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Abstract: Background: An atrioventricular defibrillator system with a floating atrial dipole (VDD ICD)
can provide atrial sensing by a single lead. Our aim was to compare the arrhythmia detection efficacy
of VDD ICDs with conventional single- (VVI) and dual-chamber (DDD) defibrillators. Methods: Data
from consecutive patients undergoing ICD implantation were retrospectively analyzed. The primary
endpoint was the incidence of device-detected, new-onset atrial arrhythmias, while secondary
endpoints were sensing parameters, complication rates, incidence of appropriate/inappropriate
ICD therapy, arrhythmic/heart failure-related hospitalizations, and all-cause mortality. Results: A
total of 256 patients (mean age 64 + 12 years, male 75%, primary prophylaxis 28%, mean follow-up
3.7 £ 2.4 years) were included (VVI: 93, VDD: 94, DDD: 69). Atrial arrhythmia episodes were detected
more frequently by VDD systems compared to VVIICDs (aHR 7.087; 95% CI 2.371-21.183; p < 0.001),
and at a rate similar to that of DDD ICDs (aHR 1.781; 95% CI 0.737-4.301; p = 0.200). The rate of
inappropriate shocks was not different among the three ICD systems. Conclusion: VDD devices
revealed an advantage in atrial arrhythmia detection compared to VVIICDs and were non-inferior
to DDD systems. Their main indication may be closer monitoring in high-risk patients with atrial
arrhythmias to help therapy optimization and not the improvement of tachycardia discrimination.

Keywords: ICD; implantable cardioverter defibrillator; floating atrial sensing dipole; VDD; tachycardia

discrimination; atrial arrythmia detection

1. Introduction

Implantable cardioverter defibrillators (ICD) are known to have an essential role in
the prevention of sudden cardiac death by appropriate detection and early termination of
malignant ventricular arrhythmias [1]. Conventional transvenous single-lead implantable
cardioverter defibrillators (VVI ICD) offer proper ventricular sensing and pacing with a
single right ventricular lead and are capable of direct ventricular arrhythmia detection. VVI
systems are limited in detecting atrial tachyarrhythmias (TA), since this is only possible
in an indirect way by analyzing the irregular ventricular signals (supplemented with
morphology discriminators in modern devices) [2].

On the other hand, conventional dual-chamber (DDD) ICD systems are able to sense
and pace in the ventricle as well as in the atrium provided by an implanted lead in the
right atrium that can process direct atrial signals. With an early detection of atrial high-
rate episodes (AHRES), subclinical atrial fibrillation and/ or atrial flutter can be detected,
leading to adequate oral anticoagulation. Furthermore, early steps in thythm control can be
initiated too [3-5]. By proper atrial sensing, DDD ICD devices are more effective in atrial
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TA detection compared with conventional VVI devices [6]. However, the implantation of
more leads lengthens the procedure duration and may impose the additional risk of early
and late complications [7-11].

VDD implantable cardioverter defibrillator systems (also known as Diagnostic eX-
tension (DX) ICD systems) are equipped with a floating atrial sensing dipole providing
high-quality atrial sensing [6,7]. Large studies, like SENSE and THINGS, showed supe-
riority to VVIICDs and non-inferiority to DDD-ICDs in case of novel atrial tachycardia
detection [6,12]. Moreover, VDD ICD devices can provide closer and reliable remote patient
care by the combination with a remote monitoring system [4,13].

VDD ICD systems can be programmed to discriminate between ventricular and
supraventricular arrhythmias with both single- and dual-chamber discriminators [7,14].
Notably, there are controversial results regarding the superiority of dual vs. single-chamber
discriminators in the literature [8,15-19].

In our retrospective, single-center study, we aimed to compare TA detection and
discrimination in VDD ICD devices with conventional single- and dual-chamber ICD
systems. We wanted to verify the application of VDD devices in our center by examining
the efficacy of atrial TA detection supposing superiority in comparison with VVI systems.
We also gathered information about TA discrimination capabilities of VDD devices with
regard to controversial statements of this topic in the literature. Finally, we also studied
long-term clinical outcomes (i.e., hospitalization due to arrhythmic and heart failure events
and all-cause mortality), knowing that only sparse literature data are given on this topic.

