)
Retired 57 (27.5%) 30 (32.3%)
Employee 27 (13.0%) 9 (9.7%)
Worker 9 (4.3%) 3(3.2%)
Driver 15 (7.2%) 0 (0.0%)
Teacher 12 (5.8%) 3(3.2%)
Interviewer 3 (1.4%) 0 (0.0%)

p-vaue >0.05: Non significant (NS).
p-vaue <0.05: Significant (S).
p-value <0.01: Highly significant (HS).

*: Chi-square test.
«: Independent t-test.
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Table (11): Comparison between two groups regarding weight, height, and BMI.

No AHREs AHREs Test p- S
No. = 207 No. =93 values value g
Weight (kg):
Mean £ SD 80.35+11.57 84.65+9.40 -3.146 0.002 HS
Range 55-100 60-100
Height (cm):
Mean = SD 165.28+5.16 166.71+4.80 —2.273 0.024 S
Range 155-175 158-175
BMI (Kg/m2:
Mean = SD 29.36+3.63 30.42+2.84 —2.490 0.013 S
Range 21.76-35.69 23.44-36.36
p-value >0.05: Non significant (NS).
p-value <0.05: Significant (S).
p-value <0.01: Highly significant (HS).
«: Independent t-test.
Table (12): Comparison between two groups regarding comorbidities.
No AHREs AHREs Test p- S
No. % No. % values value '
HTN:
No hypertension 99 47.8 33 355 3.967 0.046 S
Hypertension 108 522 60 64.5
DM:
No DM 165 79.7 57 61.3 11.316 0.001 HS
DM 42 20.3 36 38.7
CAD:
No CAD 186 89.9 66 71.0 17.032 0.000 HS
CAD 21 10.1 27 290
CKD:
No CKD 195 94.2 72 774 18.464 0.000 HS
CKD 12 5.8 21 226
Dyslipidemia:
Nodyslipidemia 126 60.9 42 45.2 6.426 0.011 S
Dyslipidemia 81 39.1 51 54.8
HF:
No HF 164 79.2 54 58.1 14.469 0.000 HS
HF 43 20.8 39 41.9
Sroke/TIA:
No stroke 204 98.6 81 87.1 17.723 0.000 HS
Stroke 3 14 12 129

p-value >0.05: Non significant (NS).
p-value <0.05: Significant (S).

p-value <0.01: Highly significant (HS).
*: Chi-square test.
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Table (13): Comparison between two groups as regard indications of CIEDs implantation, device

type, mode, manufacturer and duration.

