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ABSTRACT

BACKGROUND Data on the impact of transcatheter aortic valve implantation (TAVI) on coexisting mitral

regurgitation (MR) are still inconsistent.

AIMS The study aimed to evaluate the impact of TAVI on coexistent MR depending on its etiology.

METHODS  Out of 311 patients treated with TAVI, we selected 48 with coexistent MR: functional (FMR;
n = 26) or nonfunctional ("FMR; n = 22). The impact of the procedure on MR was quantitatively assessed
during a 1-year follow-up using MR effective regurgitant orifice area (MR-EROA) and volume (MRV).
RESULTS Compared with baseline, no change of MR-EROA was observed at 1-year follow-up in all patients
with MR (median [interquartile range (IQR)], 0.2 [0.17-0.23] cm?vs 0.17 [0.14-0.2] cm?; P=0.054). No change
in MR-EROA was also noted either in FMR (median [IQR], 0.21[0.17-0.27] cm?vs 0.19[0.14-0.25] cm?% P=0.142)
or nFMR (median [IQR], 0.17 [0.12-0.23] cm? vs 0.17 [0.1-0.2] cm?; P = 0.238) cohorts. Decreased MRV was
seenin the overall MR population after TAVI (median [IQR], 32 [28-36] ml/beat vs 26 [22-28] ml/beat; P=0.002).
Similarly, decreased MRV was noted in both FMR (median [IQR], 33 [26-42] ml/beat vs 26 [20-40] m|/beat;
P=0.042) and nFMR (median [IQR], 30 [20-46] ml/beat vs 24 [15-33] ml/beat; P=0.015) cohorts.
CONCLUSIONS Transcatheter aortic valve implantation had no impact on MR-EROA regardless of the

etiology of regurgitation. However, the procedure reduced MRV in both FMR and nFMR.

INTRODUCTION Mitral regurgitation (MR)
frequently coexists with aortic stenosis, and its
prevalence in patients referred for transcathe-
ter aortic valve implantation (TAVI) ranges be-
tween 2% and 33%."? While reports on MR im-
provement after surgical aortic valve replace-
ment are inconsistent (varying between 27% and
82% documented improvement), data on the im-
pact of TAVI on coexisting MR remain fragmen-
tary—most papers have used simplified, quali-
tative or grade-only, analysis of MR.>* Echocar-
diographic evaluation of regurgitation is, how-
ever, far more complex and should be based on
a quantitative, parametric approach.®’
Admittedly, some attempts have been made
to implement new MR quantification protocols
based on 2-dimensional (2D) and 3-dimension-
al (3D) echocardiography.® Yet, even the most
widely recognized novel 3D measurements such
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as 3D vena contracta area and 3D surface prox-
imal isovelocity surface area (PISA) need to be

further validated before their widespread intro-
duction into practice.” Currently, the most fre-
quently used parameters include MR effective

regurgitant orifice area (MR-EROA) and volume

(MRV)—derived with the PISA method. Despite

several limitations, such as the inherent assump-
tion of a hemispherical PISA shape or difficult as-
sessment of multijet regurgitations, they remain

the most commonly acknowledged measurements

in daily clinical practice.""" Therefore, we sought
to quantitatively assess the impact of TAVI on

coexistent MR using both MR-EROA and MRV.

METHODS Study population We screened
the echocardiographic data of 311 consecutive
patients treated with TAVI for severe aortic
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WHAT’'S NEW?

Little is known about the impact of transcatheter aortic valve implantation on
coexisting mitral regurgitation (MR). Therefore, we addressed this issue in

the present study based on

1-year follow-up data on MR effective regurgitant

orifice area and MR volume. We demonstrated that transcatheter aortic valve

implantation had no signifi

cantinfluence on effective regurgitant orifice area

regardless of the etiology of regurgitation. However, the procedure led to MR

volume reduction in both f

unctional and nonfunctional MR.

stenosis (aortic valve area <1 cm?) between 2010
and 2017."” A total of 53 patients with coexistent
moderate-to-severe MR at baseline were identi-
fied. Further, 5 patients were excluded, as they
died before completing a 1-year follow-up. The fi-
nal study sample included 48 patients with com-
plete baseline and follow-up echocardiographic
data. No data beyond 1-year follow-up were an-
alyzed. According to the guideline definitions,’
functional MR (FMR) was present in 26 patients
(54.2%), whereas nonfunctional MR (nFMR) was
reported in 22 (45.8%).

