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BACKGROUND The subcutaneous implantable cardioverter-
defibrillator (S-ICD) has demonstrated safety and efficacy for the treat-
ment of malignant ventricular arrhythmias. However, a limitation of
the S-ICD lies in the inability to either pace-terminate ventricular
tachycardia or provide prolonged bradycardia pacing support.

OBJECTIVE The rationale and design of a prospective, single-arm,
multinational trial of an intercommunicative leadless pacing system
integrated with the S-ICD will be presented.

METHODS A technical description of the modular cardiac rhythm
management (mCRM) system (EMPOWER leadless pacemaker and
EMBLEMS-ICD) and the implantation procedure is provided.MODULAR
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ATP (Effectiveness of the EMPOWER�Modular Pacing System and EM-
BLEM� Subcutaneous ICD to Communicate Antitachycardia Pacing) is
amulticenter, international trial enrolling up to 300 patients at risk of
sudden cardiac death at up to 60 centers trial design. The safety
endpoint of freedom from major complications related to the mCRM
system or implantation procedure at 6 months and 2 years are signif-
icantly higher than 86% and 81%, respectively, and all-cause survival
is significantly.85% at 2 years.

RESULTS Efficacy endpoints are that at 6 months mCRM communi-
cation success is significantly higher than 88% and the percentage
of subjects with low and stable thresholds is significantly higher
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than 80%. Substudies to evaluate rate-responsive features and per-
formance of the pacing module are also described.

CONCLUSION The MODULAR ATP global clinical trial will prospec-
tively test the safety and efficacy of the first intercommunicating
leadless pacing system with the S-ICD. This trial will allow for robust
validation of device-device communication, pacing performance,
rate responsiveness, and system safety.
KEYWORDS Leadless pacemaker; Subcutaneous ICD; Defibrillator;
Transcatheter pacemaker; Antitachycardia pacing
(Heart Rhythm O2 2023;4:448–456) © 2023 Heart Rhythm Society.
Published by Elsevier Inc. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).
Introduction
A large body of prospective data has established the safety
and efficacy of the totally subcutaneous implantable
cardioverter-defibrillator (S-ICD).1–6 The advantages of the
S-ICD include improved lead longevity and the absence of
transvenous hardware, which eliminates the risk for
bacteremic seeding of leads and deterioration of venous
and valvular structures. This technology has been
successfully applied to many patient populations, including
those who otherwise would not be ideal candidates for
transvenous systems.7 While the initially higher rate of inap-
propriate therapies has been addressed with improved
sensing algorithms,5,8,9 the remaining limitations of this de-
vice are the inability to either pace-terminate arrhythmias
or provide long periods of pacing for intermittent bradycardia
support.

The modular leadless pacemaker (LP) (EMPOWER; Bos-
ton Scientific, Marlborough, MA) is an intercommunicative,
self-contained pacemaker that is intended to be able to deliver
rapid burst pacing when commanded by the S-ICD sensing
algorithm at rates of 170 beats/min and higher. Additionally,
it is a functional transcatheter pacing system that is intended
to provide rate-responsive bradycardia pacing support.10–13

Preclinical evaluation of the LP pulse generator and its
performance in concert with the S-ICD collectively known
as the modular Cardiac Rhythm Management (mCRM)
Therapy System (Boston Scientific) have been previously
reported.14,15

Herein, we describe the technology, design, and endpoints
for a global clinical trial designed to assess the safety and ef-
ficacy of the mCRM therapy system.
Methods
mCRM therapy system
The mCRM therapy system components consist of the LP
and the S-ICD and its subcutaneous lead (Figure 1). The
LP is an investigational device: a rate-responsive, single-
chamber pacemaker with active-fixation nitinol tines. As
previously described,14,15 the S-ICD uses unidirectional
conductive communication to command the LP to deliver
antitachycardia pacing (ATP). The LP is implanted in the
right ventricle via a dedicated delivery catheter and intro-
ducer sheath and can be retrieved by a dedicated retrieval
catheter. Both the S-ICD and the LP are programmed via
an external programmer with investigational software
installed (Supplemental Figure 1).

