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ABSTRACT

Objective Transcatheter aortic valve replacement (TAVR)
complications include left bundle branch block (LBBB) and
right ventricular paced rhythm (RVP). We hypothesised
that changes in electrocardiographic heterogeneity would
correlate better with speckle tracking strain measures
than with left ventricular ejection fraction (LVEF) on
transthoracic echocardiogram (TTE) among patients with
TAVR-induced conduction abnormalities.

Methods We reviewed medical records of 446
consecutive patients who underwent TAVR at

our institution. Of the 238 patients with 12-lead
electrocardiograms (ECGs) that met our inclusion criteria,
58 had pre-TAVR and post-TAVR TTEs adequate for strain
assessment. We compared patients who did not have an
LBBB or RVP pre-TAVR and post-TAVR (controls, n=11)
with patients who developed LBBBs (n=11) and who
required RVPs (n=10) post-TAVR. In our study population
(n=32, 41% female, mean age 85.8 years), we evaluated
QRS complex duration, R-wave heterogeneity (RWH), T-
wave heterogeneity (TWH), LVEF, global longitudinal strain
(GLS) and mechanical dispersion (MD).

Results TAVR-induced changes on ECG did not correlate
with LVEF. TAVR-induced changes in MD and QRS complex
duration correlated among all patients (r=0.4, p=0.04).
GLS and RWH correlated among RVP patients (r=0.7,
p=0.00003). MD and TWH correlated among LBBB
patients (r=0.7, p=0.00004).

Conclusions In this convenience sample of patients with
TAVR-induced conduction abnormalities, RWH and TWH
correlated with strain measures but not with LVEF. Strain
measures, RWH and TWH may offer additional insights for
pre-TAVR evaluation and post-TAVR clinical management.

INTRODUCTION

Despite favourable major outcomes of tran-
scatheter aortic valve replacement (TAVR)
compared with surgical aortic valve replace-
ment, certain complications are higher
among TAVR patients, including new onset

Key questions

What is already known about this subject?

» Left bundle branch block (LBBB) and heart block
requiring right ventricular paced rhythm (RVP) are
the most common complications associated with
transcatheter aortic valve replacement (TAVR).
TAVR-induced LBBBs and RVPs have been associ-
ated with worse clinical outcomes. Current clinical
guidelines for management of TAVR-induced LBBBs
and RVPs highlight the lack of evidence supporting
surveillance and treatment particularly regarding
subsequent implantation of or upgrade to cardiac
resynchronisation therapy and/or implantation of
cardioverter defibrillators.

» Speckle tracking strain on transthoracic echocardio-
gram and R-wave and T-wave heterogeneity (RWH,
TWH) on ECG have been shown to be better pre-
dictors of ventricular arrhythmias, sudden cardiac
death and response to cardiac resynchronisation
therapy than left ventricular ejection fraction (LVEF).

What does this study add?

» This study demonstrated that speckle tracking
strain, RWH and TWH more sensitively identified
changes than LVEF and demonstrated that changes
in RWH and TWH correlated with strain measures
but not with LVEF among patients with TAVR-
induced LBBBs and RVPs.

How might this impact on clinical practice?

» Further study using strain, RWH and TWH may of-
fer additional insight to assist with surveillance and
clinical management regarding cardiac resynchroni-
sation therapy and cardioverter defibrillator implan-
tation among patients with TAVR-induced LBBBs
and RVPs over current conventional assessments,
such as LVEF.

left bundle branch block (LBBB) and
new onset right ventricular paced rhythm
(RVP)." * Studies evaluating patients with
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TAVR-induced LBBBs and RVPs have yielded varying
results but have shown a trend towards a lack of recovery
of left ventricular ejection fraction (LVEF) or reduction
in LVEF, increased rates of heart failure rehospitalisation
and increased mortality.” The physiology associated with
LBBBs and RVPs depends on the underlying aetiology of
the conduction disturbance.*® Therefore, the physiology
associated with TAVR-induced LBBBs and RVPs is likely
unique compared with other aetiologies of these conduc-
tion abnormalities. Current clinical guidelines on TAVR-
induced conduction abnormalities highlight the lack of
conclusive data regarding appropriate surveillance and
treatment for these patients.” As the volume of TAVRs
continues to grow, it will be increasingly important to use
optimal testing modalities to evaluate which patients are
at higher risk for procedure-related conduction abnor-
malities and to develop guidance in decision-making
regarding appropriate surveillance and treatment of
these complications.