No AHREs AHREs

TeSt p' -
Sig.
No. = 207 No. = 93 vaue  vaue
Ind. of pacemaker implantation:
CHB 105 (50.7%) 42 (45.2%) 10.523* 0.161 NS
Mobitz I1 27 (13.0%) 18 (19.4%)
SSS 39 (18.8%) 15 (16.1%)
Trifasicular 15 (7.2%) 6 (6.5%)
Block Syncope 12 (5.8%) 6 (6.5%)
Heart failure 3 (1.4%) 6 (6.5%)
HCM 3(1.4%) 0 (0.0%)
ARVC/D 3 (1.4%) 0 (0.0%)
Device type:
Dual chamber ICD 18 (8.7%) 3(3.2%) 3.225* 0.199 NS
Dual chamberpacemaker 162 (78.3%) 75 (80.6%0)
Biventricular pacemaker 27 (13.0%) 15 (16.1%)
Device mode:
DDDR 42 (20.3%) 15 (16.1%) 0.722* 0.396 NS
DDD 165 (79.7%) 78 (83.9%)
Device manufacturer:
Medtronic 51 (24.6%) 24 (25.8%) 2.851* 0.415 NS
St.Jude Medical 135 (65.2%) 63 (67.7%)
Biotronik 15 (7.2%) 6 (6.5%)
Boston Scientific 6 (2.9%) 0 (0.0%)
Device duration (months):
Median (IQR) 48 (24-84) 48 (12-72) -0.955t 0.340 NS
Range 1-192 1-216
p-vaue >0.05: Non significant (NS). *: Chi-square test.
p-vaue <0.05: Significant (S). F: Mann Whitney test.
p-value <0.01: Highly significant (HS).
Table (14): Comparison between two groups as regard medications.
No AHREs AHREs Test . Sig
No. % No. % value* value '
Anti HTN:
No 99 47.8 33 355 3.967 0.046 S
Yes 108 52.2 60 64.5
Anti DM:
No 165 79.7 57 61.3 11.316 0.001 HS
Yes 42 20.3 36 38.7
Lipid lowering agents:
No 126 60.9 42 45.2 6.426 0.011 S
Yes 81 39.1 51 54.8
Diuretics:
No 138 66.7 51 54.8 3.851 0.050 NS
Yes 69 333 42 45.2
Rate control:
No 126 60.9 54 58.1 0.210 0.646 NS
Yes 81 39.1 39 41.9
Rhythm control:
No 186 89.9 84 90.3 0.016 0.901 NS
Yes 21 10.1 9 9.7
Anticoagulation:
No 195 94.2 72 774 18.464 0.000 HS
Yes 12 5.8 21 22,6
Anti-platelet:
No 156 75.4 75 80.6 1011 0.315 NS
Yes 51 24.6 18 194

p-value >0.05: Non significant (NS).
p-vaue <0.05: Significant (S). *: Chi-square test.

p-value <0.01: Highly significant (HS).
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Table (15): Comparison between two groups as regard symptoms.

No AHREs AHREs Test p- Sg
No. % No. % value* value
Palpitation:
No 183 88.4 60 64.5 23.797 0.000 HS
Yes 24 116 33 355
Syncope:
No 204 98.6 87 935 5518 0.019 S
Yes 3 14 6 6.5
Chest pain:
No 189 91.3 66 71.0 20.815 0.000 HS
Yes 18 8.7 27 29.0
p-value >0.05: Non significant (NS). p-value <0.01: Highly significant (HS).
p-vaue <0.05: Significant (S). *: Chi-square test.
Table (16): Comparison between the two groups as regard electrocardiogram.
NoARRES _ARRES Test p- Sg
No. = 207 No. = 93 value value
ECG: LAE
No 201 (97.1%) 57 (61.3%) 68.350* 0.000 HS
Yes 6 (2.9%) 36 (38.7%)
ECG: LVH:
No 156 (75.4%) 69 (74.2%) 0.047* 0.829 NS
Yes 51 (24.6%) 24 (25.8%)
p-value >0.05: Non significant (NS). *: Chi-square test.
p-vaue <0.05: Significant (S). «: Independent t-test.
p-value <0.01: Highly significant (HS).
Table (17): Comparison between the two groups regarding echocardiographic data.
No AHREs AHREs Test p- Sg
No. = 207 No. =93 value value
LAVI(ml/m2):
Mean + SD 20.34+4.71 41.42+11.67 —13.833¢ 0.000 HS
Range 14.28-42.96 16.18-70.09
LAV (ml):
Mean + SD 39.20+9.13 66.20+21.14 —15.468¢ 0.000 HS
Range 26.34-73.12 33.28-106.8
LVH:
No 180 (87.0%) 78 (83.9%) 0.507 * 0.476 NS
Yes 27 (13.0%) 15 (16.1%)
LV Diam. (cm):
Mean + SD 5.23+0.65 5.15+0.64 1.052¢ 0.294 NS
Range 4-7.1 4.1-6.3
LA Diam. (cm):
Mean + SD 4.20+0.31 4.97+0.54 —15.758¢ 0.000 HS
Range 3.7-5.2 4-5.9
LVEF (%):
Mean + SD 50.63+10.86 45.97+11.80 3.349- 0.001 HS
Range 15-80 21-76
p-value >0.05: Non significant (NS). *: Chi-square test.
p-vaue <0.05: Significant (S). F: Mann Whitney test.

