L))

Check for
updat

Original Article

Left ventricular mass and valve performance after surgical and
transcatheter aortic valve replacement: a single-center experience
from Japan

Yasumi Maze'”, Toshiya Tokui'?, Takahiro Narukawa', Masahiko Murakami', Daisuke Yamaguchi'?,
Ryosai Inoue', Koji Hirano', Takeshi Takamura’, Kenji Nakamura®, Tetsuya Seko’, Atsunobu Kasai’,
Hisato Ito’

'Department of Thoracic and Cardiovascular Surgery, Ise Red Cross Hospital, Ise, Japan; “Department of Cardiology, Ise Red Cross Hospital, Ise,
Japan; ‘Department of Thoracic and Cardiovascular Surgery, Mie University Hospital, Tsu, Japan

Contributions: (I) Conception and design: Y Maze, T Tokui; (IT) Administrative support: Y Maze, T Tokui, A Kasai, H Ito; (III) Provision of study
materials or patients: Y Maze, T Narukawa, M Murakami, D Yamaguchi, R Inoue, K Hirano, T Takamura, K Nakamura, T Seko; (IV) Collection
and assembly of data: Y Maze; (V) Data analysis and interpretation: Y Maze; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript:
All authors.

Correspondence to: Dr. Yasumi Maze, MD, PhD. Department of Thoracic and Cardiovascular Surgery, Ise Red Cross Hospital, 1-471-2 Funae,
Ise 516-8512, Japan. Email: ymze.19651229@gmail.com.

Background: There are few reports on the postoperative left ventricular mass (LVM), aortic valve area
(AVA), and pressure gradient (PG) after surgical aortic valve replacement (SAVR) and transcatheter aortic
valve replacement (TAVR) in Japan. We aimed to compare the postoperative LVM, AVA, stroke volume (SV),
PG, and long-term outcomes between patients undergoing SAVR and TAVR procedures from single center
in Japan.

Methods: This was a retrospective cohort study. We included 107 patients who underwent simple SAVR
between January 2012 and May 2022 (SAVR group, n=107) and 274 who underwent TAVR between January
2016 and May 2022 (TAVR group, n=274). The overall mean follow-up periods was 28.8+25.9 months
(median: 24 months; range, 0.03-117 months).

Results: The aortic valve mean PG (mmHg) was significantly smaller in the TAVR group than in the
SAVR group (P<0.001). The AVA index (cm’/m’) was significantly larger in the TAVR group than in the
SAVR group (P<0.001). The SV index (mL/m’) was significantly smaller in the SAVR group than in the
TAVR group (P=0.02). The LVM index (LVMI) (g/m’) was significantly smaller in the SAVR group than
in the TAVR group (P<0.001). The incidence of mild or higher postoperative paravalvular leak (PVL) and
pacemaker implantation were significantly higher in the TAVR group. The 5-year postoperative mortality,
re-hospitalization, and major adverse cerebral and cardiovascular events (MACCEs) were significantly better
in the SAVR group.

Conclusions: The postoperative aortic valve PG, AVA, and SV were better in the TAVR group; however,

LVM regression and postoperative outcomes were better in the SAVR group.
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Introduction

Since the study by Cribier ez /. (1) in 2002, the number of
transcatheter aortic valve replacement (TAVR) procedures
as an alternative option for treating aortic valve stenosis
(AS) has been increasing (2-5). Recently, good outcomes
after TAVR have been reported in Japan as well (6,7). The
latest Japanese Circulation Society (JCS) guidelines on the
management of valvular heart disease generally recommend
surgical aortic valve replacement (SAVR) for patients
under the age of 75 years and TAVR for those over the age
of 80 years as a treatment for AS (8). Reportedly, the left
ventricular mass (LVM) after SAVR and TAVR correlates
with operative outcome (9-12). In addition, the aortic valve
area (AVA) and pressure gradient (PG) reportedly measure
the durability and performance of prosthetic valves after
SAVR and TAVR (3,5,13). Therefore, the LVM, AVA, and
PG are considered as important factors when discussing
the outcomes of SAVR and TAVR. However, there are few
reports that discuss the LVM, AVA, and PG in the context
of postoperative outcomes after SAVR and TAVR. Further,
there are a few reports from Japan on valve performance
after TAVR (14).