2. Materials and Methods

Data from consecutive patients undergoing ICD implantation from all manufacturers
with standard indications between 2009 and 2023 at the Cardiology Center of the University
of Szeged were retrospectively collected. Baseline demographics, main comorbidities, data
regarding ICD indication, and key information regarding the implanted devices were ana-
lyzed. We scanned the main cardiovascular background involving ischemic/non-ischemic
etiology, previously diagnosed atrial fibrillation or atrial flutter, left ventricular ejection frac-
tion (LVEF), known hypertension, dyslipidemia, and diabetes mellitus. We collected data
regarding baseline laboratory parameters, medical therapy, and ECG parameters before
ICD implantation. Patients with biventricular cardioverter defibrillators were excluded.
The study was approved by the Institutional Review Board (IRB) of the University of
Szeged (No. 4870) and it conforms to the ethical guidelines of the Declaration of Helsinki.

2.1. Study Endpoints

Based on the type of the implanted device, patients were divided into 3 groups: VVI
ICD, VDD ICD, and DDD ICD. The primary outcome of this study was the incidence of
the first device detected atrial arrhythmia. Before statistical analysis of this parameter, we
excluded patients with known permanent atrial fibrillation. Then, we collected episodes
of new-onset clinical or subclinical atrial fibrillation (or atrial flutter). Any AHRESs longer
than 1 min were considered. The secondary endpoints were atrial (at 6 months after
implantation and at the end of the follow-up) and ventricular sensing parameters and
pacing percentage (at 6 months after implantation), incidence of appropriate/inappropriate
ICD therapy, incidence of hospitalization due to arrhythmic and heart failure events, and
all-cause mortality. Short-term and long-term complications defined as pneumothorax,
bleeding, thrombosis, lead- or device-related complications, repeated surgery, and CIED-
related infections were also analyzed. Arrhythmia-related hospitalizations involved acute
admission due to arrhythmic events, device-related problems, and hospital admissions
aiming at rhythm control of atrial fibrillation or flutter (i.e., electrical cardioversion (ECV),
catheter ablation of atrial fibrillation/flutter).
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2.2. Statistical Analysis

Data were collected in an Excel document (Microsoft, Redmond, WA, USA) and statis-
tical analyses were performed with SPSS Statistics (version 27, IBM, Armonk, NY, USA).
Continuous variables are expressed as mean + standard deviation (SD) and categorical
variables as numbers (percentages).

To compare baseline clinical characteristics, baseline medication, and certain clinical
outcomes like sensing or pacing parameters (at 6 months) and complication rates, we
used one-way analysis of variance (ANOVA) analysis for continuous variables (in case
of non-normal distribution evaluated by Kruskal-Wallis test) and Chi-squared test for
categorical variables. When we compared only 2 groups (subgroup analysis and atrial
sensing at 6 months and at the end of the follow-up) we used the independent samples
t-test for continuous parameters (in the case of non-normal distribution, we performed
Mann-Whitney U test) and Chi-squared test for categorical variables.

Atrial arrhythmia detection, appropriate and inappropriate ICD therapy, cardiac ar-
rhythmic hospitalization, heart-failure related hospitalization, and all-cause mortality were
compared between the patient groups using a time-to-event analysis calculating hazard
ratios (HR) along with a 95% confidence interval (CI). Statistical significance was deter-
mined as a p-value < 0.05. Furthermore, we expanded the statistical comparison with
a multivariate model by including all predictor variables that we considered to have an
impact on the outcome and resulted in a significance level of p-value < 0.1. Predictor vari-
ables involved in the multivariate model depending on the significance level of univariate
COX-regression were the following: age, gender, primary prophylaxis, ischemic etiol-
ogy, previously diagnosed atrial fibrillation, hypertonia, dyslipidemia, diabetes mellitus,
stroke/transient ischemic attack (TIA), bradypacing indication, baseline LVEF, QRS width,
heart rate, baseline creatinine and hemoglobin levels, remote monitoring, antiplatelet ther-
apy, anticoagulation, therapy with beta-blocker, angiotensin-converting-enzyme inhibitor
(ACEI)/angiotensin II receptor blocker (ARB)/angiotensin receptor-neprilysin inhibitor
(ARNI), diuretics, calcium channel blocker, mineralocorticoid receptor antagonist, statin,
amiodarone, and digitalis glycosides. ICD type was involved in every multivariate calcula-
tion irrespectively of the significance level of the univariate analysis of this parameter.

3. Results
3.1. Baseline Clinical Characteristics and Medical Therapy

The mean age at device implantation was 64 years; 75% of the study population was
male, 61% had ischemic etiology, and the indication for ICD implantation was primary
prophylactic in 28% of cases. A total of 93 patients received a VVI, 94 received a VDD, and
69 received a DDD ICD system.

