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Keywords:
 Background:Optimal programming of cardiac resynchronization therapy (CRT) has not yet been fully elucidated.

A novel algorithm (SyncAV) has been developed to improve electrical synchrony by fusion of the triple
wavefronts: intrinsic, right ventricular (RV)-paced, and left ventricular (LV)-paced.
Methods: Consecutive patients at a single tertiary care center with a previously implanted CRT device with
SyncAV algorithm (programmable negative AV hysteresis) were evaluated. QRS duration (QRSd) was measured
during 1) intrinsic conduction, 2) existing CRT pacing as chronically programmed by treating physician, 3) using
the device-based QuickOpt™ algorithm for optimization of AV and VV delays, and 4) ECG-based optimized
SyncAV programming. The paced QRSdwas assessed and compared to intrinsic conduction and between the dif-
ferent modes of programming.
Results:Of 64 consecutive, potentially eligible patientswho underwent assessment, 34 patients whowere able to
undergo SyncAV programmingwere included.Mean intrinsic conduction QRSdwas 163±24ms. In comparison,
the mean QRSdwas 152± 25ms (−11.1± 19.0) during existing CRT pacing, 160± 25ms (−4.1 ± 25.2) using
the QuickOpt™ algorithm and 138 ± 23 (−24.9 ± 17.2) using ECG-based optimized SyncAV programming.
SyncAV optimization resulted in significant reductions in QRSd compared to existing CRT pacing (P = 0.02)
and QuickOpt™ (P b 0.001). Of the 32% of patients who did not have QRS narrowing with existing CRT, 72% ex-
perienced QRS narrowing with SyncAV.
Conclusion: ECG-based atrio-ventricular delay optimization using SyncAV significantly improved electrical syn-
chrony in patients with a previously implanted CRT. Further studies are needed to assess the impact on long-
term outcomes.

© 2019 Elsevier Inc. All rights reserved.
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Background

Cardiac resynchronization therapy (CRT) improves cardiovascular
outcomes in patients with heart failure [1]. However, a significant pro-
portion (around 30%) of patients who receive CRT do not improve and
are deemed non-responders [2]. While there have been significant ef-
forts to identify predictors of response to CRT prior to device implanta-
tion such as left bundle branch block and a prolonged QRS duration [3],
optimal programming of cardiac resynchronization therapy has not yet
been fully elucidated. Given individual variations in ventricular activa-
tion sequences, a one-size fits all approach to CRT programming may
be sub-optimal.
University Health Centre, 1650
The goal of CRT is to improve electrical synchrony and in turn me-
chanical synchrony [4]. A decrease in QRS duration (QRSd) after CRT is
a predictor of clinical response [5,6]. A novel, device-based algorithm
(SyncAV) included in certain Abbott CRTdevices can beused to improve
electrical synchrony by fusion of the triple wavefronts: intrinsic, right
ventricular (RV)-paced, and left ventricular (LV)-paced [7]. This algo-
rithm automatically synchronizes ventricular pacing with intrinsic
atrioventricular conduction by altering the atrioventricular delay. A
shortening between 10 and 120 ms of the atrioventricular delay (rela-
tive to the measured intrinsic AV conduction interval) is programmed
to allow fusion between intrinsic atrioventricular conduction and
biventricular pacing. This would occur across various durations of in-
trinsic conduction (up to 350 ms) to allow a continuously adapting fu-
sion pacing. Though the algorithm is programmed with a default
SyncAV -50 millisecond offset, the offset is programmable to allow
patient-specific optimization.

Whether electrical synchrony can be improved in patients with a
chronically implanted CRT has not been proven. Therefore, we aimed
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to assess the difference in QRSd in patients with a previously implanted
CRT who subsequently receive SyncAV pacing compared to existing
chronic CRT pacing as well as another proprietary device-based timing
cycle optimization algorithm (QuickOptTM) [8].

Methods

Study patients

We performed a single center, retrospective study of patients with a
CRT defibrillator (CRT-D) (St-Jude Unify Assura and Quadra Assura 3) or
a CRT pacemaker (CRT\\P) device (St-Jude Allure Quadra RF) with
SyncAV algorithm TM (programmable negative AV hysteresis), im-
planted between January 2014 and November 2017 at the McGill Uni-
versity Health Center (MUHC), Montreal, Canada. Only patients able to
be programmed to the SyncAV algorithm (i.e. in sinus rhythm with in-
trinsic AV conduction at implant) were included in this analysis. All pa-
tients included in the study fulfilled criteria for CRT implantation as per
Canadian Cardiovascular Society guideline recommendations [9]. This
studywas approved by theMcGill University Health Center Institutional
Review Board.