In the present study, we aimed to compare the
postoperative changes in the LVM, AVA, stoke volume (SV)
and PG between SAVR and TAVR patients from a single
center in Japan. We present this article in accordance with
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Key findings

® The aortic valve pressure gradient (PG), aortic valve area (AVA),
and stroke volume (SV) were better in the transcatheter aortic valve
replacement (TAVR) group. The surgical aortic valve replacement
(SAVR) group had less paravalvular leakage and new pacemaker
implantation.

® Left ventricular mass (LVM) regression and postoperative
outcomes were also better in the SAVR group.

What is known and what is new?

® The LVM after SAVR and TAVR correlated with postoperative
outcomes.

e We discussed the LVM, aortic valve PG, AVA, and SV in the
context of postoperative outcomes after SAVR and TAVR from
Japan.

What is the implication, and what should change now?

® LVM regression can be used not only as an index of postoperative

left ventricular remodeling, but also as an index of the appropriate
timing and selection of procedures (SAVR or TAVR).
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the STROBE reporting checklist (available at https://cdt.
amegroups.com/article/view/10.21037/cdt-23-119/rc).

Methods

All surgical and clinical data were collected at the Ise
Red Cross Hospital, Ise, Japan. Clinical outcome data
were obtained from the hospital patient records and were
confirmed either by information provided by the patient’s
family physician or a telephone survey with the patient’s
family.

This study was approved by the institutional review
board of the Ise Red Cross Hospital (5/6/2022, approval
No. ER2022-11) and was conducted according to the
principles of the Declaration of Helsinki (as revised in 2013)
and the Good Clinical Practice guidelines. The need for
informed consent was waived because of the retrospective
nature of the study. All study activities were carried out in
accordance with the relevant guidelines and regulations.

Study design and patients

Between January 2012 and May 2022, 257 patients with
severe AS underwent SAVR at Ise Red Cross Hospital, and
107 of these were included in the SAVR group. All patients
with concomitant mitral valve and/or tricuspid valve
surgery, aortic aneurysm repair, coronary artery bypass
grafting (CABG) and implanted mechanical prosthetic
valves were excluded. In comparison, between January 2016
and May 2022, 278 patients with severe AS underwent
TAVR at our institution. Of these, 274 patients were
included in the TAVR group, while valve-in-valve patients
were excluded. The decision to choose between SAVR and
TAVR was made by the institution’s heart team, consisting
of cardiothoracic surgeons, cardiologists, radiologists,
anesthesiologists, and other related medical professionals.

Operative technique

SAVR was performed via a median sternotomy using
a moderately hypothermic cardiopulmonary bypass.
Myocardial protection was performed with cold and warm
blood cardioplegia using a combination of antegrade
and retrograde methods. Antithrombotic therapy in
SAVR patients consisted of oral warfarin for three
months after replacement with biological valves. TAVR
was performed under general or local anesthesia in the
hybrid catheterization laboratory. Antithrombotic therapy
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following TAVR consisted of dual antiplatelet agents from
2016 to 2019 and a single antiplatelet agent since 2020.
SAVR was performed by two cardiovascular surgeons with
more than 20 years of experience. TAVR was performed by
three cardiologists with more than 15 years of experience.

Echocardiographic data

Echocardiographic variables were measured by
five experienced echocardiographers in all patients.
Echocardiograms were obtained at preoperatively, at
discharge and at 1 and 3 years after the procedures. The
valve performance was evaluated by a serial assessment of
the aortic valve (AV) peak velocity, AV peak PG, AV mean
PG, AVA, aortic valve area index (AVAI), stroke volume
(SV) and stroke volume index (SVI). Left ventricular (LV)
volumes in cubic centimeters were measured from apical
4-chamber views using the Simpson’s rule. In patients
in whom the Simpson’s rule could not be used, the area-
length method was used. The LVM was calculated using
the formula recommended by the American Society of
Echocardiography and indexed to the body surface area
(15,16). LV mass was calculated using values obtained for
the external (EDVe) and internal (EDVi) end-diastolic
volume using the following equation: LVM = 1.05 (EDVe -
EDVi) (g).

