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ABSTRACT

Introduction: Transcatheter aortic valve implantation is the option of choice for high surgical risk patients
suffering from symptomatic aortic stenosis. We aimed to evaluate the influence of baseline global longitudinal
strain on left ventricular mass regression after the procedure.

Methods: We enrolled 23 patients with pure symptomatic severe aortic stenosis who underwent CoreValve
prosthesis (Medtronic, Minneapolis, MN) implantation. Everyone had echocardiography registration before the
procedure and after six months in order to analyze two-, three-, and four-chamber peak longitudinal strain and
global longitudinal strain.

Results: After the procedure New York Heart Association class, peak and mean aortic valve gradients (p < 0.001
for all) improved. Interventricular septum and posterior wall thicknesses decreased (p < 0.001 for both). More-
over, left ventricular mass index for body surface area changed from 190 +44 to 143 + 30 ¢/m?, (p<0.001).
Finally, global longitudinal strain significantly increased (from 9.440.9 to 11.5+0.8%; p < 0.001), as well as
its components. Baseline global longitudinal strain correlated with left ventricular mass regression (r=0.560;
p=0.005; 2-sided) and predicted it at linear regression analysis (B=23.707; p=0.005; adjusted R?=0.281).
Conclusions: Global longitudinal strain and its components improved six months after the procedure. More-
over, baseline global longitudinal strain seemed to predict left ventricular mass regression in patients with pure
aortic stenosis undergoing transcatheter aortic valve implantation. This finding could be related to the extent of
myocardial fibrosis which is also responsible for lack of left ventricular mass regression and poorer prognosis.
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INTRODUCTION but recently transcatheter aortic valve im-

plantation (TAVI) has become an option

Aortic valve stenosis is a quite frequent val-
vular disease which could require surgical
treatment (1, 2). Aortic valve replacement
by open chest surgery is still considered the
gold standard for symptomatic patients,
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for patients at high surgical risk (3-8). For
one third of these patients, not accepted
for surgical treatment due to advanced
age, comorbidities, and high surgical risk
(1), medical evidence suggests that TAVI is
feasible and provides a hemodynamic and
clinical improvement up to two years, even
if long-term durability is still debated (3).
Aortic stenosis causes increased left ven-
tricular (LV) afterload, which leads to LV

Heart, Lung and Vessels. 2014, Vol. 6



E. Vizzardi, et al.

254

hypertrophy and remodeling towards heart
failure, increased morbidity and mortal-
ity (9-12). Surgical treatment, on the one
hand, has already been demonstrated to
reduce LV mass and improve systolic and
diastolic LV parameters, thus prolong-
ing survival (13-15). TAVI, on the other,
seems to improve diastolic function and
to favor left ventricular mass regression
(LVMR) after six months (16). The impact
of the procedure on LV systolic parameters
like peak longitudinal strain have not yet
been extensively evaluated. The aim of
the present study was to assess LVMR and
peak longitudinal strain improvement six
months after TAVI compared to pre-proce-
dural assessments. Moreover, we wanted
to investigate whether longitudinal strain
parameters before the procedure could pre-
dict LVMR.

METHODS

Subjects. From January 2011 to August
2011 we consecutively enrolled 23 patients
with pure symptomatic severe aortic ste-
nosis and left ventricular ejection fraction
>45% who underwent successful TAVI
at the Cardiologic Unit of University Civil
Hospital of Brescia, Italy.

Exclusion criteria were: history of isch-
emic heart disease, high blood pressure,
hypertensive cardiomyopathy, dilated car-
diomyopathy, and congenital heart defects.
Patients were treated with TAVTI if the aor-
tic valve area was < 1 cm?, if the European
System for Cardiac Operative Risk Evalu-
ation Score (EuroSCORE; Supplementary
data online, Appendix S1) (17) was >20%
or if one or more of the following criteria
was met: contraindication for surgery, se-
verely reduced pulmonary function, liver
cirrhosis, or metastatic cancer.