Device implantation and programming

CRTwas programmed according to operator preference and SyncAV
was not activated in any of the patients between January 2014 and No-
vember 2017; at the end of that year, patients with chronically im-
planted CRT devices underwent routine ECG-based SyncAV algorithm
optimization during their next regular device clinic visit to assess the
best QRS pattern. This method of optimization became the standard of
care in our service since May 2018 for newly implanted devices and
was extended to the previously implanted devices. Since then, all pa-
tients coming for regular clinical follow up had the device optimized ac-
cording to our service's protocol including sequential ECGs.

Electrocardiographic measurements

Standard 12-lead electrocardiography was performed at a paper
speed of 25 mm/s and a scale of 10 mm/mV. QRS duration, as
Fig. 1. Flow diagram fo
recorded from the surface leads which have the greatest values,
was measured automatically by the ECG machine (GE MACTM
5500 HD Resting ECG System). The ECG machine is programmed
to measure the earliest onset of the QRS and the latest offset [10];
in practical terms this would be from the time of the pacemaker
spike until the end of the QRS. This was subsequently validated
manually by a single investigator who was blinded to the clinical
data and pacing programming. On the 12 lead ECG, the QRSd was
defined as the duration from the earliest deflection from the iso-
electric line to the latest return to the isoelectric line in any lead.
The reasons for using automated QRS measurements were fourfold:
1) the lack of a standardized practice and the fact that CRT trials did
not report the methods for QRSd measurement [11], which was
likely automated; 2) the significant variability seen with manual
QRSd measurements [12]; 3) the reproducibility and precision of
automated measurements [13]; 4) the ease of use of automated
measurements which would be readily translated to clinical
practice.

QRSd was measured during 1) intrinsic conduction, 2) existing CRT
pacing as chronically programmed by treating physician prior to
SyncAV optimization, 3) using the device-based QuickOpt™ algorithm
for optimization of AV and VV delays and 4) manual ECG-based opti-
mized SyncAV programming (with offsets of −10, −30, −50, −70,
and −90 ms evaluated). Change in QRSd was assessed and compared
to intrinsic conduction and between the different modes of
programming.
Statistical analysis

All data are presented asmean± SD for continuous variables and as
proportions for categorical variables. Mean QRSd was compared be-
tween the different CRT programming and intrinsic conduction by
performing an analysis of variance (ANOVA) test. A P-value of b0.05
was considered statistically significant. Univariate and multivariate lo-
gistic regression analyses were performed to identify variables associ-
ated with a significant reduction in QRS duration (defined as ≥10 ms)
compared to existing CRT pacing. All variables associatedwith a statisti-
cal significance of P b 0.1 were considered for multivariate analysis.
r patient selection.



Table 1
Patient characteristics.

Characteristic N = 34

Male, n (%) 19 (56)
Age, year (range) 74 (60–93)
Time since implant in months, mean (range) 17.8 ± 8.5
Ischemic cardiomyopathy, n (%) 21 (62)
Hypertension 28 (82)
Diabetes mellitus 8 (24)
Paroxysmal atrial fibrillation 10 (29)
Left bundle branch block 31 (91)a

Cardiac resynchronization therapy defibrillator 22 (65)
NYHA, n (%)

I 4 (11.8)
II 24 (70.6)
III 6 (17.6)

QRS (ms) 163.5 ± 24.3
Intrinsic PR interval (millisecond) 187.2 ± 36.6
Left ventricular ejection fraction (%) 24.1 ± 10.1
Medical therapy for heart failure

ACEI/ARB 28 (82)
Beta blocker 28 (82)
MRA 5 (15)

N = number; NYHA = New York Heart Association; ACEI = angiotensin converting en-
zyme inhibitor; ARB = angiotensin receptor blocker; MRA = mineralocorticoid receptor
antagonist.

a The remaining 3 were bi-fascicular block (right bundle branch block and left anterior
fascicular block or left posterior fascicular block).
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Results