Study population
Up to 300 patients will be enrolled and implanted with the
mCRM modular therapy system at up to 60 centers in the
United States, Canada, the United Kingdom, and Europe.
The inclusion and exclusion criteria are mentioned in
Table 1. Patients with an ICD indication,7,16 who do not
require chronic pacing support are the primary patient
population. Additionally, those with a previously implanted
S-ICD with a risk of experiencing monomorphic
ventricular tachycardia (VT) are eligible. While patients
who would require chronic rate-responsive pacing therapy
are excluded, the study design includes 2 substudies for
data collection to support bradycardia and rate-responsive
pacing.

Study design
MODULAR ATP (NCT04798768) is a prospective, non-
randomized, single-arm, global study. It is designed to
demonstrate safety, performance, and effectiveness of the
mCRM modular therapy system.

Institutional review board approval at each participating
institution will be obtained prior to patient enrollment. Sub-
jects will be consented for follow-up visits every 6 months
through at least 24 months. Subjects will continue to be fol-
lowed every 6 months until the sponsor notifies sites that
follow-up is complete. The total study duration is estimated
to be 5 years.

The MODULAR ATP design is summarized in Figure 2.
In the case of de novo S-ICD implants, the LP may be im-
planted simultaneously or within 30 days from the S-ICD
procedure. System testing will take place prior to discharge.
All patients will undergo follow-up visits at 1, 6, and 12
months and subsequent semiannual visits. A Holter monitor
substudy will take place at the 1-month visit and the rate
response substudy will take place at the 3-month visit for a
subset of patients. Data collection (Table 2) includes
informed consent, patient history, implantation details, avail-
able imaging, device testing, and adverse events assessment.

Implantation procedure
Eligible investigators must complete a prespecified training
program for device implantation and retrieval and an

http://creativecommons.org/licenses/by-nc-nd/4.0/
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KEY FINDINGS

- The modular leadless pacemaker (EMPOWER) is the first
intercommunicative, self-contained pacemaker that is
designed for antitachycardia pacing in conjunction of
the subcutaneous implantable cardioverter-defibril-
lator.

- The technology, design, and endpoints for a global
clinical trial designed to assess the safety and efficacy
of the mCRM Therapy System is outlined in this design
paper.

- The safety and efficacy of this technology will be pro-
spectively assessed with 2 primary and 1 secondary
safety endpoints, as well as 2 primary and 1 secondary
efficacy endpoints.
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assessment by qualified co-investigators. Procedure-related
medications (anesthesia/sedatives, anticoagulants, antiplate-
lets, and antibiotics) will be at the discretion of the investi-
gator.

The LP is delivered under fluoroscopy using the dedicated
delivery catheter (Supplemental Figure 1) through a�21F in-
ner diameter introducer sheath. After deployment, the LP’s
stability is then assessed by applying gentle traction via the
tether. Electrical tests are performed to assure electrical pa-
rameters are within recommended values (Supplemental
Table 1). The LP can be recaptured and repositioned if stabil-
ity is not adequate. After stability is assessed, the LP is
released from the tether. Data collection at implantation
and system testing includes implant images, paced QRS
morphology, sensing, and communication threshold testing.
Figure 1 Modular cardiac rhythm management (mCRM) therapy system. A: Th
cardioverter-defibrillator pulse generators. B: Illustration of the implanted mCRM
Finally, ventricular fibrillation is induced while the pulse
generator is programmed to pace asynchronously to ensure
appropriate detection of VF by the S-ICD (Table 2).

Acceptable pacing and sensing parameters will be guided
by study personnel (Supplemental Tables 2–4), but accept-
able final parameters before tether removal will ultimately
be made for each patient individually by the implanting
physician. Recapture and redeployment will be allowed as
necessary if initial parameters are deemed unacceptable.
Venous closure and hemostasis methods will be at the physi-
cian’s discretion.

Study organization
Study oversight includes a Steering Committee with mem-
bers from various geographies, who advise on study design
and execution. The data collection and monitoring are
managed by the sponsor. An independent Clinical Events
Committee, consisting of physician experts in cardiology,
will determine the mCRM therapy system– and procedure-
related complications.

A separate Data Monitoring Committee (DMC) is respon-
sible for the oversight review of all safety data. The DMC
will include leading experts in cardiology and biostatistics
who are independent of the study and the sponsor. The
DMC will review accumulating safety data to monitor the
incidence of Clinical Events Committee events and other
trends that would warrant study modification or termination.