All patients underwent the TAVI procedure
with a third-generation self-expanding Co-

reValve prosthesis (Medtronic, Minneapo-
lis, MN). The procedure was performed
at the catheterization laboratory under
local anesthesia and mild sedation with
fluoroscopy guidance. The prosthesis was
implanted via the transfemoral approach
(3). Procedural success was defined as im-
plantation of a functioning aortic prosthe-
sis valve without intraprocedural mortality
and with a paravalvular leak < 2.

We state that our study complies with the
Declaration of Helsinki and that all pa-
tients gave their informed written consent
to access their data for scientific purposes.
The ethical committee of our hospital ap-
proved the study.

The pre-procedural echocardiography ac-
quisition was performed the same day of
the procedure.

Blood pressure measurement. Blood pressure
was assessed using a standard, calibrated
sphygmomanometer. The mean of three
sitting and standing blood pressure calcu-
lations was recorded. The arm in which
the highest sitting diastolic pressures were
found was the arm used for all subsequent
readings throughout the study. Every ef-
fort was made to have the same staff mem-
ber obtain blood pressure measurements in
each individual patient, at the same time
of day, using the same equipment. Systol-
ic pressure was recorded when the initial
sound was heard (Phase I of the Korotkoff
sound), while diastolic pressure was re-
corded at the disappearance of the sound
(Phase V of the Korotkoff sound). The cuff
was deflated at a rate not greater than 2
mmHg/s.

Echocardiography. Echocardiograms were
done using Vivid 7 (General Electric Medi-
cal Systems, Milwaukee, WI, USA) equip-
ment using a 3.5 MHz transducer, with the
patients in the left lateral decubitus posi-
tion, in accordance with the standardiza-
tion of the American Society of Echocar-
diography (18). Digital loops were stored
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on the hard disk of the echocardiograph
for on-line and off-line analyses and trans-
ferred to a workstation (EchoPac; GE
Health-care, Waukesha, WI, USA) for off-
line analysis. All studies were read by two
echocardiographists blinded to all patient
information. The echocardiographic mea-
surements of the left ventricular end-dia-
stolic diameter (LVEDD), interventricular
septal thicknes (IVST), and posterior wall
thickness (PWT) were performed off-
line according to recommendations of the
American Society of Echocardiography
(18). Left ventricular volume and ejection
fraction were obtained by the modified bi-
plane Simpson method. LV mass was calcu-
lated according to the formula: 0.8 x [1.04
x (LVEDD + PWT + IVST)3 - LVEDD3]
+ 0.6 (g), and indexed for body surface
area. LVMR was defined as the difference
between LV mass index for body surface
area after six months and before the proce-
dure. End-diastolic relative wall thickness
was the ratio of 2 x PWT/LVEDD. Aortic
valve area was calculated by the continuity
equation, and the maximum pressure gra-
dient across the restrictive orifice was esti-
mated by the modified Bernoulli equation
(19). Mean transaortic pressure gradient
was calculated by averaging the instanta-
neous gradients over the ejection period on
the continuous-wave Doppler recordings.

The assessment of longitudinal peak sys-
tolic strain was performed offline to the
apical two-chamber, four-chamber, and
long-axis views of the left ventricle. In
brief, the endocardial contour was manu-
ally traced at an end-systolic frame. The
software then automatically traced a con-
centric region of interest including the en-
tire myocardial wall. Strain analysis was
performed by dividing each LV image into
six segments per view. With the beginning
of the QRS complex and the aortic valve
closure time as reference points, the peak
longitudinal strain was the maximal nega-

tive strain value during the ejection phase.
Systolic global longitudinal strain was cal-
culated by averaging the peak systolic val-
ues of the 18 segments (20, 21).

Statistical analysis. All analyses were car-
ried out using IBM SPSS Statistics 20 for
Windows (SPSS, Inc., Chicago, IL). Con-
tinuous variables were tested for normality
with the Kolmogorov-Smirnov test and are
represented by mean + standard devia-
tion, while categorical variables are repre-
sented as frequency (n) and percentage of
the sample. Paired-samples Student’s t-test
and Wilcoxon signed rank test were per-
formed to analyze the difference between
means for continuous variables between
baseline and 6-month follow-up, and %2
test was performed to assess the difference
between proportions for categorical vari-
ables (Fisher’s exact test if dichotomic).
Bivariate Spearman’s correlation and lin-
ear regression were run between LV strain
parameters at baseline and LVMR to inves-
tigate their predictive value. For all statis-
tical tests probability values < 0.05 were
considered significant.