Speckle tracking strain on transthoracic echocar-
diogram (TTE) and R-wave and T-wave heterogeneity
(RWH, TWH) on electrocardiogram (ECG) have been
shown to predict adverse clinical outcomes independent
of LVEE.”"” We hypothesised that RWH and TWH would
correlate more closely with strain measures than with
LVEF among patients with TAVR-induced conduction
abnormalities.

METHODS

Study population

We retrospectively reviewed medical records of all 446
patients who underwent TAVR from 2012 to 2016 at
our institution. We reviewed available digital ECGs
performed at our medical centre pre-TAVR and 1-month
post-TAVR. We excluded 26 patients who did not have a
pre-TAVR digital ECG and 79 patients who did not have a
post-TAVR digital ECG performed at our medical centre.
Also, we excluded 51 patients with pre-TAVR LBBBs
and 52 patients with pre-TAVR RVPs. The control group
included patients who did not have an LBBB or RVP pre-
TAVR or I-month post-TAVR (n=146). The LBBB group
included patients who developed a new LBBB at the time
of TAVR that was present on ECG I-month post-TAVR
(n=48). The RVP group included patients requiring a
new RVP at the time of TAVR that was present on ECG
1-month post-TAVR (n=44). Next, we screened TTEs of
these patients for the technical requirements for speckle
tracking strain analysis (control group, n=37; LBBB
group, n=11; RVP group, n=10). We randomly selected
11 patients from the control group to balance the sample
size among the three groups.

Electrocardiographic assessment

12-lead ECGs were recorded pre-TAVR and 1-month
post-TAVR using Cardiolab GE Prucka (GE Healthcare,
Chicago, Illinois, USA) with standard filtering (0.05-
150Hz), a sampling rate of 1000 samples per channel, a

16-bit A/D converter and a least significant bit resolution
of 1.5 pV. A single physician reviewed the ECGs. The diag-
nosis of LBBB or RVP was made based on current recom-
mendations.'' We assessed RWH and TWH on ECG using
second central moment analysis, which quantifies the
variation about the mean R-wave and T-wave morpholo-
gies in adjoining precordial leads (in this study, V4, V5
and V6) in microvolts.

Echocardiographic assessment

TTEs were recorded pre-TAVR and I-month post-TAVR
using GE echocardiographs (GE Healthcare). A single
physician, who was blinded to patient groups, analysed
TTEs offline using GE software (GE Healthcare). LVEF
was assessed using Simpson’s biplane method. Longitu-
dinal speckle tracking strain analyses were performed
using current recommendations including three apical
views of sufficient image quality (ie, adequate myocardial
visualisation, no more than one segment excluded per
view and recorded with at least 40 frames per second).'”
Global longitudinal strain (GLS) was calculated as the
average of all the peak longitudinal strain values from an
18-segment model. Time to peak longitudinal strain was
measured to allow for assessment of mechanical disper-
sion (MD). MD was defined as the standard deviation
(SD) of all the time to peak longitudinal strain measures
from an 18-segment model.

Statistical analysis

Descriptive statistics of our sample population are
expressed as means and SD. We compared ECG and
TTE measures pre-TAVR and post-TAVR using paired
Student’s t-tests. We used correlation coefficients to assess
correlation of change in ECG and TTE measures. Statis-
tical analyses were performed using SAS V.9.2 (SAS Insti-
tute).

Patient and public involvement statement

There was neither patient nor public involvement in the
design of the study, recruitment to the study, conduct of
the study or dissemination of the study results.

RESULTS

Patient and procedural characteristics

Our study included 32 patients who met the inclusion
criteria as previously described. Baseline clinical char-
acteristics are presented in table 1. The control group
had a female predominance (73%) compared with the
other groups (LBBB 36%, p=0.05; RVP 10%, p=0.001).
History of coronary artery disease was more prevalent in
the LBBB group (91%) compared with controls (36%,
p=0.003). Procedural characteristics are presented in
table 2. Average TAVR size was smaller in the control
group (25.4+2.4mm) compared with the RVP group
(28.2+2.5mm, p=0.008).

