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Remodeling after transcatheter aortic valve implantation (TAVI) has been well character-
ized for the left ventricle (LV) but not for the other cardiac chambers. We aimed to
describe conventional indices of cardiac remodeling and novel longitudinal strain (LS) in
all 4 cardiac chambers post-TAVI and to explore gender remodeling disparities. Consecu-
tive patients with significant aortic stenosis who underwent TAVI were included if echo-
cardiograms in sinus rhythm before and 1-year postprocedure were available. Speckle
tracking analysis was performed retrospectively to evaluate size and function of the
4 cardiac chambers. Baseline and 1-year data were compared. From a total of 612 patients
who underwent TAVI, 213 were included in this study (82 £ 9 years old, 42% men).
Although no significant size or function changes were seen for right cardiac chambers at
follow-up, significant improvements were seen for ejection fraction (EF) and LS in both
the LV and left atrium (LA) (p < 0.05 for both). The absolute percentage of LV and LA
function improvement was higher for LS than for EF (p < 0.05). Women had smaller LV
and right ventricular (RV) size, whereas parameters of LV and RV function were higher.
All 1-year remodeling parameters were similar for men and women. Conventional LV
remodeling parameters (LV mass) failed to improve 1 year after TAVI. However, novel
strain-derived parameters of size and function showed remodeling of left chambers but
not of RV or right atrium. The degree of LV and LA remodeling by LS is almost twice
that of EF. Remodeling was similar for both genders. © 2019 Elsevier Inc. All rights
reserved. (Am J Cardiol 2019;124:253—-261)

Transcatheter aortic valve implantation (TAVI) is an
option for patients with severe aortic stenosis (AS) who are
inoperable or at high and intermediate surgical risk.'””
Cardiac chamber adaptation to high left ventricular (LV)
afterload due to AS develops gradually including LV
hypertrophy, stiffness,”” diastolic, and systolic heart fail-
ure, leading to chamber dilatation and death.®” Echocardi-
ography is the most widely used modality to evaluate
chamber quantification after TAVI. Longitudinal strain
(LS) detects subtle changes in LV function that precede
those of ejection fraction (EF)® and is associated to cardio-
vascular outcomes.®™'’"'® LV reverse remodeling is
expected after TAVL,'*"'? but previous reports were lim-
ited to classic parameters: mass, volumes, and EF. Sparse
data exist about the effect of TAVI on LS of the left
atrium'®?" and right ventricle.”' > A detailed gender com-
parison including LS has not been reported to date. We
sought to assess echocardiographically the post-TAVI
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remodeling process of 4 cardiac chambers by classic and
novel parameters, and to explore gender differences.

Methods

Consecutive patients with severe symptomatic AS who
were at high or extreme surgical risk and underwent TAVI
at MedStar Washington Hospital Center from May 2007 to
March 2014 were considered for the present study. Patients
were included if an echocardiogram at baseline (0 to
4 months before) and 1-year postprocedure were both
available for LV speckle tracking echocardiography (STE)
analysis. Sinus rhythm during the echocardiographic acqui-
sition was an inclusion criterion, and the presence of a
pacemaker or poor-quality image were considered exclu-
sion criteria. In all echocardiograms, the goal was to
perform STE analysis for the 4 cardiac chambers. The local
Institutional Review Board approved this study, and
informed consent was obtained from each patient.

Prespecified clinical, procedural, and laboratory data
were prospectively collected for all patients during screen-
ing, on admission, immediately postprocedure, and during
follow-up. Data collection at baseline included demo-
graphic information, medical history, clinical data, basic
laboratory tests, and Society of Thoracic Surgeons (STS)
scores. Long-term follow-up was standardized according
to our hospital valve team practices and included a
12-month follow-up visit with clinical and transthoracic
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echocardiographic evaluations. Clinical events were adju-
dicated by an independent cardiologist, who determined
the nature of the event.

All transthoracic echocardiograms were prospectively
acquired and analyzed by board-certified echocardiogra-
phers following a standard protocol as recommended by the
American Society of Echocardiography.”* Among others,
conventional echocardiographic parameters (Xcelera, Philips,
Netherlands) included LV outflow tract (pulse-wave Doppler)
and aortic velocities (continuous-wave Doppler), their derived
gradients and aortic valve area. LV mass was calculated using
the based linear cube formula and indexed to body surface
area as recommended by current guidelines.”*

In addition to the conventional echocardiographic meas-
urements, volumetric and myocardial deformation analyses
were performed according to the recommendation of the
American Society of Echocardiography and European
Association of Cardiovascular Imaging.””** Analyses
were performed retrospectively using a commercially avail-
able semi-automated algorithm with a dedicated application
for each ventricle, whereas a single atrial analysis tool was
used for both atria (cardiac performance analysis on TOM-
TEC-Arena, TomTec imaging systems. Unterschleissheim,
Germany). LV analysis included the 4-, 3-, and 2-chamber
views, right ventricular (RV) analysis was performed in the
RYV focused view, and left and right atrial tracings were per-
formed in the 4-chamber view (Figure 1). The first steps of
analysis involved manual definition of the end-diastolic and

end-systolic frames. Then, 2 mitral or tricuspid annular
points were marked in each of the views, and an additional
point was placed to mark either the ventricular apex for
ventricular analysis, or the most distal point on the atrial
roof for the atrial analysis. The endocardial border was
automatically generated and then tracked throughout the
cardiac cycle using speckle tracking technology. Manual
corrections were performed interactively to optimize
boundary position as necessary. RV LS was defined as rec-
ommended by guidelines, including the free wall and
excluding the septal component, as the latter is mostly
affected by the left ventricle.””**> Myocardial deforma-
tion-derived curves were generated, and peak LS was
recorded for each chamber (Figure 2).

