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Abstract

Background: The AdaptivCRT (aCRT) algorithm continuously adjusts cardiac re-
synchronization therapy (CRT) according to intrinsic atrioventricular conduction,
providing synchronized left ventricular pacing in patients with normal PR interval
and adaptive BiV pacing in patients with prolonged PR interval. Previous analyses
demonstrated an association between aCRT and clinical benefit. We evaluated the
incidence of patient mortality and atrial fibrillation (AF) with aCRT compared with
standard CRT in a real-world population.

Methods and Results: Patients enrolled in the Medtronic Personalized CRT Registry
and implanted with a CRT from 2013-2018 were divided into aCRT ON or standard
CRT groups based upon device-stored data. A Frailty survival model was used to
evaluate the potential survival benefit of aCRT, accounting for patient heterogeneity
and center variability. Daily AF burden and first device-detected AF episodes of
various durations were recorded by the device during follow-up.

A total of 1814 CRT patients with no reported long-standing AF history at implant
were included. Mean follow-up time was 26.1+16.5 months and 1162 patients
(64.1%) had aCRT ON. Patient survival probability at 36 months was 88.3% for aCRT
ON and 83.7% for standard CRT (covariate-adjusted hazard ratio [HR] =0.71, 95%
Cl: 0.53-0.96, P =.028). Mean AF burden during follow-up was consistently lower in
aCRT ON patients compared with standard CRT. At 36 months, the probability of AF
was lower in patients with aCRT ON, regardless of which AF definition threshold
was applied (6 minutes-30 days, all P <.001).

Conclusion: Use of the AdaptivCRT algorithm was associated with improved patient

survival and lower incidence of AF in a real-world, prospective, nonrandomized registry.

KEYWORDS
atrial fibrillation, AV conduction, cardiac resynchronization therapy, heart failure, optimized

pacing, synchronized pacing
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1 | INTRODUCTION

Cardiac resynchronization therapy (CRT) is an established therapy
for patients with symptomatic heart failure (HF) and reduced
ejection fraction."? Randomized clinical trials have consistently
demonstrated a benefit in reducing mortality and heart failure
hospitalizations (HFH) and improving symptoms.>* Two individual
patient data meta-analyses have confirmed the mortality and HFH
findings.>® The effect of CRT on atrial fibrillation (AF), a common
comorbidity in HF patients that has been linked to increased risk
of mortality, stroke, and hospitalizations, is less certain.®” Despite
the benefits of CRT, not all patients improve with therapy, with
nearly one-third of the patients having persistent HF symptoms
and/or lack of left ventricular reverse remodeling. Potential rea-
sons for suboptimal response include both patient factors, such as
arrhythmias and device factors, such as suboptimal atrioven-
tricular (AV) timing.*®

The AdaptivCRT (aCRT) algorithm was developed to con-
tinuously measure intrinsic conduction and dynamically adjust CRT
pacing parameters.’> When AV conduction time is normal, the al-
gorithm provides synchronized left ventricular (LV) pacing, whereas
when AV conduction time is prolonged, the algorithm continuously
optimizes AV and ventriculoventricular (VV) intervals to provide
BiV pacing. Initial clinical results from the Investigational Device
Exemption (IDE) study demonstrated that the aCRT algorithm was
noninferior to echo-optimized pacing.’? Additionally, the aCRT
algorithm was associated with a significantly reduced risk of both
HFH readmissions and all-cause 30-day admissions compared with
echo-optimized CRT.'® Subsequent subgroup analysis showed a
significant increase in the proportion of patients with an improved
clinical composite score (CCS) with the aCRT algorithm in patients
with a high percentage of synchronized LV pacing and in patients
with normal AV conduction.*® In this same subset of patients, there
was a lower risk of death or HF hospitalization with aCRT. More
recently, an analysis of the Adaptive CRT randomized clinical trial
reported a 46% reduced risk of developing an AF event longer than
48 hours with aCRT vs echo-optimized CRT.%® These findings were
also observed within a large de-identified device database
(CareLink) of over 37 000 patients where a 54% risk reduction was
found.'® These positive outcomes, however, have not been re-
plicated in the real-world population within a prospective registry.
We sought to evaluate the potential association of the AdaptivCRT
algorithm with mortality and the incidence/burden of AF in the real
world in follow-up extending up to 36 months.