Primary outcomes and secondary outcomes

Primary outcomes were AV mean PG, AVAL SVI and LVM
in the SAVR and TAVR patients. Secondary outcomes were
all cause of death at 5 years, heart failure rehospitalization at
5 years and major adverse cerebral and cardiovascular events

(MACCEs) at 5 years in the SAVR and TAVR patients.

Statistical analysis

All statistical analyses were performed using the statistical
software EZR (Easy R) on R commander (17). Continuous
variables are expressed as mean + standard deviation. Non-
parametric data were compared using an unpaired Mann-
Whitney U test, and parametric data were compared using
an unpaired Student’s z-test. Categorical variables are
expressed as counts and percentages and were compared
using Fisher’s exact test. In comparisons between the SAVR
and TAVR groups, cumulative incidences were estimated
using Kaplan-Meier curves, and differences were evaluated
using the log-rank test. The effects of SAVR and TAVR on
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change over time in AV mean PG, AVAI, SVI and LVM
index (LVMI) were evaluated using the two-way repeated-
measured analysis of variance (ANOVA). Statistical
significance was set at P<0.05 for all analyses.

Results
Preoperative characteristics

Overall, 257 patients with severe AS underwent SAVR
at our institution, and 107 of these were included in the
SAVR group. All patients with concomitant mitral valve
and/or tricuspid valve surgery, aortic aneurysm repair,
CABG and implanted mechanical prosthetic valves were
excluded. In comparison, 278 patients with severe AS
underwent TAVR at our institution. Of these, 274 patients
were included in the TAVR group, while valve-in-valve
patients were excluded. The preoperative characteristics
of patients in the TAVR and SAVR groups are listed in
Tuble 1. Patients in the TAVR group were significantly
older (P<0.001) and comprised more females (P=0.003).
The body mass index (BMI) and body surface area (BSA)
were significantly lower in the TAVR group (P<0.001).
The serum creatinine level was significantly higher in the
SAVR group (P<0.001), and hemoglobin and albumin levels
were significantly lower in the TAVR group (P<0.001 and
P=0.01, respectively). The number of patients undergoing
hemodialysis was significantly higher in the SAVR group
(P<0.001). The AVAI was significantly smaller in the TAVR
group (P<0.001). There was no difference in the LVMI
between the two groups (P=0.18). The incidences of mitral
regurgitation (MR) and tricuspid regurgitation (TR) were
significantly higher in the TAVR group (P=0.01 and P=0.02,
respectively). The Society of Thoracic Surgeons (STS)
score and European System for Cardiac Operative Risk
Evaluation (EuroSCORE) II score were significantly higher
in the TAVR group (P<0.001).

Intraoperative outcomes

The intraoperative outcomes of the patients in the TAVR
and SAVR groups are listed in Table 2. All patients in the
SAVR group had their procedures under general anesthesia,
while, 213 patients (77.7%) in the TAVR group had their
procedures under local anesthesia. A transfemoral approach
was used in 264 patients (96.4%) in the TAVR group. The
operation time was significantly shorter in the TAVR group
(67.8+41.4 vs. 300.2+54.2 min, respectively, P<0.001). The
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Table 1 Preoperative characteristics

Characteristics TAVR group (n=274) SAVR group (n=107) P value

Demographic data

Age (years) 84.8+4.5 74.7+7.0 <0.001
Female gender 178 (65.0) 52 (48.6) 0.003
BMI (kg/m?) 21.7+3.6 23.4+4 1 <0.001
BSA (m?) 1.45+0.1 1.57+0.1 <0.001
NYHA class lll or IV 90 (32.8) 41 (38.3) 0.33

Past medical history

Hypertension 199 (72.6) 98 (91.6) <0.001
Dyslipidemia 99 (36.1) 70 (65.4) <0.001
Diabetes mellitus 79 (28.8) 41 (38.3) 0.08
Diabetes mellitus on insulin therapy 15 (5.5) 6 (5.6) 1
COPD 21(7.7) 10 (9.9) 0.67
Malignancy 55 (20.1) 26 (24.3) 0.4
Peripheral vascular disease 30 (10.9) 9 (8.4) 0.57
Cerebral vascular disease 52 (19.0) 12 (11.2) 0.09
Prior PCI 49 (17.9) 12 (11.2) 0.12
Prior CABG 8(2.9) 0 0.11
Prior cardiac surgery 0 0 -
Atrial fibrillation or flutter 31 (11.3) 3(2.8) 0.008
Pacemaker implantation 11 (4.0 3(2.8) 0.76