Continuous variables are expressed as mean + SD or
median and compared with 2 sample ¢ test. Categorical var-
iables are expressed as numbers and percentages and com-
pared with Chi-square test or Fisher exact test as
appropriate. Delta changes of volumetric and strain param-
eters from baseline to 1 year of follow-up were determined
using paired Student’s ¢ test or Wilcoxon signed-rank test
as appropriate. Changes over time were defined as a delta
change of >+5% from the baseline value. Cox regression
analysis was performed to assess association of LV global
LS with 1-year mortality.

Statistical analysis was performed with SAS version 9.4
(SAS Institute Inc., Cary, North Carolina) and a p value
<0.05 was considered significant.

Atrial strain curves

| Ventricular strain curves

10

Figure 1. Representative example of 4 cardiac chambers size and function. Speckle tracking analyses (2D-CPA, TomTec) of the left ventricle are performed
in 4-, 2-, and 3-chamber views, from which volumes, ejection fraction, and global longitudinal strain are derived (A-C). In addition, a bull’s-eye plot of myo-
cardial deformation is created (D). Right ventricular analysis is performed in the right ventricular focused view (E). Tracings of the RV include both the free-
wall and septum, but only the free-wall represents right ventricular strain analysis, as the septal component is expressed as part of the left ventricular analysis.
Right and left atrial size and function analysis are performed in the 4-chamber view (F and G). Representative longitudinal strain curves throughout the car-
diac cycle are shown (H), both for atrial (top) and ventricular (bottom) chambers. Of note, whereas atrial longitudinal strain analysis generates positive values,

those for ventricular chambers are negative.
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Figure 2. Example of 4-chamber strain analysis. Top: Superimposed end-diastolic (blue) and end-systolic (red) endocardial borders for the 4 cardiac cham-
bers. Bottom: Example of myocardial deformation-derived curves. Peak longitudinal strain was recorded for each chamber. LA = left atrium; LV = left ventri-
cle; RA =right atrium; RV =right ventricle. Figure generated with assistance from Berthold Klas (TOMTEC). (For interpretation of the references to color in

this figure legend, the reader is referred to the web version of this article.)

Results

A total of 612 consecutive patients who underwent
TAVI at our institution from 2007 to 2014 had a baseline
echocardiogram available and were considered for this
analysis. Figure 3 details the flow chart of inclusion for

612 4>| Consecutive patients ‘

—>| 92 with atrial fibrillation ‘

%I 72 with bad qualityimages ‘

%| 46 with pacemaker ‘
202 Patients with analyzable
baseline echo

é| 98 survived < 1 year ‘

L | 89 without1 year followup
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Figure 3. Flow chart of inclusion criteria of the study.

this study. Ninety-two patients were excluded because of
atrial fibrillation, 72 for the presence of a pacemaker, and
46 for poor-quality images precluding speckle tracking
analysis of the left ventricle. Of the remaining 402
patients who had a qualifying baseline echocardiogram,
only 213 had a l-year follow-up echo in normal sinus
rhythm and, accordingly, represent our study cohort for
this analysis (35% of the entire TAVI cohort). Feasibility
of speckle tracking analysis of the left cardiac chambers
was higher than right chambers, and that of the ventricles
was higher than the atria: LV was 100%, LA 88%, RV
77%, and right atrium (RA) 68%.

From the 402 patients with baseline analyzable echo-
cardiograms, at 1-year follow-up, 304 were alive and 98
had died. No significant differences were seen between
survivors and nonsurvivors regarding age, race, and most
of the clinical co-morbidities except that survivors had a
higher body mass index, higher prevalence of hyperten-
sion and hyperlipidemia, and lower STS scores (Table 1,
left columns). In addition, survivors had higher transaortic
valve mean gradient and LV mass (Table 2, left columns).
LV EF and global LS were similar between survivors
(60 £ 12% and —20.3 + 5%, respectively) and nonsurvi-
vors (60 £ 13% and —19.9 £ 5%, respectively, p =0.45).
To evaluate whether baseline LV global LS was associ-
ated with mortality, an unadjusted Cox regression analysis
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Table 1
Baseline characteristics
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Entire cohort Dead Alive Entire cohort Paired Paired females  Paired males  Paired patients

Variable (n=402) (n=98) (n=304) p value (n=213) (n=123) (n=90) p value
Age (years) 83+38 84 +7 83+ 8 0.30 82+9 83+8 81+9 0.03
Race