2 | METHODS
2.1 | Study design
The Personalized CRT Study, part of the Medtronic Product Sur-

veillance Registry (PSR) (ClinicalTrials.gov ID: NCT01524276), is a

prospective, observational, real-world clinical trial evaluating CRT

response under the standard of care practices to optimize treat-
ment of patients with HF. Continually enrolling, the PSR includes
data from cardiac resynchronization therapy patients at
300 centers in 16 countries. The protocol was approved by the
ethics committee at each of the participating centers. Adverse
events were adjudicated by a Clinical Events Committee com-

prised of independent physicians.

2.2 | Patients and procedures

All patients provided written informed consent to participate in the
study before implant.

Device performance and mortality status were submitted via
electronic data capture. In-person follow-up of enrolled patients is
conducted as per the care provider's routine practice providing “real-
world” representation of device performance. Patients and their
products are followed in personalized CRT over the continuum of the
product lifecycle, until patient death or withdrawal of consent.

The cohort for this retrospective analysis included patients
who were at least 18-years old, were implanted with a CRT in
2013 or later (after US market release of the AdaptivCRT algo-
rithm), and had device transmission and baseline characteristic
data available. Patients with no HF, QRS duration less than
120 ms, or left ventricular ejection fraction (LVEF) greater than
50% were excluded. Additionally, to investigate the impact of
aCRT on developing AF, patients with a reported history of per-
manent/persistent or long-standing AF were excluded. Adap-
tivCRT is a programmable parameter and its configuration is
stored in the device data. Device files collected through either on-
site interrogation or remote Carelink transmission were used to
identify the CRT system configurations for all enrolled patients.
The AdaptivCRT group included patients who had AdaptivCRT
enabled at any time after implant (ie, AdaptivCRT ever ON). The
“control” group consisted of patients who did not have aCRT

enabled at any time postimplant (ie, AdaptivCRT never ON).

2.3 | AdaptivCRT algorithm

The aCRT algorithm provides fusion pacing by evaluating intrinsic
conduction every minute. When the device is programmed to
Adaptive BiV+LV mode, during normal AV conduction (defined as
PR interval, <200 ms), the algorithm provides synchronized LV-only
pacing by pre-empting the atrial to RV sense interval by 40 ms or
longer. During prolonged AV conduction (PR interval, >200 ms), BiV
pacing is provided with automatic adjustment to the AV and VV
timing based on intervals of atrial to RV sense, atrial to P-wave end,
and RV sense to QRS end. BiV pacing is also provided when the
heart rate is greater than 100 beats per minute or if the aCRT
algorithm is programmed to BiV only (referred to as Adaptive BiV
mode). A detailed description of the algorithm has been previously
published.**
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2.4 | Endpoints

The first endpoint of interest for the analysis was patient survival.
Patient survival status was reported by clinical sites through elec-
tronic case report forms. The second endpoint of interest was the
incidence of atrial fibrillation, which was examined using two
approaches. Atrial arrhythmias (referred to hereafter as AF) were
detected and recorded by the device system. The first approach
calculated mean AF burden, defined as hours of AF per day recorded
by the device during follow-up. Specifically, time to the first incidence
of AF burden of 5.5 hours or longer was used, as arrhythmia burden
of 5.5 hours or longer has been shown to double the risk of throm-
boembolic events compared with no burden.” The second approach
was to evaluate time to the first occurrence of an atrial fibrillation
episode of 48-hours duration or longer. Additionally, using this
method, differing durations of AF episode duration (ie, 6 minutes,
6 hours, 24 hours) were also examined.

