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ORIGINAL RESEARCH
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ABSTRACT
Background: Antitachycardia pacing (ATP) therapy, available in modern implantable
cardioverter defibrillators (ICD) and cardiac resynchronization therapy defibrillators
(CRT-D), aims to terminate ventricular arrhythmias without administering high energy
shocks. The intrinsic ATP (iATP) algorithm automates ATP programming in real-time,
tailoring therapy based on previous ATP attempts. This study evaluated the safety,
efficacy, and clinical outcomes of iATP in patients from Japan and South Korea.
Methods: This study was a prospective, observational, multi-site registry that enrolled
patients from Japan and South Korea implanted with an ICD or CRT-D device with the
iATP algorithm. Patients were followed for a minimum of 12months. Outcomes
included ATP termination success, appropriate shocks, acceleration, arrhythmia-related
syncope, and mortality. A post hoc unanchored matching-adjusted indirect comparison
(uMAIC) was performed to compare iATP with standard ATP using published literature.
Results: A total of 800 patients were enrolled. The iATP success rate for terminating
all episodes was 89.2% (86.2% Generalized Estimating Equation [GEE] estimated) and
82.2% for episodes in the fast VT zone (80.9% GEE estimated). Acceleration occurred
in 2.0% of episodes, and arrhythmia-related syncope was observed in 0.5% of patients.
The 1-year survival rate was 96.1%, with no device-related deaths or abnormal battery
depletions. The uMAIC showed iATP had higher termination efficacy across all epi-
sodes (88.1% vs. 79.3%, p< 0.001), a lower probability of appropriate shocks per epi-
sode (iATP 14.7% and ATP 31.3%, p< 0.001), and fewer accelerations per episode
(2.1% vs. 4.8%, p¼ 0.02), with similar probability of arrhythmia-related syncope per
patient (0.5% vs 0.9%, p¼ 0.35) and mortality (12-month Kaplan Meyer survival esti-
mate iATP 95.4%, ATP 95.3%, p¼ 0.43).
Conclusions: iATP exhibited a high ventricular arrhythmia termination efficacy and a
favorable safety profile. Comparison of iATP to standard ATP provides initial evidence
of higher termination success, lower incidence of accelerations and appropriate
shocks, and similar rates of mortality and arrhythmia-related syncope.

Trial Registration: ClinicalTrials.gov Identifier: NCT01524276; Japan Registry of Clinical
Trials Identifier: jRCT1042200049
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Introduction

Implantable cardioverter-defibrillators with or without cardiac resynchronization therapy (ICD, CRT-D)
provide lifesaving high-energy therapy in the event of sudden cardiac arrest and are considered the
standard of care for patients at risk of sudden cardiac arrest1–3. As an alternative, these devices can also
provide low energy antitachycardia pacing (ATP) therapy to terminate episodes of ventricular tachycardia
(VT)4,5. When successful, ATP achieves the goal of interrupting malignant heart rhythms, particularly
monomorphic ventricular tachycardia (MVT), without the clinical and economic burden associated with
high-energy shocks6,7.

ATP therapy has been shown to be effective when programmed appropriately8–11, which creates
opportunity as well as challenge. Efforts to implement proven programming strategies in real-world cir-
cumstances have been met with limited success12. The intrinsic ATP (iATP) algorithm was developed to
automate the selection of ATP parameters, ensuring that each subsequent therapy is tailored and refined
based on the outcomes observed from the previously delivered therapy. Early experiences with iATP
suggest that it safely adjusts therapy progression and terminates a high proportion of arrhythmias with-
out ongoing physician intervention13.

The goal of this study was to characterize the safety, efficacy, and clinical outcomes associated with
iATP in patients from Japan and South Korea. This report includes results on iATP performance local to
these healthcare systems and a structured comparison to standard ATP.

Methods

The Surveillance of Automated ATP Algorithm in ICD/CRT Devices with Key Concepts for Assessing
Safety and Efficacy (SPARK) registry was conducted to characterize the performance of ICDs and CRT-Ds
with the iATP algorithm. The iATP algorithm has been described previously13. This manuscript was devel-
oped in compliance with the STROBE statement for reporting observational studies14.