Black 52 (13%) 11 (11%) 43 (14%) 0.46 32 (15%) 22 (18%) 9 (10%) 0.11

White 342 (85%) 87 (89%) 255 (84%) 0.24 177 (83%) 98 (80%) 77 (86%) 0.28

Other 8 (2%) 0 (0%) 6 (2%) 1.00 4 (2%) 3(2%) 4 (4%) 0.52
Body mass index (Kg/m?) 27+6 26+ 6 28+ 6 <0.01 28+6 28 +7 28+5 0.31
Hypertension 378 (94%) 90% 96% 0.03 204 (96%) 116 (94%) 88 (98%) 0.31
Diabetes Mellitus 137 (34%) 30% 36% 0.25 75 (35%) 44 (36%) 31 (34%) 0.79
Hyperlipidemia 318 (79%) 72% 82% 0.04 175 (82%) 98 (80%) 77 (85%) 0.13
Chronic lung disease 137 (33%) 37% 32% 0.39 62 (29%) 30 (24%) 32 (36%) 0.06
Chronic Renal failure 197 (49%) 56% 46% 0.11 99 (46%) 49 (40%) 50 (55%) 0.03
Prior percutaneous coronary 125 31%) 31% 31% 0.93 61 (29%) 28 (23%) 33 (37%) 0.03

intervention
Prior bypass surgery 125 31%) 29% 32% 0.67 72 (34%) 21 (17%) 51 (57%) <0.01
Prior myocardial infarction 80 (20%) 25% 18% 0.13 33 (16%) 16 (13%) 17 (19%) 0.11
NYHA HI/IV (%) 88% 93% 87% 0.12 181 (85%) 103 (84%) 78 (87%) 0.51
Prior valvuloplasty 32% 35% 31% 0.59 61 (29%) 39 (32%) 22 (24%) 0.20
STS score 9.0+4.6 9.8 +4.8 87145 0.04 8.8 +4.7 94 +47 8.0+4.5 0.04
BNP (pg/ml) 540 £ 673 665 + 825 495 £+ 607 0.21 503 £ 580 560 £ 695 414 +323 0.18

Results are shown by mean and SD, or number and percentage of patients when appropriate.
BNP = brain natriuretic peptide; NYHA = New York Heart Association; STS = Society of Thoracic Surgeons (STS) score.

was performed. This analysis showed that no association
was found between baseline LV global LS and 1-year
mortality (hazard ratio 1.02 [confidence interval 0.98 to
1.06]; p=0.41).

Evaluation of left and right cardiac chamber remodeling
at 1 year included 213 patients with both baseline and fol-
low-up analyzable echocardiograms: Patients were 82 =+
9 years old, 42% were male, and their body mass index
was 28 + 6. Table 1, right columns show baseline charac-
teristics and comparisons in genders: Women were older
and had higher STS scores, and fewer had renal failure,
peripheral vascular disease, prior coronary intervention, or
bypass surgery. Baseline conventional echocardiographic

characteristics are presented in Table 2, right columns.
Women had smaller LV outflow tract diameter and higher
mean transaortic valve gradient than men did. Although
aortic valve area and LV mass were smaller for women,
these differences became nonsignificant after being
indexed for body surface area (aortic valve area index and
LV mass index).

Baseline speckle tracking-derived echocardiographic
comparisons between genders are shown in Table 3.
Women had smaller LV indexed volumes (end-diastolic
volume index (EDVi) and end-systolic volume index
(ESVi)) and higher EF than men, whereas global LS and
indexed stroke volume were similar between genders. LA

Table 2
Conventional echocardiographic characteristics at baseline
Entire cohort Dead Alive Entire cohort Paired Paired females Paired males Paired patients
Variable (n=402) (n=98) (n=304) p value (n=213) (n=123) (n=90) p value
Aortic insufficiency > moderate 0(0%) 0(0%) 0(0%) 1.0 0(0%) 0 (0%) 0(0%) 1.0
Mitral regurgitation > moderate 4 (1.1%) 0 (0%) 4 (1.4%) 0.58 2 (1%) 1 (0.9%) 1(1.3%) 1.0
Tricuspid regurgitation > moderate 5 (1.4%) 1(1.1%) 4 (1.4%) 1.0 3(1.5%) 2 (1.7%) 1(1.2%) 1.0
Pulmonary artery systolic 45+ 16 46 £ 17 45+ 16 0.56 45+ 17 46 + 18 43+ 16 0.27
pressure (mm Hg)
Aortic valve area (cm?) 0.66 +£0.13 0.66 +0.14 0.66 +0.13 0.97 0.67+0.13 0.64+0.13 0.71 £0.12 <0.01
Aortic valve area index (cm*/m?) 0.37 £0.07 0.38+£0.08 0.36 £0.07 0.07 0.37£0.07 037+0.08 0.37£0.06 0.50
Mean gradient (mm Hg) 49+ 13 46+ 13 50+ 13 0.049 49+ 14 52+15 46 £ 11 <0.01
LVOT diameter (mm) 195+£02 194+£02 196+0.2 0.57 1.96 £0.2 1.89+£0.2 2.05+0.2 <0.01
Mitral annulus calcification above 144 (36%) 32 (33%) 112 (37%) 0.54 65 (35%) 49 (45%) 16 (21%) <0.01
moderate
LVEDd (mm) 44+£0.7 44+£07 45+£0.7 0.29 45+£07 43+£0.6 4.7£0.7 <0.001
LVESd (mm) 31408 3.0+0.8 3.1+09 0.52 3.1+09 2.8+0.8 34409 <0.001
LV mass (grams) 209 £ 71 192 £+ 68 214 £72 0.04 214 £ 60 200 £ 53 235 + 64 <0.01
LV mass index (grams/m?) 115+£33 108 +32 117 £ 34 0.09 119 £ 31 116 + 30 122 +£32 0.27

