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Abstract

Background: To preserve the benefit of atrial sensing without the implantation of an

additional lead, a single-lead ICD system with a floating atrial dipole (DX ICD) has

been developed. The purpose of this nationwide survey was to provide an overview

of the current key influences of device selection focusing on DX ICD and to test

the applicability of a previously published decision-making flowchart of ICD-type

selection.

Methods: An online questionnaire was sent to all implanting centers in Hungary.

Eleven centers reported data from 361DX ICD and 10CRT-DX systems implantations

between February 2021 andMay 2023.

Results: The most important influencing clinical factors indicated by the partici-

pating doctors were elevated risk of atrial fibrillation (AF)/stroke (56%), risk of

sinus/supraventricular tachycardias (SVT) (42%), and a potential need for CRT upgrade

in the future (36%). The DX ICDwas considered in the majority of cases instead of the

VVI system (87%), and only in a small proportion instead of a DDD ICD (13%). 60% of

the patientswithDX ICDswere also included into remotemonitoring-based follow-up.

In83%of the cases, good (>2mV)or excellent (>5) atrial signal amplitudewas recorded

within 6weeks after the implantation.

Conclusion: In the current national survey, themost important influencing factors indi-

cated by the implanters for selecting a DX ICD were the elevated risk of stroke or

sinus/SVT and a potential need for CRT upgrade in the future. These findings support

the use of a previously published decision-making flowchart.

Abbreviations: AF, atrial fibrillation; AHRE, atrial high-rate episode; AV, atrio-ventricular; CRT, cardiac resynchronization therapy; CRT-D, cardiac resynchronization therapy defibrillator; DX,

Diagnostic eXtension; EP, electrophysiology; EV-ICD, extravascular implantable cardioverter defibrillator; ICD, implantable cardioverter defibrillator; IEGM, intracardiac electrogram; RM, remote

monitoring; S-ICD, subcutaneous implantable cardioverter defibrillator; SVT, supraventricular tachycardia; VT, ventricular tachycardia.
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1 BACKGROUND

Different types of implantable cardioverter defibrillators are avail-

able (i.e., VVI, VDD, DDD, CRT-D, S-ICD, EV-ICD). Most of them have

well-established indications, but certain alternatives are often chosen

based on the implanter’s discretion in a clinical state-driven fashion,

and therefore, their use shows relevant disparities among implanting

centers.1–3

To preserve the benefit of atrial sensing without the need for atrial

pacing, a single-lead ICD system with a floating atrial dipole (i.e.,

VDD or as defined by the manufacturing company DX ICD) has been

developed.4 The DX ICD system offers an additional atrial intracardiac

electrogram, with the possibility of early detection of atrial arrhyth-

mias, and improved supraventricular tachycardia (SVT) discrimination

to prevent inappropriate shock andAV-sequential pacing in single-lead

devices. The “DX” specify the Diagnostic eXtension capability of the

system, which consists of a generator and a shock lead equipped with

two ring electrodes positioned in the atrium.Due to an optimized atrial

dipole spacing, a specifically designed input stage for the atrial sensing,

a preamplifier, which progressively increases the atrial gain up to four-

fold, andawider bandpass for the frequency rangeof the atrial channel,

the system provides a stable and reliable atrial sensing. Moreover, the

implantational easiness of the VDD shock lead is also an option for

beginner implanters. All the currently available DX ICD and CRT-DX

systems could be connected to a remote monitoring (RM) follow-up

system (Home Monitorting™, Biotronik SE & Co., Berlin, Germany).

Due to these advantages, there is a growing interest for DX ICDs.5–12

We have previously developed and published a decision-making

flowchart defining the potential indications of DX technology based

on the available scientific evidence of the DX ICD and CRT-DX sys-

tems, and the current European and American guidelines regarding

cardiac pacing, resynchronization therapy, and atrial fibrillation (AF)

(Figure 1).4 The purpose of this current nationwide survey was to test

the applicability of the decision-making flowchart in daily clinical prac-

tice and to clarify the key influences of ICD type selection focusing on

DX ICD systems.

2 METHODS

An online questionnaire (The Hungarian DX Survey) comprising nine

key clinical questions for DX ICDs and seven for CRT-DX systems

related to ICD type selection (and implemented into the previ-

ously published decision-making flowchart; Figure 14) was distributed

among all implanting centers in Hungary (Supplementary material).