Comparison of comorbidities and baseline characteristics between the study groups
are summarized in Table 1. A difference was only detected in the prevalence of dyslipidemia
and in mean LVEF (Table 1 and Table S1 in Supplementary Materials). Patients implanted
with a DDD system had a lower prevalence of dyslipidemia and a higher mean LVEF.

The baseline ECG characteristics showed differences in QRS width between the DDD
group and the other groups. There was a tendency for bradycardia in DDD group compared
with the other two groups. Anti-bradycardia pacing indication was significantly higher
in the DDD group, while the vast majority of patients in the VVI and VDD groups did
not have conduction system disturbances (Tables 1 and S1). Since Biotronik is the only
manufacturer of the DX ICD systems, 98% of patients in VDD ICD group were implanted
with a Biotronik generator; in the remaining two cases, a VDD ICD lead was used with a St.
Jude Medical (SJM) or Sorin generator. In the VVI and DDD ICD groups, generators from
various manufacturers (i.e., Biotronik, Boston Scientific, Medtronic, and SJM) were used
(Table 1).
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Table 1. Baseline clinical characteristics.
VVI VDD DDD Val
(N = 93) (N =94) (N = 69) prvatue
Age (mean + SD) ! 64 £ 12 63 £12 64 1+ 14 0.307
Male (n, %) 65 (70%) 76 (81%) 50 (73%) 0.203
Primary prophylaxis (n, %) 19 (20%) 29 (31%) 24 (35%) 0.101
Ischemic etiology (n, %) 57 (61%) 58 (62%) 40 (59%) 0.926
Previously diagnosed atrial fibrillation (n, %) 27 (29%) 35 (37%) 25 (37%) 0.430
Hypertension (n, %) 86 (93%) 91 (97%) 60 (88%) 0.107
Dyslipidemia (n, %) 79 (85%) 85 (90%) 48 (71%) 0.003
Diabetes mellitus (n, %) 29 (31%) 33 (35%) 22 (33%) 0.850
Stroke/TIA (n, %) 11 (12%) 8 (9%) 9 (14%) 0.571
Bradypacing indication (n, %) 1 (1%) 3 (3%) 36 (55%) <0.001
No bradypacing indication 92 (99%) 91 (97%) 30 (45,5%)
Sick sinus syndrome 0 0 3 (4,5%)
Second-degree AV block 1 (1%) 0 11 (16,7%)
Third-degree AV block 0 2 (2%) 21 (31,8%)
Atrial fibrillation with bradycardia 0 1 (1%) 1(1,5%)
Manufacturer (n, %)
Biotronik 2 (2%) 92 (98%) 20 (29%)
Boston Scientific 10 (11%) 0 9 (13%) <0.001
Medtronic 45 (48%) 0 37 (54%) ’
SIM/ Abott 36 (39%) 1 (1%) 3 (4%)
Sorin 0 1 (1%) 0
NYHA (n, %)
No 30 (34%) 34 (40%) 21 (33%)
NYHA I 22 (25%) 20 (24%) 17 (27%) 0.707
NYHA II 25 (28%) 18 (21%) 11 (18%) ’
NYHA IIT 12 (14%) 12 (14%) 13 (21%)
NYHA IV 0 1 (1%) 1 (2%)

LVEF (mean =+ SD) 2 38.5 £ 135 37.5 £ 139 4754+ 16.3 <0.001
QRS width (mean =+ SD) 3 1169 £21.2 119 £ 21.6 136.9 + 29.2 0.001
Heart rate (mean =+ SD) * 70.7 £ 154 73.1 +14.8 66.9 +18.6 0.038
Creatinine (mean + SD) ° 91.1 £ 31.6 99.6 £ 52.9 949 + 279 0.598

Hemoglobin (mean =+ SD) © 130.7 £ 20.6 136 + 16.8 126.2 + 20.7 0.019
Remote monitoring (n, %) 6 (7%) 48 (51%) 13 (19%) <0.001

! Available for 256 patients. Non-normal distribution, independent samples Kruskal-Wallis test. > Available for
249 patients. Non-normal distribution, independent samples Kruskal-Wallis test. > Available for 175 patients.
Non-normal distribution, independent samples Kruskal-Wallis test. 4 Available for 229 patients. Non-normal
distribution, independent samples Kruskal-Wallis test. 5 Available for 198 patients. Non-normal distribution,
independent samples Kruskal-Wallis test. 6 Available for 196 patients. Non-normal distribution, independent
samples Kruskal-Wallis test. VVI: conventional single-chamber ICD; VDD: single-lead ICD with a floating atrial
dipole; DDD: conventional dual-chamber ICD; TIA: transient ischemic attack; SJM: Saint Jude Medical; NYHA:
New York Heart Association; SD: standard deviation; LVEF: left ventricular ejection fraction.