Laboratory data

Serum creatinine (mg/dL) 1.04+0.7 1.92£2.5 <0.001

Hemoglobin (g/dL) 11.5+1.6 12.1£1.9 <0.001

Albumin (g/dL) 3.7+£0.4 3.8+0.4 0.01
Hemodialysis 1(0.4) 17 (15.9) <0.001

Echocardiographic variables

AV peak velocity (m/s) 4.6+0.6 4.5+0.6 0.21
AV peak PG (mmHg) 86.5+23.7 83.7+24.1 0.3
AV mean PG (mmHg) 51.2+15.2 48.5+15.8 0.11
AVAI (cm®/m?) 0.40+0.10 0.46+0.14 <0.001
LVDd (mm) 47.5+5.0 49.5+5.5 <0.001
LVDs (mm) 30.4+6.0 31.116.5 0.46
LVEF (%) 64.6+10.8 66.6+9.7 0.1
SVI (mL/m?) 47.1+10.0 49.2+10.2 0.06
LVMI (g/m?) 157.0+30.1 162.4+45.0 0.18

Table 1 (continued)
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Table 1 (continued)

Characteristics TAVR group (n=274) SAVR group (n=107) P value
AR = moderate 35 (12.8) 21 (19.6) 0.1
MR = moderate 59 (21.5) 12 (11.2) 0.01
TR = moderate 27 (9.9) 3(2.8) 0.02

STS score 5.6+£3.4 3.3+2.3 <0.001

EuroSCORE I 3.9+£3.0 2.1+£1.2 <0.001

Data are presented as mean + standard deviation or n (%). TAVR, transcatheter aortic valve replacement; SAVR, surgical aortic valve
replacement; BMI, body mass index; BSA, body surface area; NYHA, New York Heart Association; COPD, chronic obstructive pulmonary
disease; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; AV, aortic valve; PG, pressure gradient; AVAI,
aortic valve area index; LVDd, left ventricular end-diastolic dimension; LVDs, left ventricular end-systolic dimension; LVEF, left ventricular
ejection fraction; SVI, stroke volume index; LVMI, left ventricular mass index; AR, aortic regurgitation; MR, mitral regurgitation; TR,
tricuspid regurgitation; STS, Society of Thoracic Surgeons; EuroSCORE, European system for cardiac operative risk evaluation.

Table 2 Intraoperative outcomes

Characteristics TAVR group (n=274) SAVR group (n=107) P value

Procedural characteristics

Anesthesia
Local 213 (77.7) 0 <0.001
General 61 (22.3) 107 (100.0) <0.001
Approach _
Transfemoral approach 264 (96.4)
Transaortic approach 6 (2.2)
Transsubclavian approach 3(1.1)
Transapical approach 1(0.4)
Operation time (min) 67.8+41.4 300.2+54.2 <0.001

Concomitant procedure -

PCI 2
Left atrial appendage resection 16
Pulmonary vein ablation 7

Transcatheter heart valve type -

SAPIEN XT 12 (4.4)
SAPIEN 3 179 (65.3)
CoreValve Evolut R 18 (6.6)
CoreValve Evolut PRO 33 (12.0)
CoreValve Evolut PRO+ 32 (11.7)

Table 2 (continued)
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Characteristics

TAVR group (n=274)

SAVR group (n=107) P value

Transcatheter heart valve size
SAPIEN series
20 mm
23 mm
26 mm
29 mm
CoreValve Evolut series
23 mm
26 mm
29 mm
34 mm
Prosthetic valve type
CEP Magna
CEP Magna Ease
Inspiris Resilia
Trifecta
Mitroflow
Prosthetic valve size
19 mm
21 mm
23 mm

25 mm

76
86
21

30
45

5 (4.7)
62 (57.9)
27 (25.2)
8 (7.5)
5 (4.7)

34

42

28
3

Concomitant procedure: no other than the procedures listed. Data are presented as mean + standard deviation, n (%) or n. TAVR, transcatheter
aortic valve replacement; SAVR, surgical aortic valve replacement; PCI, percutaneous coronary intervention; CEP, Carpentier Edwards Perimount.