The answers were not mutually exclusive. ICDs were implanted based

on standard indications for primary or secondary prophylaxis of sud-

den cardiac death according to the current European guidelines.13–14

Intica 5 VR-T DX DF-1/IS-1, Intica Neo 5 VR-T DX DF-1/IS-1, Riva-

cor 5 VR-T DX DF-4/IS-1, Intica 7 HF-T DF-1/IS-1, Intica Neo 7 HF-T

DF-1/IS-1, Intica 7 HF-T QP DF-4/IS-4, Rivacor 7 HF-T DF-4/IS-1,

and Rivacor 7 HF-T QP DF4/IS-4 devices were used (Supplementary

Table 1). All systems implanted within the survey manufactured by

Biotronik SE & Co. (Berlin, Germany), had ProMRI function with a

variable IS1-IS4 andDF1-DF4 connectors.

Results were analyzed by descriptive statistics and presented as

numbers and percentages for each answered option.

3 RESULTS

Out of 18 Hungarian centers 11 (with 27 implanting physicians)

reported data from 361 DX ICD and 10 CRT-DX system implantations

between February 2021 and May 2023. The response rate was 56.1%

for the DX ICDs (644 delivered surveys) and 15.4% for the CRT-DX

systems (65 delivered surveys).

The DX ICDs were implanted as a new device in 337 patients

(93.3%), and in the remaining 24 cases (6.7%) as generator replace-

ment.

The percentage of theDX ICD systems respect to the global number

of the ICDs implanted in the participating centers were 21,8% for new

implantations and 12,0% for generator replacements in 2021.

3.1 Clinical scenarios that influenced device
selection

The first question explored general clinical factors having an impact on

device selection. At the time of the DX system implantation, the follow-

ing clinical scenarios were indicated by the implanting physicians as

influencing factors for device selection: Elevated risk of stroke in 56%,

risk of sinus/SVT in 42%, potential need for CRT upgrade in the future

in 37%, potential need for AV-sequential pacing in the future in 32%,

current need for AV-sequential pacing in 7%, and other factors in 8%,

respectively (Figure 2A).

The second question was about what category of the device would

have been implanted if a DX defibrillator had not been available. If no DX

had been available, the implanting physician would have implanted a

VVI system in 86.9% of the patients and a DDD ICD in 12.5% of the

patients (with a missing answer in two cases). The main reasons for

DX ICD implantation instead of a VVI ICD system were the following:

the possibility to detect and/or monitor AF in 80%, the availability of
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VAMOS ET AL. 3

F IGURE 1 Proposed flowchart of device selection for ICD recipients, focusing on the DX technology based on Vamos et al. Trends Cardiovasc
Med. 2022;32:84-89.4 AF, atrial fibrillation; AV, atrioventricular; BB, beta-blocker; CRT, cardiac resynchronization therapy; HF, heart failure; ICD,
implantable cardioverter defibrillator; LBBB, left bundle branch block; LVEF, left ventricular ejection fraction; S-ICD, subcutaneous implantable
cardioverter defibrillator; SR, sinus rhythm; SSS, sick sinus syndrome.

dual-chamber discrimination algorithms in 66%, the option for two dif-

ferent algorithm types for SVT discrimination in 58%, the 3-channel

IEGM supporting troubleshooting in 48%, and the capability of AV-

sequential pacing in 16% of the cases (Figure 2B). The following reasons

were marked by the implanting physicians why they have chosen a DX

instead of a DDD ICD device: dual-chamber discrimination algorithm

by one lead in 81%, detection, and monitoring of AF by one lead in

71%, lower implantation associated complication rate in 69%, lower

long-term risk due to fewer implanted leads in 67%, and AV-sequential

pacing by one lead in 60% (Figure 2C).

3.2 Data regarding RM

215 out of 361 pts (59.6%) were included into RM (HomeMonitoring).

The key factors for setting up RM indicated by the implanting physi-

cians were as follows: early detection of arrhythmias (88%), possibility

of remote patient management (77%), need for continuous monitor-

ing (74%), concomitant heart failure (67%), elevated risk of stroke

(52%), reduction of in-office follow-up visits (51%), frequent ventricu-

lar arrhythmias (35%), patient’s residency distance is far away from the

follow-up clinic (19%), system integrity monitoring is required due to

advisory components (15%), or other known arrhythmia requiring con-

tinuous monitoring (13%), respectively (Figure 2D). The main reasons

for avoiding involvement into RM (144 out of 361 pts) were a decision

of the physician (58%), inadequate patient compliance (38%), or RM

was temporarily not available at the institution (4%). For note, there

were no patients whowere offered RMbut refused it.