Results are shown by mean and SD, or number and percentage of patients when appropriate.
LV =left ventricular; LVEDd = LV end-diastolic diameter; LVESd, LV end-systolic diameter; LVOT =LV outflow tract.
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Table 3
Comparison by gender of baseline, 1-year follow-up, and change overtime (%Delta) of size and function parameters of all 4 cardiac chambers by speckle
tracking echocardiographic analysis

Baseline 1-Year post-TAVR %Delta
Variable Female Male p Value Female Male p Value Female Male p Value
LV EDVi (ml) 57+£20 68 £ 28 <0.01 55+20 70 £27 <0.01 1+35 8 4+ 37 0.57
ESVi (ml) 22+13 31+ 19 <0.01 2011 29 £ 17 <0.01 3+£51 5£45 0.81
EF (%) 63+ 11 58+12 <0.01 66 + 10 61 +11 <0.01 8+ 18 7+20 0.99
SVi (ml) 35£10 37+£12 0.10 36 £12 41413 0.01 6+ 32 17+ 47 0.52
Global LS (%) —21+£5 —20+5 0.14 —23+4 —21+4 <0.01 14 £21 11£17 0.18
LA EDVi (ml) 28+ 14 26+ 11 0.20 26+ 15 23+£10 0.04 1+44 7+47 0.30
ESVi (ml) 50+19 47+£15 0.26 48 £ 19 44 £ 16 0.14 3439 3+36 0.61
EF (%) 45+ 11 45+£99 0.56 47 £ 12 49 £10 0.16 8+24 14 £33 0.24
SVi (ml) —21+8 —21+8 0.70 —22+9 —21+8 0.86 10+ 49 11+51 0.26
LS (%) 19+£5 20+6 0.09 21+6 23+6 0.18 19 £26 18 £30 0.34
RV EDAI (cm?) 11+£3 12+3 0.04 11+£3 13+4 0.05 4+£27 4+34 0.86
ESAi (cm2) 56+2 69+3 <0.01 55+£2 70+£3 <0.01 6 £ 37 4442 0.79
FAC (%) 51+10 44+9 <0.01 52438 46 £ 10 <0.01 S5+24 6+ 26 0.78
FW LS (%) —27+7 —24+7 <0.01 —28+£5 —24+6 <0.01 6+26 8+ 28 0.61
RA EDVi (ml) 15+9 18+11 0.09 15+£10 19+12 0.03 9+56 16 £56 0.81
ESVi (ml) 27£13 30£15 0.19 28 £ 14 32+£15 0.11 10 £49 13+49 0.73
EF (%) 44 +£13 42+£15 0.22 46 £ 13 40+ 15 0.03 24112 8+ 51 0.49
SVi (ml) —-12+6 —-12+6 0.93 —13+7 —13+7 0.98 13+ 111 22+77 0.48
LS (%) 28 +38 24+ 8 <0.01 29+38 24+7 <0.01 7+35 7+42 0.97

EDVi =end-diastolic volume index; EDAi = end-diastolic area index; EF = ejection fraction; ESAi = end-systolic area index; ESVi = end-systolic volume
index; FAC = fractional area change; FW = free wall; LA = left atrial; LS = longitudinal strain; LV =left ventricular; RA =right atrial; RV =right ventricular;
SVi = stroke volume index; TAVR = transcatheter aortic valve replacement.

indexed dimensions and functional parameters (EF and LS)
were similar for men and women. Similarly, RV dimen-
sions were smaller and RV functional parameters (frac-
tional area change and LS) were higher in women, whereas
LS was the only RA parameter higher in women (indexed
volumes and EF were similar).

There were no significant changes from baseline to
1-year follow-up on LV mass (214 £ 60 and 209 + 58 g,
respectively, g=0.09) or LV mass index (119 £ 31 and
116 £ 31 g/m”, p=0.09).

Although no significant size or function changes were
seen for right cardiac chambers at follow-up (Fig. 4), signif-
icant improvements were seen for EF and LS in both the
LV and LA (p < 0.01 for both; Fig. 5). The improvement in
both LV and LA EF resulted from a decrease in their mini-
mum size (end-systole for the LV and end-diastole for the
LA) with no change in their maximum size (end-diastole
for LV and end-systole for LA). The percentage of LV and
LA function improvement was higher for LS than for EF:
% delta of LV EF improved 7 £+ 19% and LV global LS
13 & 20%, % delta of LA EF improved 11 & 29% and LA
LS 19 & 27%, (p < 0.05 for both chambers, Table 4).

On paired comparisons of baseline and 1-year follow-up
on a patient-by-patient basis (Table 4, right columns), there
were more patients with improving than patients with wors-
ening LA and LV dimensions, EF, and LS (changes defined
as relative delta >5%). Global LS was more sensitive to
detecting improvement (60% of cases improved LV LS and
64% improved LA LS), whereas lower percentages of cases
had improvement of LA and LV function as determined by
EF (51% for LV and 56% for LA). In contrast, RA and RV
parameters showed similar numbers of cases improving and
worsening.