SAPIEN valve series was used for TAVR in 191 patients
(69.7%), whereas TAVR using the CoreValve series was
performed in 83 patients (30.3%). In the SAVR group, the
Carpentier Edwards Perimount (CEP) valve series and

Inspiris Resilia valve series were performed in 94 patients
(87.9%).

Postoperative outcomes

The postoperative outcomes of the patients in the TAVR
and SAVR groups are listed in 7able 3. New pacemaker
implantations were observed in 19 patients (6.9%) in the

TAVR group, but not in the SAVR group. The incidence
of postoperative atrial fibrillation (POAF) was significantly

© Cardiovascular Diagnosis and Therapy. All rights reserved.

higher in the SAVR group (4.4% vs. 38.3%, respectively;
P<0.001). The intensive care unit (ICU) length of stay
(1.0£0.4 vs. 3.2+1.7 days, respectively; P<0.001) and hospital
length of stay (6.0£4.7 vs. 18.0£13.0 days, respectively;
P<0.001) were significantly shorter in the TAVR group.
There was no difference in hospital mortality between the
two groups (0.4% vs. 1.9%, respectively; P=0.19). One
death in the TAVR group was due to an intraoperative
aortic perforation. Two deaths in the SAVR group were
due to an intraoperative right coronary artery occlusion,
resulting in low cardiac output syndrome and non-
occlusive mesenteric ischemia (NOMI) postoperatively. At
discharge, the AV peak velocity (2.3£0.4 vs. 2.5£0.4 m/s,
respectively; P<0.001), AV peak PG (22.7£7.9 vs.
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Table 3 Postoperative outcomes

Characteristics TAVR group (n=274) SAVR group (n=107) P value
Etiology of aortic valve stenosis -
Degenerative 272 (99.3) 100 (93.5)
Bicuspid 2(0.7) 7 (6.5)
Intraoperative complications -
lliac or femoral artery injury 7 (2.6)
Right coronary artery occlusion 1(0.4) 1(0.9
Aortic rupture 1(0.4)
Postoperative complications
NOMI - 1(0.9) -
New pacemaker implantation 19 (6.9) 0 0.002
Cerebrovascular events 6(2.2) 4(3.7) 0.47
Delirium 37 (13.5) 15 (14.0) 0.87
POAF 12 (4.4) 41 (38.3) <0.001
RRT 0 13 (12.1) <0.001
ICU length of stay (days) 1.0£0.4 3.2+1.7 <0.001
Hospital length of stay (days) 6.0+4.7 18.0+13.0 <0.001
Hospital death 1(0.4) 2(1.9) 0.19
Postoperative echocardiographic variables (at discharge)
AV peak velocity (m/s) 2.3+0.4 2.5+0.4 <0.001
AV peak PG (mmHg) 22.7+7.9 27.0£9.8 <0.001
AV mean PG (mmHg) 11.2+4.0 13.8+5.4 <0.001
AVAI (cm®/m?) 0.99+0.23 0.88+0.21 <0.001
LVDd (mm) 47.1+4.8 47.2+4.9 0.82
LVDs (mm) 29.3+5.1 30.3+5.0 0.11
LVEF (%) 66.8+8.9 64.5+7.7 0.01
SVI (mL/m?) 47.9+10.5 42.7+9.5 <0.001
LVMI (g/m?) 155.1+32.8 143.6+37.3 0.003
PVL = mild 89 (32.5) 4(3.7) <0.001