In the baseline laboratory parameters, we detected a significant difference in hemoglobin
levels, which were the highest in the VDD group (Tables 1 and S1).

A remote monitoring system was most frequently applied in the VDD group involving
51% of DX ICD recipients (Tables 1 and S1).

Comparing baseline medical therapy, more beta-blockers and mineralocorticoid recep-
tor antagonists were used in the VVI and VDD groups (Tables 2 and S2).

Table 2. Baseline medical therapy.

VVI VDD DDD Value
(N = 93) (N = 94) (N = 69) P
Antiplatelet therapy (n, %) 62 (67%) 55 (59%) 41 (64%) 0.502
Anticoagulation (n, %) 33 (36%) 46 (49%) 26 (40%) 0.167
Beta-blockers (n, %) 90 (97%) 90 (96%) 53 (83%) 0.001
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Table 2. Cont.
VVI VDD DDD Value
(N =93) (N =94) (N = 69) P

ACEI/ARB/ARNI (n, %) 81 (87%) 84 (89%) 50 (78%) 0.125

Diuretics (n, %) 50 (54%) 49 (52%) 28 (44%) 0.436

Calcium szr};‘)el blockers 17 (18%) 20 (21%) 19 (30%) 0.230
Mineralocorticoid receptor o o o

antagonists (n, %) 48 (52%) 52 (55%) 17 (27%) 0.001

Statins (n, %) 67 (72%) 66 (70%) 44 (69%) 0.903

Amiodarone (n, %) 17 (18%) 21 (22%) 10 (16%) 0.555

Digitalis glycosides (n, %) 13 (14%) 3 (3%) 3 (5%) 0.012

SGLT?2 inhibitors (n, %) 2 (2%) 5 (5%) 3 (5%) 0.512

ACELI angiotensin-converting-enzyme inhibitor; ARB: angiotensin II receptor blocker; ARNI: angiotensin receptor-
neprilysin inhibitor; SGLT2: sodium glucose cotransporter 2.

3.2. Clinical Outcomes
3.2.1. Device Detected Atrial Arrhythmias

During the mean follow-up of 3.7 years, the incidence of device-detected atrial ar-
rhythmia episodes was significantly higher in patients implanted with a VDD ICD system
compared to the conventional single-lead ICD recipients (HR 6.506; 95% CI 2.176-19.446;
p = 0.001; adjusted hazard ratio (aHR) 7.087; 95% CI 2.371-21.183; p < 0.001). However,
univariate comparison of VDD vs. DDD systems revealed a higher rate of atrial arrhythmia
detection in the DDD group; after adjustment for the clinically and statistically relevant
confounders, no significant difference between the two devices was identified (aHR 1.781;
95% C1 0.737-4.301; p = 0.200) (Tables 3, S3 and S4, Figure 1A,B). Notably, the distribution
of the different atrial arrhythmia episodes (paroxysmal atrial fibrillation, persistent atrial
fibrillation, and regular atrial arrhythmia) within device detected atrial arrhythmias was

similar among the three groups (p = 0.609) (Table S5).

Table 3. Long-term clinical outcomes.

VVIvs. VDD VDD vs. DDD
HR (unadjusted) VVI vs. VDD 6.506; HR ( unadéusted) VDD vs. DDD 2.011;
Time to first device detected atrial 95% C12.176-19.446; p = 0.001 95% CI11.110-3.642; p = 0.021

arrhythmia !

Time to first appropriate
therapy

Time to first inappropriate therapy

Time to first hospitalization due to
arrhythmic cause

Time to first heart failure
hospitalization

All-cause mortality

HR (adjusted) VVI vs. VDD 7.087; 95%
CI2.371-21.183; p < 0.001
HR (unadjusted) VVI vs. VDD 0.874;
95% CI 0.574-1.332; p = 0.523
HR (adjusted) VVI vs. VDD 0.983; 95%
CI 0.641-1.508; p = 0.937
HR (unadjusted) VVI vs. VDD 0.782;
95% CI 0.338-1.811; p = 0.566
HR (adjusted) VVI vs. VDD 0.742; 95%
CI10.313-1.757; p = 0.497
HR (unadjusted) VVI vs. VDD 1.463;
95% CI 0.899-2.379; p = 0.125
HR (adjusted) VVI vs. VDD 1.706; 95%
CI1.043-2.792; p = 0.033
HR (unadjusted) VVI vs. VDD 0.949;
95% CI 0.449-2.006; p = 0.891
HR (adjusted) VVI vs. VDD 1.628; 95%
CI0.619-4.279; p = 0.323
HR (unadjusted) VVI vs. VDD 0.914;
95% CI 0.543-1.537; p = 0.734