The study patients were treated with trans-
femoral, transapical, or transcarotid TAVI us-
ing self-expanding, balloon-expandable, or
mechanically expandable valves. Procedures

TABLE1 Baseline characteristics of the study patients

Characteristic

Mitral regurgitation

Functional Nonfunctional

(n=26) (n=22)
Male sex 13(50) 10 (45.5) 0.73
Age, y, mean (SD) 80.7(5.9) 79.7 (5.4) 0.54
BSA, m?, mean (SD) 1.83(0.2) 1.75(0.2) 0.17
BMI, kg/m2, mean (SD) 26.0 (4.4) 26.4(4.3) 0.75
Logistic EuroSCORE, median (IQR) 14.7 (8.5-27)  18.7(11-26) 0.51
EuroSCORE II, median (IQR) 3.6(2.8-4.3)  3.2(2.6-3.9) 0.6
Diabetes 11(42.3) 9(40.9) 0.67
Arterial hypertension 18 (69.2) 19 (86.4) 0.16
COPD 4(15.4) 7(31.8) 0.15
Atrial fibrillation 14(53.8) 6(27.3) 0.06
Creatinine clearance, ml/min, 45.8 (25) 50.6 (14) 0.44
mean (SD)
ACEIs or ARBs 10 (38) 11(50) 0.42
Previous MI 12 (46.2) 16 (72.7) 0.74
NYHA functional class >2 23(88.4) 20(90.9) 0.76
Previous CABG 4(15.4) 7(31.8) 0.15

Data are presented as number (percentage) of patients unless otherwise indicated.

Abbreviations: ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor
blockers; BMI, body mass index; BSA, body surface area; CABG, coronary artery bypass grafting;

COPD, chronic obstructive pulmona
Association
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were performed in hybrid operating rooms un-
der general anesthesia with conscious seda-
tion or local anesthesia. All patients were re-
ferred for TAVI following a detailed evaluation
by the Heart Team.

Echocardiographic examination The echocar-
diographic assessment was performed at the lo-
cal core laboratory by a single accredited echocar-
diographer (PS) with over 20 years of profession-
al experience, using the Philips iE33 and Epiq 7C
systems (Andover, Massachusetts, United States)
with S5-1/X5-1 probes (Supplementary materi-
al, Table S1). All digital data were stored on Phil-
ips Xcelera PACS and further analyzed on Philips
QLAB 9-11 and Pixmeo OsirixMD (Pixmeo SARL,
Switzerland). Routine echocardiographic mea-
surements were performed according to the cur-
rent guidelines, and left ventricular ejection frac-
tion (LVEF) was measured by the biplane Simp-
son method.®" During the assessment, patients’
blood pressure was within the reference range.
The mitral valve was evaluated according to
the recommendations of the European Associa-
tion of Echocardiography and based on a 2D echo-
cardiographic calculation of MR-EROA and MRV
by the PISA method. For those analyses, the api-
cal 4-chamber view was used as a basal projec-
tion, and the area of interest was optimized by
lowering imaging depth and reducing the Ny-
quist limit to 15 to 40 cm/s. The PISA radius was
measured at mid-systole using the first aliasing
zone. The same view was used for continuous-
-wave Doppler data acquisition. Both MR-EROA
and MRV were obtained using the standard for-
mula.” The analysis was provided by our core lab
dedicated to the valvular heart disease program.
The study cohort was further divided by MR
etiology into FMR and nFMR subgroups. Func-
tional MR was defined as abnormal leaflet func-
tion secondary to impaired ventricular function
resulting from left ventricular remodeling, most
frequently due to ischemic heart disease or di-
lated cardiomyopathy. Patients with other MR
etiologies (calcification or degeneration) were
included in the nFMR group. Functional MR
was classified as mild if MR-EROA <0.1 cm? or
MRV <15 ml or severe if MR-EROA >0.2 cm? or
MRYV >30 ml. Nonfunctional MR was classified
as mild if MR-EROA <0.2 cm? or MRV <30 ml or
severe if MR-EROA >0.4 cm? or MRV >60 ml.” All
study patients received pharmacological treat-
ment in line with the current guidelines."”