Electrocardiographic results
Pre-TAVR and l-month post-TAVR ECG measures are
shown in table 3. In the control group, pre-TAVR and
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Table 1 Pre-TAVR and post-TAVR clinical characteristics
All patients Control LBBB P value compared RVP P value compared
(n=32) (n=11) (n=11) with control (n=10) with control
Baseline clinical characteristics
Age, years 85.8+8.9 85.7+11.3  85.7+4.3 0.5 86.0+11.0 0.5
Sex, female (%) 41 73 36 0.05 10 0.001
BMI (kg/m?) 24.9+3.1 24.7+2.5 25.4+3.4 0.3 246+3.7 04
NYHA class 2.8+0.5 2.8+04 2.8+0.8 0.4 2.8+0.4 0.4
STS-PROM score (%) 7.6+3.7 6.7+4.2 7.4+3.3 0.4 8.8+3.8 0.1
Mean five metre walk test 9.5+7.9 7.2+3.6 11.7+£12.3 0.2 8.9+4.3 0.2
(seconds)
Creatinine (mg/dL) 1.3 1.2 1.1 0.4 1.6 0.08
Atrial fibrillation (%) 28 27 18 0.3 40 0.4
Hypertension 69 82 64 0.2 60 0.1
Diabetes mellitus 28 18 36 0.2 30 0.3
Smoker within 1year 6 0 9 0.2 10 0.2
CAD (%) 66 36 91 0.003 70 0.07
Prior Ml (%) 16 0 27 0.03 20 0.07
Prior PCI (%) 28 27 36 0.3 20 0.4
Prior CABG (%) 22 9 27 0.1 30 0.1
Medications
Aspirin 100 100 100 0.5 100 0.5
ACE inhibitor 38 36 27 0.3 50 0.3
Beta blocker 56 55 73 0.2 40 0.3
Statin 69 64 82 0.2 60 0.4
1-month post-TAVR clinical characteristics
Ventricular pacing frequency (%) 97 (n=9)

BMI, body mass index; CABG, coronary artery bypass graft; CAD, coronary artery disease; LBBB, left bundle branch block; MI, myocardial
infarction; NYHA, New York Heart Association; PCI, percutaneous coronary intervention; RVP, right ventricular paced rhythm; STS-PROM,
Society of Thoracic Surgeons-predicted risk of mortality; TAVR, transcatheter aortic valve replacement.

postTAVR QRS complex duration, RWH and TWH
remained stable (p=0.3). Among the RVP group, all pre-
TAVR ECG measures increased post-TAVR (QRS complex
duration: pre-TAVR 116.2+7ms, post-TAVR 161.8+5ms,
p=0.0002; RWH: pre-TAVR 331.9+33 nV, post-TAVR

494.8+66 pV, p=0.01; TWH: pre-TAVR 161.8+28 nV, post-
TAVR 337.5+40 pV, p=0.001). Only QRS complex dura-
tion and TWH increased post-TAVR compared with pre-
TAVR in the LBBB group (QRS complex duration: pre-
TAVR 101.3+6ms, post-TAVR 146.9+6ms, p=0.000001;

Table 2 Procedural characteristics

P value compared with

P value compared with

All patients Control LBBB control RVP control

TAVR size (mm) 26.9+2.8 254+2.4 27.3+3.0 0.06 28.2+2.5 0.008
TAVR manufacturer (%)

Medtronic 55 73 0.2 60 0.4

Edwards 45 18 0.1 30 0.2

Boston Scientific 0 9 0.2 10 0.2
Vascular access site (%)

Transfemoral 91 100 0.2 100 0.2

Transaortic 9 0 0.2 0 0.2

LBBB, left bundle branch block; RVP, right ventricular paced rhythm; TAVR, transcatheter aortic valve replacement.
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Table 3 ECGs pre-TAVR and post-TAVR

All patients Control LBBB RVP
Heart rate pre-TAVR (bpm) 72.4+4 77.2+9 72.2+5 67.5+4
Heart rate post-TAVR (bpm) 72.6+3 68.7+4.2 75.2+7 73.9+4
P value pre-TAVR vs post-TAVR 0.9 0.3 0.7 0.009
QRS complex duration pre-TAVR (ms) 104.6+3 97.4+3 101.3+6 116.2+7
QRS complex duration post-TAVR (ms) 134.6+5 97.6+3 146.9+6 161.8+5
P value pre-TAVR vs post-TAVR 0.0000007 0.9 0.000001 0.0002
RWH pre-TAVR (V) 338.0+24 298.4+48 384.0+39 331.9+33
RWH post-TAVR (uV) 407.8+33 307.8+51 428.8+45 494.8+66
P value pre-TAVR vs post-TAVR 0.05 0.9 04 0.01
TWH pre-TAVR (uV) 143.0+13 104.4+18 164.4+18 161.8+28
TWH post-TAVR (uV) 256.2+31 108.7+21 329.7+60 337.5+40
P value pre-TAVR vs post-TAVR 0.0002 0.8 0.01 0.001

