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Abstract
Background—The clinical benefit of cardiac resynchronization therapy (CRT) for patients with
moderate-to-severely symptomatic heart failure, left ventricular systolic dysfunction, and
ventricular conduction delay is established. However, some patients do not demonstrate clinical
improvement following CRT. It is unclear whether systematic optimization of the programmed
atrioventricular (AV) delay improves the rate of clinical response.

Methods—SMART-AV is a randomized, multicenter, double-blinded, three-armed trial that will
investigate the effects of optimizing AV delay timing in heart failure patients receiving CRT +
defibrillator (CRT-D) therapy. A minimum of 950 patients will be randomized in a 1:1:1 ratio
using randomly permuted blocks within each center programmed to either DDD or DDDR with a
lower rate of 60. The study will include echocardiographic measurements of volumes and function
[e.g., left ventricular end-systolic volume (LVESV)], biochemical measurements of plasma
biomarker profiles, and functional measurements (e.g., 6-minute hall walk) in CRT-D patients
who are enrolled and randomized to fixed AV delay (i.e., 120 ms), AV delay determined by
electrogram-based SmartDelay, or an AV delay determined by echocardiography (i.e., mitral
inflow). Patients will be evaluated prior to initiation of CRT, 3 and 6 months post-implant. The
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primary endpoint is the relative change in LVESV at 6 months between the groups. Patient
enrollment commenced in May 2008 and the study is registered at clinicaltrials.gov.

Conclusion—SMART-AV is a randomized, clinical trial designed to evaluate three different
methods of AV delay optimization to determine whether systematic AV optimization is beneficial
for patients receiving CRT for 6 months post-implant.
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Background
Cardiac resynchronization therapy (CRT) is indicated for patients with severe left
ventricular (LV) systolic dysfunction, medically-refractory heart failure (HF) symptoms and
intraventricular conduction delay.1,2 In HF patients, CRT whether with (COMPANION)3 or
without (CARE-HF)4 an implantable cardiac defibrillator (ICD) reduces HF hospitalizations
and prolongs survival compared with optimal medical therapy alone. Moreover, CRT
improves symptoms and quality of life (QoL), increases exercise tolerance, and reduces LV
dilatation.5–12 Recent studies also suggest that CRT results in decreased neurohormonal and
proinflammatory biomarkers13–18 and the positive impact of markers on matrix remodeling
may be associated with LV “reverse remodeling” that occurs with CRT.18,19

Achieving the optimal outcome from CRT may be dependent on proper programming of the
appropriate atrioventricular (AV) delay.20,21 In fact, suboptimal AV delay programming
may result in as much as a 10–15% decline in cardiac output.22,23 However, the large-scale
randomized clinical trials establishing the overall efficacy of CRT have differed widely in
their approach to AV optimization. The CARE-HF and MIRACLE investigators used
Doppler echocardiography of transmitral flow to select the optimal AV delay,4,5,20,21,24 an
approach endorsed by the American Society of Echocardiography.25 On the other hand, the
COMPANION investigators used an algorithm based on the intrinsic AV interval and
baseline QRS width to determine a predicted optimum programmed sensed AV delay3 and a
modified version of this algorithm is available in currently available Boston Scientific CRT
devices known as SmartDelay (SD; Boston Scientific, Natick, MA, USA). SD provides both
paced and sensed recommendations by accounting for three inputs: intrinsic AV intervals,
interventricular timing, and LV lead location. In contrast, in the CONTAK CD trial, there
was no AV optimization whatsoever.10 The SD determined AV optimization; a comparison
to other AV delay methods used in cardiac resynchronization therapy (SMART-AV) study
was designed to compare these three alternative techniques and to assess the hypotheses
that: (1) systematic AV delay optimization using echocardiography and/or the SD algorithm
is superior to a fixed nominal AV delay as demonstrated by improved LV geometry after 6
months and (2) programming according to SD is noninferior to using echocardiography-
determined AV delay optimization.

Methods
Study Population, and Inclusion and Exclusion Criteria

A minimum of 950 implanted and randomized patients enrolled at approximately 95 US and
international centers will be enrolled and followed for 6 months post-randomization.
Patients must meet current indications for CRT-D implantation [New York Heart
Association (NYHA) class III or IV, left ventricular ejection fraction (LVEF) ≤35%, QRS
duration ≥120 ms] and must be able to undergo a device implant and participate in all
testing associated with the SMART-AV Study. Patients must be on optimal and stable
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pharmacologic therapy according to HF guidelines, including diuretics, β-blockers, and
angiotensin converting enzyme (ACE) inhibitors or angiotensin receptor blockers for at least
30 days prior to enrollment in the study.26,27 Dosage should not decrease by 50% or
increase by 100% in the 30 days prior to enrollment with the exception for a discontinued
dose for up to 72 hours. Medications will remain unchanged during the study unless a
change is deemed clinically necessary.