RESULTS

Whole population characteristics at base-
line are summarized in Table 1. Mean age
was 83 + 8 years, ten patients were male
(43.5%) and the Logistic EuroSCORE

Table 1 - Baseline characteristics of study population.

Variable Value

Age (years) 83+38

Sex (n and % of males) 10/23 (43.5%)
Body mass index (kg/m?) 26.88 +4.94
Body surface area (m?) 1.77+0.17
Logistic EuroSCORE (%) 24.9+15.1
Aortic valve area index (cm?/m?) | 0.33 +0.15

EuroSCORE = European System for Cardiac Operative
Risk Evaluation Score.
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was 24.9+15.1%. Mean body mass in-
dex was 26.88+4.94 kg/m? Omne pa-
tient was in New York Heart Association
(NYHA) class I (4.3%), seven in NYHA
class II (30.5%) and 15 in NYHA class
III (65.2%). The peak and mean base-
line transvalvular gradients were 88 +21
mmHg and 56 + 16 mmHg, respectively.
Calculated aortic valve area index at base-
line was 0.33 £ 0.15 cm?/m?. At six months
of follow-up NYHA class improved with
ten patients in NYHA class 1 (43.5%), 12
in NYHA class II (52.2%), and three in
NYHA class III (4.3%) (p<0.001) (Table
2), while systolic blood pressure increased
from 115+9 to 122+8 (p=0.024) and
diastolic pressure from 78+6 to 83+6
(p=0.031).

A complete study data set was available
for all patients: the echocardiographic pa-
rameters evaluated at baseline and during

follow-up of six months are summarized in
Table 2 and Figure 1.

There were significant periprocedural
reductions in peak (to 17+7 mmHg;
p<0.001) and mean (to 10+5 mmHg;
p=0.005) transvalvular gradients. LV ejec-
tion fraction improved from 56 +6% to
58 £ 11 % without reaching statistical sig-
nificance (p=0.626), as well as LVEDD
index (p=0.079). Vice versa, IVST and
PWT significantly decreased in six months
(p < 0.001 for both). LV mass index for body
surface area showed a highly significant
reduction during follow-up (p < 0.001); in
addition relative wall thickness (p =0.011),
longitudinal strain and global longitudinal
strain strongly improved (p < 0.001 respec-
tively).

The mean LVMR was 23 + 14 %. The dis-
tribution of the LVMR grade is shown in
Figure 2.

Table 2 - NYHA functional class, blood pressure and left ventricular echocardiographic parameters.

Variable 0 months 6 months P

I: 1(4.3%) 1: 10 (43.5%)

: 5% : 2%

NYHA functional class EI:71§33?6?5. 2?%)) Elzllz (;5:23 "217) ) < 0.001

IV: 0 (0.0%) IV: 0 (0.0%)
Systolic blood pressure (mmHg) 115+9 122 +8 0.024
Diastolic blood pressure (mmHg) 78 +6 83+6 0.031
Peak aortic valve gradient (mmHg) 88 +21 17+7 <0.001
Mean aortic valve gradient (mmHg) 56+ 16 10+5 0.005
LV ejection fraction (%) 56+ 6 58 +11 0.626
IVST (mm) 15+£2 13+1 < 0.001
PWT (mm) 14+2 12+1 <0.001
LVEDD index (mm/m2) 29+4 28 +3 0.079
Relative wall thickness 0.56+0.17 0.48 £0.09 0.011
LV mass index (g/m2) 190 + 44 143 + 30 <0.001
Peak longitudinal strain 2 chambers (%) -8.9+0.9 -10.9+0.9 <0.001
Peak longitudinal strain 3 chambers (%) -9.8+0.9 -11.8+1.0 <0.001
Peak longitudinal strain 4 chambers (%) -9.5+1.0 -119+1.1 <0.001
Global longitudinal strain (% ) -9.4+0.9 -11.5+0.8 <0.001

NYA = New York Heart Association; LV = left ventricular; IVST = interventricular septal thicknes; PW'T = posterior wall

thickness; LVEDD = left ventrHicular end-diastolic diameter.
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Figure 1 - Box plots of left ventricular ejection fraction, mass index and strain.
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Figure 3 - Scatter plots of LVMR and LV longitudinal strain parameters at baseline (A = peak lon-
gitudinal strain 2 chambers; B = peak longitudinal strain 3 chambers; C = peak longitudinal strain 4
chambers; D = global longitudinal strain).