Changes at 1 year were consistently similar for both gen-
ders, as all echocardiographic changes were similar in
women and men (Table 3).

Discussion

The findings of our analysis are unique as, for the first
time, 4-cardiac-chamber STE analyses in a TAVI popula-
tion are reported. Our study has 4 main novel findings:
First, that baseline LV global LS was not associated with
1-year mortality in this population; second, that TAVI results
in remodeling and improvement in function of the left car-
diac chambers (LV and LA), but not of the right chambers
(RV and RA); third, that remodeling after TAVI was better
detected with speckle tracking strain analysis than with con-
ventional parameters such as LV mass; and fourth, that there
are gender disparities on LV and RV size and function, but
remodeling affects men and women similarly.

Four-cardiac-chamber remodeling 1 year after TAVI
was reflected by improvement in left cardiac chambers
function indices (EF and LS). The improvement in LV and
LA EF could be secondary to enhanced contractility rather
than their capacitance: The maximal volumes for each
chamber did not change at 1-year follow-up (EDV for the
LV and ESV for the LA); only the smaller volumes did
(LV ESV and LA EDV). Furthermore, the functional
improvement was volume independent, as shown by the
myocardial deformation LV and LA strain analyses.
Importantly, the degree of percent delta change for LV and
atrial chambers by LS is almost twice that of EF. This find-
ing can be explained by the superior capability of myocar-
dial deformation analysis to detect subtle changes (more
sensitive than EF®). Recently, Treibel et al explained
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Right cardiac chambers size and function changes from baseline to 1-year follow up
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Figure 4. Size (top) and function (bottom) changes from baseline to 1 year of follow-up for both the right ventricle (left) and atrium (right). EDA = end-dia-
stolic area; EDV =end-diastolic volume; EF =ejection fraction; ESA =end-systolic area; ESV =end-systolic volume; FAC =fractional area change;

FW = free wall; LS = longitudinal strain; RA =right atrium; RV =right ventricle.

differences between myocardial fibrosis characteristics
that can affect reverse myocardial remodeling assessed by
cardiac magnetic resonance.”® Although not proven in our
study, it is possible that patients who failed to improve in
our study suffered from extensive fibrosis that precluded
an improvement in myocardial function as a parameter of
remodeling.

Interestingly, no remodeling would be found in our study
following the classic definition by LV mass. Indeed, no
remodeling was found in previous publications when this
definition was implemented.'””” However, our results
show that remodeling over time with myocardial deforma-
tion analysis occurs after 1-year follow-up. This suggests
that myocardial deformation indices could be better param-
eters to assess LV remodeling than the classic definition.
Our results further show what previous studies suggested in
LS analyses of single chamber (LV), or left heart only (LV
and LA), or with a lower number of patients.

Our data on echocardiographic differences by gender
build on previous reports on gender diversity in normal
hearts and in TAVL*****° Women presented smaller base-
line absolute volumes for all 4 cardiac chambers, with supe-
rior indices of left and RV function (both EF and LS). Most
of these gender disparities were present also at 1-year fol-
low-up. Importantly, the effect of TAVI in remodeling of
the 4 cardiac chambers was similar in men and women.

Left cardiac chambers feasibility was higher than right
chambers, and the ventricular feasibility was higher than
that of the atria. These findings are not surprising, as LV
echocardiographic assessment is one of the main focuses of
clinically indicated studies, especially for TAVI. Accord-
ingly, LV STE analysis was selected as an inclusion crite-
rion for our study. Moreover, ventricular assessment is still
considered a priority over the atria in clinically indicated
echocardiograms, despite the clear importance of atrial
evaluation. Our feasibility findings cannot be extrapolated
to clinically indicated studies performed for indications dif-
ferent from AS or TAVI evaluation, as those were the cases
in this cohort.

Our study has some limitations. First, this is a retrospec-
tive analysis of single-center cohort and, accordingly,
extrapolation of our results could be affected by local bias.
Still, our hospital has a similar population and treatments to
the vast majority of other TAVI referral medical centers
and, accordingly, our results are relevant to the overall
TAVI community. Second, patients with poor-quality echo-
cardiographic images were excluded from this analysis,
thus limiting the generalizability of our findings. Morbidly
obese patients and those with suboptimal images caused by
other conditions such as lung disease may not be adequately
represented in our cohort. Accordingly, our results cannot
be extrapolated to consecutive patients or outpatients with a
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Left cardiac chambers size and function changes from baseline to 1-year follow up
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Figure 5. Size (top) and function (bottom) changes from baseline to 1-year follow-up for both the left ventricle (left) and atrium (right). EDV = end-diastolic
volume; EF = ejection fraction; ESV = end-systolic volume; GLS = global longitudinal strain; LA = left atrium; , LS = longitudinal strain; LV = left ventricle.