Statistical methods and sample size calculation
Sample size calculations were performed using Cytel East 6
software (Cytel, Cambridge, MA). A sample size of 300 pro-
vides.90% power to test the study’s safety endpoints 1 and
2 and is greater than the sample size required to test all objec-
tives at the designed power levels, as summarized in Table 3.
e mCRM therapy system: leadless pacemaker and subcutaneous implantable
therapy system.



Table 1 Inclusion and exclusion criteria

Inclusion criteria � Class I, IIa, or IIb guideline ICD
indications,7,16 or an existing TV-ICD* or
S-ICD†

� At risk for MVT based on history of at least
ONE of:o Nonsustained MVT with LVEF

�50%
B Sustained VA (secondary prevention) with

LVEF �50% or significant cardiac scar‡

B Syncope of arrhythmic origin
B Ischemic cardiomyopathy with LVEF �35%
B Nonischemic cardiomyopathy with LVEF

�35% and significant scar‡

� Able to undergo study requirements
� 18 years (or older, if required by local law)

Exclusion criteria � Ongoing complication due to CIED infection
or CIED explantation

� Transvenous lead remnants within heart from
previously implanted CIED

� Known LA thrombus
� Ventricular arrhythmia due to reversible
cause

� Indicated for dual chamber pacemaker or
cardiac resynchronization therapy

� Implanted medical device that could
interfere with leadless pacemaker implant

� Requires rate-responsive pacing
� Pacemaker-dependent (escape rhythm �30
beats/min)

� Acute coronary syndrome within 40 days
� Inability to access femoral vein with �21F
inner diameter introducer sheath

� Active implanted electronic medical device
intended for chronic use

� Sensitivity to dexamethasone acetate
� Cardiovascular anatomy that precludes right
ventricular implantation

� Allergy to any system components
� Intolerance to S-ICD conversion testing
� Life expectancy ,12 months
� Enrollment in concurrent confounding study
� Pregnant/breastfeeding woman

MVT was defined as ventricular tachycardia .30 seconds.
CIED5 cardiac implantable electronic device; LA5 left atrial; LVEF5 left

ventricular ejection fraction; MI 5 myocardial infarction; MVT 5 monomor-
phic ventricular tachycardia; S-ICD 5 subcutaneous implantable
cardioverter-defibrillator; TV-ICD 5 transvenous implantable cardioverter-
defibrillator; VA 5 ventricular arrhythmia.
*TV-ICD system is expected to be fully explanted during or prior to full sys-
tem implantation.
†Patients with Model 1010 S-ICD or subject to electrical overstress field ac-
tion are eligible if upgraded to BSC Model A209 or A219, or future BSC S-ICD
Pulse Generator.
‡A scar involving at least 1 ventricular myocardial segment.

Enrollment (N=300)

Device(s) Implant
EMPOWER and S-ICD implanted within 30 days of 
each other (if dual de novo)

Pre-Discharge
Device and/or mCRM Coordinated System TesƟng

1 Month Visit
• 4 Posture TesƟng
• Holter monitor (~50 subjects)
• Device and/or mCRM Coordinated System 

TesƟng

Rate Response Substudy (3 Month) Visit
Treadmill and Hallway Walk (~50 subjects)

6 Month Visit
• 4 Posture TesƟng
• Device and/or mCRM Coordinated System 

TesƟng

12 Month Visit and Semi-annual
Device and/or mCRM Coordinated System TesƟng

Spontaneous Episodes

Figure 2 Study overview. mCRM 5 modular cardiac rhythm manage-
ment; S-ICD 5 subcutaneous implantable cardioverter-defibrillator.
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An interim endpoint analysis will occur after �134 pa-
tients have undergone system implantation and have been
followed for 6 months. If the safety endpoint 1 is met during
interim analysis, then the remaining endpoints using up to a
6-month follow-up period can be evaluated with this patient
dataset (Figure 3).
To address differing pre- and postmarket regulatory needs
across different geographies, safety endpoint 2 will be evalu-
ated, with �112 subjects that have been followed for 12
months with .90% power and all 300 subjects enrolled, re-
sulting in �210 subjects followed for 12 months with
.99.8% power.