p-value <0.01: Highly significant (HS).
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ROC curve of echo as a predictor of AHRES:

100
80
g 60 LAVi (ml/m"2)
= LA_diameter (cm)
L% LVEF (%)
40
20
0
0 20 40 60 80 100
100-Specificity
Parameter AUC Cut of Point Sensitivity Specificity PPV NPV
LAVI (ml/m"2) 0.863 >34.73 69.89 90.82 77.4 87.0
LA diameter (cm) 0.894 >4.5 77.42 85.51 70.6 89.4
LVEF (%) 0.623 48 61.29 65.70 44.5 79.1

Fig. (1): Recelver-operating characteristic (ROC) curve for ECHO data as predictors of AHRE.

ROC curve of AP (%) and VP (%) as a predictor of AHRES:

100
80
> 60
> AP (%)
B VP (%)
‘§ 40
20
0
0 20 40 60 80 100
100-Specificity
Parameter AUC Cut of Point Sengitivity Specificity PPV NPV
AP (%) 0.751 >53 51.61 84.54 60.0 79.5
VP (%) 0.810 >97 84.95 70.53 56.4 91.2

Fig. (2): Recelver-operating characteristic (ROC) curve for AP (%) and VP(%) as predictors of AHRE.
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Table (19): Univariate logistic regression analysis for significant factors associated with AHRES.

Univariate
p- Odds ratio 95% C.I. for OR

value (OR) L ower Upper
Age>52 0.003 2241 1.326 3.785
BMI >27.34 0.000 6.787 2.823 16.321
HTN 0.047 1.667 1.006 2.761
DM 0.001 2481 1.450 4.247
CAD 0.000 3.623 1.919 6.842
CKD 0.000 4.740 2.219 10.125
Dyslipidemia 0.012 1.889 1.152 3.098
HF 0.000 2.755 1.619 4.686
Stroke/TIA 0.000 10.074 2.770 36.636
Palpitation 0.000 4.194 2.299 7.651
Syncope 0.032 4.690 1.147 19.179
Chest pain 0.000 4.295 2.222 8.302
ECG: LAE 0.000 21.158 8.492 52.718
LAVI >34.73 0.000 22.970 12.025 43.878
LA Diameter >4.5 0.000 20.229 10.868 37.653
LVEF 48 0.000 3.033 1.828 5.033
AP% >53 0.000 4.883 2.793 8.535
VP% >97 0.000 13.506 7.107 25.668

Table (20): Multivariate logistic regression analysis for independent factors of AHRES.

Multivariate
p- Odds ratio 95% C.|. for OR

value (OR) Lower Upper
Age >52 0.742 1.335 0.239 7.462
BMI >27.34 0.321 20.246 0.054 7661.282
HTN 0.547 0.633 0.143 2.809
DM 0.341 2.578 0.366 18.130
CAD 0.044 7.291 1.056 50.322
CKD 0.132 4.395 0.640 30.199
Dyslipidemia 0.278 0.381 0.066 2.182
HF 0.514 0.603 0.132 2.756
Stroke/TIA 0.001 3726.175 26.498 523986.06
Palpitation 0.015 7.248 1.475 35.609
Syncope 0.010 0.003 0.000 0.247
Chest pain 0.657 0.617 0.073 5.188
ECG: LAE 0.655 0.619 0.075 5.080
LAVI >34.73 0.010 31.447 2.263 436.976
LA Diameter >4.5 — — — —
LVEF 48 0.012 5.993 1.477 24.316
AP% >53 0.009 5.529 1532 19.953
VP% >97 0.000 55.072 11.095 273.366

Discussion

In our study, we investigated both the prevalence
and predictors of AHREs in patients with CIEDs
and without a history of atrial fibrillation (AF).
Importantly, studies including patients with the
clinical diagnosis AF, which per se have a higher
frequency of atrial arrhythmias, found AHRE in

40-70% [9).
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Studies excluding patients with known AF have

found AHRE in 10-30% of patients [10].