A total of 64 patients who had a CRT device (with the SyncAV fea-
ture) implanted between January 2014 and November 2017 were con-
sidered for possible inclusion. Among these patients, 2 were not eligible
due to prior system explant for device infection, 2 other patients had
heart transplant prior to the appointment for the optimization, 2 pa-
tients had LV lead dysfunction/dislodgment and the lead was turned
off, and 7 patients did not return for follow-up at our center's device
clinic. Of the remaining 51 patients presenting to clinic for ECG-based
optimization, 7 patients had intermittent AV block or the PR interval
was longer than 350ms (making fusion pacingwith the SyncAV feature
not possible), 1 patient had normalization of the QRS width and was
programmed to DDI 40 bpm, another 3 patients became exclusively pal-
liative care and 6 patients refused to have the ECG-based optimization
performed due to personal reasons. The remaining 34 patients had
ECG-based optimization performed and were included in this analysis
(Fig. 1). The mean age was 74 ± 9 years, 41% were female and 59%
had ischemic cardiomyopathy. Patient characteristics at time of SyncAV
optimization are summarized in Table 1.
Fig. 2. The change in QRS duration (milliseconds) using existing CR
Themean intrinsic conduction QRSdwas 163±24ms and themean
existing CRT pacing QRSdwas 152± 25ms. Using the QuickOpt™ algo-
rithm the mean QRSd was 160 ± 25 ms and using manual ECG-based
optimized SyncAV programming themeanQRSdwas 138±23. In com-
parison to intrinsic conduction, the change in QRSd was −11.1 ± 19.0
(P = 0.07), −4.1 ± 25.2 (P = 0.53) and − 24.9 ± 17.2 (P b 0.001)
using existing CRT pacing, QuickOpt™ algorithm and manual ECG-
based optimized SyncAV programming, respectively (Fig. 2). Using
SyncAV optimization resulted in significant reduction in QRSd com-
pared to existing CRT pacing (−13.8 ± 12.4, P = 0.02) and the
QuickOpt™ algorithm (−21.1 ± 17.8, P b 0.001). The distribution of
the differences in QRSd between SyncAV and existing CRT pacing as
well as the QuickOpt™ algorithm are shown in Fig. 3A and B respec-
tively. There was no difference in QRSd between existing CRT pacing
and the QuickOpt™ algorithm.

There was no significant difference in QRSd between default SyncAV
(offset−50) andmanually adjusted SyncAV optimization (P=0.17). In
10 of the 34 included patients (29%), the default Sync AV setting (offset
−50) achieved the optimal QRSd. In another 14 patients (41%), the dif-
ference in QRSd, between the default Sync AV setting and the manual
SyncAV optimization, was ≤10 ms. However, in 6 of the 34 patients
(18%), an alternative SyncAV setting (other than −50) reduced the
QRSd by ≥10 ms; in 3 patients this was an offset of −30 ms and in the
remaining 3 patients this was an offset of −70 or −90 ms.

In comparison to intrinsic conduction, there were 11 patients (32%)
who did not have a decrease in QRSd with existing CRT pacing; 8 of
these patients had a reduction in QRSd with SyncAV. In 79% of patients,
SyncAV exclusively achieved the largest reduction in QRSd and in a fur-
ther 9% SyncAV equaled the reduction achieved by existing CRT pro-
gramming. Fig. 4 illustrates the CRT setting that achieved the
narrowest QRSd in each patient.

Univariate analysis showed an association between intrinsic QRSd,
as well as existing CRT pacing QRSd, and the reduction in QRSd with
SyncAV (Table 2). After multivariate analysis, only QRSd with existing
CRT pacing predicted a reduction in QRSd with SyncAV. Gender, age,
time since implant, type of cardiomyopathy, NYHA class, intrinsic PR in-
terval and LVEF did not predict a reduction win QRSd with SyncAV.
Discussion

Themain finding of this analysis is that in patients with a previously
implanted CRT device, further reduction in QRSd, and hence improve-
ment in electrical synchrony, can be achieved using the SyncAv algo-
rithm that leads to fusion of the triple wavefronts. The importance of
these results is highlighted by recent evidence that a reduction in
T, QuickOptTM and SyncAV compared to intrinsic conduction.



Fig. 3. The differences in the change in QRS duration achieved by SyncAV compared to A) existing CRT and B) QuickOptTM.
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QRSd after CRT is well correlated with an increase in LVEF, currently the
best indicator for clinical outcomes in heart failure patients [14].
Coppola et al. examined the association between QRS narrowing and
LV reverse remodelling and overall mortality in a cohort study of 311
patients. The authors found that a 12.5% narrowing of QRSd was associ-
ated with LV reverse remodelling at 6 months and a significant reduc-
tion in mortality [15]. Furthermore, Karantezoupoulos et al. showed in
a meta-analysis of 12 studies that CRT responders had narrower paced
QRSd (post CRT) compared to CRT non-responders; bothwhen defining
response to CRT using clinical criteria (mean difference = −19.91 ms,
95% CI = −27.20 to −12.62 ms, P b 0.00001) as well as echocardio-
graphic criteria (mean difference = −19.51 ms, 95% CI = −25.78 to
−13.25 ms, p b 0.00001) [6].