Study population

Patient recruitment was performed at hospitals in Japan and South Korea. Patients included in the study
were those who underwent implantation (de novo or replacement) of a Cobalt XT ICD or CRT-D device
(Medtronic Inc., Minneapolis, MN) with the iATP algorithm. Patients with either an ICD or a CRT-D device
were included as they have similar risk factors for ventricular arrhythmias and iATP will operate in a con-
sistent manner regardless of device type. Patients were excluded if they were inaccessible for follow-up,
ineligible according to local law, or enrolled in any concurrent study that might have confounded the
results. Enrollment was required prior to or within 30 days of the implant procedure. Patients were fol-
lowed according to local standard of care for 12months at minimum.

The SPARK registry was conducted in accordance with the principles of the World Medical Association
Declaration of Helsinki and adhered to laws and regulations of the countries and sites involved.
Approval was obtained from the ethics committee at each site (Supplement 3), and informed consent
was obtained from all participants prior to enrollment.

Study design

The SPARK registry (jRCT1042200049; registered 8 October 2020) was a prospective, observational, multi-
site registry study conducted within the Medtronic Product Surveillance Registry (NCT01524276). The full
set of objectives were to characterize device-related complication-free survival, rate of abnormal battery
depletions, device system modifications, patient deaths, termination success rate of iATP in the fast ven-
tricular tachycardia (FVT) zone, arrhythmia-related syncope, and heart failure hospitalizations. This report
includes the objectives associated with iATP safety (acceleration, arrhythmia-related syncope, mortality)
and efficacy (termination success, appropriate shocks).
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iATP algorithm

The iATP algorithm is a real-time automated system designed to reduce implantable cardioverter-
defibrillator shocks by using electrophysiological principles to treat ventricular arrhythmias using low
energy pulses13. It employs a structured sequence of burst pacing plus extra stimuli, where the burst
paces aim to reach the re-entrant circuit and the extra stimuli aim to terminate it. The algorithm uses
timing information from initial ATP attempts to assess effectiveness and adapt subsequent pacing strat-
egies and also detects changes in episode characteristics to restart therapy if a new circuit forms
(Supplementary Figure S1).

Data collection and measures

Data collected at baseline included demographics, clinical characteristics and medical history. At implant,
data were collected on the procedure and techniques, adverse experiences and device programming.
Data were collected up to the time of study exit. In the case of lost to follow-up, patient follow-up was
calculated based on the date of last contact. Adverse events, system modifications, and changes in
patient’s status (e.g. death and study exit) were reported upon site awareness. All adverse events were
adjudicated by a Clinical Events Committee (CEC, Supplement 2), which consisted of independent phys-
ician experts who were not related to the study sponsor or a principal investigator in the study, for
relatedness to the device and determination of complication or observation. Baseline device program-
ming was collected through CareLink (Medtronic Inc., Minneapolis, MN) remote transmissions and
detailed episode data were collected through CareLink or through manual device interrogations.

Ventricular arrhythmia episode data were first adjudicated for morphology and acceleration by two
members of an Episode Review Committee (ERC, Supplement 2), with a third review added if there was
disagreement between the first two. The ERC included independent physician experts who were not
related to the study sponsor or a principal investigator in the study. Eligible episodes were spontaneous
episodes detected by the device in the VT, FVT, or ventricular fibrillation (VF) zones that were treated
with iATP therapy and were adjudicated by the ERC. Successful episode termination by iATP was defined
as an episode with iATP as the last therapy and device-determined success with no shock delivered.
Episode acceleration was defined as a reduction in cycle length for a device-treated episode by at least
10% or 30ms (whichever is larger), or conversion from MVT to polymorphic VT or VF after treatment. A
syncope event was defined as a complete loss of consciousness and postural tone as determined by the
CEC. A syncope event was considered related to arrhythmia if it had an onset within 24 h of a device-
treated ventricular tachyarrhythmia as confirmed by the ERC.