LVMR = left ventricular mass regression; LV = left ventricular.
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Table 3 - Bivariate Spearman’s correlations between LVMR and LV longitudinal strain parameters at baseline.

Parameter Spearman’s p coefficient P

Peak longitudinal strain 2 chambers (%) -0.454 0.030
Peak longitudinal strain 3 chambers (%) -0.549 0.007
Peak longitudinal strain 4 chambers (%) -0.439 0.036
Global longitudinal strain (%) -0.505 0.014

LVMR = left ventricular mass regression; LV = left ventricular.

Table 4 - Linear regression between LVMR and LV longitudinal strain parameters at baseline.

Parameter P 3 95% CI Adjusted R?
Peak longitudinal strain 2 chambers (%) 0.023 -0.472 -13.922 - -1.151 0.186
Peak longitudinal strain 3 chambers (%) 0.005 -0.560 -14.858 - -2.914 0.280
Peak longitudinal strain 4 chambers (%) 0.038 -0.436 -11.995 - -0.394 0.152
Global longitudinal strain (%) 0.012 -0.514 -14.240 - -1.970 0.229

LVMR = left ventricular mass regression; LV = left ventricular.

There were no gender-related differences
in LVMR, being -27 +16 % in males and
-20+12% in females (p=0.376). Bivariate
correlations between LVMR and LV longi-
tudinal strain parameters at baseline are
shown in Figure 3 and Table 3, while linear
regression in Table 4. They all were statisti-
cally significant.

DISCUSSION

LV hypertrophy in aortic stenosis is an
adaptive mechanism to ensure a normal
relation between systolic wall stress and
ejection fraction (22). Nevertheless, it has
widely been associated with impaired long-
term survival, myocardial infarction, sud-
den death, heart failure, and cerebrovascu-
lar accidents (23-26). Therefore, LVMR is
an important target in this kind of patient,
due to the influence of residual LV hy-
pertrophy on long-term survival (27, 28).
LVMR ensues after the relief of LV outflow
obstruction following aortic valve replace-
ment, which leads to subsequent improved
hemodynamics, clinical status, and prog-
nosis (29-31).

Strain imaging is the most appropriate
method to assess LV myocardial contractil-
ity as it is able to catch subclinical changes
in LV performance in aortic stenosis pa-
tients (32, 33). In fact, peak longitudinal
strain is reduced with increasing severity
of aortic stenosis (34) and, in addition, in-
creased LV mass and higher relative wall
thickness are associated with reduced LV
regional and global myocardial deforma-
tion assessed by 2D speckle tracking (35).
As a consequence, LV global longitudinal
strain improves after surgical aortic valve
replacement (13, 36). In particular, Gel-
somino et al. recently demonstrated that
global longitudinal strain accurately pre-
dicts LVMR in patients with pure aortic
stenosis undergoing surgical treatment
(13).

This study confirms data reported by our
group in 2012 regarding LV diastolic func-
tion improvement and mass reduction
after TAVI (16). Moreover, to the best of
our knowledge, only a very recent study
analyzed LV longitudinal strain 12 months
after the cited procedure (37). We showed
that global longitudinal strain significantly
improves at 6-month follow-up. Moreover,
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our findings seem to extend the predic-
tive value of baseline global longitudinal
strain regarding LVMR after aortic valve
replacement even in the TAVI context.
Myocardial fibrosis in an aortic steno-
sis heart is responsible for lack of LVMR
and poor clinical outcome. In this study
we confirmed the hypothesis according to
which impaired global longitudinal strain
before aortic valve replacement (TAVI in
this case) may be due to a certain amount
of fibrosis, thus conditioning future lack of
LVMR and prognosis (38).

Importantly, our study deals with patients
older than cited studies (about 15 years
older than Spethmann’s) (37). This is the
reason for a more reduced LV longitudinal
strain than cited studies, even if our pa-
tients had all preserved LVEF and no other
cardiological comorbidities.