LBBB, left bundle branch block; RVP, right ventricular paced rhythm; RWH, R-wave heterogeneity; TAVR, transcatheter aortic valve

replacement; TWH, Twave heterogeneity.

TWH: pre-TAVR 164.4:18 pV, postTAVR 329.7+60 1V,
p=0.01).

Echocardiographic results

Pre-TAVR and l-month post-TAVR TTE measures are
shown in table 4. Mean LVEF, GLS and MD post-TAVR
compared with pre-TAVR demonstrated a trend towards
improvement in the control group and remained stable
in the RVP group (p=0.3). In the LBBB group, LVEF
and GLS demonstrated a trend of decline in systolic
function (p=0.3), and MD increased from pre-TAVR to
post-TAVR (pre-TAVR MD 45.8+12.0ms, post-TAVR MD
78.5+35.1ms, p=0.02).

Polar maps demonstrating GLS pre-TAVR and post-
TAVR in a patient from each group are shown in figure 1.
Polar maps from a control patient (figure 1, left column)
show a pre-TAVR GLS of -14.6% (top row) and a post-
TAVR GLS of -22.0% (bottom row). Polar maps from an
LBBB patient (figure 1, centre column) show a pre-TAVR
GLS of -22.3% (top row) and a post-TAVR GLS of -1.3%

(bottom row). Polar maps from an RVP patient (figure 1,
right column) show a pre-TAVR GLS of -15.5% (top row)
and a post-TAVR GLS of -16.0% (bottom row).

Polar maps demonstrating time to peak longitudinal
strain pre-TAVR and I-month post-TAVR in a patient
from each group are shown in figure 2. Polar maps from
a control patient (figure 2, left column) show a pre-
TAVR MD of 79.0ms (top row) and a post:TAVR MD of
49.3ms (bottom row). Polar maps from an LBBB patient
(figure 2, centre column) show a pre-TAVR MD of 43.5ms
(top row) and a post-TAVR MD of 158.5ms (bottom row).
Polar maps from an RVP patient (figure 2, right column)
show a pre-TAVR MD of 51.9ms (top row) and a post-
TAVR MD of 84.9ms (bottom row).

Correlation of electrocardiographic and echocardiographic
results

The correlation of change in TTE and ECG measures
pre-TAVR and post-TAVR are shown in table 5. Among
all patients, change in LVEF showed a trend towards

Table 4 Echocardiograms pre-TAVR and post-TAVR

All patients Control LBBB RVP

Pre-TAVR LVEF (%) 55.9+10.3 56.3+12.6 55.5+9.5 56.0+8.3
Post-TAVR LVEF (%) 54.3+11.8 58.1+6.5 51.1+16.7 53.5+9.7
P value pre-TAVR vs post-TAVR 04 0.7 0.4 04
Pre-TAVR GLS (%) -16.6+4.8 -16.9+3.9 -16.7+5.6 -14.4+6.0
Post-TAVR GLS (%) —16.0+5.1 -18.2+3.0 -14.5+6.5 —15.5+4.7
P value pre-TAVR vs post-TAVR 0.6 0.3 0.3 0.7
Pre-TAVR MD (ms) 55.6+21.0 58.6+11.7 45.8+12.0 63.3+31.9
Post-TAVR MD (ms) 64.6+25.3 54.3+17.8 78.5+35.1 64.6+20.7
P value pre-TAVR vs post-TAVR 0.09 0.4 0.02 0.9

GLS, global longitudinal strain; LBBB, left bundle branch block; LVEF, left ventricular ejection fraction; MD, mechanical dispersion; RVP, right

ventricular paced rhythm; TAVR, transcatheter aortic valve replacement.
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Control Pre-TAVR (top);
Control Post-TAVR (bottom)