Comparative analysis

The objectives of the post hoc comparative analysis were to compare iATP to ATP in the following met-
rics: termination success rate (for all treated episodes and for treated episodes detected in the FVT
zone), episode acceleration, arrhythmia-related syncope, death, and appropriate shocks. The analysis was
structured as an unanchored matching-adjusted indirect comparison (uMAIC)15. For the intervention (i.e.
iATP), the uMAIC used the individual patient data from the SPARK registry. The comparator was com-
prised of pooled data from relevant references identified via a structured literature review on ATP per-
formance. An unanchored comparison was conducted because of a lack of a common comparator
between references. Patient weights for the uMAIC were derived using a generalized linear mixed model,
ensuring alignment of key covariates between populations. These weights were then applied to the
SPARK data, to ensure that the outcome measures reflected a population more comparable to the com-
parison literature.

The literature search was performed by one researcher (RH) using PubMed and keywords “((antitachy-
cardia OR anti-tachycardia) AND pacing) AND multicenter” with no restriction on the date of publication.
References were excluded if they were limited to a single center, or did not report both raw ATP termin-
ation efficacy and efficacy adjusted for multiple episodes per patient, with remaining references included
for analysis. For references that included multiple arms comparing variations on application of ATP
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therapy, data were extracted separately for each arm, with each arm being referred to as a study in this
manuscript. Summary statistics of population baseline characteristics and outcome measures were
extracted, including age, gender, device type, indication, left ventricular ejection fraction, QRS width,
left bundle branch block, ischemic etiology, New York Heart Association class, myocardial infarction,
hypertension, arrhythmia-related syncope, and atrial arrhythmias. Outcome measures included iATP
termination success and number of appropriate shocks (efficacy), as well as rate of acceleration,
arrhythmia-related syncope, and death (safety). Baseline characteristics and outcomes from the compari-
son literature were extracted by one researcher (RH) and validated by a second (WM).

As all covariates were not available in all studies for extraction, base case analyses were performed
using the maximum number of studies while narrowing the number of covariates. In addition, scenario
analyses including a subset of studies that reported a wider set of covariates were performed. Further
details are provided in Supplement 6.

Statistical analysis

This study did not have a statistically powered objective, all objectives were descriptive in nature. A total
of 800 subjects was determined to be a sufficiently large sample size to represent the local populations
and characterize the clinical outcomes. Descriptive statistics are reported as mean± standard deviation
(SD), median [interquartile range (IQR)], number of patients (percentage), or as number of episodes (per-
centage). Generalized estimating equations (GEE) were used to calculate iATP success rates to adjust
event rates for multiple episodes from a single patient. A Cochran’s Q test was used to determine
whether the observation variation in the comparator study estimates was due to sampling error alone.
The Kaplan-Meier method was used to estimate survival probabilities. Survival data were extracted from
the comparative studies using PlotDigitizer (version 3.1.6), an online tool for digitizing plots and graphs
(https://plotdigitizer.com). All analyses were performed with the use of the R statistical package (R
Project for Statistical Computing) or SAS software, version 9.4 (SAS Institute).

Results

Patient characteristics

A total of 800 patients were enrolled at 38 sites in Japan and South Korea between October 2020 and
October 2023, having a mean age of 68.0 ± 13.9 years, 75.5% being male, and 68.5% with ICD (31.5%
CRT-D) (Table 1). Patients were followed for an average of 16.2 ± 6.6months.

A total of 370 patients had baseline programming data available, and 619 patients had detailed epi-
sode data through at least 90 days of follow-up, enabling complete data for episode adjudication.
Programming at baseline was set to enable iATP in the VT zone for 92.7% of patients and in the VF
zone for 90.8% of patients. The FVT zone was programmed on for 40.8% of patients, with iATP enabled
in the FVT zone in all cases.