Intraoperative complications: no complication other than those listed. Data are presented as mean + standard deviation or n (%). TAVR,
transcatheter aortic valve replacement; SAVR, surgical aortic valve replacement; NOMI, non-occlusive mesenteric ischemia; POAF,
postoperative atrial fibrillation; RRT, renal replacement therapy; ICU, intensive care unit; AV, aortic valve; PG, pressure gradient; AVAI,
aortic valve area index; LVDd, left ventricular end-diastolic dimension; LVDs, left ventricular end-systolic dimension; LVEF, left ventricular
ejection fraction; SVI, stroke volume index; LVMI, left ventricular mass index; PVL, paravalvular leak.
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27.0£9.8 mmHg, respectively; P<0.001) and AV mean PG
(11.2+4.0 vs. 13.8+5.4 mmHg, respectively; P<0.001) were
significantly lower in the TAVR group. The AVAI (0.99+0.23
vs. 0.88+0.21 cm’/m’, respectively; P<0.001), LVEF
(66.8%=8.9% vs. 64.5%=7.7%, respectively; P=0.01), and
SVI (47.9£10.5 vs. 42.729.5 mL/m’, respectively; P<0.001)
were significantly lower in the SAVR group. The LVMI
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at discharge was significantly lower in the SAVR group
(155.1£32.8 vs. 143.6+37.3 g/m’, respectively; P=0.003).
The incidence of mild or higher paravalvular leak (PVL) at
discharge was significantly higher in the TAVR group than
in the SAVR group (32.5% wvs. 3.7%, respectively; P<0.001).

Postoperative valve performance

Figure 1 shows the changes in PVL over time.
Approximately 30% of mild or higher PVL in the TAVR
group persisted for 3 years after the procedure. Figure 24
shows the changes in the AV mean PG over time. There
was a significant difference between SAVR and TAVR in
the change of AV mean PG over time (P<0.001). Figure 2B
shows the changes in the AVA index over time. There was
a significant difference between SAVR and TAVR in the
change of AVA index over time (P<0.001). Figure 2C shows
the changes in the SVI over time. There was a significant
difference between SAVR and TAVR in the change of
SVI over time (P=0.02). Figure 2D shows the changes in
the LVMI over time. There was a significant difference
between SAVR and TAVR in the change of LVMI over time
(P<0.001). Table 4 shows preoperative and postoperative

B
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Figure 2 Valve performances. (A) Aortic valve mean pressure gradient. (B) Aortic valve orifice area index. (C) Stroke volume index. (D) Left

ventricular mass index. TAVR, transcatheter aortic valve replacement; SAVR, surgical aortic valve replacement.
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Table 4 Preoperative and postoperative echocardiographic variables
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Variables TAVR group (n=274) SAVR group (n=107) P value
Preoperative echocardiographic variables
LVDd (mm) 47.5+5.0 49.5+5.5 <0.001
LVDs (mm) 30.4+6.0 31.1+6.4 0.36
LVEF (%) 64.6+10.8 66.6+9.7 0.1
SV (mL) 67.9+15.4 76.7£15.8 <0.001
SVI (mL/m?) 47.1+10.0 49.2+10.2 0.06
AVA (cm?) 0.58+0.16 0.72+0.21 <0.001
AVAI (cm®/m?) 0.40+0.10 0.46+0.14 <0.001
LVMI (g/m?) 157.0+30.1 162.4+45.0 0.18
Postoperative echocardiographic variables (at discharge)
LVDd (mm) 47.1+4.8 47.2+4.9 0.82
LVDs (mm) 29.3+5.1 30.3+5.0 0.11
LVEF (%) 66.8+8.9 64.5+7.7 0.01
SV (mL) 69.0+15.1 66.7+14.8 0.2
SVI (mL/m?) 47.9+10.5 42.7+9.5 <0.001
AVA (cm?) 1.43+0.36 1.40+0.37 0.41
AVAI (cm®/m?) 0.99+0.23 0.88+0.21 <0.001
LVMI (g/m?) 155.1+32.8 143.6+37.3 0.003
Postoperative echocardiographic variables (one year postoperatively)
LVDd (mm) 45.5+4.4 46.5+3.8 0.1
LVDs (mm) 27.9+4.0 28.2+3.2 0.6
LVEF (%) 68.4+6.2 69.2+4.7 0.3
SV (mL) 65.5+14.3 69.6+12.8 0.03
SVI (mL/m?) 45.3+9.2 44.2+9.2 0.39
AVA (cm?) 1.38+0.33 1.30+0.33 0.1
AVAI (cm®/m?) 0.95+0.21 0.82+0.19 <0.001
LVMI (g/m?) 137.2+26.2 127.4+30.4 0.009

Data are presented as mean =+ standard deviation. TAVR, transcatheter aortic valve replacement; SAVR, surgical aortic valve replacement;
LVDd, left ventricular end-diastolic dimension; LVDs, left ventricular end-systolic dimension; LVEF, left ventricular ejection fraction; SV,
stroke volume; SVI, stroke volume index; AVA, aortic valve area; AVAI, aortic valve area index; LVMI, left ventricular mass index.

echocardiographic variables.