3.3 Data regarding atrial sensing parameters in
the DX ICD systems

Specially filtered and amplified P-wave amplitude was measured

directly after the implantation in most of the cases, but not later than

the first follow-upwithin6weeks. In42pts (12.5%)with aDX ICDatrial

sensing value was > 10 mV, in 24 pts (7.1%) between 7.5 and 10 mV, in

43 pts (12.8%) between5 and7.4mV, in 107pts (31.8%) between2 and

4.9 mV, and in 43 (12.8%) under 2 mV, respectively (data not available

in 78 cases) (Figure 3).

When just the DX generator was replaced (24 cases), the original

device was implanted more than 10 years ago in three cases, between

5 and 10 years in 15 cases, and not more than 5 years ago in six cases.

Amplified P-wave amplitude measured via the old DX/A+ leads was

≥10mV in 2 pts (8.3 %), between 7.5 and 10mV in 0 pts (0 %) between

5 and 7.4 mV in 5 pts (20.8%), between 2 and 4.9 mV in 9 pts (37.5 %),

and under 2 mV in 6 pts (25 %), respectively (data not available in two

cases) (Figure 3).
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4 VAMOS ET AL.

F IGURE 2 Themain results of the Hungarian DX survey.
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VAMOS ET AL. 5

F IGURE 3 Amplified P-wave amplitudemeasured via DX ICD systems at de novo implantations (N= 259) (left/blue) or generator exchange
(N= 22) (right/green).

3.4 Cases with CRT-DX systems

Data about 10 cases of new CRT-DX system implantations were also

collected in the survey. Indication for CRT was heart failure with

reduced ejection fraction (LVEF ≤ 35%) and broad left bundle branch

block (QRS > 130 ms) in nine patients. In the remaining case, a biven-

tricular system was implanted due expected need for a significant

proportion of ventricular pacing in a patient with narrow QRS and an

LVEF of 36%−50%. Physicians identified two clinical scenarios as con-
tributing factors for selecting a DX device: (I) permanent AF but a high

expectancy/chance of spontaneous reversion into sinus rhythm may

occur; (II) there was no need for atrial pacing.

Four out of 10 patients were connected to RM system supported

by the following reasons: heart failure (100%), possibility of remote

patient management (75%), early detection of arrhythmias (75%),

reduction of in-office follow-up visits (50%), frequent ventricular

arrhythmias (50%), elevated risk of stroke (50%), other known arrhyth-

mia requiring continuous monitoring (50%), continuous monitoring

(25%), system integrity monitoring is required due to advisory com-

ponents (25%). The main reasons to contradict offering RM to the

patient were the decision of the physician (n = 3), inadequate patient

compliance (n=2), or temporary unavailability at the institution (n=1).

Amplified P-wave amplitude was measured between 5 and 7.4 mV

in one patient, between 2 and 4.9 mV in 5 pts, and under 2 mV in two

cases (missing data in two cases).

4 DISCUSSION

4.1 Main results

This nationwide survey aimed to describe themain clinical factors that

influenced doctors to choose a DX ICD system instead of a conven-

tional single- or dual-chamber or CRT defibrillator system and to test

the applicability of a previously published decision-making flowchart

(Figure 14). The most important influencing clinical factors indicated

by the participating doctors were: risk of AF with concomitant risk of

stroke, risk of sinus/SVT, and a potential need for CRT upgrade in the

future.

The DX ICD was considered in the majority of cases instead of

the VVI system, and only in a small proportion instead of a DDD

ICD. In more than half of the cases, the advantages of DX ICD were

also enhanced by combining it with RM. Notably, in the majority of

cases, good or excellent acute and chronic atrial signal amplitude was

recorded.

4.2 The leading influencing factors of DX ICD
selection

There is a relevant variability among implanting physicians and insti-

tutions regarding ICD system type selection.1–3,15 Although the use of

dual-chamber devices decreased in the last decade,15 the implantation

of atrial leads in patientswithout a clear indication for atrial pacing still

persists, despite the lack of evidence for clinical benefit.16 The DX ICD

system offers an additional atrial intracardiac electrogram with all the

potential benefits but without the risk associated to the implantation

of a second lead. The use of DX ICD systems shows an increasing trend

in Hungary.3,11 More than 1/5 of all implanted ICDs were DX ICD sys-

tems during the survey period, also highlighting the increasing interest

for this technology.