In our study, patients with a previous history
of AF were excluded. AHRE was detected in 93/300
patients.

The AHRE incidence was 31 %, which is similar
to the incidence reported in the relevant literature

[11].
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Healey et al., examined 445 patients (25.9% of
which had pre-existing AF) who had dual-chamber
pacemakers placed for multiple indications includ-
ing sinoatrial nodal dysfunction (SND). They found
that at a mean of 4.3-year follow-up, 55.3% of
patients had device-detected AF [12].

Preliminary results from the ASSERT-II trial
(The Asymptomatic Atrial Fibrillation and Stroke
Evaluation in Pacemaker Patients and the Atrial
Fibrillation Reduction Atrial Pacing Trial) [12]
suggested that among individuals aged >65 years,
with risk factors for stroke and evidence of left
atrial enlargement, the incidence of AHREs was
34.4% per year. Preliminary dataindicate that the
incidence of AHREs in the REVEAL-AF study
[13] was 27% at 1 year and 29% at 18 months. In
PREDATE-AF [14], the incidence of AHRESs at 15
months was somewhat lower at 22%. The higher
incidence of AHREs in ASSERT-II might be related
to the inclusion of increased left atrial dimension
as one of the entry criteriain that study.

In this study, significant univariate predictors
of AHRES development were age >52 years, BMI
>27.34Kg/m"™2, HTN, diabetes mellitus, CAD,
dydlipidemia, HF, CKD, stroke/transient ischemic
attack, left atrial volume index >34.73ml/m"2, | eft
atrial diameter >4.5cm, LV EF 48%, atrial pacing
percentage > 53% and ventricular pacing percentage
>97% while the independent predictors for devel-
opment of AHRE were CAD (OR 3.474.5, CI
1.919-6.842, p=0.000), Stroke/ TIA (OR 99.023,
Cl 1.372-7148, p=0.035), LAVI >34.73ml/m"2
(OR 456.420, Cl 59.955-3474.5, p=0.000), LVEF
48% (OR 25.613, CI 5.898-111.233, p=0.000),
AP >53% (OR 169.186, Cl 24.372-1174.452, p=
0.000) and VP >97% (OR 13.506, Cl 7.107-25.668,
p= 0.000).

Similar to our study, previous popul ation-based
studies on outpatients found that increased LA
volume and left atrial enlargement were associated
with an increased rate of subclinical atrial fibrilla-
tion (SCAF) [15,16] . Furthermore, older age, HTN
and history of HF were found to be independent
predictors of SCAF [12].

Proietti et al. [17], calculated pooled estimates
for several characteristics comparing patients with
SCAF vs. patients without SCAF. The occurrence
of SCAF was significantly associated with older
age, and clinical history of atrial fibrillation, hy-
pertension, heart failure, and history of stroke/
transient ischemic attack; however, male sex, body
mass index, diabetes, and CAD were not associated
with SCAF. They did not observe any significant

association between SCAF and pharmacol ogical
treatments.

Patient characteristics such as increasing age,
HTN, diabetes, or vascular disease are already
known to be independent predictors of AF. Asso-
ciation of the known risk factors of AF with the
occurrence of AHRES may improve the predicta-
bility and detection of AHRES in patients with
CIEDs; and also, further assist in predicting the
increased risk of stroke and systemic embolism
through intense monitoring. Almost three decades
ago, the landmark Framingham Heart Study has
well-established HTN, aging, congestive heart
failure, CAD, diabetes mellitus as independent risk
factorsfor AF [19].

Multiple studies have, since then, consistently
reported HTN and diabetes as significant inde-
pendent predictors of AF, adjusting for age and
other predisposing conditions [19]. Similarly, in
our study too, we found significant association of
HTN, diabetes, CAD, and stroke/TIA with AHRE
occurrence.