2.5 | Statistical analysis

Summary statistics are reported for patient baseline character-
istics for the two groups. To account for center effect and
heterogeneity of patients, the Frailty survival regression models'®
were used to evaluate the potential survival benefit, as well as a
reduction in the incidence of AF and AF burden, of the aCRT
algorithm. Site-reported baseline factors (patient age, sex, LVEF,
NYHA [New York Heart Association], diabetes, renal disease [with
and without dialysis], LBBB [left bundle branch block], AV block,
CAD [coronary artery disease], and hypertension) were candidate
variables for stepwise model selection for both the mortality and
AF analysis. Within center correlation was considered as a “ran-
dom effect” in the statistical model. The marginal log-likelihood
statistics were examined for model selection to balance goodness-
of-fit and simplicity. Candidate variables significantly (at the
a=.10 level) associated with the outcomes of interest were
included in the final model for risk reduction estimate. For patients
who did not reach the endpoints, the last follow-up date (mortal-
ity) or device transmission date (atrial arrhythmias) was used as
the censoring date for the survival analysis. The statistical ana-
lyses were completed using SAS 9.4 (Cary, NC) and R (Vienna,
Austria) statistical software packages.

3 | RESULTS
3.1 | Patients

A total of 1814 patients were implanted with a CRT device between
2013 and 2018 and met the criteria for inclusion in the analysis
(Figure S1). Of these, 1162 (64.1%) had aCRT programmed ON,
based upon device data. Mean follow-up was 23.2 + 14.5 months in
the aCRT group (range, 0.0-58.9) and 32.1+18.6 months in the
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TABLE 1 Patient characteristics

AdaptivCRT Standard

Patient characteristic (n=1162) CRT (n=652) P value
Age (£SD), y 67.0+£10.9 68.7+11.7 .0019
Sex (Female), n (%) 400 (34.4) 188 (28.8) 0147
NYHA class, n (%)

| 33(2.8) 27 (4.1) .0560

1l 452 (38.9) 216 (33.1)

11 648 (55.8) 394 (60.4)

v 29 (2.5) 15 (2.3)
QRS, ms 158.9+21.2 160.6 +23.1 .1168
LVEF, % 26.6+7.8 27.1+£8.2 .2110
AV block,” n (%) 244 (21.0) 205 (31.4) <.0001
LBBB, n (%) 901 (77.5) 406 (62.3) <.0001
CAD, n (%) 607 (52.2) 345 (52.9) .7819
Hypertension, n (%) 808 (69.5) 468 (71.8) .3154
Renal dysfunction,” n (%) 212 (18.2) 101 (15.5) 1364
Diabetes, n (%) 368 (31.7) 220 (33.7) .3654

Abbreviations: AV, atrioventricular; CAD, coronary artery disease; CRT,
cardiac resynchronization therapy; LBBB, left bundle branch block; LVEF,
left ventricular ejection fraction; NYHA, New York Heart Association.
@AV block includes 1st, 2nd, or 3rd degree AV block.

PRenal dysfunction including with and without dialysis.

standard CRT group (range, 0.0-67.0). There were 17 (1.5%) patients
lost to follow-up in the ON group and 23 (3.5%) in the OFF group. On
average, patients in the aCRT group were younger, more often fe-
male, less frequently had AV block, and more frequently had LBBB
compared with patients in the standard CRT group (Table 1). The
average %CRT pacing delivered per patient during follow-up was
95.3% in the aCRT group and 92.5% in the standard CRT group.
Among patients in the aCRT group, 16.4% were programmed to
Adaptive BiV and 83.6% were programmed to Adaptive BiV+LV.
Mean and median %LV-only pacing in the Adaptive BiV+LV subgroup
were 55.4% and 71.6%, respectively.

3.2 | Mortality

There were a total of 84 deaths for any cause in the aCRT group, of
which 13 were due to sudden cardiac death, 34 were due to non-
sudden cardiac death, 31 were due to noncardiac death, and six were
for unknown reasons. In comparison, there were 97 deaths for any
cause in the standard CRT group: 15 sudden cardiac deaths, 32 non-
sudden cardiac deaths, 34 noncardiac deaths, and 16 deaths of un-
known cause. Through 36 months postimplant, the survival rate was
significantly higher in the aCRT ON group (88.3%) compared with the
standard CRT group (83.7%) (HR: 0.68, 95% Cl: 0.50-0.91, P=.01)
(Figure 1A). To take into account other potential risk factors that may