This study has some important limitations.
First, the small number of patients and
its retrospective nature limit its strength.
However, this issue reflects the rarity of
patients with severe aortic stenosis who
underwent TAVI and without any other
cardiovascular disease. Second, although
performed by experienced echocardiog-
raphists, LV mass measurement and epi-
cardial/endocardial border tracing for 2D
strain analysis might be affected by poten-
tial errors. Third, we lack a control group.
Fourth, the small number of patients pre-
vented us from carrying out a multivariate
approach. Furthermore, larger controlled
studies are needed to confirm our findings.

CONCLUSION

In conclusion, baseline global longitudi-
nal strain seems to predict LVMR in pa-
tients with pure aortic stenosis undergoing
TAVI. The assessment of global longitudi-
nal strain, in addition to other echocardio-
graphic parameters, may be helpful in de-

tecting patients undergoing TAVI who are
unlikely to benefit from it. Future studies
are needed to confirm our results.

REFERENCES

1. Iung B, Baron G, Butchart EG, Delahaye F, Gohlke-Bér-
wolf C, Levang OW, et al. A prospective survey of patients
with valvular heart disease in Europe: the Euro heart sur-
vey on valvular heart disease. Eur Heart J 2003; 24: 1231-
43.

2. Joint Task Force on the Management of Valvular Heart
Disease of the European Society of Cardiology (ESC); Eu-
ropean Association for Cardio-Thoracic Surgery (EACTS),
Vahanian A, Alfieri O, Andreotti F, Antunes MJ, et al.
Guidelines on the management of valvular heart disease
(version 2012). Eur Heart J. 2012; 33: 2451-96.

3. Vahanian A, Alfieri O, Al-Attar N, Antunes M, Bax ],
Cormier B, et al. Transcatheter valve implantation for
patients with aortic stenosis: a position statement from
the European Association of Cardio-Thoracic Surgery
(EACTS) and the European Society of Cardiology (ESC),
in collaboration with the European Association of Percu-
taneous Cardiovascular Interventions (EAPCI). Eur Heart
J. 2008; 29: 1463-70.

4. Figulla L, Neumann A, Figulla HR, Kahlert P, Erbel R,
Neumann T. Transcatheter aortic valve implantation:
evidence on safety and efficacy compared with medical
therapy. A systematic review of current literature. Clin Res
Cardiol. 2011; 100: 265-76.

. Motloch 1], Rottlaender D, Reda S, Larbig R, Bruns M,
Miiller-Ehmsen J, et al. Local versus general anesthesia for
transfemoral aortic valve implantation. Clin Res Cardiol.
2012; 101: 45-53.

. Puls M, Viel T, Danner BC, Teucher N, Hanekop G,
Schéndube F, et al. The risk-to-benefit ratio of transcath-
eter aortic valve implantation in specific patient cohorts: a
single-centre experience. Clin Res Cardiol. 2012; 101: 553-
63.

7. Vavouranakis M, Vrachatis DA, Toutouzas KP, Chrysoho-
ou C, Stefanadis C. “Bail out” procedures for malposition-
ing of aortic valve prosthesis (CoreValve). Int J Cardiol.
2010; 145: 154-55.

8. Vavuranakis M, Voudris V, Vrachatis DA, Thomopoulou
S, Toutouzas K, Karavolias G, et al. Transcatheter aortic
valve implantation, patient selection process and proce-
dure: two centres’ experience of the intervention without
deneral anaesthesia. Hellenic J Cardiol. 2001; 51: 492-500.

. Villari B, Hess OM, Kaufmann P, Krogmann ON, Grimm
J, Krayenbuehl HP. Effect of aortic valve stenosis (pressure
overload) and regurgitation (volume overload) on left ven-
tricular systolic and diastolic function. Am J Cardiol 1992;
69: 927-34.

10. Lund O, Flg C, Jensen FT, Emmertsen K, Nielsen TT, Ras-
mussen BS, et al. Left ventricular systolic and diastolic
function in aortic stenosis. Eur Heart J 1997; 18: 1977-87.