Spontaneous episodes and therapy

During follow-up, 631 total arrhythmia episodes from 97 patients were detected and treated by the
device (Supplementary Figure S2). Of these, 493 episodes of ventricular arrhythmia from 77 patients
were appropriately treated by iATP (median cycle length ¼ 340 [IQR ¼ 320–410] ms). Among these, 369
(74.8%) were detected as VT (median cycle length ¼ 360 [IQR ¼ 330–430] ms) in 61 patients, 73 (14.8%)
were detected as FVT (median cycle length ¼ 310 [IQR ¼ 300–320] ms) in 18 patients, and 51 (10.3%))
were detected as VF (median cycle length ¼ 280 [IQR ¼ 270–290] ms) in 11 patients (Figure 1). The
morphology of treated episodes was primarily MVT (Table 2).

The application of iATP resulted in termination of 440 of 493 episodes across all detection zones
(89.2% unadjusted, 86.2% GEE estimated; 95% confidence interval [CI]¼ 79.1–91.2%). There were 40 epi-
sodes in 18 patients in which iATP was unsuccessful and resulted in at least one shock (66 total shocks).
Among episodes detected in the FVT zone, 60 of 73 were successfully terminated by iATP (82.2%
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unadjusted, 80.9% GEE estimated; 95% CI ¼ 63.3–91.2%). Among the FVT episodes that were not termi-
nated by iATP, 13 episodes in six patients resulted in one shock. There were a small number of episodes
that were treated with standard ATP (10 episodes were treated by standard ATP prior to iATP, and five
episodes were treated by standard ATP after iATP). There were 1.70 ± 1.97 attempts of ATP or iATP that

Table 1. Baseline characteristics of SPARK registry patients.

Baseline characteristics
Total

(n¼ 800)
CRT-D subjects

in Japan (n¼ 152)

CRT-D subjects
in South Korea

(n¼ 100)
ICD subjects in
Japan (n¼ 248)

ICD subjects in
South Korea
(n¼ 300)

Age (years) 68.0 ± 13.9 71.5 ± 12.6 70.5 ± 12.1 69.0 ± 13.2 64.7 ± 15.0
Male 604 (75.5%) 122 (80.3%) 168 (68.0%) 188 (75.8%) 226 (75.3%)
Primary Prevention Indication 494 (61.8%) 122 (80.3%) 85 (85.0%) 112 (45.2%) 175 (58.3%)
LVEF (%) 38.3 ± 15.3 29.9 ± 10.3 31.4 ± 10.1 43.6 ± 15.7 40.4 ± 15.9
Available 774 (96.7%) 149 (98.0%) 95 (95.0%) 241 (97.2%) 289 (96.3%)
QRS Duration (ms) 126.7 ± 32.7 149.6 ± 28.8 153.4 ± 27.2 118.2 ± 27.5 113.7 ± 29.1
Available 788 (98.5%) 145 (95.4%) 99 (99.0%) 246 (99.2%) 298 (99.3%)
Left Bundle Branch Block 130 (16.3%) 81 (53.3%) 34 (34.0%) 6 (2.4%) 9 (3.0%)
Coronary Artery Disease 166 (20.8%) 50 (32.9%) 16 (16.0%) 49 (19.8%) 97 (32.3%)
Ischemic Cardiomyopathy 174 (21.8%) 38 (25.0%) 17 (17.0%) 44 (17.7%) 75 (25.0%)
Myocardial Infarction 138 (17.3%) 27 (17.8%) 7 (7.0%) 54 (21.8%) 50 (16.7%)
Hypertension 316 (39.5%) 62 (40.8%) 52 (52.0%) 79 (31.9%) 123 (41.0%)
NYHA Class
No Heart Failure 71 (8.9%) 0 (0.0%) 0 (0.0%) 40 (16.1%) 31 (10.3%)
I 94 (11.8%) 7 (4.6%) 4 (4.0%) 61 (24.6%) 22 (7.3%)
II 274 (34.3%) 67 (44.1%) 33 (33.0%) 91 (36.7%) 83 (27.7%)
III 167 (20.9%) 66 (43.4%) 24 (24.0%) 37 (14.9%) 40 (13.3%)
IV 22 (2.8%) 9 (5.9%) 1 (1.0%) 7 (2.7%) 5 (1.7%)
Not Available 172 (21.5%) 3 (2/0%) 38 (38.0%) 12 (4.8%) 119 (39.7%)

Arrhythmia Related Syncope 86 (10.8%) 11 (7.2%) 2 (2.0%) 45 (18.1%) 28 (9.3%)
Atrial Arrhythmias 275 (34.4%) 67 (44.1%) 30 (30.0%) 84 (33.9%) 94 (31.3%)

Figure 1. Distribution of iATP treated episodes by detection zone and cycle length at detection.