also have an impact on survival, patient baseline characteristics
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(A) FIGURE 1 A Patient Survival for aCRT vs
standard CRT. Curves reflect unadjusted
Kaplan-Meier estimates of cumulative
survival probability in patients programmed
to aCRT (blue line) and standard CRT (red
line) through 36 months follow-up.
. ] Unadjusted hazard ratio derived from data
s 80+ 83.7% through 36 months for each cohort using
g 4 Frailty survival regression models. B, Patient
g 70_. CRT AdaptivCRT survival stratified b;{ percent LV pacm.g (LVP).
(7] i —— standard CRT Curves reflect unadjusted Kaplan-Meier
s ] estimates of cumulative survival probability
2 60 - among aCRT patients and standard CRT
- patients (red line). aCRT patients were
] stratified by percent LV pacing (250% [blue
50_‘ line] and less than 50% [green line]). CRT,
HR = 0.68 (0.50-0.91) cardiac resynchronization therapy; HR, hazard
/ log-rank p = 0.0092 ratio; LV, left ventricular
0 12 24 36
Months Since Implant
No. at Risk
AdaptivCRT 1162 856 548 242
Standard CRT 652 529 395 257
(B)
100
.MS%
4 92.3%
i -
90+ 92.4%
i 90.6%
g ]
= ] 4%
S 804 83.7%
B . CRT —— Standard CRT
5’, 1 —— aCRTLVP<50%
= h —— aCRT LVP>=50%
L 70-.
60+
log-rank p = 0.0039
0 12 24 36
No. at Risk Months Since Implant
Standard CRT 652 529 395 257
aCRTLVP<50% 589 448 315 143
aCRTLVP>=50% 573 408 233 99

collected in the study (variables from Table 1) were included in sta-
tistical models. Potential effect modifiers were also examined using
bivariate models, in which each potential risk factor was tested for its
main effect as well as its interaction with aCRT. Across patient
subgroups of age, sex, and comorbidities, aCRT was consistently
associated with a survival benefit compared with standard CRT
(Figure 2). Results from univariate modeling, full modeling, and a final
statistical model are shown in Table S1. The final model for the

mortality analysis included patient age, LVEF, NYHA, and patient

comorbidity status of diabetes and renal disease. After adjusting for
these variables, the probability of survival remained significantly
higher in the aCRT ON group (adjusted HR: 0.71, 95% CI: 0.53-0.96,
P =.028) (Table S1), representing a 29% relative risk reduction in
mortality with aCRT.

Patients in the aCRT ON group were further stratified into
those receiving 50% or greater LV pacing (N =573, 49%) and those
with less than 50% LV pacing (N =589, 51%). Through 36 months,

the survival rate was significantly higher in those patients with 50%
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VARIABLE  #PATIENTS HAZARD RATIO A
Age (years) i
<=69 947 ¥ =
>69 867 _l-i— 0.182
Gender E
F 588 B
M 1226 —_—i— 0.650
1
NYHA !
NYHA Class | 60 | . -
NYHA Class I 668 : - 0.995
NYHA Class Il 1042 —.
NYHA Class IV 44 -
LVEF H
<=35% 1662 —a—
36-50% 152 — = : 0.161
QRS (ms) !
QRS 120-150 605 i
QRS >=150 1209 Hi— 0.848
LBBB .‘
No 507
Yes 1307 —a— 0.757
AV Block i
No 1364 —_——
Yes 449 —_—. 0.448
i
CAD !
No 862 —i
Yes 952 —I—:— 0.424
Hypertension i
No 538 L ]
Yes 1276 —a— 0.263
Diabetes i
No 1226 —
Yes 588 (- 0.702
Renal Disease :
No 1501 ——
Yes 313 :l 0.559
All patients 1814 ——
1
[ [ I I [ I I I [ |

00 02 04 06 08 10 1.2 14 16 1.8 20

AdaptivCRT better

Standard CRT better

FIGURE 2 Mortality subgroup analysis hazard ratio forest plot. Risk of mortality through 36 months postimplant comparing aCRT and

standard CRT. The vertical solid line corresponds to equal risk. The vertical dashed line represents the hazard ratio from the full comparison.
The horizontal solid lines represent the 95% confidence intervals for the hazard ratios. AV, atrioventricular; CAD, coronary artery disease; CRT,
cardiac resynchronization therapy; LBBB, left bundle branch block; LVEF, left ventricular ejection fraction; LVP, left ventricular pacing; NYHA,

New York Heart Association

or greater LV pacing compared with patients who had less than 50%
LV pacing (92.3% vs 85.2%, respectively; Figure 1B), representing a
45% reduced risk of mortality (HR: 0.55, 95% Cl: 0.34-0.89,
P=.014).