Based on the available scientific evidence and the current interna-

tional guidelines a decision-making flowchart was developed and pub-

lished to define the potential indications of DX technology (Figure 1).4

A clinical need for atrial monitoring (based on an elevated risk of

stroke) and/or current or future need of AV-sequential ventricular pac-

ingwere the leading evidence-based issues to choose aDX ICD instead

of a VVI system in that flowchart. Indeed, the responders of the cur-
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6 VAMOS ET AL.

rent survey indicated the elevated risk of stroke as the key influencing

factor for DX device selection (Figure 2A).

The 2nd most frequently indicated clinical factor for DX ICD selec-

tion was the risk of sinus/SVT. For note, improved SVT-VT discrimi-

nation should not be considered as an indication for a dual- versus

single-chamber ICD according to international society guidelines, thus

this approach does not decrease the risk of inappropriate shocks if

optimal device programming is used.2,11,14,17–18 On the other hand,

the availability of two different SVT discrimination algorithms and

a 3-channel IEGM may support troubleshooting. These advantages

seem to be important for the implanting physicians when choosing DX

instead of a VVI ICD system (Figure 2B).

Interestingly, a potential need for AV-sequential pacing in the future

was just the 4th most important factor, and the DX system has been

chosen due to the current need for AV-sequential pacing only in

a minority (7%) of the cases. Hence, AV-sequential ventricular pac-

ing without an atrial lead seems to be valuable but rare needed

advantage of the DX system. It is, however, important to avoid unnec-

essary implantation of dual-chamber devices, who still do not fulfill

an absolute indication for atrial only or atrioventricular bradypac-

ing but already have a mild AV or ventricular conduction problem

(i.e. first-degree heart block, right or left bundle branch block, wider

QRSduration), ormaydevelophigher degree conduction abnormalities

later. For these patients, aDX ICD leadmay be an optimal choice, like in

the case of 70 years-old male patient with secondary prophylactic ICD

indication and QRS duration of 118 ms due to left anterior hemiblock.

BasedonaborderlineHV interval (74ms)measuredduring anEP study

before the ICD implantation, a decision was made to implant a DX ICD

(Figure 4).

4.3 Combination of RM and DX technology

Based on the survey, the leading reason for implanting a DX instead

of a VVI ICD system was the capability of detection and monitoring of

AF. Especially, detection of silent atrial arrhythmiasmay help to reduce

stroke risk through the early initiation of oral anticoagulation. In the

THINGS registry, comparing the AT/AF diagnostic capability of stan-

dardVVI ICDs toDX, the2-year incidenceof anticoagulation onsetwas

3.6% for the VVI and 6.3% for DX ICD group (adjusted HR: 1.99, 95%

CI: 0.72-5.56, p= .184).10 This advantage seems to bemost effective in

combination with RM. In a most recent publication from the MATRIX

registry, a 99.7% detection accuracy for AHRE ≥1 h in patients with

DX ICD systems in combination with daily RM was reported facilitat-

ing a reliable guideline-recommended screening for subclinical AF and

monitoring of AF-duration progression.19

59.6% of the survey patients with DX ICD were enrolled into an

RM-based follow-up. The leading reason for the indication of RM

by the implanting physicians was clearly the need for early detec-

tion of arrhythmias by continuous monitoring (Figure 2D). Although,

for patients with cardiovascular implantable electronic devices RM is

recommended to be the standard of care by the most recent 2023

HRS/EHRA/APHRS/LAHRS Expert Consensus Statement,20 there are

still well-known barriers of uptake of RM, like juristic concerns, work-

overload, lack or shortage of reimbursement, or regional/institutional

availability. These barriersmay explain the lower number of patients in

the survey included into remote care than expected.

For note, further clinical trials are also being conducted to assess the

safety and performance aspects of DX ICD/CRT systems with a special

interest in combination with RM (DX-AF study: NCT031106275).