Patients who are in complete heart block or who otherwise are unable to tolerate pacing at
VVI-40-RV for up to 14 days (e.g., persistent 2:1 AV block) are excluded, as are patients
who have previously received CRT. Patients undergoing an upgrade of a pacemaker or ICD
who are unable to tolerate pacing at VVI-40-RV for up to 14 days are also excluded.
Inclusion and exclusion criteria are shown in Table I.

Study Design
Patients will be implanted with a commercially available Boston Scientific CRT defibrillator
(CRT-D) device with the SD algorithm (i.e., LIVIAN®, COGNIS®). Upon approval, future
generations of Boston Scientific CRT-D device families with the SD algorithm may be
included in the study. Any compatible right atrial (RA), right ventricular (RV) defibrillation
and LV leads may be used (lead systems may include other manufacturers’ leads). Patients
will be programmed to VVI-40-RV at implant. At 1–14 days following device implantation,
patients will undergo baseline echocardiographic imaging and will then be randomized in a
1:1:1 ratio using randomly permuted blocks within each center. Following the baseline
echocardiogram, patients will be programmed at the physician’s discretion to either DDD or
DDDR with a lower rate of 60. Required device programming is shown in Table II with all
other programming determined by the physician. This study will compare chronic changes
in structural, biochemical, and functional outcomes in patients randomized to have their AV
delay set at 120 ms, set using the SD algorithm, or set as determined by echocardiography
(Fig. 1). Following randomization, patients will undergo echocardiographic imaging after 3
and 6 months. Patients allocated to the SD arm will undergo re-optimization using the SD
algorithm after 3 months. Additional data will be collected as outlined in Table III. Patients
will be blinded as to their treatment assignment and all patients will undergo the same
measurement protocols at each visit, thus mitigating any difference in placebo effect
between the three arms. Moreover, in order to minimize biasing study results, physicians are
strongly encouraged not to change the protocol-specified programming requirements. If a
programming crossover is medically necessary, the sites must obtain approval from the
SMART-AV study National Primary investigator or an electrophysiologist member of the
steering committee. In the case of a medical emergency where programming changes or
programming crossovers occur, a member of the SMART-AV study team must be informed
as soon as possible after the occurrence.

Primary Objective
The primary objective will evaluate the absolute pairwise changes in left ventricular end-
systolic volume (LVESV) between randomized AV optimization groups from baseline to 6
months as determined by a echocardiographic core laboratory. Two-dimensional
echocardiography-derived end-systolic and end-diastolic diameters and volumes have been
reported to significantly decrease following CRT as an indication of beneficial LV reverse
remodeling at early follow-up.5,11,28 Two-dimensional-derived LV volumes will be
determined in the apical four- and two-chamber views by the biplane method of discs. All
study sites are required to submit a pre-study echocardiogram including all of the study
protocol required images to the independent echocardiographic core laboratory for
certification, prior to participation in the study. The echocardiographic core laboratory will
be blinded as to the patient’s treatment assignment.
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Secondary Objectives
The secondary objectives of this trial, grouped within structural and functional headings
evaluating the effects of individual AV optimization on the changes from baseline to 6
months, are: structural measures including echocardiography-determined LVEF and left
ventricular end-diastolic volume (LVEDV) and functional measures including functional
capacity as measured by the distance achieved during a 6-minute hall walk test, NYHA
functional class (as assessed by an observer blinded to the patient’s treatment assignment),
and QOL score. Secondary endpoints in order of analysis and the noninferiority margins in
brackets are 6-minute hall walk (12 m), LVEF (5%), NYHA class (10% for the difference in
percentage patients with a NYHA change of at least one class), LVEDV (8 mL), and QOL
(5 points).29–34

Tertiary Objectives or Monitored parameters
The tertiary endpoints of this trial include, but are not limited to: evaluating the effects of
individual AV optimization on the changes from baseline to 6 months in physical activity as
determined by device-based activity log, plasma biomarker profiles (determined by a
blinded core laboratory) such as inflammatory (e.g., IL-6, c-reactive protein), extracellular
(e.g., TIMP-1 and MMP-9), excitation–contraction (e.g., Connexin-43, Dihydropyridine
receptor), and neurohumoral (e.g., BNP/Nt-proBNP, endothelin), HF events, HF
hospitalizations, cardiovascular medications, development of atrial fibrillation, cardiac
output, left atrial size, time required to perform individual AV optimization, AV delay
duration, and crossovers by arm.