In the study of Bukari et a. [20], the strongest
predictor was co-existing diabetes mellitus followed
by LA size.

AP was aso significantly associated with AF,
atrial flutter (AFL) and atrial tachycardia (AT).
When arrhythmias were evaluated individually,
AF was associated with HTN and LA size. AT was
significantly associated with HTN, CKD, and atrial
pacing percentage. New-onset AF was associated
with LA size which was concordant with our study.

Aqging has been a known risk factor for new-
onset AF Li et a. [21] . However, arrhythmiais
observed frequently in older patients, it is also
reported to be common in young people and those
without any comorbidity Wasmer et al. [22].

for the association of age with AHRE occur-
rence has been conflicting. Some studies have
shown that the occurrence of AHRE increases with
age, [12,23] while others have failed to show any
significant relation between them [24].

In our analysis too, age appears to have a highly
significant association with AHRES occurrence
(p=0.006).

In univariate logistic regression analysis, also
an age of more than 52 years was a significant
factor associated with AHRES.

Gonzaez et a. [25] reported that previous HF
was an AHRE predictor, and Wilton et al. [26]
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revealed that in trials on re synchronization in
ambulatory HF, AF/AT after implantation of CRT/D
was detected in nearly half of the patients after
randomized grouping.

In our study, there was a significant association
between HF and AHRE occurrence. The ROC
analysis revealed that the best diagnostic cutoff
value of LVEF was less than or equal to 48% (AUC
=58.023, sensitivity=61.29, specificity=65.70).

Both sinoatrial nodal dysfunction (SND) and
AF are associated with atrial remodeling.

The common pathological changeisatrial fi-
brosis, which resultsin an extensive low-voltage
area and slow conduction velocity in the atrium.
A recent study revealed that Paired-like homeodo-
main 2, the first common AF gene locus, is not
only involved in the development of the pulmonary
vein but also related to the development of sinoatrial
node and the asymmetry of the right and left atrium.
Among patients with SND, 40-70% have atrial
arrhythmias, such as AF. The results of the ASSERT
revealed that SND and the resting heart rate de-
crease were AHRE predictors which were discord-
ant with our study in which There was a non-
significant difference in the indication of CIEDs
implantation between the two groups (p=0.161).
This may be due to several reasons; our study
excluded patients with previously diagnosed AF,
different sample sizes of studied patients between
this study and our study, and ASSERT was a mul-
ticenter trial, unlike our study which was a single-
center. Also, the percentage of patients with SND
in our study was less than ASSERT trial [12].

In this study, left atrial enlargement was signif-
icantly associated with AHRES (p=0.000) which
suggests that left atrial enlargement is closely
related to AHRE occurrence. The ROC analysis
revealed that the best diagnostic cut off value of,
the left atrial volume index was 34.73ml/m
(AUC=0.863, sensitivity=69.89, specificity=90.82)
and of left atrial diameter was more than 4.5cm
(AUC=0.8%4, sensitivity=77.42, specificity=85.51)
which is similar to a previous study that concluded
that left atrial enlargement was not only closely
related to the occurrence and development of AF
but also a predictor of AF recurrence after radiof-
requency ablation. Atrial enlargement is accompa-
nied by different degrees of atrial fibrosis, and that
atrial fibrosis may be an important characteristic
of persistent AF. Kim et al. [27] revealed that left
atrium enlargement (>41mm) was associated with
AHRE occurrence (OR=1.96; 95% Cl, 1.00-3.85;
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and p=0.050). A number of clinical diseases (e.g.,
HTN, CAD, HF, cardiomyopathy, obesity, and
diabetes) can induce atrial fibrosis; this suggests
that in AF treatment, attention should also be paid
to comprehensively treat patient complications.
Thisis consistent with the guidelines' treatment
path [10].