Long-term results

The overall mean follow-up period was 28.8£25.9 months
(median: 24 months; range, 0.03-117 months). In the TAVR
group, the mean follow-up period was 20.9£17.0 months
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(median: 16.5 months; range, 0.03-75 months), while in the
SAVR group, it was 49.0+33.0 months (median: 47 months;
range, 0.16-117 months). The cumulative 5-year freedom
from all-cause death was significantly better in the SAVR
group when compared with the TAVR group [74.9%, 95%
confidence interval (CI): 63.9-83.0% vs. 60.9%, 95% CI:
46.6-72.4%, respectively; log-rank P=0.038; Figure 3A4].
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The cumulative 5-year heart failure rehospitalization rate
was significantly lower in the SAVR group than that in the
TAVR group (3.1%, 95% CI: 1.0-9.3% vs. 14.6%, 95% CI:
7.7-26.4%, respectively; log-rank P=0.013; Figure 3B). The
cumulative 5-year proportion of MACCE was significantly
lower in the SAVR group than that in the TAVR group
(14.0%, 95% CI: 8.0-23.7% wvs. 33.5%, 95% CI: 19.1-
54.3%, respectively; log-rank P=0.033; Figure 3C).

Discussion

TAVR was initiated in our institution in 2016. As shown
in Figure 4, TAVR increased over time, whereas, SAVR
without concomitant procedures was decreased over time.
Kamon et al. (7) reported that the number of TAVR
procedures was increased over time in all age categories;
however, that of SAVR procedures was not decreased after
the introduction of TAVR. In addition, according to the
Japan Cardiovascular Surgery Database (18), despite the
dramatic increase in the number of TAVR procedures, that
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of SAVR has also increased. However, these reports include
data up to 2018 only, and SAVR may decrease with the
increase in TAVR in the future, as in our institution.

Although there are various reports on the hemodynamic
and long-term performance of SAVR valves (19-24), the
same cannot be said for TAVR valves. The number of TAVR
valves is expected to increase dramatically in the future,
which makes it essential to elucidate the hemodynamic and
long-term performance of TAVR valves too.

In the present study, we compared the hemodynamic
performance of both SAVR and TAVR valves. The
postoperative aortic valve mean PG was significantly
smaller in the TAVR valves than in the SAVR valves. The
postoperative AVA index was significantly larger in the
TAVR valves than in the SAVR valves. In contrast, the SVI
was significantly smaller in the SAVR group than in the
TAVR group. The LVMI was significantly smaller in the
SAVR group than in the TAVR group. A study reported (2)
no difference in the postoperative aortic valve PG and AVA
between the TAVR and SAVR cohorts, which contradicts
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Figure 4 Changes in the number of cases of AVR by year at our
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replacement; AVR, aortic valve replacement.

many other reports (3,5,13,25) showing that both the aortic
valve PG and AVA were favorable in the TAVR cohort, as
it was shown in the present study. TAVR valves have the
ability to expand to the anatomical annulus size, whereas
SAVR valves do not have this ability because of a fixed-size
surgical ring (3). This may be why TAVR valves perform
well postoperatively although it should be noted that self-
expanding bioprosthetic valves also have this ability to a
large extent (13).

Considering the effects of the postoperative aortic valve
PG and AVA, the LVMI—an index of postoperative left
ventricular remodeling—was expected to be significantly
reduced in the TAVR group. However, in the present study,
the LVM regression was significant in the SAVR group.
Similar to the present study, Patel ez /. (12) reported that
the LVMI was significantly reduced in their SAVR cohort.
A lower LVM regression was associated with postoperative
aortic regurgitation, mitral regurgitation, PVL, and
pacemaker implantation, all of which were more prevalent
in the TAVR cohort. In the present study, the preoperative
MR and TR of moderate or higher grade were significantly
higher in the TAVR group and the postoperative PVL of
mild or higher grade as well as pacemaker implantation
were significantly higher in the TAVR group. These factors
are thought to have contributed to the LVM regression in
the SAVR group.