Statistical Considerations
Sample Size Calculation

The required sample size is based on the primary endpoint of the study; change in systolic
function as measured by LVESV at 6 months after CRT. Considering a change in LVESV of
15 mL between groups for the smallest clinically meaningful difference, a total of 759
patients (253 per group) are required to obtain at least 80% power. This calculation used the
formula for a two-sample t-test at an alpha level of 0.05, assuming a standard deviation of
60 mL, a difference of 15 mL in LVESV between the fixed nominal and optimized groups,
and no difference between the SD and echo-optimized groups. These parameters are based
on results from the MIRACLE,5 MIRACLE ICD,12 MIRACLE ICD II,35 and CARE-HF4

studies. In these studies, LVESV decreased between 20 and 40 mL during a follow-up of 3–
18 months among the patients receiving CRT. Therefore, using 30 mL as the median
difference across the published trials, we then assumed half of the CRT effect (15 mL)
would be possible with AV delay optimization over the 6-month period while still being
clinically relevant. Calculations based on published results yielded a standard deviation for
change in LVESV at 6 months between approximately 40 and 100 mL. To account for
patient attrition and potential echocardiogram data quality issues, approximately 25% more
patients will be enrolled for a total of 948 patients (approximately 950 patients), with 316
per arm.

Several smaller nonrandomized studies have observed small differences in LVESV between
optimized and nonoptimized patients.36,37 If the true difference in LVESV between
optimized and nonoptimized patients is in the range of 11–13 mL, and the assumed standard
deviation is correct, our planned minimum sample size of 759 patients would provide
between 54% and 68% power to detect such differences. If data are available for 900 of the
total planned 948 enrollments, power to detect such differences will be between 68% and
78%.

STEIN et al. Page 4

Pacing Clin Electrophysiol. Author manuscript; available in PMC 2010 July 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Mid-Trial Sample Size Reassessment and Interim Monitoring
When approximately 75 patients (25 per arm) have 6-month results for the primary
endpoint, the sample size assumptions of variability will be re-assessed in a blinded fashion.
This will involve treating the initial data as an “internal pilot study” following the method
outlined in Proschan et al.38 If the observed “lumped” standard deviation (the standard
deviation calculated over all available observations, irrespective of the treatment group) of
the primary endpoint is substantially different than what was planned, the study may be
terminated for futility or the sample size may be increased to maintain adequate power. As a
guideline, if the observed standard deviation is larger than 70 mL, the power for the
originally calculated sample size will be reduced to less than 67%; thus, an inflation in
sample size would be considered justified in order to maintain adequate power in light of the
larger variability. No efficacy analysis (e.g., comparisons of mean changes between the
treatment groups) will be performed at this time to avoid the possible introduction of bias or
inflation of type I error. Blinding of results will be maintained until study termination to
reduce the possibility of bias. The sample size reassessment will be performed by the study
statistician and only the power for the originally planned treatment difference using the
observed standard deviation may be released to the Steering Committee and study sponsor.

Data Analyses
Descriptive statistics used to describe treatment groups will include means/medians,
standard deviations, and two-sided 95% confidence intervals. Comparisons of groups will
employ χ2 or exact permutation tests for categorical variables, linear models for continuous
variables, and proportional hazards models for time-to-event data. Changes in outcomes will
be assessed with linear models, adjusting for baseline values.

Primary Analyses—The primary comparison of the randomized groups will be made
with a general linear model, comparing the pairwise changes in LVESV from baseline to 6
months. The model will be adjusted for each patient’s baseline LVESV. If the assumptions
of the linear model are not met, transformations of the change in LVESV will be employed.
The required sample size was conservatively determined based on comparisons of LVESV
measured at 6 months between groups, and the method of analysis for the primary endpoint
described here will provide additional power. A two-sided test for superiority at an alpha
level of 0.05 will be performed for the comparison of SD to the fixed AV delay and echo-
based optimization to the fixed AV delay. Upon successfully meeting the superiority
endpoint for the comparison of SD to the fixed AV delay, a noninferiority test at an alpha
level of 0.05 will be performed to compare SD to echo-based optimization. If the
noninferiority test is significant, a superiority test will also be carried out at an alpha level of
0.05. Sensitivity analyses (e.g., multiple imputations) may be used to investigate the effect
of missing data on the primary comparisons.