HR (adjusted) VDD vs. DDD 1.781;
95% CI10.737-4.301; p = 0.200
HR (unadjusted) VDD vs. DDD 0.611;
95% él 0.359-1.040; p = 0.069
HR (adjusted) VDD vs. DDD 0.651;
95% CI10.371-1.142; p = 0.135
HR (unadjusted) VDD vs. DDD 0.710;
95% CI 0.249-2.024; p = 0.522
HR (adjusted) VDD vs. DDD 0.618;
95% CI 0.203-1.878; p = 0.396
HR (unadjusted) VDD vs. DDD 0.638;
95% éI 0.366-1.113; p = 0.114
HR (adjusted) VDD vs. DDD 0.700;
95% CI0.365-1.341; p = 0.282
HR (unadjusted) VDD vs. DDD 0.586;
95% &I 0.219-1.570; p = 0.287
HR (adjusted) VDD vs. DDD 0.949;
95% CI0.301-2.991; p = 0.928
HR (unadjusted) VDD vs. DDD 0.812;
95% CI 0.442-1.490; p = 0.501

HR (unadjusted) all groups 0.906; 95% CI 0.696-1.179; p = 0.463
HR (adjusted) all groups 0.960; 95% CI 0.711-1.295; p = 0.787

1 In the time-to-event analysis of device detected atrial TA, patients with permanent atrial fibrillation were
excluded. HR: hazard ratio; CI: confidence interval.
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Figure 1. (A) Time to first device-detected atrial arrhythmia—VVI vs. VDD. (B) Time to first device
detected atrial arrhythmia—VDD vs. DDD. aHR: adjusted hazard ratio.

3.2.2. Sensing and Pacing Parameters

VDD ICD devices provided higher atrial sensing amplitude at the 6th month compared
with conventional DDD ICDs (5.3 £ 3.7 vs. 3.1 £ 2.1 mV; p < 0.001) (Table 4, Figure 2).
Higher atrial sensing parameters were also detected in the VDD ICD group at the end of the
follow-up (4.2 £3.2vs. 2.7 £ 1.8 mV; p = 0.009) (Table 4). There was no significant difference
in ventricular sensing among the three groups (VVI12.8 & 4.8 vs. VDD 14.0 & 6.0 vs. DDD
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13.2 £ 5.7 mV; p = 0.313) (Table 4, Figure S1). The mean atrial pacing percentage at 6 months
was 23% in DDD devices. A significant difference in ventricular pacing percentage was
measured with highest value in the DDD ICD group (VVI2.2 £ 7.0 vs. VDD 2.8 & 14.4 vs.
DDD 33.6 £ 41.9%; p < 0.001) (Table 4).

Table 4. Sensing/pacing parameters, and complication rates in the 3 ICD groups.

VVI VDD DDD Value
(N =93) (N = 94) (N = 69) P
Atrial sensing at 6 months N/A 5324372 3.14 + 2.09 <0.001
(mean =+ SD)
Atrial sensing at the end of the
follow-up (mean + SD) 2 N/A 415 £ 3.19 2.67 £ 1.81 0.009
Ventricular sensing at 6 months 12.76 + 4.83 13.98 + 6.00 13.17 +5.71 0313
(mean £ SD)
AP (mean + SD) 4 N/A N/A 22.58 + 33.67 -
VP (mean = SD) 5 2.16 £ 6.95 2.83 £ 14.40 33.61 + 41.91 <0.001
Complications (n, %) 7 (8%) 12 (13%) 14 (20%) 0.056

! Available for 127 patients. Non-normal distribution, independent samples Mann-Whitney U test. 2 Available for
144 patients. Non-normal distribution, independent samples Mann-Whitney U test. 3 Available for 239 patients.
Non-normal distribution, independent samples Kruskal-Wallis test. 4 Available for 55 patients. 5 Available for
246 patients. Non-normal distribution independent samples Kruskal-Wallis test. N/A: not applicable; AP: atrial
pace; VP: ventricular pace.