11. Villari B, Vassalli G, Monrad ES, Chiariello M, Turina M,
Hess OM. Normalization of diastolic dysfunction in aortic
stenosis late after valve replacement. Circulation 1995; 91:
2353-8.

12. Morris JJ, Schaff HV, Mullany CJ, Rastogi A, McGregor
CG, Daly RC, et al. Determinants of survival and recovery
of left ventricular function after aortic valve replacement.
Ann Thorac Surg 1993; 56: 22-30.

13. Gelsomino S, Luca F, Parise O, Lorusso R, Rao CM, Viz-

v

(=2}

©

Heart, Lung and Vessels. 2014, Vol. 6



Useful tools for TAVI follow-up

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25

zardi E, et al. Longitudinal strain predicts left ventricular
mass regression after aortic valve replacement for severe
aortic stenosis and preserved left ventricular function.
Heart Vessels. 2013; 28: 775-84.

Bech-Hanssen O, Caidahl K, Wall B, Myken P, Larsson S,
Wallentin I Influence of aortic valve replacement, prosthe-
sis type, and size on functional outcome and ventricular
mass in patients with aortic stenosis. J] Thorac Cardiovasc
Surg 1999; 118: 57-65.

Tkonomidis I, Tsoukas A, Parthenakis F, Gournizakis A,
Kassimatis A, Rallidis L, et al. Four year follow up of aor-
tic valve replacement for isolated aortic stenosis: a link
between reduction in pressure overload, regression of left
ventricular hypertrophy, and diastolic function. Heart
2001; 86: 309-16.

Vizzardi E, D’Aloia A, Fiorina C, Bugatti S, Parrinello G,
De Carlo M, et al. Early regression of left ventricular mass
associated with diastolic improvement after transcatheter
aortic valve implantation. J] Am Soc Echocardiogr. 2012;
25:1091-8.

Nashef SA, Roques F, Michel P, Gauducheau E, Lemeshow
S, Salamon R. European system for cardiac operative risk
evaluation (EuroSCORE). Eur J Cardiothorac Surg. 1999;
16: 9-13.

Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster
E, Pellikka PA, et al. Recommendations for chamber quan-
tification: a report from the American Society of Echocar-
diography’s Guidelines and Standards Committee and the
Chamber Quantification Writing Group, developed in con-
junction with the European Association of Echocardiogra-
phy, a branch of the European Society of Cardiology. ] Am
Soc Echocardiogr 2005; 18: 1440-63.

Bonow RO, Carabello BA, Kanu C, de Leon AC Jr, Fax-
on DP, Freed MD, et al. ACC/AHA 2006 guidelines for
the management of patients with valvular heart disease:
a report of the American College of Cardiology/Ameri-
can Heart Association Task Force on Practice Guidelines
(writing committee to revise the 1998 Guidelines for the
Management of Patients with Valvular Heart Disease): de-
veloped in collaboration with the Society of Cardiovascu-
lar Anesthesiologists: endorsed by the Society for Cardio-
vascular Angiography and Interventions and the Society of
Thoracic Surgeons. Circulation. 2006; 114: 84-231.
Notomi Y, Lysyansky P, Setser RM, Shiota T, Popovic ZB,
Martin-Miklovic MG, et al. Measurement of ventricular
torsion by two-dimensional ultrasound speckle tracking
imaging. J Am Coll Cardiol 2005; 45: 2034-41.

Cho GY, Chan J, Leano R, Strudwick M, Marwick TH.
Comparison of two-dimensional speckle and tissue veloc-
ity based strain and validation with harmonic phase mag-
netic resonance imaging. Am J Cardiol 2006; 97: 1661-6.
Chambers J. The left ventricle in aortic stenosis: evidence
for the use of ACE inhibitors. Heart 2006; 92: 420-33.
Koren MJ, Devereux RB, Casae PN, Savage DD, Laragh
JH. Relation of left ventricular mass and geometry to mor-
bidity and mortality in uncomplicated essential hyperten-
sion. Ann Intern Med 1991; 114: 345-52.

Levy D. Clinical significance of left ventricular hypertro-
phy: insights from the Framingham study. J Cardiovasc
Pharmacol 1991; 17(Suppl. 2): 1-6.