Patients who are withdrawn post-randomization, withdraw consent post-randomization, or
are lost to follow-up post-randomization will be analyzed according to the intention to treat
the principle. This means that the analysis will include all data from the study patients in the
groups to which they were randomized even if they never received the treatment. In order to
minimize biasing study results, physicians are strongly encouraged not to change from the
protocol-specified programming requirements. Patients not implanted will be withdrawn
from the study, and will not be counted in the final analyses.

Secondary and Tertiary Analyses—Hypothesis tests comparing each treatment group
for each secondary and tertiary endpoint will be performed. As appropriate, the same
methods for the primary analysis will be used to compare the randomized groups. In
addition, baseline to 3-month values will also be analyzed.
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Additional secondary analyses will include the examination of the consistency of the
treatment effect across clinical centers and subgroups of patients. To account for possible
variations between groups of patients over time (internal pilot patients vs others) and across
regions (US vs international or other international regions), random effects models will be
used to assess both overall study treatment effects and group specific treatment effects. Pre-
specified subgroups of patients to be examined in detail will include those with QRS widths
≤150 ms versus those with QRS widths >150 ms. These subgroups will be analyzed in a
stratified fashion and tests for interaction of the randomized treatment by subgroup will be
performed. It is believed a priori that optimized AV delay settings may provide greater
benefit for patients with QRS widths ≤150 ms.

The consistency of the treatment effect will be compared between patients programmed to
DDD versus those programmed to DDDR, and additionally for those in whom
interventricular (VV) optimization is used versus those in whom VV optimization is not
used. An additional analysis will compare the randomized treatment groups for the
percentage of patients who are classified as improved (>15 mL reduction in LVESV), same
(between ± 15 mL change in LVESV), and worsened (<15 mL reduction in LVESV).

Additional analyses will examine the role of the actual programmed AV delay setting on
clinical outcomes. These analyses will include an examination of differences in the
programmed AV delay between treatment groups and will also incorporate the programmed
AV delay as a covariate in the treatment comparisons of the primary endpoints. The
randomized groups will also be compared for other outcomes (e.g., deaths, adverse events,
etc.). Unless otherwise specified, hypothesis tests will be performed at the 0.05 level,
independent of each other.

Type I Error Control—A sequential ordering of comparisons (gatekeeping) will be
employed to control the type I error rates in order to ensure that desired conclusions can be
adequately supported. Initially, two primary superiority comparisons of this endpoint using
two-sided tests, each at an alpha level of 0.05, will be run simultaneously, but
independently: (1) SD versus fixed AV delay and (2) echocardiography optimized AV delay
versus fixed AV delay. Only after successfully rejecting the null hypothesis for the
comparison of SD versus fixed AV delay will the following noninferiority comparison using
a 15-mL margin (difference) with a one-sided test at an alpha level of 0.05 be performed:
SD (algorithm-optimized) versus echocardiography-determined AV delay (iterative inflow
method).

Contingent on the success of both the SD versus fixed AV delay superiority test and the SD
versus echocardiography-optimized AV delay noninferiority test, the primary endpoint
noninferiority comparison of the SD versus echocardiography-optimized AV delay groups
will be performed at the 0.05 level.

Finally, conditional on successful comparisons of groups for the primary endpoint,
comparisons between the same groups will be made for the secondary endpoints. The
sequential gatekeeping strategy will be employed to control the type I error rate for the
secondary endpoints at a level of 0.05. If a primary endpoint comparison successfully rejects
the null hypothesis, hypothesis tests comparing the same groups for the following secondary
endpoints at the 0.05 level will be performed sequentially: 6-minute walk, LVEF, NYHA
class, LVEDV, and QOL.

Funding Source
The SMART-AV study is sponsored by Boston Scientific.
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Discussion
The clinical benefit of CRT for patients with moderate-to-severely symptomatic HF, severe
left ventricular systolic dysfunction, and intraventricular conduction delay is firmly
established.3–12 Nonetheless, the absolute magnitude of benefit is modest and a striking
number of patients fail to improve with therapy.39 One possibility is that systematic
optimization of the programmed AV delay might improve overall outcomes. However, even
though many trials have shown acute benefits to AV optimization,5,6,8,20,40 only limited
data exist to suggest that systematic optimization results in long-term improvements in
clinical outcomes.37,40–45 On the other hand, AV optimization by echocardiography is time
consuming and costly31 and it would be desirable to avoid the procedure if not beneficial or,
at the very least, to replace it with a simpler yet equally effective technique.