25.0 |

p<0.001

20.0 |

-
o
=)

L)

Atfrial seninsig at 6th month
3
o

o
=)

0.0 |

VDD DDD
Figure 2. Atrial sensing in VDD vs. DDD ICDs at 6th month. * and @: it represents an outliner value.

3.2.3. Complications

The prevalence of complications was the highest in the DDD group (20%), 13% with
the VDD systems group, and 8% in patients implanted with a VVI ICD (Table 4). The
subgroup analysis detected a significant difference only at the VVI vs. DDD comparison,
but not between the VVI and VDD or VDD and DDD ICD groups (Tables 4 and S6). The
details of the distribution of complications can be found in Table S7.

3.2.4. Tachyarrhythmia Discrimination—Appropriate and Inappropriate ICD Therapy

Comparison of VDD systems with VVI devices revealed no significant difference in
the incidence of appropriate ICD therapies (aHR 0.983; 95% CI 0.641-1.508; p = 0.937);
moreover, we did not identify any difference in the rate of inappropriate therapy (aHR
0.742; 95% C1 0.313-1.757; p = 0.497) (Tables 3, S8 and 510, Figure S2A,C). The comparison
of the VDD vs. DDD systems also showed equality both for appropriate (aHR 0.651; 95% CI
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0.371-1.142; p = 0.135) and inappropriate (aHR 0.618; 95% CI 0.203-1.878; p = 0.396) therapy
delivery (Tables 3, S9 and 511, Figure S2B,D).

3.2.5. Arrhythmia and Heart Failure Hospitalization

A significant difference was identified regarding hospitalization of arrhythmic cause
between VVI and VDD ICD groups (aHR 1.706; 95% CI 1.043-2.792; p = 0.033) (Tables 3 and S12,
Figure S3A). However, there was no difference between the VDD and DDD groups for
arrhythmic hospitalization (aHR 0.700; 95% CI 0.365-1.341; p = 0.282) (Tables 3 and S13,
Figure S3B). The detailed distribution of arrhythmia-related hospitalization events is de-
scribed in Table S14. The risk of heart failure-related hospitalizations was similar across all
groups (aHR VVI vs. VDD 1.628; 95% CI 0.619-4.279; p = 0.323 and aHR VDD vs. DDD
0.949; 95% CI 0.301-2.991; p = 0.928) (Table 3, Tables S15 and S16, Figure S4A,B).

3.2.6. All-Cause Mortality

There was no significant difference regarding all-cause mortality among the three
groups (aHR 0.960; 95% CI 0.711-1.295; p = 0.787) (Tables 3 Table S17, Figure 3).

1.0 3
-\:"‘h—‘—\_%r‘_ﬁﬁ —TIWIICD
R —VDD ICD
— —DDD ICD

0.8/ = ‘Eﬂ"‘ ‘—]1 —+—WI ICD-censored
Ok VDD ICD-censored
% L ~—+—DDD ICD-censored
g o0 [T —
S
£
&
§ 0.4
< aHR 0.960; 95% CI 0.711-1.295; p=0.787
0.2
0.0

0 2 4 6 8

Follow-up in years

Patients at 1 2 3 4 5 6 7 8
risk year | years | years | years | years | years | years | years
VVI 93 83 77 72 67 58 45 24

VDD 94 88 63 45 28 20 15 6
DDD 65 56 50 44 39 33 25 16

Figure 3. All-cause mortality in all groups.

4. Discussion
4.1. Main Findings

In this retrospective, single-center study, we aimed to compare TA detection and
discrimination efficacy of VDD ICDs with conventional single- (VVI) and dual-lead (DDD)
systems. Our results for device-detected, new-onset atrial TA demonstrated clear advan-
tages for the VDD ICD group compared with VVI systems. This confirms the benefit of
direct atrial sensing provided by the floating atrial sensing dipole of the DX ICD. Moreover,
the adjusted comparison with DDD ICD systems showed the non-inferiority of VDD ICDs
in atrial TA detection. In TA discrimination, no significant difference among the three types
of ICD were detected. Trends towards more complications with DDD systems should be
also highlighted. In this group, the most frequent complications were infection- (six cases)
and lead-related (five cases) (Table S7). The current study compared VDD ICD devices
with conventional single-chamber and dual-chamber devices within a single investigation,
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using data from the same center, whereas previous studies focused only on comparisons
of VVIvs. VDD or VDD vs. DDD devices. Detailed data were provided on the distri-
bution of different types of device-detected atrial arrhythmias and on specific causes of
arrhythmia-related hospitalization events. Moreover, to the best of our knowledge, this is
the first study demonstrating the superiority of atrial sensing by DX ICD devices compared
to dual-lead ICDs.