Table 4

Cardiac remodeling of all 4 cardiac chambers by speckle tracking echocardiographic analysis

% cases changed
by £5% (relative change)

Variable Baseline 1-Year post-TAVR p Value %Delta Worsened No change Improved
LV EDVi (ml) 62 +24 61 +24 0.74 4436 46 10 44
ESVi (ml) 26+ 16 24 £ 15 <0.01 18 £ 48 39 11 50
EF (%) 61 £12 64£11 <0.01 7+19 22 27 51
SVi (ml) 36+ 11 38+£13 0.02 11439 35 13 52
Global LS (%) -20+5 —-22+4 <0.01 13+20 9 31 60
LA EDVi (ml) 27+£13 25+13 <0.01 2445 38 9 53
ESVi (ml) 49+ 17 46 £ 18 0.07 7+37 35 14 51
EF (%) 45+ 11 48 £ 11 <0.01 11+29 31 13 56
SVi (ml) —21+8 —22+8 0.49 10 £50 48 10 42
LS (%) 19+5 22+6 <0.01 19 +27 11 25 64
RV EDAI (cm2) 12£3 12£3 0.62 5439 44 20 36
ESAi (cm2) 6+2 6+2 0.76 4+24 45 14 41
FAC (%) 48 +10 50 + 10 0.17 5425 40 20 40
FW LS (%) —-26+7 —27+6 0.11 7+26 47 12 41
RA EDVi (ml) 17£10 17£11 0.99 11£56 51 9 40
ESVi (ml) 29+ 14 29+ 15 0.59 11+49 46 14 40
EF (%) 43+ 14 44 £ 14 0.56 2+94 42 16 42
SVi (ml) —12+6 —13+7 0.35 16 99 45 7 48
LS (%) 26+ 8 27+38 0.72 7430 35 20 45

Results are shown by mean and SD. Abbreviations as in Table 3.
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wide range of image quality. Finally, this study only ana-
lyzed patients in sinus rhythm during imaging, excluding
those in atrial fibrillation or with a pacemaker, who are a
large proportion of patients post-TAVI.

In conclusion, our results are the first to evaluate remod-
eling of all 4 cardiac chambers post-TAVI. After 1 year,
post-TAVI cardiac remodeling is reflected by improvement
in left cardiac chambers function (EF and LS), whereas the
degree of change by LS is almost twice that of EF. No size
or function changes were noted for RV or RA, and remodel-
ing was similar for both genders. Novel speckle tracking
strain is more sensitive than conventional parameters to
detect cardiac remodeling.

Disclosures

Federico M. Asch: Director of an academic core lab that
has institutional contracts with Boston Scientific, Medtronic,
St. Jude Medical/Abbott, Edwards Lifesciences, Biotronik,
JenaValve and Livanova. Toby Rogers: Consultant: Med-
tronic; Proctor: Edwards Lifesciences. Ron Waksman — Advi-
sory Board: Abbott Vascular, Amgen, Boston Scientific,
Cardioset, Cardiovascular Systems Inc., Medtronic, Phi-
lips Volcano, Pi-Cardia Ltd.; Consultant: Abbott Vascular,
Amgen, Biosensors, Biotronik, Boston Scientific, Cardio-
set, Cardiovascular Systems Inc., Medtronic, Philips Vol-
cano, Pi-Cardia Ltd.; Grant Support: Abbott Vascular,
AstraZeneca, Biosensors, Biotronik, Boston Scientific,
Chiesi; Speakers Bureau: AstraZeneca, Chiesi; Investor:
MedAlliance. All other authors report no relations that
could be construed as a conflict of interest.

1. Leon MB, Smith CR, Mack M, Miller DC, Moses JW, Svensson LG,
Tuzcu EM, Webb JG, Fontana GP, Makkar RR, Brown DL, Block PC,
Guyton RA, Pichard AD, Bavaria JE, Herrmann HC, Douglas PS,
Petersen JL, Akin JJ, Anderson WN, Wang D, Pocock S, Investigators
PT. Transcatheter aortic-valve implantation for aortic stenosis in
patients who cannot undergo surgery. N Engl J Med 2010;363:
1597-1607.

2. Smith CR, Leon MB, Mack MJ, Miller DC, Moses JW, Svensson LG,
Tuzcu EM, Webb JG, Fontana GP, Makkar RR, Williams M, Dewey
T, Kapadia S, Babaliaros V, Thourani VH, Corso P, Pichard AD,
Bavaria JE, Herrmann HC, Akin JJ, Anderson WN, Wang D, Pocock
SJ, Investigators PT. Transcatheter versus surgical aortic-valve
replacement in high-risk patients. N Engl J Med 2011;364:2187-2198.

3. Leon MB, Smith CR, Mack MJ, Makkar RR, Svensson LG, Kodali
SK, Thourani VH, Tuzcu EM, Miller DC, Herrmann HC, Doshi D,
Cohen DJ, Pichard AD, Kapadia S, Dewey T, Babaliaros V, Szeto
WY, Williams MR, Kereiakes D, Zajarias A, Greason KL, Whisenant
BK, Hodson RW, Moses JW, Trento A, Brown DL, Fearon WF,
Pibarot P, Hahn RT, Jaber WA, Anderson WN, Alu MC, Webb JG,
Investigators P. Transcatheter or surgical aortic-valve replacement in
intermediate-risk patients. N Engl J Med 2016;374:1609—-1620.

4. Hess OM, Villari B, Krayenbuehl HP. Diastolic dysfunction in aortic
stenosis. Circulation 1993;87:1V73-76.

5. Kampaktsis PN, Kokkinidis DG, Wong SC, Vavuranakis M, Skubas
NJ, Devereux RB. The role and clinical implications of diastolic dys-
function in aortic stenosis. Heart 2017;103:1481-1487.