Previous large-scale multicenter randomized clinical trials of CRT have been inconsistent in
their approach to AV optimization. MIRACLE and CARE-HF used the American Society of
Echocardiography-endorsed approach of using Doppler echocardiography of transmitral
flow to determine optimal AV delay,4,5,20,21,24 COMPANION used an algorithm based on
the intrinsic AV interval and baseline QRS width3 and in the CON-TAK CD trial,10 there
was no AV optimization whatsoever. In addition to these techniques, other methods,
including submaximal stress testing,46 acoustic cardiography,47,48 and a wide variety of
alternative echocardiographic techniques,49,50 have also been proposed as means of AV
interval optimization.

Thus, a variety of methods are used clinically for programming the AV delay, with no
current consensus as to best practice. As a result, many implanters do not use either
echocardiographic or electrocardiographic methods to optimize the AV interval but instead
empirically program patients to a fixed AV delay interval and only optimize patients who
are failing to respond to therapy. The purpose of the SMART-AV study is to determine
whether systematic AV optimization using either echocardiography (Doppler assessment of
transmitral inflow) or using the electrogram-based (EGM) SD approach that accounts for
intrinsic intervals, interventricular timing, and lead location leads to a greater improvement
in LVESV after 6 months when compared to programming a fixed AV delay of 120 ms. If
systematic AV optimization using either Doppler assessment of transmitral in-flow or SD
does lead to a greater improvement in LVESV after 6 months when compared to
programming a fixed AV delay of 120 ms, the trial will seek to determine whether the
results using SD are at least as good (noninferior) as the results of echo optimization and
possibly even superior to the results of echo optimization.

A few studies have compared whether acute or chronic benefits attributed to CRT are
different depending on which method of AV delay optimization is used.36,40,42,49,50 For
example, the CRT-AVO study by Gold et al. studied the acute effects of the Boston
Scientific proprietary algorithm now known as SD (previously known as expert ease for HF
+) against other commonly used AV delay optimization methods such as AoVTI and the
Ritter method as well as various fixed AV delays.40 SD was developed based on early pilot
studies where hemodynamic changes (as measured by LV dP/dt max and pulse pressure)
were recorded during CRT at different combinations of stimulation sites and AV delays.
20,51,52 This electrogram-based method calculates sensed and paced AV delays (EGM sense
AV delay and EGM pace AV delay) that provide maximum hemodynamic response based
on the measurement of electrical conduction delays (i.e., AV intervals and QRS duration) to
determine the optimal AV delay.40 The algorithm further accounts for LV lead location
which is generally considered an important step in ensuring optimal patient response.40 The
results from the CRT-AVO study demonstrated that the SD algorithm recommended a
customized AV delay that increased acute hemodynamic responses in terms of % change in
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LV dP/dt max, as compared to fixed nominal AV delays of 100 ms, 120 ms, 140 ms, or 160
ms as well as the Ritter method and AoVTI.40 So far, however, no large-scale clinical study
has directly compared different methods of AV delay optimization to determine if there are
actual benefits on LV reverse remodeling that are attributed to individually optimizing the
AV delay.

Some investigators have suggested that optimization of the VV delay may also play a role in
improving the outcomes of CRT.53,54 However, in two randomized trials, VV optimization
yielded no additional long-term benefit in patients who had also undergone AV
optimization.32,55 Optimization of the VV timing will be optional in patients randomized to
the echocardiographic optimized arm only, in order to be consistent with current clinical
practice, but will not be permitted in the other two randomized arms of the trial.

It should be acknowledged that it is unlikely that there is such a thing as static or unchanging
“optimum” AV delay in individual patients. Rather, it is likely that as hemodynamic
conditions change, the “optimum” AV delay may change as well. In particular, it has been
shown that the optimum AV delay may lengthen with time, coincident with the reduction in
left ventricular volumes that accompanies successful CRT.56,57 In SMART-AV, the AV
delay will be re-optimized after 3 months of follow-up in the patients in the SD arm only, to
take advantage of the speed and relative simplicity of this technique. In contrast, the
complexity and length of time required to perform echocardiographic AV optimization
limits the ability to routinely re-optimize patients and to be consistent with current clinical
practice patients in the echo arm will not be re-optimized.