In order to control the overall study type I error rate, the
secondary effectiveness endpoint, the accelerometer-based
rate response function of the LP, will only be evaluated if
safety endpoint 1 and the primary effectiveness endpoint
are successful. The secondary safety endpoint, all-cause
survival through 2 years, will only be evaluated if all of these
endpoints are successful (Figure 3).
Study endpoints
Study endpoints (Table 3) are designed to evaluate the overall
mCRM therapy system safety and efficacy.17–19 Outcomes
will be assessed among the following 3 groups: (1) the
unidirectional transmission of conductive communication
signals from the S-ICD system and LPs to deliver pacing
commands; (2) the LP’s fixation mechanism and fixation
stability; and (3) the LP’s accelerometer performance as the
basis for accelerometer-based rate-responsive pacing (see
secondary effectiveness endpoint). All endpoints are met if
the results are significantly greater than the performance
goal, using the lower confidence limits outlined for each
endpoint, as outlined in Table 3.
Safety endpoint 1
Safety endpoint 1 will be met if freedom from major compli-
cations through 6 months postimplantation is .86%. Major
complications are defined as any complication related to
the LP or its implantation procedure that results in system
revision, permanent loss of LP function, hospitalization, or
death. Similar safety endpoints have been used for other



Table 2 Data collection activities

Procedure/assessment Enrollment* LP implant S-ICD implant

mCRM coordinated system Follow-up in-office visits

Additional visitsxSystem testing† Predischarge‡ 1 mo 3 mo 6 mo Semiannual

All subjects
Informed consent X
Physical assessment, medical history X
S-ICD screening ECG X||

Implantation details X X||

Fluoro/cine image X X
Chest x-ray X
Communication threshold test X X{ X** X†† X†† X††

Communication test X** X‡‡ X‡‡,xx

S-ICD conversion and sensing
interaction testing

X O O O O

Evaluation X X X X X X Xxx

S-ICD evaluation X X X X X Xxx

Adverse events assessment X X X X X X X X Xxx

Up to 59 subjects: rate response substudy
Rate response testing X

Up to 50 subjects: Holter substudy
Holter Monitor data recording X

This table is intended to highlight key elements of study visits and does not include all study and substudy requirements.
ECG 5 electrocardiogram; LP 5 leadless pacemaker; mCRM 5 modular cardiac rhythm management; O 5 optional; S-ICD 5 subcutaneous implantable cardioverter-defibrillator; X 5 required.

*�30 days prior to LP and/or S-ICD implantation.
†The date that the mCRM Coordinated System is implanted (successful implantation of both the S-ICD system and LP).
‡Prior to hospital discharge with mCRM Coordinated System.
xIf associated with a reportable adverse event, spontaneous episode, or device deficiency.
||Only needed if de novo S-ICD.
{Upright posture only.
**4 postures, see Supplemental Appendix.
††In case of communication test failure.
‡‡1 posture only; upright is recommended.
xxRequired, if applicable.
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leadless pacing systems. Specifically, the major
complication-free performance goal was 86% for the LEAD-
LESS II study (Safety and Effectiveness Trial for the
Nanostim Leadless Pacemaker) of Nanostim20 and 83% for
Micra,21 which were in turn based on transvenous pacing
systems.

Interim analysis of this endpoint will take place after at
least 134 subjects undergo system implantation and are fol-
lowed for at least 6 months. This interim analysis allows
for early evaluation of endpoints at acceptable power level
and low a level of 1.2% (Statistical Methods and Sample
Size Calculation and Table 3), which in turn provides an op-
portunity for earlier regulatory device approval request in
some geographies. During this analysis, if the safety endpoint
is met, then primary and secondary effectiveness endpoints
will also be evaluated at this time. If the endpoint is not
met, then the safety endpoint will be evaluated again on the
entire study cohort along with the other endpoints (Figure 3).

Safety endpoint 2
The safety endpoint 2 is freedom from major complications
for all patients through 12 months post–system implantation
and will be met if the complication-free rate is.81%.24 The
results of this analysis will be the basis of pre- or postmarket
regulatory approval in U.S. and European Union geogra-
phies, as appropriate.