6. Dahl JS, Christensen NL, Videbaek L, Poulsen MK, Carter-Storch R,
Hey TM, Pellikka PA, Steffensen FH, Moller JE. Left ventricular dia-
stolic function is associated with symptom status in severe aortic valve
stenosis. Circ Cardiovasc Imaging 2014;7:142—148.

7. Ito S, Miranda WR, Nkomo VT, Connolly HM, Pislaru SV, Greason
KL, Pellikka PA, Lewis BR, Oh JK. Reduced left ventricular ejection
fraction in patients with aortic stenosis. J Am Coll Cardiol
2018;71:1313-1321.

8. Kalam K, Otahal P, Marwick TH. Prognostic implications of global
LV dysfunction: a systematic review and meta-analysis of global lon-
gitudinal strain and ejection fraction. Heart 2014;100:1673-1680.

9. Mor-Avi V, Lang RM, Badano LP, Belohlavek M, Cardim NM,
Derumeaux G, Galderisi M, Marwick T, Nagueh SF, Sengupta PP,
Sicari R, Smiseth OA, Smulevitz B, Takeuchi M, Thomas JD, Vannan
M, Voigt JU, Zamorano JL. Current and evolving echocardiographic
techniques for the quantitative evaluation of cardiac mechanics: ASE/
EAE consensus statement on methodology and indications endorsed
by the Japanese Society of Echocardiography. J Am Soc Echocardiogr
2011;24:277-313.

10. Biering-Sorensen T, Biering-Sorensen SR, Olsen FJ, Sengelov M, Jor-
gensen PG, Mogelvang R, Shah AM, Jensen JS. Global longitudinal
strain by echocardiography predicts long-term risk of cardiovascular
morbidity and mortality in a low-risk general population: the Copenha-
gen City Heart Study. Circ Cardiovasc Imaging 2017;10.

11. Motoki H, Borowski AG, Shrestha K, Troughton RW, Tang WH,
Thomas JD, Klein AL. Incremental prognostic value of assessing left
ventricular myocardial mechanics in patients with chronic systolic
heart failure. J Am Coll Cardiol 2012;60:2074-2081.

12. Sengelov M, Jorgensen PG, Jensen JS, Bruun NE, Olsen FJ, Fritz-Han-
sen T, Nochioka K, Biering-Sorensen T. Global longitudinal strain is a
superior predictor of all-cause mortality in heart failure with reduced
ejection fraction. JACC Cardiovasc Imaging 2015;8:1351-1359.

13. Medvedofsky D, Maffessanti F, Weinert L, Tehrani DM, Narang A,
Addetia K, Mediratta A, Besser SA, Maor E, Patel AR, Spencer KT,
Mor-Avi V, Lang RM. 2D and 3D echocardiography-derived indices
of left ventricular function and shape: relationship with mortality.
JACC Cardiovasc Imaging 2018;11:1569-1579.

14. Logstrup BB, Andersen HR, Thuesen L, Christiansen EH, Terp K, Klaa-
borg KE, Poulsen SH. Left ventricular global systolic longitudinal
deformation and prognosis 1 year after femoral and apical transcatheter
aortic valve implantation. J Am Soc Echocardiogr 2013;26:246-254.

15. D’Ascenzi F, Cameli M, Iadanza A, Lisi M, Zaca V, Reccia R, Curci
V, Torrisi A, Sinicropi G, Pierli C, Mondillo S. Improvement of left
ventricular longitudinal systolic function after transcatheter aortic
valve implantation: a speckle-tracking prospective study. Int J Cardio-
vasc Imaging 2013;29:1007-1015.

16. Spethmann S, Baldenhofer G, Dreger H, Stuer K, Sanad W, Sagha-
balyan D, Muller E, Stangl V, Baumann G, Stangl K, Laule M, Knebel
F. Recovery of left ventricular and left atrial mechanics in various enti-
ties of aortic stenosis 12 months after TAVI. Eur Heart J Cardiovasc
Imaging 2014;15:389-398.

17. Dimitriadis Z, Scholtz S, Ensminger S, Wiemer M, Fischbach T,
Scholtz W, Piper C, Borgermann J, Bitter T, Horstkotte D, Faber L.
Left ventricular adaptation after TAVI evaluated by conventional and
speckle-tracking echocardiography. Int J Cardiol 2017;228:633-637.

18. Sato K, Kumar A, Jones BM, Mick SL, Krishnaswamy A, Grimm RA,
Desai MY, Griffin BP, Rodriguez LL, Kapadia SR, Obuchowski NA,
Popovic ZB. Reversibility of cardiac function predicts outcome after
transcatheter aortic valve replacement in patients with severe aortic
stenosis. J Am Heart Assoc 2017;6. https://doi.org/10.1161/JAHA.117.
005798.

19. Asch FM, Vannan MA, Singh S, Khandheria B, Little SH, Allocco DJ,
Meredith IT, Feldman TE, Reardon MJ, Weissman NJ. Hemodynamic
and echocardiographic comparison of the lotus and corevalve trans-
catheter aortic valves in patients with high and extreme surgical risk:
an analysis from the REPRISE III Randomized Controlled Trial. Cir-
culation 2018;137:2557-2567.