Figure 1

No LBBB Pre-TAVR (top);
LBBB Post-TAVR (bottom)

No RVP Pre-TAVR (top);
RVP Post-TAVR (bottom)

Pre-TAVR and post-TAVR polar maps of global longitudinal strain. Pre-TAVR (top row) and post-TAVR (bottom row)

polar maps of global longitudinal strain in representative patients from each group. Left column: a control patient; centre
column: a patient who developed LBBB post-TAVR; right column: a patient who required RVP post-TAVR. LBBB, left bundle
branch block; RVP, right ventricular paced rhythm; TAVR, transcatheter aortic valve replacement.

negative correlation with QRS duration (r=-0.3, p=0.1),
RWH (r=-0.2, p=0.2) and TWH (r=-0.3, p=0.07). In the
RVP group, change in GLS and RWH strongly correlated
(r=0.7, p=0.00003). Among all patients, change in MD
moderately correlated with QRS duration (r=0.4, p=0.04)
and mildly correlated with RWH (r=0.1, p=0.01). In
the LBBB group, change in MD moderately correlated
with RWH (r=0.4, p=0.01) and strongly correlated with
TWH (r=0.7, p=0.00004). In the RVP group, change in
MD showed moderate negative correlation with TWH
(r=—0.4, p=0.03).

Comparisons of TWH and MD pre-TAVR and post-TAVR
stratified by group are shown in figure 3. TWH (p=0.8)
and MD (p=0.4) in the control group did not change
significantly. TWH increased in the LBBB (p=0.01) and
RVP (p=0.001) groups. MD increased in the LBBB group
(p=0.01) but not in the RVP group (p=0.8).

DISCUSSION
Our study identified differences pre-TAVR and post-
TAVR using RWH, TWH and MD that were not detected

Control Pre-TAVR (top);
Control Post-TAVR (bottom)

No LBBB Pre-TAVR (top);
LBBB Post-TAVR (bottom)

No RVP Pre-TAVR (top);
RVP Post-TAVR (bottom)

Figure 2 Pre-TAVR and post-TAVR polar maps of time to peak longitudinal strain. Pre-TAVR (top row) and post-TAVR (bottom
row) polar maps of time to peak longitudinal strain in representative patients from each group. Left column: a control patient;
centre column: a patient who developed LBBB post-TAVR,; right column: a patient who required RVP post-TAVR. LBBB, left
bundle branch block; RVP, right ventricular paced rhythm; TAVR, transcatheter aortic valve replacement.
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Table 5 Correlation of change between LVEF, GLS and MD with ECGs pre-TAVR and post-TAVR

All patients (r) P value Control(r) Pvalue LBBB(r) Pvalue RVP(r) P value
LVEF and QRS complex duration -0.3 0.1 -0.4 0.3 -0.2 0.5 -0.2 0.7
LVEF and RWH -0.2 0.2 -0.2 0.6 -0.4 0.3 0.02 0.9
LVEF and TWH -0.3 0.07 -0.1 0.7 -0.5 0.1 -0.02 0.9
GLS and QRS complex duration -0.2 0.2 -0.3 0.3 -0.3 0.4 -0.1 0.7
GLS and RWH -0.02 0.9 -0.2 0.2 -0.3 0.1 0.7 0.00003
GLS and TWH -0.1 0.4 -0.2 0.2 -0.3 0.1 0.03 0.8
MD and QRS complex duration 0.4 0.04 —-0.01 0.9 0.3 0.4 —0.06 0.9
MD and RWH 0.1 0.01 -0.02 0.9 0.4 0.01 -0.3 0.09
MD and TWH 0.4 0.1 —-0.02 0.9 0.7 0.00004 -0.4 0.03

GLS, global longitudinal strain; LBBB, left bundle branch block; LVEF, left ventricular ejection fraction; MD, mechanical dispersion; RVP, right
ventricular paced rhythm; RWH, R-wave heterogeneity; TAVR, transcatheter aortic valve replacement; TWH, T-wave heterogeneity.

with LVEF. Also, changes in RWH and TWH correlated
with GLS and MD but not with LVEF. TAVR-induced
LBBBs and RVPs have been inconsistently associated with
reduced LVEF, increased heart failure rehospitalisation
and increased mortality.” Current guidelines highlight
the lack of clinical data regarding follow-up for TAVR-
induced LBBBs and the limited data available regarding
cardiac resynchronisation therapy in TAVR patients.’
RWH, TWH, GLS and MD have been shown to be better
predictors of adverse cardiac events than LVEF in various
disease states, such as stratifying risk for ventricular
arrhythmias and sudden cardiac death independent
of LVEE." The correlation among RWH, TWH, GLS
and MD in our study suggests that these measures more
sensitively identified heterogeneous electromechanical