Table 2. Rhythm classification of iATP treated episodes from the SPARK registry.
Overall (n¼ 526) FVT (n¼ 81) VF (n¼ 56) VT (n¼ 389)

Rhythm
Atrial Fibrillation/Flutter 12 (2.3%) 2 (2.5%) 0 (0%) 10 (2.6%)
Mono VT 493 (94%) 73 (90%) 51 (91%) 369 (95%)
Other SVT/Sinus Tach 21 (4%) 6 (7.4%) 5 (8.9%) 10 (2.6%)
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were delivered per successfully treated episode. The efficacy of iATP to terminate episodes is displayed
by cycle length in Figure 2.

Among all shock therapies delivered by the device (whether episode was treated by iATP or not), 32
patients received 120 total shocks. There were 96 appropriate shocks in 25 patients, and 24 inappropri-
ate shocks in seven patients. Among patients with at least 90 days of device follow-up, 98.9% (612 of
619) were inappropriate shock free over the follow-up period.

Safety

Acceleration after iATP was observed in 10 MVT episodes among 493 MVT episodes (2.0%) in six
patients. There were three observations of arrhythmia-related syncope in three distinct patients among
619 patients with device data available (0.5%), all three treated with medications and one with device
reprogramming. Among the 370 patients with CareLink data available, only one had a manual reprog-
ramming from iATP to standard ATP, and this was in the VF zone. In the VT and FVT zones iATP was
never reprogrammed to standard ATP. Death occurred in 36 (4.5%) patients during the study. The
Kaplan-Meier survival at 1-year post-implant was 96.1% (95% CI ¼ 94.7–97.5%). Site reported modes of
death included non-cardiac (44.4%), non-sudden cardiac (25.0%), sudden cardiac (13.9%), and unknown
(16.7%), and all deaths were adjudicated as not related to the ICD system. There were no reported
abnormal battery depletions during the SPARK registry follow-up.

Comparative analysis

Individual patient data from all patients enrolled in the SPARK registry were included in the comparative
analysis. For the comparator arm, the systematic literature search was performed in March 2025 and
resulted in 181 studies. There were 132 exclusions at screening and 37 exclusions after manuscript
review, resulting in 12 included for analysis (Supplementary Figure S3). The most common reasons for
exclusion were incorrect population or intervention (n¼ 64) and no report of ATP efficacy (n¼ 63).
Baseline characteristics from the studies in the comparator arm are summarized in Table 3. Reported
mean/median cycle lengths of ATP treated episodes for comparator studies ranged from 290 to 310
milliseconds. The chi-square tests of the Cochran’s Q yielded statistically significant results indicating a
significant heterogeneity between comparator studies that cannot be explained by sampling uncertainty

Figure 2. Distribution of iATP success and failure overall and by cycle length at detection.
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alone. Therefore, we adopted random-effect models to pool the study estimates. After individual patient
data reweighting, there was close matching between SPARK registry and comparator arm baseline char-
acteristics (Supplementary Table S4).

In the base case analysis, the use of iATP in all treated episodes was associated with a significant
higher termination efficacy (iATP ¼ 88.1% and ATP ¼ 79.3%, p< 0.001), and the results are presented in
Figure 3. The use of iATP in treated episodes in the FVT zone was also associated with a significantly
higher termination efficacy (iATP ¼ 85.6% and ATP ¼ 73.5%, p< 0.001). The results for iATP efficacy
were otherwise directionally consistent when adjusted for multiple episodes within patients, and when
performed for subsets of studies with wider covariate inclusion (Supplementary Table S3). The termin-
ation efficacy of iATP remained high across a wide range of cycle lengths (Supplementary Figure S4).