LVM regression has been associated with improved long-
term survival and rehospitalization (9,11,12). In the present
study, long-term outcomes were better in the SAVR group,
where the LVM regression was marked. In addition, Patel
et al. (12) reported that a better understanding of LVM
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regression may allow us to better define the appropriate
timing of intervention and thus determine which patients
could benefit more from SAVR than TAVR.

Sa et al. (26) reported that PVL after TAVR is a risk
factor for mortality and rehospitalization. In this study,
PVL was more common and postoperative mortality
was significantly higher in the TAVR group. In addition,
postoperative pacemaker implantation may cause
pacemaker-induced ventricular dyssynchrony and affect the
postoperative outcomes.

Patient-prosthetic mismatch (PPM) was a risk factor
for early and long-term mortality after TAVR and SAVR
(27,28). In this study, severe PPM with an effective orifice
area index (EOAI) <0.65 was observed in 13 patients (4.7%)
in the TAVR group and 10 patients (9.3%) in the SAVR
group. A moderate PPM with an EOALI of 0.65 to 0.85 was
observed in 66 patients (24.1%) in the TAVR group and 36
patients (33.6%) in the SAVR group. Some reports (29,30)
recommend aortic annulus enlargement (AAE) to avoid
PPM, but we do not actively use AAE at our institution,
because we think that AAE is invasive and affects
postoperative outcomes. Based on the BSA of the patient,
we selected and implanted prosthetic valves with an EOAI
of 0.85 or higher. However, echocardiography at discharge
revealed a measured EOAI of <0.85 PPM, as described
above. Further studies on PPM and postoperative outcomes
are needed at our institution.

Based on the above, an ideal prosthetic valve should
have as large an effective AVA as possible and the ability to
expand with the aortic annulus. It should also have a small
aortic valve PG, a large AVA, less PVL, and less pacemaker
implantation. Consequently, LVM regression will be more
likely. Furthermore, the simplification of the valve-in-
valve procedure in the future will be an important factor in
designing the ideal prosthetic valve.

Malnutrition is common in older patients undergoing
TAVR and is associated with increased mortality (31). In
this study, the patients in the TAVR group were older
than those in the SAVR group. It is highly likely that the
frailty and sarcopenia in the TAVR group may have played
an important role in the postoperative outcomes. We
are currently conducting a study to assess postoperative
activities of daily living in the TAVR and SAVR groups.

The present study had some limitations. First, the TAVR
group was significantly older than the SAVR group, and it had
significantly higher STS scores and EuroSCORE II values. In
addition, the preoperative MR and TR of moderate or higher
degree were significantly more common in the TAVR group.
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These findings suggest that the patients who were treated
with TAVR had more advanced left ventricular hypertrophy
than SAVR patients. In contrast, there were significantly more
patients in the SAVR group with a history of hypertension
and renal dysfunction. These situations may have affected
the long-term outcomes. However, it is unclear how these
factors affected the LVM regression. From this perspective,
age matching is necessary. However, the candidate patients
for TAVR are older, and we think that it would have been
inappropriate to match the cohort of this study by age. Second,
both the SAVR and TAVR groups used multiple types of
prosthetic valves. In the TAVR group, most of the prosthetic
valves were from the SAPIEN series, but the self-expanding
CoreValve was also used. Additionally, more than half of the
prosthetic valves used in the SAVR group were 19 or 21 mm
in size. In these situations, comparing the valve performance
between both groups can be biased. Further, a longer follow-
up period is required to establish the durability and long-term
performance of TAVR valves. Finally, the present study was
retrospective, with a small sample size from a single center.
This may not be representative of the wider TAVR and SAVR
population: hence, findings should be taken in the context of
these limitations.

Conclusions

The postoperative aortic valve PG, AVA, and SV were
better in the TAVR group than in the SAVR group. The
postoperative PVL and pacemaker implantation rates were
lower in the SAVR group; therefore, the LVM regression
and postoperative outcomes were better in the SAVR
group. LVM regression can be used not only as an index
of postoperative left ventricular remodeling, but also
a criterion for the appropriate timing and selection of
procedures (SAVR or TAVR).
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