3.3 | Atrial fibrillation

The mean AF burden was consistently lower in the aCRT ON group
compared with the standard CRT group at all follow-up durations
examined (Figure 3A). The mean daily AF burden at 30 to 36 months
postimplant was 6.0+21.5hours for the aCRT ON group and
14.2 + 31.3 hours for the standard CRT group. Through 36 months,
the probability of experiencing at least one daily AF burden of
5.5 hours or longer was significantly lower in the aCRT ON group
compared with the standard CRT group (24.4% vs 35.8%, P <.0001;
Figure 3B). Similar to the mortality analysis, to adjust for differences

in patient baseline characteristics, variables from Table 1 were

considered for statistical model building. After the model selection
process, the final model included patient age and sex. The reduction
in AF burden remained significant after adjusting for both covariates
(HR: 0.72; 95% Cl: 0.59-0.87, P =.0007).

Through the follow-up period of 36 months, 11.2% of patients in
the aCRT group and 21.5% of patients in the standard CRT group
experienced an AF event of 48 hours or longer (HR: 0.53, 95% ClI:
0.40-0.70, P<.0001). After adjusting for age and sex, the risk for
greater than or equal to 48 hours of AF remained significantly re-
duced (adjusted HR: 0.57, 95% Cl: 0.43-0.75, P < .0001), representing
a 43% reduced risk with aCRT. Similar findings were observed when
additionally excluding patients (N =37) that had greater than or
equal to 48 hours of AF in the first 30 days postimplant (HR: 0.54,
95% Cl: 0.40-0.74; P<.0001; Figure S2). In further analyses ex-
amining different AF duration cut-points to define the incidence of
AF, patients in the aCRT group consistently experienced a lower risk
of developing AF, from 6 minutes to 30 days (P < .01 for all durations)
(Table 2).
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(A)

50.0

M AdaptivCRT

40.0
X *
=
S 300
5
o
S
=
S 200
Q
g
]
z

10.0

0.0

Implant - 6 Months

(N=753)
(N=420)

(B)

m Standard CRT

12- 18 Months
(N=463)
(N=281)

HR = 0.67 (0.55-0.81)
log-rank p < 0.0001

18- 24 Months
(N=365) (N=281)
(N=247) (N=200)

CRT —

24- 30 Months

* *
30- 36 Months
(N=197) (N=134)
(N=175) (N=155)

AdaptivCRT

—— Standard CRT

35.8%

Probability of first daily AF burden >= 5.5 hours (%)

No. at Risk

AdaptivCRT 1162

Standard CRT 652

12

24

Months Since Implant

709
379

422
255

36

180
145

>36 Months

FIGURE 3 A Daily AF burden summary. Average daily AF burden summary in 6-month time periods comparing aCRT (blue bars) with
standard CRT (red bars). Error bars reflect the standard deviation. B, Incidence of AF burden of 5.5 hours or longer. Curves reflect unadjusted
Kaplan-Meier estimates of cumulative incidence of developing daily AF burden of 5.5 hours or longer in patients programmed to aCRT (blue
line) and standard CRT (red line) through 36-month follow-up. Unadjusted hazard ratio derived from data through 36 months for each cohort
using Frailty survival regression models. AF, atrial fibrillation; CRT, cardiac resynchronization therapy; HR, hazard ratio. *P < .05, t test

TABLE 2 Occurrence of AF episodes of various duration: AdaptivCRT vs Standard CRT

AF episode Log-rank
duration P value
6 min <.0001
6hr .0008
24 hr <.0001
48 hr <.0001
30d <.0001

Abbreviations: AF, atrial fibrillation; CI, confidence interval; CRT, cardiac resynchronization therapy.