When compared to standard ATP, iATP was associated with a lower probability of shock given an
appropriate detection, inclusive of episodes treated with shock only or ATP and shock (iATP ¼ 14.7%
and ATP ¼ 31.3%, p< 0.001). The use of iATP was associated with a lower rate of accelerations per
treated episode (2.1% vs 4.8%, p¼ 0.02). There was no significant difference in the probability of
arrhythmia-related syncope per patient (0.5% vs 0.9%, p¼ 0.35). The results for shocks, accelerations,
and arrhythmia-related syncope are presented in Figure 3. When compared to a single comparator study
with detailed survival analysis available9, no significant difference in mortality was observed (12-month
Kaplan Meyer survival estimate iATP ¼ 95.4%, ATP ¼ 95.3%, p¼ 0.43, Supplementary Figure S5).

Discussion

In the prospective SPARK registry including Japanese and South Korean patients, iATP successfully termi-
nated 89.2% (86.2% GEE estimated) of all treated episodes, and 82.2% (80.9% GEE estimated) of episodes
detected in the FVT zone. In addition, iATP had a favorable safety profile as characterized by episode
acceleration (1.9% of episodes), arrhythmia-related syncope (0.4% of patients), and overall mortality
(96.1% survival at 1 year) with no observation of abnormal battery depletion. A post hoc comparative
analysis found that the use of iATP was associated with a significantly higher termination efficacy across
zones as compared to standard ATP (iATP ¼ 88.1% and ATP ¼ 79.3%, p< 0.001), and significantly higher
termination efficacy for episodes detected in the FVT zone (iATP ¼ 85.6% and ATP ¼ 73.5%, p< 0.001).
The use of iATP was associated with a lower incidence of episode acceleration (iATP ¼ 2.1% and ATP ¼
4.8%, p¼ 0.02) and a similar probability of arrhythmia-related syncope per patient (iATP ¼ 0.5% and ATP
¼ 0.9%, p¼ 0.35), with no significant difference in mortality (p¼ 0.43). A substantial number of patients
remained inappropriate shock-free (98.9%) over the follow-up period.

Table 3. Baseline characteristics of standard ATP comparator literature.

Studya Arm N Age Male ICD
Primary

prevention LVEF QRS
Ischemic
history HTN

NYHA
III-IV

Atrial
arrhythmia

Wathen et al. (2001)5 ATP 220 67 78.0% 100% 37.0% 33.0% NR 100% 51.0% 25.0% NR
Wathen et al. (2004)4 ATP 313 67 80.0% 100% 48.0% 32.0% NR 83.0% 56.0% 18.0% NR
Santini et al. (2010)10 8 pulse ATP 475 64 86.1% 100% 42.7% 33.7% NR 76.6% NR 31.6% NR
Santini et al. (2010)10 15 pulse ATP 450 63.4 89.3% 100% 39.6% 34.2% NR 72.7% NR 30.7% NR
Gasparini et al. (2010)11 BiV ATP 266 66.6 86.8% 0.0% 81.6% 24.9% 155.7 66.5% NR NR NR
Gasparini et al. (2010)11 RV ATP 260 66.8 83.8% 0.0% 80.4% 26.0% 153.9 61.2% NR NR NR
Saeed et al. (2010)25 ATP 830 67.2 72.5% 76.4% 100.0% 25.2% NR 71.1% 56.5% 28.6% 32.0%
Anguera et al. (2015)26 Single ATP Burst 42 64.1 85.7% 73.8% 59.0% NR NR 61.9% 45.2% 45.2% 26.2%
Anguera et al. (2015)26 Successive ATP 112 62.5 90.2% 75.9% 58.2% NR NR 51.8% 52.7% 40.2% 31.2%
Auricchio et al. (2015)27,

Sterns et al. (2023)16
ATP 2770 64.8 79.4% 61.3% 69.2% 32.2% 125.9 44.0% 52.1% 32.2% 32.0%