4.4 Reliability of atrial sensing parameters via the
floating dipole

In most of the cases (83.4% in the case of primer implantations and

72.7% at the time of box exchange) the P-wave amplitude measured

via the DX lead was excellent (>5 mV) or good (>2 mV), however,

the proportion of patients with a P-wave < 2 mV increased till the

time of device exchange (from 16.6% to 27.3%). The clinical implica-

tion of this finding is questionable sincewehad nodetailed information

about these cases, and up to 1 mV atrial sensing can be considered

acceptable. For note, in a most recent noncomparative meta-analysis

of 14 clinical trials and observational studies evaluating DX ICD, the

P-wave amplitudes were consistently in a range where they can sup-

port clinical decision-making across studies and remained stable over a

follow-up of up to two years.21 The ongoing prospective, multicenter,

open-label SMART-CONTROL trial (NCT03932604) aims to investi-

gate whether the atrial sensing capability of VDD-ICD is useful in AF

detection and inappropriate therapy reduction by randomly activating

or deactivating the atrial sensing function.22

4.5 The use of CRT-DX in the daily clinical
practice

Ten patients were implanted with a CRT-DX system during the study

period. The two leading factors indicated by the implanting physicians

for selecting the CRT-DX device were permanent AF (with expectancy

of spontaneous reversion) and the lack of any need for atrial pac-

ing. Beyond the scenario of upgrade from a DX ICD device, these two

options were suggested by the decision-making flowchart (Figure 1).4

The ratio of RM in the CRT-DX cohort was lower than expected and

lower compared to theDX cohort (40%vs. 59.6%), despite the fact that

the clinical benefits of RM inheart failure patients arewell known.23–28

Notably, the distribution of P-wave amplitudes in different clusters

was similar to that observed within the DX ICD group.

Scientific data regarding the feasibility and safety of resynchro-

nization via 2 leads (i.e., CRT-DX system) is still limited. In an early

publication by Biffi and colleagues, 12 patients with a CRT-DX system

were compared to 25 recipients of conventional CRT-Ds, and no dif-

ference in terms of NYHA class improvement, LV reverse remodeling,

peak cardiopulmonary performance, or the presence of chronotropic

incompetencewere observed.6 In a larger cohort of patientswith CRT-

DX (N = 120) from the QP ExCELs registry, fewer complications were

observed compared to a matched cohort of 120 patients with conven-
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VAMOS ET AL. 7

F IGURE 4 An example of a good candidate for the DX ICD system due tomild AV and intraventricular conduction problems. This 70-year-old
male patient had a secondary prophylactic ICD indication due to VT. The resting ECG (panel A, 25mm/sec, 10mm/mV) showed a normal PR
(178ms) and aQRS duration of 118mswith left anterior fascicular block. A preimplantation EP study demonstrated anHV interval of 74ms (panel
B) with a suprahisian AV block, accordingly a DX ICDwas implanted (panel C).

tional three-lead CRT-D systems, while similar CRT responses were

achieved.29 In another report of 50 patients with less favorable venous

anatomy, CRT-DX systems represented a safe alternative regarding

complication rates and functional parameters.30

Three ongoing studies may provide further insights into the per-

formance and expected outcomes of the CRT-DX technology (CRT-

Next: NCT03587064; BIO|REDUCE: NCT03839121; BIO-AffectDX

study31).

4.6 Limitations

Our study has all the limitations of such clinical surveys. We had no

direct access to patient data, such as detailed clinical information, indi-

cations, CHA2DS2-VASc score, follow-up data, etc. therefore those

could not have been analyzed. Moreover, P-wave parameters were

reported in clusters but not as exact numbers making impossible the

further evaluate the clinical implications of a sensing value < 2 mV.

Prior clinical experience with the DX ICD or CRT-DXwas not collected

by the survey whichmay also influenced the device selection.

It should be noted, that the acquisition of pacemakers/ICDs occurs

through a centralized tender in Hungary. The allocation of devices to

the implanting centers is unrestricted, accordingly, relevant reimburse-

ment bias in the selection of ICD systemswas unlikely.

5 Conclusions

In the current nationwide survey, the most important influencing clini-

cal factors indicated by the responding doctors for selecting a DX ICD

were the elevated risk of stroke or sinus/SVT and a potential need

for CRT upgrade in the future. These findings support the use of a

previously published decision-making flowchart (Figure 1).4

Physicians consider DX ICD instead of a VVI system in the major-

ity of cases, and only in a small proportion instead of a DDD ICD, the

option of resynchronization via 2 leads (i.e., CRT-DX system) is still

rarely used. Some advantages of DX ICD could be clearly enhanced by

combining itwithRM.Moreover, in themajority of cases, goodor excel-

lent atrial signal amplitude could be measured via the floating atrial

dipole.
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8 VAMOS ET AL.

Several ongoing studies are investigating the performance of the

DX ICD/CRTs in various clinical scenarios and may provide further

guidance in the selection of ICD systems.
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