T-Wave Heterogeneity

500
400 p=001 ©-0.,001
- 300
*200 p=0.8 K \&
100 X § \\
N1 N1
Mechanical Dispersion
100 p=0.4 Pt p=08
g S \
i \§ s Y
N BB
Control LBBB RVP

\ Before TAVR M After TAVR

Figure 3 Comparison of changes in T-wave heterogeneity
and mechanical dispersion pre-TAVR and post-TAVR. Pre-
TAVR and post-TAVR comparison of changes in T-wave
heterogeneity and mechanical dispersion by group. LBBB,
left bundle branch block; RVP, right ventricular paced rhythm;
TAVR, transcatheter aortic valve replacement.

changes than did LVEF. Therefore, these measures may
help discriminate among patients with TAVR-induced
conduction abnormalities who are at risk for adverse
clinical outcomes and assist in guiding post-TAVR clinical
management.

Electrocardiographic assessment

Our results demonstrated prolonged pre-TAVR QRS
complex duration and elevated RWH and TWH among
patients who developed TAVR-induced LBBBs and RVPs.
Further investigation of these findings may allow for
more accurate preprocedural risk assessment regarding
the risk of developing TAVR-induced LBBBs and RVPs.
Also, our results demonstrated increased RWH and TWH
post-TAVR in the LBBB and RVP groups. Increased RWH
and TWH have been associated with an elevated risk of
ventricular arrhythmia and sudden cardiac death.®'’ Base-
line RWH and TWH have been shown to predict super-
response (ie, an increase in LVEF of at least 20%) among
patients undergoing cardiac resynchronisation therapy."
Further study of RWH and TWH in patients with TAVR-
induced conduction abnormalities may help to identify
patients who are at higher risk for adverse events and
assist in guiding clinical decision-making regarding indi-
cations for permanent pacemaker, cardiac resynchronisa-
tion therapy and defibrillator implantation.

Strain assessment

Left ventricular systolic function on TTE demonstrated
a trend toward improvement in the control group, wors-
ening of systolic function in the LBBB group and relative
stability in the RVP group, similar to published studies.”
GLS and MD have been shown to be better predictors
of cardiac outcomes than LVEF in a variety of disease
states. Among patients undergoing aortic valve replace-
ment, GLS correlated with severity of left ventricular
myocardial fibrosis on biopsy, New York Heart Associa-
tion class improvement, and mortality whereas LVEF
did not."*” Baseline GLS has been shown to be an inde-
pendent predictor of mortality in patients undergoing
cardiac resynchronisation therapy, and MD has been

Burke GM, et al. Open Heart 2021;8:€001542. doi:10.1136/openhrt-2020-001542
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shown to be an independent predictor of ventricular
arrhythmias 6months after cardiac resynchronisation
therapy implantation.'® Impaired GLS and elevated
MD have been shown to predict ventricular arrhythmias
independent of LVEF and to identify patients at risk for
sudden cardiac death who would have benefitted from
defibrillator implantation but did not meet current
criteria based on LVEE.”? Therefore, GLS and MD may
offer additional risk stratification pre-TAVR and help
to guide post-TAVR clinical decision-making regarding
appropriate surveillance and treatment among patients
with TAVR-induced conduction abnormalities.

Correlation of electrocardiographic and strain assessments
Among all patients in our study, MD and QRS complex
duration moderately correlated, likely reflecting a
similar change in heterogeneous electromechanical left
ventricular function. The strong correlation of GLS and
RWH in the RVP group could be due to increased left
ventricular fibrosis resulting in reduced systolic function
and heterogeneous left ventricular electrical activation.
MD and TWH in the LBBB group strongly correlated,
suggesting a similar identification of heterogeneous
myocardial contraction and repolarisation.