Statistical analysis Data were tested for nor-
mality using the Shapiro-Wilk test. Continuous
variables were expressed as mean (SD) or medi-
an (interquartile range [IQR]), as appropriate.
Categorical variables were presented as num-
ber (percentage). Unpaired continuous variables
were compared using the t test or nonparamet-
ric Mann-Whitney test, as appropriate. Paired



TABLE2 Transcatheter heart valves used and procedural outcomes

Parameter Mitral regurgitation

Functional Nonfunctional

(n=26) (n=22)
THV type
Medtronic Evolut R 8(30.8) 11 (50) 0.65
Medtronic CoreValve 6(23.1) 4(18.2)
Edwards Sapien XT 6(23.1) 3(13.6)
BS Lotus 2(7.7) 3(13.6)
Abbott Portico 3(11.5) 1(4.6)
SVT Nautilus 1(3.8) 0
THV size
23mm 1(3.8) 6(27.2) <0.01
25mm 3(11.5) 1(4.6)
26 mm 4(15.5) 10 (45.4)
27 mm 2(7.7) 0
28 mm 0 1(4.6)
29 mm 13(50) 4(18.2)
31 mm 2(7.7) 0
34 mm 1(3.8) 0
Preprocedural echocardiography
AVA, cm? 0.74(0.53-0.83)  0.7(0.57-0.8) 0.57
AVAi, cm2/m2 0.41(0.31-0.47)  0.39(0.33-0.47) 0.87

Postprocedural echocardiography

AVA, cm?

1.86(1.76-2) 1.76 (1.52-1.89) 0.04

AVAi, cm?/m?

1.04(0.93-1.1)  0.98(0.94-1.07) 0.42

Data are presented as number (percentage) of patients or median (interquartile range).

Abbreviations: AVA, aortic valve area; AVAi, indexed aortic valve area; THV, transcatheter heart valve

variables (pre- versus postprocedural) were com-
pared with the Wilcoxon signed rank test. Cat-
egorical variables were compared using the x?

or Fisher exact tests, as appropriate. Spearman

rank correlations were calculated to examine

the relationship between echocardiographic in-
dices. Intraobserver variability for MR parame-
ters was measured in a sample of 10 random pa-
tients using an interclass correlation coefficient.
The Medcalc for Windows software, version 18.11
(MedCalc Software, Ostend, Belgium) was used

for statistical analysis, and all reported proba-
bility values were 2-tailed. A P value less than

0.05 was considered significant.

Ethics The study was performed in accor-
dance with the ethical standards laid down
in the 1964 Declaration of Helsinki, its later
amendments, and the approval of the Review
Board of the Medical University of Warsaw.
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RESULTS Study patients and baseline char-
acteristics The study population included
48 patients with coexistent MR who under-
went TAVI. Functional MR was identified in
26 patients (54%), and nFMR was found in 22
(46%). No differences in terms of demographic
data and comorbidities were found between pa-
tients with FMR and nFMR (1a8LE 7). There were
no discrepancies between the study groups re-
garding types of implanted transcatheter heart
valves (1aBLE2). In the FMR group, larger sizes
of transcatheter heart valves were used com-
pared with the nFMR group; however, it was
strictly dictated by the individual character-
istics of the patient and did not influence the
indexed aortic valve area (median [IQR], 1.04
[0.93-1.1] cm?/m? vs 0.98 [0.94-1.07] cm?/m?;
P =0.417). In none of the patients, postproce-
dural valvular or paravalvular leak more severe
than mild was observed.