4.2. Early Detection of Atrial Arrhythmias

Our data harmonize with those found in the international literature, emphasizing the
advantages of VDD systems in novel atrial TA detection. The results of a progressive, multi-
center study based on the THINGS registry showed the superiority of VDD ICD system:s,
with almost four times efficacy in atrial arrhythmia detection compared with conventional
VVI devices [12]. The SENSE trial studied AHRE detection in VDD devices compared with
both conventional single-chamber and dual-chamber devices and revealed the superiority
in subclinical atrial fibrillation detection of VDD devices compared with VVI systems and
non-inferiority in comparison with DDD devices [6]. Furthermore, the MATRIX registry
investigated VDD systems’ ability in AHRE identification via remote monitoring and
demonstrated 99.7% accuracy in the detection of AHRE episodes lasting > 1 h [4]. The
reliability of atrial sensing by the DX dipole was also confirmed by previous reports [4,6,20].
In our measurements, atrial sensing was significantly higher for DX ICD devices compared
to dual-lead ICDs, and we are first to report the superiority of VDD ICD regarding this
parameter. Highly reliable atrial sensing in VDD ICD devices is established by a four-
fold amplifier and a wider bandpass filter [7]. With trustable and early atrial fibrillation
detection, adequate oral anticoagulation therapy can be initiated with consideration of
early rhythm control, resulting in a decrease in adverse consequences of atrial fibrillation
(increased mortality, stroke risk, vascular dementia, heart failure, hospitalization, impaired
quality of life, etc.) [4-6,21]. Further, a recent, nationwide, prospective survey revealed an
elevated risk of stroke as most important influencing factor for the implanters to select
a DX ICD instead of a conventional single-chamber or dual-chamber ICD systems [22].
The first prospective, multicenter, randomized-controlled trail regarding subclinical atrial
fibrillation detection in VDD ICD devices compared to VVIICD systems was the Dx-AF
study. Although the Dx-AF study demonstrated no significant difference in the efficacy
of atrial fibrillation/flutter detection between the two groups (evaluating detection by the
device, ECG, or ECG monitoring), the results revealed a borderline significant difference
in the efficacy of device-detected atrial arrhythmias favoring VDD devices [23]. The more
powerful statistical difference between VVI and VDD devices regarding device-detected
atrial arrhythmias in our results could be explained by the different cut-off for the AHRE
episodes. While, in our study, the minimal limit of AHRE episodes was 1 min, the Dx-AF
study considered AHRE episodes lasting at least 6 min. In the literature, the most common
limit for AHRE detection is 6 min since the ASSERT study [24]. However, shorter episodes
of AHRE can be associated with thromboembolic events as well [25]. In our study, we
aimed to choose a properly sensitive duration limit for AHRE episodes, resulting in a
defined limit of 1 min.

The administration of oral anticoagulants in patients with atrial high-rate episodes
has become a compelling topic recently, given the results of the NOAH-AFNET and
ARTESIA trials. These trials investigated whether direct oral anticoagulants reduced the
risk of stroke or systemic embolism compared to control (placebo or aspirin). While
the ARTESIA trial showed a statistically significant reduction in stroke and systemic
embolism with apixaban, the NOAH-AFNET trial (applying edoxaban) did not demonstrate
a significant benefit for the primary composite endpoint of cardiovascular death, stroke,
or embolic events, including systemic embolism, myocardial infarction, and pulmonary
embolism [26,27]. A meta-analysis of both trials confirmed a consistent reduction in stroke
and systemic embolism (35%) with edoxaban or apixaban compared to control/aspirin, but
also a consistent increase in major bleeding events. Based on these studies, there is a clear
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association between device-detected atrial fibrillation and an increased risk of ischemic
stroke or systemic embolism. It is also important to emphasize the role of individual risk
profiles and shared decision-making to find the appropriate solution for patients with
device-detected atrial fibrillation regarding the administration of oral anticoagulants [5,28].