QRS narrowing is a cheap and viable option for optimization of CRT
that can be assessed easily during a clinic visit. Importantly, there was
no significant difference between manually optimized SyncAV and the
default SyncAV offset of -50 ms. This is especially relevant given the
relatively time-consuming nature of manual ECG based optimization.
However, in 18% of patients a manually optimized SyncAV offset
achieved a significantly narrower QRS compared to the default SyncAV
setting and further work is required to identify these patients. Numer-
ous options have been explored to optimize CRT. Several studies includ-
ing randomized controlled trials have failed to show a benefit when
echocardiography is used to guide CRT. In the echoCRT trial, patients
with heart failure, synchrony on echocardiography and a QRS duration
of b130 ms did not have benefit with CRT [16]. In the PROSPECT trial,
there was no echocardiographic measure that could predict response
to CRT [17]. In addition to the limited results, echocardiographic optimi-
zation is hampered by its time-consuming and operator-dependent na-
ture as well as the technical difficulty in maintaining position and
stability during the different pacing intervals [18].

Whether QRS reduction, beyond that seen after initial implantation,
is associated with improved outcomes remains unclear. Yang et al.
assessed a cohort of patients who were undergoing generator



Fig. 4. Proportion of patients who achieved the narrowest QRS stratified by CRT setting.

98 A. AlTurki et al. / Journal of Electrocardiology 56 (2019) 94–99
replacement. They found that super-responders and responders to CRT
had further reductions in paced QRSd during follow-up. Patients who
experienced further narrowing of the QRS complex, by ≥10 ms, after
6 months had a significant reduction in all-cause mortality [19]. There-
fore, it appears that QRS narrowing is a marker of reverse remodelling.
Our finding of a significant reduction of QRSd achieved by activating
SyncAV at a mean of 18 months post-implant indicates an opportunity
for further reverse remodelling with simple device programming,
though thesefinding need to be correlatedwith clinical and echocardio-
graphic outcomes.

Non-response remains the greatest challenge to CRTwith numerous
efforts to improve patient selection. However, the proportion of non-
responders is still high at around 30% [2]. Our results are encouraging
in that of the 32% of patients who did not experience a reduction of
QRSd with existing CRT programming, 73% had significant reduction
in QRSd with SyncAV. Non-responders to CRT are at high risk of major
adverse cardiac events compared to responders and the lack of response
to CRT remains its greatest challenge [20]. Our results showing the po-
tential to produce a narrower QRS and possibly improve response to
CRT in this patient population is encouraging.

Identifying patients who would potentially benefit from optimiza-
tion of CRT programming remains problematic. While studies have
shown that factors such as a wider QRS, female gender, left bundle
branch block morphology and non-ischemic cardiomyopathy help pre-
dict response to CRT prior to device implantation andmay therefore aid
in patient selection, identifying those whomay have further response is
Table 2
Univariate and multivariate predictors of significant reduction in QRSd compared to
existing CRT pacing.

Variable Univariate analysis Multivariate analysis

OR 95% CI P value OR 95% CI P value

Age 1.09 0.97–1.23 0.16 – – –
Gender (female) 4.26 0.47–38.53 0.20 – – –
CMP (non-ischemic) 2.44 0.25–23.67 0.44 – – –
Hypertension 0.54 0.01–27.46 0.75 – – –
Diabetes mellitus 3.70 0.33–41.63 0.29 – – –
Atrial fibrillation 1.89 0.16–23.03 0.62 – – –
LVEF 1.11 0.97–1.27 0.13 – – –
Intrinsic QRSd 0.94 0.88–1.01 0.08 0.94 0.89–1.00 0.05
Existing CRT QRSd 1.08 1.01–1.17 0.03 1.08 1.02–1.14 0.01

OR= odds ratio; CI = confidence interval; CMP= cardiomyopathy; LVEF = left ventric-
ular ejection fraction; CRT = cardiac resynchronization therapy.
not clear [20]. We demonstrate that a wide QRS at follow-up may iden-
tify a sub-group who may benefit from CRT optimization, specifically
with SyncAV programming and potentially with other algorithms. In-
terestingly, we showed that optimization using SyncAV significantly re-
duced QRSd compared to another device-based algorithm that is
currently used, QuickOpt™ [8].

This was a single-center retrospective studywith its inherent limita-
tions. While the sample size is relatively small, this is due to the limited
number of patients with an existing CRT device with SyncAV algorithm
at our centre, and the proportion of these patients for whom the algo-
rithm is programmable (i.e. this algorithm is not useful in patients
with AV block or atrial fibrillation). The current study was limited to
electrocardiographic data and needs to be further corroborated with
echocardiography and clinical outcomes in larger studies.

Conclusion

Manual ECG-based atrio-ventricular delay optimization using
SyncAV significantly improved electrical synchrony in patients with a
previously implanted CRT. Further studies are required to delineate
the clinical and hemodynamic effects of using SyncAV in patients with
chronically implanted CRT devices.
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