In a study evaluating patients with arrhythmogenic
right ventricular cardiomyopathy, the risk model that
included ECG findings and strain measures yielded the
highest accuracy in predicting ventricular arrhythmias.'”
Therefore, using RWH, TWH, GLS and MD in TAVR
patients may assist with identification of patients at risk
for TAVR-induced conduction abnormalities, selection of
TAVR devices with the best side effect profile for each
patient, and guidance of appropriate surveillance and
treatments post-TAVR. The current European Society
of Cardiology guidelines specifically mention, ‘although
TAV[R] patients usually meet the criteria for [chronic
resynchronization therapy] in patients with conventional
indication for anti-bradycardia pacing, there is limited
experience of [cardiac resynchronization therapy] in
TAV[R] patients’.’ In addition to potentially using pre-
TAVR strain imaging and ECG heterogeneity measures
to help predict which patients may develop conduction
abnormalities as a result of TAVR, the changes in these
measures from pre-TAVR to post-TAVR may help to
identify which patients are most likely to benefit from
cardiac resynchronisation therapy and/or implantation
of cardioverter defibrillators.

LIMITATIONS

Our analysis has several limitations. First, our study was a
retrospective, single centre study with a small study popu-
lation. This small convenience sample did not allow for
appropriate age and gender matching as we included
all patients with TAVR-induced LBBBs and RVPs who
met the ECG and TTE inclusion criteria. The randomly
selected control patients (11 of 37) who met the ECG
and TTE inclusion criteria had similar baseline clinical

characteristics to the larger control cohort but similarly
did not allow for appropriate age and gender matching
with the other groups. Further study at multiple centres
in a prospective fashion should be conducted to deter-
mine if these results could be generalised to a larger
population. Second, only 58 patients out of the 238
who met the ECG inclusion criteria had pre-TAVR and
post-TAVR TTEs that were adequate for strain analysis.
Therefore, requirement of adequate image quality may
select for certain clinical characteristics, such as body
habitus, that could have impacted our results. This rela-
tively low yield of suitable TTEs for strain analysis has
been documented in other studies that retrospectively
reviewed TTEs that were not originally acquired using
a protocol that was optimised for strain analysis. For
example, a retrospective study by Tastet and colleagues
that evaluated TTE measures as predictors of outcomes
among asymptomatic patients with at least moderate
aortic stenosis was only able to include strain in one-third
of the patients as the TTEs were not originally acquired
with the intent to optimise image acquisition and storage
for strain analyses."® Additionally, a follow-up study from
the Treatment of Preserved Cardiac Function Heart
Failure With an Aldosterone Antagonist (TOPCAT)
trial that looked at longitudinal strain and outcomes in
heart failure with preserved ejection fraction (TOPCAT
echo study) demonstrated a low yield of studies eligible
for retrospective strain analysis.'” The TOPCAT echo
study evaluated 935 patients with TTEs from the original
TOPCAT trial and ultimately only included 131 patients
with baseline and follow-up TTE images adequate for
strain analysis."” The authors reported that only 48%
of studies were suitable for strain measurements due to
incorrect ‘imaging format, missing views, and poor image
quality’, which mirrors the reasons that limited TTEs for
analysis in our study. Further limiting the sample size in
the TOPCAT echo study, as well as in our current study,
was the need for both baseline and follow-up TTEs to be
adequate for strain analysis. Of note, the strain protocol
in the TOPCAT echo study used only two apical views
(ie, 4 chamber and 2 chamber) to calculate ‘longitudinal
strain’ whereas our study included three apical views (ie,
4 chamber, 2 chamber and 3 chamber) to calculate GLS
and MD, demonstrating a relatively favourable yield of
adequate TTEs in our study.'” Third, the scope of our
study is limited to findings on TTE and ECG as we did
not include adverse events or mortality.

CONCLUSION

In this convenience sample, our findings demonstrate
that QRS complex duration, RWH and TWH correlate
more strongly with GLS and MD than LVEF in patients
with TAVR-induced LBBBs and RVPs. Our results are
consistent with prior studies showing that GLS, MD, RWH
and TWH are able to detect subclinical changes in cardiac
function prior to developing changes in LVEF. Further
investigation using GLS, MD, RWH and TWH may offer
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additional insights into pre-TAVR risk assessment and
post-TAVR surveillance and treatment in patients with
TAVR-induced conduction abnormalities such as timing
of and indications for implantation of permanent pace-
makers, implantation of or upgrade to cardiac resyn-
chronisation therapy, and timing of and indications for
implantation of cardioverter defibrillators.
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