Left ventricular ejection fraction after trans-
catheter aortic valve implantation Overall,
compared with baseline, LVEF increased after
TAVI in all patients with MR included in the
study (median [IQR], 50% [38%-56%] vs 56%
[49%-61%]; P = 0.005). This was mainly driv-
en by the significant postprocedural LVEF in-
crease in the FMR group (median [IQR], 35%
[22%-47%)] vs 43% [35%-57%]; P = 0.007).
Only a slight change in LVEF was observed in
the nFMR group (median [IQR], 60% [55%—-63%]
vs 63% [55%-65%); P = 0.307) (FIGURE1).

Effective regurgitant orifice area after
transcatheter aortic valve implantation
Compared with baseline, no significant change
in MR-EROA was observed after a 1-year follow-
-up in any patient with MR (median [IQR],
0.2 [0.17-0.23] cm? vs 0.17 [0.14-0.2] cm?;
P =0.054). Consequently, no significant change
in MR-EROA was seen neither in the FMR
(median [IQR], 0.21 [0.17-0.27] cm? vs 0.19
[0.14-0.25] cm?; P = 0.142) nor nFMR (median
[IQR], 0.17 [0.12-0.23] cm?vs 0.17 [0.1-0.2] cm?;
P =0.238) cohorts (FIGURE2).

The grade of MR, when classified by MR-
-EROA, did not change in 28 of all patients with
MR (58.3%), decreased in 17 (35.5%), and in-
creased in 3 (6.2%). The MR grade remained un-
changed in 10 patients with FMR (38.5%), while
grade reduction occurred in 13 cases (50%), and
grade increase, in 3 (11.5%). In the nFMR co-
hort, no change in the MR grade was observed
in 18 patients (81.8%) and downgrade was not-
edin 4 (18%).

Mitral regurgitation volume after transcath-
eter aortic valve implantation In compar-
ison with baseline values, a significant reduc-
tion in MRV was observed in the overall study
population following TAVI (median [IQR],
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FIGURE1 Changes in parameters after transcatheter aortic valve implantation (TAVI) in patients with functional and nonfunctional mitral regurgitation (MR):
A - left ventricular ejection fraction (LVEF); B - effective regurgitant orifice area (EROA); C — mitral regurgitation volume (MRV)
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FIGURE2 Exemplary echocardiographic images illustrating reduced functional mitral regurgitation following transcatheter aortic valve implantation: A - before
the procedure; B - after the procedure
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FIGURE 3  Exemplary echocardiographic images illustrating nonfunctional mitral regurgitation unaffected by transcatheter aortic valve implantation: A - before
the procedure; B - after the procedure
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32 [28-36] ml/beat vs 26 [22-28] ml/beat;
P =0.002). Similarly, reduced MRV was noted
in both FMR (median [IQR], 33 [26-42] ml/beat
vs 26 [20-40] ml/beat; P = 0.042) and nFMR
(median [IQR], 30 [20-46] ml/beat vs 24
[15-33] ml/beat; P = 0.015) cohorts (FIGURE3).

The grade of MR, when classified by MRV,
did not change in 26 of all patients with MR
(54.2%), decreased in 18 (37.5%), and increased
in 4 (8.3%). The MR grade remained unchanged
in 11 patients with FMR (42.5%), while grade re-
duction was reported in 13 (46.2%), and grade
increase, in 3 (11.5%). In the nFMR cohort, no
change in the MR grade was observed in 15 pa-
tients (68.2%), downgrade was noted in 6 (27.3%),
and upgrade, in a single patient (4.5%).

Correlations between effective regurgitant
orifice area, mitral regurgitation volume,
and transcatheter aortic valve implantation
No correlation between MR-EROA reduction
and LVEF was found (rho, -0.13; P = 0.35) in
the whole MR group. Additionally, no correla-
tion was found either in the FMR (rho, -0.08;
P =0.68) or nFMR (rho, -0.2; P = 0.36) cohorts.

No correlation between MRV reduction and
LVEF was observed (rho, —0.01; P = 0.94) in the
overall MR group. Similarly, there was no such
correlation in the FMR (rho, 0.01; P = 0.9) and
nFMR (rho, -0.13; P = 0.56) cohorts.