Univariate Cox regression model

Hazard ratio
(95% Cl)

0.71 (0.60-0.85)
0.70 (0.57-0.86)
0.57 (0.44-0.74)
0.53 (0.40-0.70)
0.32 (0.20-0.50)

P value
<.0001
.0008
<.0001
<.0001
<.001

Multivariate Cox regression model

Hazard ratio
(95% Cl)

0.75 (0.63-0.89)
0.74 (0.60-0.92)
0.62 (0.48-0.81)
0.57 (0.43-0.75)
0.34 (0.22-0.55)

P value
.0009
.0054
.0004

<.0001

<.001
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4 | DISCUSSION

The Personalized CRT study is a prospective, observational, real-
world registry evaluating CRT response. In this analysis, involving
a cohort of 1814 patients, the data have shown a significant re-
duction in mortality in patients with aCRT programmed ON. This
mortality reduction persisted after adjustment for demographic
and clinical variables and the mortality benefit was observed
across most subgroups. In addition, the occurrence and burden of
AF were significantly reduced, regardless of the definition of AF
used (Figure 4).

The aCRT algorithm aims to optimize CRT by allowing intrinsic
conduction in patients with normal right ventricular activation by
avoiding RV pacing and concomitant dynamic AV and VV adjustment
based on electrical conduction timing measurements. The previous
randomized controlled trial comparing aCRT and conventional echo-
optimized BiV pacing demonstrated the clinical benefits of the aCRT
algorithm; aCRT was demonstrated to reduce the occurrence of AF
and a greater %LVP (left ventricular pacing) was independently
associated with a reduced risk of death, HF hospitalizations, and an
improvement in Packer's CCS.'>*® The findings of this analysis are

consistent with the previous studies.

4.1 | Mortality

Notably, when aCRT was programmed on there was a 29% relative
risk reduction in mortality. The mortality benefit was seen across
multiple subgroups and was greatest in patients with a higher per-
cent of LV pacing (defined as 250% LV pacing in this analysis). This is
consistent with the IDE study, which demonstrated a relative risk
reduction of nearly 50% for mortality or HF hospitalizations in favor
of aCRT in patients with %LV pacing greater than 50% compared
with %LV pacing less than 50%.'* To fully understand our initial
observation of a clear separation in the survival curves between
aCRT ON patients and patients with standard CRT, we examined
patient demographics and available medical history data in a pro-
portional hazard regression model. The results agreed with the initial
Kaplan-Meier analysis that patient survival probability was higher
with AdaptivCRT enabled after adjusting for statistically significant
risk factors in the model.

The mortality benefits of aCRT have several potential me-
chanisms. In patients with LBBB, the right bundle typically func-
tions normally preserving the intrinsic activation of the septum
and the RV. An increasing volume of literature supports the im-
portance of optimally timed LV stimulation.’”?° Improved dP/
dtmax, Narrower QRSd, and even better clinical outcomes are found
by fusing the LV pacing stimulus with intrinsic activation.?’ This
more physiological activation may also reduce RV pacing-induced
dyssynchrony. Previous small analyses have supported the bene-
fits of LV pacing compared with RV pacing and BiV pacing in re-
ducing RV activation times, improving RV dP/dt.x, and RV stroke

volume.??%3
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CRT ——  AdaptivCRT
g HR = 0.53 (0.40-0.70) Standard CRT
® log-rank p < 0.0001
3
=
-]
<
n
A
3
=3
o
12}
a
@
<
- 21.5%
2
= 16.5%
o
z 10.9%
2 |
1.2%
Q
[ 8.8%
o 6.1%
12 24 36

Months Since Implant
No. at Risk

AdaptivCRT 1162 781 478 200
Standard CRT 652 431 295 168
FIGURE 4 Incidence of AF episode of 48 hours or longer. Curves

reflect unadjusted Kaplan-Meier estimates of cumulative incidence
of developing 48 hours of AF in patients programmed to aCRT (blue
line) and standard CRT (red line) through 36-month follow-up.
Unadjusted hazard ratio derived from data through 36 months for
each cohort using Frailty survival regression models. AF, atrial
fibrillation; CRT, cardiac resynchronization therapy; HR, hazard ratio