. Ghali JK, Liao Y, Simmons B, Castaner A, Cao G, Cooper

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

RS. The prognostic role of left ventricular hypertrophy in
patients with or without coronary artery disease. Ann In-
tern Med 1992; 117: 831-6.

Kannel WB, Dannenberg AL, Levy D. Population impli-
cations of echocardiographic left ventricular hypertrophy.
Am J Cardiol 1987; 60: 851-93.

Ruel M, Al-Faleh H, Kulik A, Chan KL, Mesana TG, Bur-
wash JG. Prosthesis-patient mismatch after aortic valve
replacement predominantly affects patients with pre-ex-
isting left ventricular dysfunction: effect on survival, free-
dom from heart failure, and left ventricular mass regres-
sion. J Thorac Cardiovasc Surg 2006; 131: 1036-44.

Fuster RG, Montero Argudo JA, Albarova OG, Sos FH,
Lépez SC, Codofier MB, et al. Patient-prosthesis mismatch
in aortic valve replacement: really tolerable? Eur J Cardio-
thorac Surg 2005; 27: 441-9.

Kiihl HP, Franke A, Puschmann D, Schéndube FA, Hoff-
mann R, Hanrath P. Regression of left ventricular mass
one year after aortic valve replacement for pure severe aor-
tic stenosis. Am J Cardiol 2002; 89: 408-13.

De Paulis R, Sommariva L, Colagrande L, De Matteis GM,
Fratini S, Tomai F, et al. Regression of left ventricular hy-
pertrophy after aortic valve replacement for aortic stenosis
with different valve substitutes. ] Thorac Cardiovasc Surg
1998; 116: 590-8.

Ali A, Patel A, Ali Z, Abu-Omar Y, Saeed A, Athanasiou
T, et al. Enhanced left ventricular mass regression after
aortic valve replacement in patients with aortic stenosis
is associated with improved long-term survival. J Thorac
Cardiovasc Surg 2011; 142: 285-91.

Weidemann F, Jamal F, Sutherland GR, Claus P, Kowalski
M, Hatle L, et al. Myocardial function defined by strain rate
and strain during alterations in inotropic states and heart
rate. Am J Physiol Heart Circ Physiol 2002; 283: 792-9.
Weidemann F, Jamal F, Kowalski M, Kukulski T, D’hooge
J, Bijnens B, et al. Can strain rate and strain quantify
changes in regional systolic function during dobutamine
infusion, b-blockade, and atrial pacing implications for
quantitative stress echocardiography. ] Am Soc Echocar-
diogr 2002; 15: 416-24.

Miyazaki S, Daimon M, Miyazaki T, Onishi Y, Koiso Y,
Nishizaki Y, et al. Global longitudinal strain in relation to
the severity of aortic stenosis: a two-dimensional speckle-
tracking study. Echocardiography 2011; 28: 703-8.
Cramariuc D, Gerdts E, Davidsen ES, Segadal L, Matre K.
Myocardial deformation in aortic valve stenosis: relation
to left ventricular geometry. Heart 2010; 96: 106-112.
Delgado V, Tops LF, van Bommel RJ, van der Kley F, Mar-
san NA, Klautz RJ, et al. Strain analysis in patients with
severe aortic stenosis and preserved left ventricular ejec-
tion fraction undergoing surgical valve replacement. Eur
Heart J 2009; 30: 3037-47.

Spethmann S, Baldenhofer G, Dreger H, Stiier K, Sanad W,
Saghabalyan D, et al. Recovery of left ventricular and left
atrial mechanics in various entities of aortic stenosis 12
months after TAVI. Eur Heart J Cardiovasc Imaging. 2014;
15: 389-98.

Weidemann F, Herrmann S, Stork S, Niemann M, Frantz
S, Lange V, et al. Impact of myocardial fibrosis in patients
with symptomatic severe aortic stenosis. Circulation.
2009; 120: 577-84.

Cite this article as: 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 eva-

luation. Heart, Lung and Vessels. 2014; 6(4): 253-261.

Source of Support: Nil. Disclosures: None declared.

Heart, Lung and Vessels. 2014, Vol. 6

261


http://creativecommons.org/licenses/by-nc/4.0/legalcode