20. D’Ascenzi F, Cameli M, Henein M, ladanza A, Reccia R, Lisi M,
Curci V, Sinicropi G, Torrisi A, Pierli C, Mondillo S. Left atrial
remodelling in patients undergoing transcatheter aortic valve implanta-
tion: a speckle-tracking prospective, longitudinal study. Int J Cardio-
vasc Imaging 2013;29:1717-1724.

21. Asami M, Stortecky S, Praz F, Lanz J, Raber L, Franzone A, Piccolo
R, Siontis GCM, Heg D, Valgimigli M, Wenaweser P, Roost E, Wind-
ecker S, Pilgrim T. Prognostic value of right ventricular dysfunction
on clinical outcomes after transcatheter aortic valve replacement.
JJACC Cardiovasc Imaging 2019;12:577-587.

22. Koifman E, Didier R, Patel N, Jerusalem Z, Kiramijyan S, Ben-Dor I,
Negi SI, Wang Z, Goldstein SA, Lipinski MJ, Torguson R, Gai J,
Pichard AD, Satler LF, Waksman R, Asch FM. Impact of right ventric-
ular function on outcome of severe aortic stenosis patients undergoing
transcatheter aortic valve replacement. Am Heart J 2017;184:141-147.


http://dx.doi.org/10.13039/100011949
http://dx.doi.org/10.13039/100004325
http://dx.doi.org/10.13039/501100005035
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0017
https://doi.org/10.1161/JAHA.117.<?A3B2 re 3j?>005798
https://doi.org/10.1161/JAHA.117.<?A3B2 re 3j?>005798
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0022
www.ajconline.org

23.

24.

25.

26.

Valvular Heart Disease/Four-Chamber Remodeling After TAVI by Strain 261

Kempny A, Diller GP, Kaleschke G, Orwat S, Funke A, Schmidt R,
Kerckhoff G, Ghezelbash F, Rukosujew A, Reinecke H, Scheld HH,
Baumgartner H. Impact of transcatheter aortic valve implantation or
surgical aortic valve replacement on right ventricular function. Heart
2012;98:1299-1304.

Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L,
Flachskampf FA, Foster E, Goldstein SA, Kuznetsova T, Lancellotti P,
Muraru D, Picard MH, Rietzschel ER, Rudski L, Spencer KT, Tsang
W, Voigt JU. Recommendations for cardiac chamber quantification by
echocardiography in adults: an update from the American Society of
Echocardiography and the European Association of Cardiovascular
Imaging. J Am Soc Echocardiogr 2015;28:1-39,e14.

Badano LP, Kolias TJ, Muraru D, Abraham TP, Aurigemma G,
Edvardsen T, D’Hooge J, Donal E, Fraser AG, Marwick T, Mertens L,
Popescu BA, Sengupta PP, Lancellotti P, Thomas JD, Voigt JU, Com-
mittee ESD. Standardization of left atrial, right ventricular, and right
atrial deformation imaging using two-dimensional speckle tracking
echocardiography: a consensus document of the EACVI/ASE/Industry
Task Force to standardize deformation imaging. J Am Soc Echocar-
diogr2015;28:p1-39.

Treibel TA, Kozor R, Schofield R, Benedetti G, Fontana M, Bhuva
AN, Sheikh A, Lopez B, Gonzalez A, Manisty C, Lloyd G, Kellman P,

217.

28.

29.

30.

Diez J, Moon JC. Reverse myocardial remodeling following valve
replacement in patients with aortic stenosis. J Am Coll Cardiol
2018;71:860-871.

Vizzardi E, Sciatti E, Bonadei I, Rovetta R, D’Aloia A, Gelsomino S,
Lorusso R, Ettori F, Metra M. Effects of transcatheter aortic valve
implantation on left ventricular mass and global longitudinal strain:
tissue Doppler and strain evaluation. Heart Lung Vessel 2014;6:
253-261.

Forrest JK, Adams DH, Popma JJ, Reardon MJ, Deeb GM, Yakubov
SJ, Hermiller JB Jr., Huang J, Skelding KA, Lansky A. Transcatheter
aortic valve replacement in women versus men (from the US
CoreValve Trials). Am J Cardiol 2016;118:396-402.

Williams M, Kodali SK, Hahn RT, Humphries KH, Nkomo VT, Cohen
DJ, Douglas PS, Mack M, McAndrew TC, Svensson L, Thourani VH,
Tuzcu EM, Weissman NJ, Kirtane AJ, Leon MB. Sex-related differen-
ces in outcomes after transcatheter or surgical aortic valve replacement
in patients with severe aortic stenosis: Insights from the PARTNER
Trial (Placement of Aortic Transcatheter Valve). J Am Coll Cardiol
2014;63:1522-1528.

Erez A, Segev A, Medvedofsky D, Fefer P, Raanani E, Goldenberg I,
Guetta V. Factors affecting survival in men versus women following
transcatheter aortic valve implantation. Am J Cardiol 2014;113:701-705.


http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0027
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0027
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0027
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0027
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0027
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0029
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0029
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0029
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0029
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0029
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0029
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0029
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0030
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0030
http://refhub.elsevier.com/S0002-9149(19)30468-0/sbref0030

	Usefulness of Longitudinal Strain to Assess Remodeling of Right and Left Cardiac Chambers Following Transcatheter Aortic Valve Implantation
	Methods
	Results
	Discussion
	Disclosures