Primary effectiveness endpoint 1
The primary efficacy objective is to assess the robustness of
mCRM system communication. During communication
tests, the S-ICD will command the LP to deliver pacing at
a rate w10 beats/min faster than the patient’s intrinsic
rhythm. To meet the efficacy endpoint, the rate of successful
communication attempts from the S-ICD to the LP must
be .88%.

Because device communication can be affected by the
relative orientation of the devices, the primary effectiveness
endpoint will demonstrate communication success varied ori-
entations by altering the patient’s body posture. More infor-
mation regarding communication tests is provided in the
Supplemental Appendix.

Primary effectiveness endpoint 2
The second primary effectiveness endpoint is pacing capture
threshold stability, intended to reflect the LP’s fixation stabil-
ity. The percentage of patients with adequate pacing capture
threshold (defined as �2 V @ 0.4 ms) collected at the
6-month visit must be .80%, which is similar to perfor-
mance criteria for other transcatheter pacing systems.20,21

Secondary safety endpoint
The long-term safety of the LP and overall mCRM therapy
system will be assessed by testing the hypothesis that all-
cause survival through 2 years postimplantation, for the
entire patient cohort, is .85%. Estimated survival is
92.7%, a weighted average of results from S-ICD4,5 and



Evaluate 
Safety Endpoint 1 

(Major EMPOWER System- and 
Procedure-related ComplicaƟon-Free 

Rate at 6 months >86%) 

at α=1.2%, N≥134

ENDPOINT  
MET?

Evaluate
Primary EffecƟveness 

Endpoint 1 
(CommunicaƟon Success 
between the S-ICD and 
EMPOWER PG >88%) 

& 
Primary EffecƟveness 

Endpoint 2 
(ProporƟon of subjects with 

adequate Pacing Capture Threshold 
(PCT) ≤ 2 V@0.4 ms >80%)

ENDPOINT S 
MET?

Evaluate
Primary EffecƟveness 

Endpoint 1 
& 

Primary EffecƟveness 
Endpoint 2 

ENDPOINT S 
MET?

YES

YESYES

NO

YES

12 Months Follow-up: Evaluate Safety Endpoint 2 (Major EMPOWER System- and Procedure-related 
ComplicaƟon-Free Rate at 6 months >81%)

Evaluate 
Safety Endpoint 1 

at Final Analysis
α=1.9%, N≥223

ENDPOINT  
MET?

Evaluate 
Secondary EffecƟveness 

Endpoint 
(Assess the Rate Response 

func�on of the EMPOWER PG) 
& 

Ancillary ObjecƟves

Evaluate 
Secondary EffecƟveness 

Endpoint 
& 

Ancillary ObjecƟves

Up to 6 Months Follow-up 

2 Years Follow-up: Evaluate Secondary Safety Endpoint (All-Cause Survival >85%) – will be evaluated only if 
Secondary EffecƟveness endpoint is succesful

Figure 3 Endpoint analysis. Temporal and conditional map of endpoints, designed to minimize type I errors. S-ICD5 subcutaneous implantable cardioverter-
defibrillator; PG 5 pulse generator.
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recent transvenous ICD (TV-ICD) studies, including the
APPRAISE ATP (Assessment of Primary Prevention Pa-
tients Receiving An ICD - Systematic Evaluation of ATP),
ENABLE MRI (Magnetic Resonance Imaging) Access for
Patients With New and Existing ICDs (Implantable Cardi-
overter Defibrillator) and CRT-Ds (Cardiac Resynchroniza-
tion Therapy Defibrillator), MANAGE-HF (Multiple
Cardiac Sensors for the Management of Heart Failure), and
PREEMT-HF (PRospective Evaluation of Electrocardio-
graphic Voltage Changes and Six Minute Walk Test for Pre-
dicting Readmissions in Heart Failure) clinical trials. This
endpoint will only be evaluated if safety endpoint 1 as well
as the primary and secondary effectiveness are successful
(Figure 3).
Secondary effectiveness endpoint
Up to 59 subjects who are able to perform a treadmill walk
protocol will be offered enrollment in the treadmill substudy
using a modified Minnesota Pacemaker Response Exercise
Protocol. The LP will be programmed in VVIR mode and
data will be collected to evaluate the correlation between
the patient’s paced heart rate and the patient’s workload as
evaluated throughout every stage of the treadmill test.
Holter substudy
To assess LP pacing performance, 50 patients will undergo
overdrive pacing while wearing a Holter monitor for 25 to
30 minutes during an in-office visit. Patients will then wear
the Holter monitor in the ambulatory setting for 16 to 24
hours.
Discussion
The MODULAR ATP global clinical trial will prospectively
test the first-of-its-kind leadless pacing system that communi-
cates with the S-ICD. The technology assessed by this study
is critical to the evolution of pacing and defibrillation in gen-
eral due to the clinical barriers that transvenous leads pose to
the care of patients. ICDs have proven to be lifesaving de-
vices with remarkable mortality benefit in appropriate patient
populations. However, the most important source of
morbidity and mortality from these systems involves the
transvenous lead. It was recognized decades ago that the
transvenous ICD lead was particularly vulnerable to failure
compared with pacemaker leads.25 Indeed, 2 subsequent ma-
jor transvenous ICD lead failures resulted in serious patient
morbidity and mortality.26,27