InKim et al., significant univariate predictors
of AF developmept were prior HF, and LA volume
index 38.5mL/m

According to a multivariate Cox regression
model, the independent predictors for AF devel op-
ment were prior HF (hazard ratio [HR] 2.40; 95%
confidence interval [Cl] 1.50;3.85; p<0.001), and
LA volumeindex 38.5mL/m (HR 2.01; 95% ClI
1.23-3.30; p=0.005).

While the association between LA dimension
and AF is best documented in the general popula-
tion, Healey et al., early study was important in
demonstrating an association between LA enlarge-
ment and pacemaker-detected AF. Also showed
LA sizeasan OR 1.18 (1.07-1.29, p=0.001) for
new-onset AF risk in amixed population that
received pacemaker for either SND or high grade
AV block [17].

Atrial pacing increases the occurrence of
AHRES, Adelstein and Saba [28] revealed that,
after CRT implantation, the risk of AF increased
2 foldsin patients with atrial pacing than in patients
with atrial sensing. Fontenla et al. [29] reported
that atrial rate-responsive pacing increased the
incidence of persistent AF/AT in patients with ICD
implants (OR=3.58; 95% Cl, 1.82-7.03; and p<
0.001). In the present study, the AP% was signifi-
cantly higher in the AHREs group. The ROC curve
analysis reveaed that the best AP% diagnostic cut-
off value was 53% (AUC=0.751; sensitivity=
51.61 %; specificity=84.54%; and p<0.001).

Also, these findings are concordant with the
results of a small study that showed an increased
incidence of AF with atrial pacing in patients
undergoing cardiac resynchronization therapy [28].

Unfortunately, the nature of our present study
did not allow for atrue mechanistic inquiry.

We specul ate that the mechanism for our find-
ings may be related to the nonphysiological prop-
agation and conduction time of atrial depolarization
during atrial pacing. The subsequent delay in left
atrial contraction can diminish left ventricular
filling, leading to higher atrial pressures and thus
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increasing therisk of AF. In addition, the electrical
dispersion caused by atrial appendage pacing may
act as atrigger for the formation of re-entrant
pathways, particularly in patients with already
diseased atria.

The mechanism for the increased incidence of
AF with ventricular pacing remains unclear. Right
ventricular pacing leads to left ventricular remod-
elling, increases mitral regurgitation, and modestly
reduces gjection fraction. Furthermore, changing
the relationship between atrial and ventricular
timing, as can occur with ventricular pacing, has
been shown to increase atrial pressure and cause
stretch-related changes, which may increase the
incidence of AF.

Concordant with our study, Aizawa et al. con-
cluded that an increased percentage of ventricular
pacing has been associated with an increased risk
of developing AF. However, even in patients with
dual-chamber pacemakers, where atrioventricular
synchrony is preserved, an increased percentage
of ventricular pacing has been associated with a
higher risk of developing AF. The most likely
explanation is that ventricular pacing causes para-
doxical septal motion, which altersinterventricular
synchrony, lowers gjection fraction, and increases
filling pressures in the heart chambers. This|leads
to electric remodelling of the left atrium [18].

Limitations:

This study has several limitations. First, this
was a single-center, retrospective, observational
study with arelatively small number of patients,
and all patients were Egyptian. So the results may
not be generalizable to other populations. Second,
atrial undersensing can occur during AHRES, which
can lead to either afailure to detect an AHRE or
the truncation of a single AHRE into multiple
shorter episodes.

Third, since all the patients found to have
AHREs were only detected on device interrogation
and not on electrocardiogram recordings, it can be
difficult to differentiate with certainty AF from
other forms of atrial tachyarrhythmia.

Conclusion:

Coronary artery disease, stroke/Transient
ischemic attacks, left atrial volume index >34.73
ml/m”"2, left ventricular gection fraction 48%,
atrial pacing percentage >53%, and ventricular
pacing percentage >97% are independent factors
associated with AHREs in patients with cardiac
implantable electronic devices and without a history
of AF.
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