Watanabe et al. (2014)28 ATP 715 65.3 76.9% 60.0% 42.1% 42.9% 124.6 41.0% 47.7% 21.8% 30.0%
Chinushi et al. (2020)29 ATP 85 65.4 81.2% 61.0% 52.9% 35.8% 135.1 27.1% NR 33.0% 17.7%
Gulizia et al. (2009)30 Ramp ATP 103 66 79.0% 100% 59.0% 30.0% 120 57.0% 49.0% 55.0% 23.0%
Gulizia et al. (2009)30 Burst ATP 103 67 84.0% 100% 46.0% 33.0% 119 68.0% 49.0% 57.0% 28.0%
Knops et al. (2022)31,

Olde Nordkamp
et al. (2024)32

Transvenous ICD 423 64 81.6% 100% 80.1% 30.0% 105 69.2% 57.3% 15.2% 22.1%

Schuger et al. (2024)9 ATPþ Shock 1302 64 78.7% 100% 100.0% 27.4% 107 58.1% 71.7% 29.7% 26.2%

NR, Not reported.
aSee Supplement 5 for detailed information on included publications.
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Several previous investigations have reported on the performance of standard ATP. The studies that
qualified for the comparative analysis represent a wide date range (20015 to 20249) and technology
from different manufacturers9,16. The median of the termination success rate of 70.4% across the studies
in the comparative analysis represents a reasonable real-world performance expectation.

There is emerging evidence to corroborate the observations in the individual patient data from the
SPARK registry. A virtual heart modeling study found that iATP was able to terminate episodes that
were not terminated by standard ATP, with better efficacy attributed to closing the excitable gap and
reaching the critical isthmus of the VT17. In a feasibility study of 144 patients, Yee and colleagues
observed a raw termination efficacy for iATP of 82.8% across all detection zones13. Yanagisawa et al. per-
formed a novel study randomizing the order of application of either standard ATP or iATP and found
that, in episodes where initial standard ATP failed to terminate, iATP was significantly more likely to ter-
minate those episodes as compared to applying standard ATP after iATP failure to terminate, implying
that iATP has broader effectiveness18. In a propensity matched analysis, Onuki et al. found that iATP was
associated with a higher termination rate (84.1% vs. 53.6%, p< 0.001) and lower rate of acceleration
(0.0% vs. 10.1%, p¼ 0.013) compared to standard ATP19. Finally, a recently published analysis of iATP
performance found the overall termination success rate in MVT episodes to be 87.1%20.

There is biological plausibility to the observation that iATP had an improved termination efficacy and
reduction in accelerations. The iATP algorithm was designed to address previously observed failure
modes of standard ATP in episode termination. Insufficient prematurity is addressed in iATP by providing
rapid pacing via extra stimuli that is tuned with learnings from failed initial termination attempts if
necessary. The ability to first try one extra stimulus and switch to two if needed is a difference from
standard ATP, where the entire series of burst paces are made more rapid to achieve the same result,
increasing the potential for episode acceleration. Finally, iATP enables automaticity in tailoring treatment

Figure 3. Comparative results for termination efficacy in all zones (Panel A), acceleration (Panel B), arrhythmia-related
syncope (Panel C), and shocks (Panel D).
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to the specific needs of each patient and each VT episode without manual effort, which is important as
real-world programming lags consensus recommendations. The findings of the Shock-Less study12 found
even after distribution of programming reports, optimal programming was still achieved in less than
50% of patients.

To further characterize the safety profile of iATP there are a few other considerations. Compared to
standard ATP, use of iATP was associated with no difference in arrhythmia-related syncopal episodes. In
addition, the rate of inactivation of iATP therapy was low, indicating that patients rarely experienced
symptoms driving physician modification of therapy settings. Finally, there were no observations of pre-
mature battery depletion in the SPARK registry. There is no quantitative analysis of the number of ATP
therapies delivered, but this observation can be explained by the principle of operation. Low energy
pacing pulses that are infrequently delivered such as those delivered by iATP have minimal impact on
battery depletion. For example, a typical ATP sequence involves eight pulses at 8 volts for 1.5 millisec-
onds, which cumulatively requires less than one part in 9 million of the energy from a battery with a
capacity of 1 amp-hour.