The second major component of the aCRT algorithm is the
dynamic adjustment of the AV and VV intervals. The algorithm works
to fuse intrinsic conduction with sensed delayed LV conduction. CRT
optimization has always been limited by the variable results with
changes over time and clinical situations. While single-center studies
have demonstrated the benefits of device optimization, the SmartAV
randomized clinical trial using static algorithms failed to show a
benefit of device-based algorithms over echocardiographic optimi-
zation.”* However, the Respond CRT randomized study of ambula-
tory optimization using an accelerometer sensor showed an
improvement in clinical response compared with empirical pro-
gramming, which was consistent across patient subgroups.?>2¢
A dynamic algorithm such as aCRT will potentially maintain the
benefits of optimal resynchronization during postural changes and
exercise. In addition, dynamic adjustment is also advantageous in the
setting of intermittent AV block, where there may be marked
variability in conduction throughout the day, thereby requiring
changes in CRT settings throughout the day.

4.2 | Atrial fibrillation

The effects of CRT on the burden of AF have raised some conflicting
results. Many observational studies have suggested that CRT reduced
AF, whereas some of the large CRT clinical trials (CARE HF and
MADIT CRT) failed to demonstrate a significant reduction in the
burden of AF.”?” RAFT even suggested an increase in AF in the CRT
arm, although CARE HF and RAFT used clinical AF rather than device-
detected AF.” This study has demonstrated significant reductions in
AF in patients with aCRT programmed ON. The reduction in AF was

present irrespective of whether the definition of AF was based on time
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to AF burden (25.5 hours) or time to first AF occurrence at various
episode durations (6 minutes to 30 days).

The mechanism of the reduction in AF is uncertain. The benefits
in AF reduction in the aCRT IDE trial were greater in patients with
longer baseline AV conduction and did not appear to be related to a
reduction in RV pacing.'® The importance of the AV interval in re-
sponse to CRT and the development of AF have been postulated.
Perhaps the more physiological AV intervals may explain the benefit
of the algorithm. The RAFT investigators postulated that overly short
programming of AV intervals may explain their observation of in-
creased AF with CRT.”

Looking beyond the individual components of the aCRT algo-
rithm to the reported clinical benefits associated with aCRT may
shed more light upon potential mechanisms of benefit. As previously
reported, and replicated in the present analysis, aCRT is associated
with a reduction in both AF incidence and daily AF burden.*>*¢
Population-based studies have consistently shown that AF is asso-
ciated with increased mortality risk.® Additionally, a recent single-
center study found that CRT patients with intermittent AF are at a
significantly increased risk of developing acute decompensated HF or
death.?® Thus, it is plausible that the reduced incidence of AF asso-
ciated with the aCRT algorithm may contribute to the reduction in
mortality observed.

Our findings provide a signal for aCRT benefit in reducing mor-
tality and AF burden, in a real-world population. Ongoing studies in
the randomized setting will be important in confirming this benefit in
a controlled setting. The AdaptResponse trial (NCT02205359) is a
prospective, randomized, parallel, controlled, single-blinded global
trial, which plans to enroll 3800 patients with LBBB, PR interval less
than or equal to 200 ms, and QRS duration of 140 ms or longer for
males or 130 ms or longer for females. Risk of HF event or all-cause
mortality and risk of AF will be compared between aCRT and stan-

dard BiV pacing.

5 | LIMITATIONS

This is a prospective nonrandomized registry and has inherent
weaknesses related to this design. Nonetheless, real-world observa-
tional studies have become increasingly important to describe clinical
practice particularly in terms of clinical outcomes, safety, and eco-
nomic value.

Patient medical history and comorbidities are self-reported and
could be underreported. Our analysis was retrospective in nature and
programming requirements were not prespecified. There were also
no requirements for device interrogation frequency. We observed
patient demographics difference at baseline. These differences may
be due to physician practices preferences or specific patient popu-
lations at the site. Information on why aCRT was not utilized in
available devices was not collected, nor was information on social
class or access to health care. Despite these limitations, the large,
real-world cohort and use of mortality as an endpoint contribute to

the robustness of the analysis.

6 | CONCLUSIONS

The use of the AdaptivCRT algorithm was associated with improved
patient survival compared with standard CRT in a large real-world,
prospective, nonrandomized registry. The aCRT algorithm was also
associated with a reduced risk of developing AF, as well as a

reduction in daily AF burden.
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