4.3. Role of the Atrial Signal in Tachycardia Discrimination

The analysis of atrial signals is not only beneficial in atrial arrhythmia detection
but may also be useful for TA discrimination. By atrial sensing, VDD systems can be
programmed to differentiate between ventricular and supraventricular arrhythmias by
dual-chamber discriminators. There are controversial results in the literature regarding the
advantage of dual-chamber discriminators over single-chamber algorithms. The availability
of atrial signal detection initiates the opportunity to compare the atrial vs. ventricular
rate, analyze atrial electrogram (EGM), and gather information regarding atrioventricular
(AV)-association [14,29]. In some smaller studies, dual-chamber discriminators showed
superiority compared to single-chamber discriminator algorithms [15,16,30]. Kurt et al.
compared VDD ICDs and conventional VVI devices regarding inappropriate ICD therapy
rate and their results showed the superiority of the VDD system [8]. However, other
studies conclude that newly developed, modern, and accurate morphology discriminators
applied in single-chamber systems seem to make them just as reliable as dual-chamber
devices [17-20]. The limitations of these studies are small population numbers and, also,
a difference in device manufacturers leading to differences in tachycardia discrimination
algorithms [13]. In summary, the current guidelines do not facilitate the implantation of an
extra atrial lead only for the purpose of better TA discrimination [31]. Our results are in
line with this recommendation, since the non-inferiority of VVIICD systems in appropriate
anti-tachycardia therapy compared with the other two groups was demonstrated and there
was no difference in the rate of inappropriate therapy as well. It is important to note,
however, that DX systems offer the possibility to change the discrimination type between
morphology and dual-chamber algorithms in the case of inappropriate therapy [7].

4.4. Long-Term Clinical Outcomes in Different ICD Types

Our results revealed no significant difference among the three groups regarding
appropriate and inappropriate ICD therapies and all-cause mortality. While there was no
difference in heart failure related hospitalization, we detected a significantly higher risk
of arrhythmic hospitalization in the VDD ICD group compared with VVI ICDs. In this
analysis, we also included hospital admission aiming at rhythm control strategies of atrial
fibrillation (i.e., ECV, catheter ablation of atrial fibrillation/flutter) as an arrhythmic cause of
hospitalization. As VDD ICDs were more effective in atrial arrhythmia detection, referrals
to ECV/catheter ablation were consequently more frequent in this group, leading to higher
hospitalization numbers and representing a better arrhythmia management (Table 514).

4.5. Limitations

Our data collection was retrospective; hence, all potential limitations of such a design
apply to this analysis. To begin with, previously detected atrial fibrillation/atrial flutter
might interfere the interpretation of EGMs. There were some differences in the baseline
characteristics of the three groups because of the slight discrepancy in the composition
of the DDD group. DDD ICD group involved proportionally higher number of patients
with inherited cardiac diseases (e.g., hypertrophic cardiomyopathy, primer arrhythmic
syndromes) compared with the other two groups and had a higher rate of conduction
disturbances as well (Tables 1, S1 and S18). Accordingly, the higher number of patients
with preserved/mildly reduced EF might also have an influence on the incidence of atrial
arrhythmias in the DDD group. In addition, anatomical and operator-dependent factors,
like atrial dimensions or the position of the floating dipole, might have influenced atrial
sensing parameters, although these parameters were not collected. Furthermore, the
difference in the rate of remote monitoring also forms a kind of bias, since it was most
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frequently applied in the VDD group, making early TA detection more efficient. While the
increased use of remote monitoring may contribute to earlier atrial arrhythmia detection in
VDD ICD patients, it might not impact the rate of arrhythmic hospitalizations, considering
studies in the literature indicating that remote monitoring does not increase hospitalization
rates; in fact, it may even reduce them in cases of worsening heart failure [32-34]. In
Hungary, there is a heterogenous reimbursement for the different implantable ICD devices.
For VDD ICDs, the cost of the remote monitor is included in the price of the device. Patients
were implanted with devices manufactured by five different companies; therefore, we
cannot exclude selection bias. Finally, new-generation VDD and DDD devices can be
programmed to use single or dual-chamber discrimination to differentiate between atrial
and ventricular TA. This information was not collected and, therefore, not included in the
current analysis.

5. Conclusions

This single-center, retrospective study compared the TA detection capabilities of
VDD ICD systems with those of conventional single- and dual-lead ICDs. Our findings
demonstrate the superiority of VDD devices in atrial arrhythmia detection compared
with VVI ICD systems and show non-inferiority compared to DDD devices. On the
contrary, there were no difference in TA discrimination efficacy among the three groups.
Based on the results of the superior atrial arrhythmia detection, the main indication of DX
devices is to support optimal patient management and therapy for atrial arrhythmias rather
than to improve TA discrimination. In patients who do not require atrial pacing, strong
consideration should be given to use a VDD system in view of the valuable enhancement
of atrial high-rate detection and the decrease in potential complications compared to DDD
pacing by limiting the system to a single lead.
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