Programming in the SPARK patients may have been driven by a therapeutic goal to treat slower VT
episodes. This might be due to unmeasured differences in patient characteristics, such as cardiac sar-
coidosis21. This is evidenced by the median cycle length difference between SPARK (340ms) and the
comparator studies (290–310ms) and by noting the large number of episodes with cycle length
>440ms (Figure 1). As a result, the analyses of the SPARK registry data may include episodes of different
pathologies (slow ordinary monomorphic VT and very slow sarcoidosis mediated episodes) being consid-
ered together. Overall, the improved termination rate associated with iATP could benefit all patients,
especially those expected to have more VT episodes, such as patients with a secondary prevention indi-
cation or those with ischemic cardiomyopathy and significant myocardial scarring. Additionally, treat-
ment of VTs with very long cycle lengths (i.e. >400ms) is a therapeutic focus in these countries, and the
success rate of iATP terminations was observed to be strong in episodes with cycle length >460ms.

The use of uMAIC in this study was employed because iATP is a new algorithm and direct compara-
tive data is not yet fully developed via traditional clinical trials. Unlike a naïve meta-analysis, which
aggregates findings without accounting for differences in patient populations, uMAIC adjusts individual
patient-level data from one study to match the aggregate characteristics of another, thereby minimizing
bias and improving comparability. Its adaptability and methodological rigor make it a valuable tool for
health technology assessment organizations22, and it has been widely used in oncology research with
more recent applications in cardiovascular medicine23,24.

The SPARK Registry and the comparative analysis have limitations that should be acknowledged. The
registry had no control arm for direct comparison to standard ATP. The comparison to standard ATP was
a post hoc analysis that used the uMAIC method to account for differences in patient characteristics.
Undocumented prognostic or effect-modifying factors, particularly in the comparator arm, may have
impacted the validity of uMAIC results. The registry was limited to devices from a single manufacturer
which could limit generalizability, though the iATP algorithm is only available from this manufacturer.
Device programming, such as detection parameters, discrimination algorithms, and therapy delivery
strategies differ among the comparison literature and are not consistently reported. Therefore, these are
not directly accounted for in the comparative analyses. Primary prevention indications were not col-
lected directly in the SPARK registry and were instead derived from reported arrhythmia history. The
iATP performance data was exclusive to patients from Japan and South Korea and was compared to
standard ATP data, of which only two studies were in patients from Japan, with the others not isolated
to these populations. For example, the cycle lengths for episodes in the registry were longer on average
than those reported in the comparison literature and may reflect region-specific treatment practices.
However, the efficacy of iATP in the registry data did not seem to vary greatly over different cycle
lengths. The definition of arrhythmia-related syncope and acceleration were not consistent across the
data being compared. The uMAIC analysis was unanchored as there were no individual studies that met
the selection criteria that compared iATP to standard ATP directly. To address this issue, an effort was
made to include a broad set of comparator literature, patient characteristics for adjustment, and sce-
narios for sensitivity analysis. While this analysis did not stratify outcomes by study type, the inclusion of
both randomized controlled trial and real-world data was intended to ensure a robust comparator
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reflective of variation in ATP application. The comparator studies from the literature did not uniformly
report the same patient baseline characteristics and outcome measures, so each analysis may have used
unique subsets of the comparator studies based on availability of the applicable characteristics and out-
comes. The results of this analysis are most applicable to the Japanese and South Korean healthcare sys-
tems and may not be generalized to other systems.

Conclusion

The results from this prospective registry provide evidence that the iATP algorithm had a high success
rate of termination of device-detected ventricular arrhythmias, a low rate of accelerations, and a low
rate of arrhythmia-related syncope. An unanchored matching-adjusted indirect comparison to literature
on standard ATP provides initial evidence that iATP was associated with a higher termination efficacy
and a favorable safety profile.
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