While the primary purpose of this study is to perform comparative studies on different
methods of AV delay in patients receiving a CRT-D, a unique feature of this study is the
serial collection of plasma for the purposes of biomarker profiling. The biomarker portion of
the study will examine analytes in the plasma which can be reliably quantified and
potentially provide insight into the underlying pathophysiology of the natural history of LV
systolic dysfunction. The overall goals of the biomarker portion of this study are two-fold.
First, this study will serially collect plasma from patients presenting with significant LV
dysfunction who are carefully followed with respect to clinical outcomes and LV function.
Thus, this study will provide an opportunity to determine potential relationships between
changes in plasma biomarker profiles to changes in LV ejection performance and dilatation.
Second, and more relevant to overall study design and purpose, the collection of plasma for
biomarker profiling prior to the initiation of CRT as well as at the follow-up visits will
provide an opportunity for predicting which patients may optimally benefit from CRT in
general, as well as those who may benefit from a particular form of AV delay programming.
It must be recognized that this study will be collecting plasma, and therefore whether a
genomic basis may exist with respect to optimal CRT programming and identifying optimal
response candidates will not be addressed. While this biomarker portion of the study is
considered exploratory, if successful, the long term clinical implications and the ability to
develop effective screening algorithms for this device-based therapy are highly significant.

Conclusion and Clinical Implications
If systematic optimization does not lead to improved outcomes compared to a fixed AV
delay of 120 ms then this technique could be reserved for patients who are clinical
nonresponders to the therapy, saving time and effort. However, if AV delay optimization is
shown to be superior to fixed nominal AV delay programming, then it will provide evidence
that systematic optimization is indicated for patients undergoing CRT device implantation.
In this case, if SD-based optimization is noninferior or superior to echo optimization, then
this provides a simple, quick (≤ 2.5 minutes), and inexpensive means of providing
optimization to these patients.
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Figure 1.
Study flow chart in the SMART-AV trial.
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Table I

Inclusion and Exclusion Criteria

Inclusion Criteria

 Patients who meet current indications for a BSC CRT-D device with the SmartDelay algorithm

 Willing and capable of undergoing a device implant and participating in all testing

 Stable optimal pharmacologic therapy including diuretics, β-blockers, and ACE inhibition

 Expected to be in sinus rhythm at the time of implant

 Life expectancy of more than 360 days, per physician’s discretion

 Geographically stable and willing to comply with the required follow-up schedule

 Age 18 or above, or of legal age to give informed consent specific to state and national law

Exclusion Criteria

 Complete heart block, or who otherwise are unable to tolerate pacing at VVI-40-RV for up to 14 days (e.g., persistent 2:1 AV block)

 Previously received cardiac resynchronization therapy

 Undergoing an upgrade of a pacemaker or implantable cardioverter defibrillator who are unable to tolerate pacing at VVI-40-RV for up to 14
days (e.g., heart block)

 Expected to receive a heart transplant during the course of the study

 Cardiac surgeries or procedures planned to be performed during the course of the study

 Currently have or who are likely to receive a tricuspid valve prosthesis (mechanical right valve)

 Neuromuscular, orthopedic, or other noncardiac condition that prevents normal, unsupported walking (i.e., canes, crutches, or walkers)

 Pregnant or planning to become pregnant during the study (method of assessment upon physician’s discretion)

 Currently enrolled in another investigational study or registry that would directly impact the treatment or outcome of the current study.

BSC = Boston Scientific.
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Table II

Required Device Programming

Parameter Required Setting

* Pacing mode DDD or DDDR

# LRL (lower rate limit) 60

ATR (atrial tachy response) ON at 170 beats/min

Rate hysteresis OFF

Dynamic atrioventricular (AV) delay OFF

† AV delay Fixed arm: 120 ms
SmartDelay arm: per algorithm
Echocardiogram arm: per iterative method

‡ Left ventricular (LV) offset Fixed arm: 0
SmartDelay arm: 0
Echocardiogram arm: recommend 0

*
Set after the baseline echocardiogram (device programmed to VVI-40-RV) at the post-implant.

#
Set after the baseline echocardiogram (device programmed to VVI-40-RV) at the post-implant.

†
Only patients randomized to the SmartDelay arm will have their AV delay settings re-optimized at the 3-month follow-up visit.

‡
For the echocardiogram arm only, after the AV delay is determined, an LV offset other than 0 may be programmed.
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