Leadless technology has emerged as the next frontier for
all forms of cardiac pacing and defibrillation and would be
a potentially valuable adjunct to the S-ICD. The seminal trials
of 2 transcatheter pacing systems were originally described
simultaneously in 2015.20,28 Since then, widespread adoption
of this technology has occurred with acceptable safety and ef-
ficacy. The mCRM is the first transcatheter pacing system
that wirelessly communicates with a subcutaneous defibril-
lator platform and, if validated, will add to the utility of lead-
less pacing devices by offering (1) a leadless modality for
pace termination of ventricular arrhythmias and (2) pacing
at energy levels that do not lead to pain or discomfort.29

It is clear that patients with ICDs who receive shocks have
significantly worsened quality of life, functional status, and
mortality compared with those who do not receive
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shocks.30,31 In the PRAETORIAN (A PRospective, rAndom-
izEd Comparison of subcuTaneOous and tRansvenous
ImplANtable Cardioverter Defibrillator Therapy) trial, while
patients randomized to the S-ICD arm were 1.5 times more
likely to receive shocks than those receiving transvenous sys-
tems, the PRAETORIAN trial also showed no reduction in
total appropriate shocks in the transvenous, ATP-capable
arm vs the S-ICD arm with ATP unavailable.32 However, it
is not knownwhether pace termination of ventricular arrhyth-
mias mitigates these variables. The ongoing APPRAISE
ATP trial33 is a randomized controlled trial to assess the over-
all benefit of ATP in primary prevention patients and identify
patient characteristics who most benefit from ATP. The
PRAETORIAN trial showed 46% of VT episodes were suc-
cessfully terminated by ATP in the transvenous arm, which
was comparable to rates in other recent studies.32,34,35 The
PainFREE Rx II (Pacing Fast VT Reduces Shock Therapies)
trial demonstrated an 85% reduction in appropriate ICD
shocks in those randomized to the ATP arm, but in the
MADIT-RIT (Multicenter Automatic Defibrillator Implanta-
tion Trial - Reduce Inappropriate Therapy) trial, subjects ran-
domized to delayed therapy ICD programming had very
small amounts of ATP and had substantially improved mor-
tality.36,37 Despite this controversy, a proportion of patients
who require ICDs are spared from ICD shock with
ATP-capable devices. In the PARTITA (Does Timing of
VT Ablation Affect Prognosis in Patients With an Implant-
able Cardioverter-defibrillator?) trial, among 517 patients un-
dergoing ICD implantation with ischemic and nonischemic
substrates, 154 (29.8%) patients had sustained VT and 112
patients received ATP therapy with contemporary device
programming.38

While only a proportion of patients with defibrillators
receive pace termination of ventricular arrhythmias, it is note-
worthy that patients who get successful ATP receive therapy
multiple times. In one published series, 248 ATP episodes
occurred in only 47 patients,12 which suggests that certain pa-
tients with ICDs are especially spared from ICD shocks by
ATP-capable platforms. In this trial, selection criteria were
designed to target this particularly vulnerable population by
including those with prior VT or with substrates at risk for
pace-terminable VT.
Conclusion
The MODULAR ATP global clinical trial will be the first to
test leadless pacing technology that intercommunicates with
the entirely subcutaneous implantable defibrillator. This
technology is critical to the evolution of cardiac pacing and
defibrillation.
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