Mitral valve annulus dimension change af-
ter transcatheter aortic valve implanta-
tion Transcatheter aortic valve implanta-
tion had no influence on mitral valve annulus
dimension both in the FMR (median [IQR], 39.6
[30.7-47.1] mm vs 39.9 [32.6-48.7] mm; P = 0.9)
and nFMR (median [IQR], 34 [27.7-43.7] mm vs
35.7 [30.5-41.5] mm; P = 0.5) groups.

DISCUSSION The true impact of TAVI on co-
existent MR is difficult to assess, as the rela-
tionship is multifactorial. First, the procedural
success of TAVI itself may influence MR. Sec-
ond, the postprocedural improvement of LVEF
is a crucial factor to consider. In our study, we
observed a significant increase in LVEF in pa-
tients with FMR yet not in those with nFMR,
and the difference between the cohorts may
be explained by the severe impairment of left
ventricular function at baseline in the FMR
group. These findings are consistent with pre-
vious studies, which described a remarkable
functional recovery of the left ventricle in
the setting of primarily depressed LVEFE.™¢
We did not find any correlation between MR-
-EROA or MRV and LVEF—possibly due to the
small number of patients that underpowered
statistical tests.

Finally, the improvement of MR may de-
pend on its etiology (FMR or nFMR). We did
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not observe any significant change of MR-EROA
either in the FMR or nFMR groups. Howev-
er, the MR grade depending on MR-EROA de-
creased more frequently in patients with FMR
than in those with nFMR. Of note, EROA is af-
fected by the anatomy of the mitral valve (in-
cluding the leaflets, ring, subvalvular appara-
tus, and papillary muscles), while the config-
uration of the valvular ring along with the ge-
ometry of the papillary muscles depends on
the shape of the left ventricle. Mildly abnor-
mal values of EROA in the FMR group, de-
spite the significant increase of LVEF follow-
ing TAVI, may suggest that the beneficial incre-
ment of left ventricular mechanical function
was insufficient to induce anatomical changes
in the mitral valve and subsequent improve-
ment of the parameter.”” Contrarily, MRV was
postprocedurally reduced in both FMR and
nFMR cohorts. The MR grade, based on MRV,
was decreased in 46.2% of the patients with
FMR and 27.3% of those with nEMR, whereas
it remained unchanged in 42.5% and 68.2% of
the study patients in FMR and nFMR groups,
respectively.

Our observations stand in line with those
presented by other authors; however, this is
the first detailed analysis in the field.>'® An
MRV reduction followed a decrease in the re-
gurgitation flow, even in the presence of
an unchanged EROA (for example as a conse-
quence of left ventricular end-systolic pres-
sure decrease), potentially influencing long-
-term survival.’® "

An LVEF increase following TAVI was ob-
served in patients with FMR yet not in those
with nFMR. Moreover, TAVI did not affect MR-
-EROA in any of the study groups. Finally, a sig-
nificant postprocedural MRV reduction noted
in both study cohorts did not affect the over-
all MR grade.

Conclusions In our study cohort, TAVI had no
significant impact on MR-EROA regardless of
the etiology of insufficiency. This finding may be
related to the organic origin of regurgitation in
the nFMR group or insufficient positive left ven-
tricular remodeling in the FMR group, which is
needed to change this parameter.” On the other
hand, the observation might have been driven by
a small number of patients in both study groups.
We also noted that TAVI reduced MRV both
in FMR and nFMR, which could result from the
post-TAVI reduction of left ventricular end-
-systolic pressure (velocity-time-integral re-
duction of MR). Furthermore, due to the holis-
tic MR assessment defined by the current guide-
lines, changes of MR parameters were sufficient
enough to reduce the MR grade.
Admittedly, our study was limited by its
single-center, observational design. Further
larger studies on the subject are needed.
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SUPPLEMENTARY MATERIAL

Supplementary material is available at www.mp.pl/kardiologiapolska.
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