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Abstract

Aortic stenosis (AS) is the most common valve disorder in advanced age. Previous reports have shown that low-flow status of
the left ventricle is an independent predictor of cardiovascular mortality after surgery. The Trifecta bioprosthesis has recently
shown favorable hemodynamic performance. This study aimed to evaluate the effect of the Trifecta bioprosthesis, which has
a large effective orifice area, in patients with low-flow severe AS who have a poor prognosis. We retrospectively evaluated 94
consecutive patients with severe AS who underwent aortic valve replacement (AVR). Patients were divided into two groups
according to the stroke volume index (SVI): low-flow (LF) group (SVI< 35 ml/m?, n=22) and normal-flow (NF) group
(SVI>35 ml/m? n=72). Patients’ characteristics and early and mid-term results were compared between the two groups.
There were no differences in patients’ characteristics, except for systolic blood pressure (LF:NF=120:138 mmHg, p <0.01)
and the rate of atrial fibrillation between the groups. A preoperative echocardiogram showed that the pressure gradient was
higher in the NF group than in the LF group, but aortic valve area was similar. The Trifecta bioprosthesis size was similar
in both groups. The operative outcomes were not different between the groups. Severe patient—prosthesis mismatch (PPM)
(<0.65 cm*/m?) was not observed in either of the groups. There were no significant differences in mid-term results between
the two groups. The favorable hemodynamic performance of the Trifecta bioprosthesis appears to have the similar outcomes
in the LF and NF groups. AVR with the Trifecta bioprosthesis should be considered for avoidance of PPM, particularly in
AS patients with LV dysfunction.
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Introduction impedance [7]. An example of this situation is that the LV

ejection fraction does not adequately reflect total LV func-

Aortic stenosis (AS) is the most common valve disorder
and the most frequent indication for surgical treatment, aor-
tic valve replacement (AVR), or transcatheter aortic valve
implantation (TAVI) in advanced age. Previous reports have
shown that low-flow status of the left ventricle (LV) is an
independent predictor of cardiovascular mortality and long-
term results after AVR or TAVI [1-6]. However, evaluating
the low-flow status in severe AS patients is difficult because
the reasons for low flow are multifactorial, including
impaired myocardial contractility, restrictive physiological
features, and afterload mismatch with high valvuloarterial
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tion in a setting of marked LV hypertrophy and relatively
small LV volumes typical of high-grade AS. Recently, the
stroke volume index (SVI), which is measured in LV outflow
in pulsed-wave Doppler recordings, has been considered
the most comprehensive indicator of LV function. Previous
reports [1-6] have shown that a low SVI is an independent
predictor of operative or long-term outcomes.

Another potential problem in AVR using a bioprosthesis
for treating severe AS with LV dysfunction is a high inci-
dence of patient—prosthesis mismatch (PPM). Blais et al.
reported that PPM is associated with increased operative
mortality after AVR, particularly when associated with LV
dysfunction [8]. The Trifecta bioprosthesis (Abbott, Min-
neapolis, MN, USA) is a tri-leaflet, stented, bovine pericar-
dial valve that was designed for supra-annular placement in
the aortic position. The bovine pericardial sheet is mounted
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outside the stent frame, which allows for almost circular
cross section during systole. Several reports have shown a
favorable hemodynamic profile for this bioprosthesis, such
as low peak and mean trans-prosthetic gradients, an excel-
lent effective orifice area (EOA), and a low incidence of
PPM in patients with a small aortic annulus [9, 10]. This
study aimed to evaluate the effect of the Trifecta bioprosthe-
sis, which has a large effective orifice area, in patients with
low-flow AS who have a poor prognosis.

Materials and methods
Study population

This was a single-center retrospective study. From Septem-
ber 2012 to September 2020, 561 consecutive patients with
severe AS who underwent surgical treatment (AVR or TAVI)
at Kurume University Hospital were analyzed (Fig. 1).
Among them, the following patients were excluded from the
analysis: 175 patients who underwent TAVI (TAVI started
since 2014 in our hospital); 207 patients who underwent
AVR other than Trifecta (valve selection was depend on sur-
geon’s preference); 39 patients who underwent associated
mitral surgery or aortic root replacement; 32 patients with
more than moderate aortic regurgitation; two patients under-
went emergent surgery; 12 patients who lacked assessment
of stroke volume before surgery. Finally, 94 patients were
included for analysis. The study population was divided into
two groups according to the stroke volume index (SVI): the

low-flow (LF) group (SVI<35 ml/m?, n=22) and the nor-
mal-flow (NF) group (SVI>35 ml/m?, n=72). LF group
included ten patients with low-flow (SVI<35 ml/m?) and
low gradient (mean PG <35 mmHg) (LFLG). LFLG patients
included nine paradoxical (EF>50%) LFLG and 1 classical
LFLG (EF >50%) patients. The patients’ clinical charac-
teristics are shown in Table 1. The Ethics Committee of
Kurume University approved this study (20,037) on 28 May
2020.

Echocardiography

Echocardiographic data were obtained with commercially
available ultrasound systems. All patients underwent a
comprehensive examination, including M-mode and two-
dimensional echocardiography and Doppler examinations.
All tests were conducted by experienced sonographers.
The aortic valve area was calculated using the continuity
equation. The left ventricular ejection fraction (LVEF) was
calculated using the Teichholz method and LV mass was
calculated according to the Devereux formula [11]. The SVI
was estimated by multiplying the LV outflow tract area by
the LV outflow tract velocity—time integral on pulsed-wave
Doppler recordings and was then indexed to the body surface
area. The patients’ preoperative echocardiographic data are
shown in Table 2. In 58 patients (59%, 12 in the LF group
and 46 in the NF group) who obtained echocardiographic
results 1 year after AVR, a comparative study was performed
before and 1 year after surgery. Categorization of PPM was
based on the indexed effective orifice area (EOAi), with

[561 consecutive patients with severe aortic stenosis who underwent surgery (AVR or TAVI)|
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Table 1 Preoperative patient characteristics

Table 2 Preoperative echocardiographic analysis

All (n=94) LF (n=22) NF (n=72) P value All (n=94) LF (n=22) NF(®=72) P value
Age (years), mean+ SD 81.5+4.6 80.5+39 0.17 EF (%), mean + SD 62.9+13.5 694+11.3 0.02
80 years2, n (%) 17 (77.2) 48 (66.7) 0.35 LVDd, mean+SD 41.8+5.1 442+53 0.04
Male gender, n (%) 8 (36.4) 22 (30.6) 0.61 LVDs (mm), mean+SD 27.7+6.7 26.8+5.8 0.57
Body surface area (m?), 1.46+0.14 1.45+0.16 0.71 IVST (mm), mean+ SD 122+2.8 11.8+1.8 0.87

mean +SD PWT (mm), mean +SD 114424  11.6+15 0.32
Hypertension, n (%) 19.(86.4)  65(90.3) 0.6 PV (m/s), mean+SD 40+1.1 45+09 <0.01
Hyperlipidemia, n (%) 15(68.2)  41(56.9) 035 max PG (mmHg), mean+SD  67.6+35.7 89.4+329  <0.01
Diabetes mellitus, 7 (%) 9409 21292 03 mean PG (mmHg), mean+SD 38.6+23.3 512+19.5  <0.01
Smoking, n (%) 5227 709 0.1 AVA (cm?), mean+SD 0.60+£0.2  0.66+0.2 0.26
COPD, n (%) 5@27) 17236 093 AR; none to trivial, 7 (%) 13 (59) 36 (50) 0.61
Hemodialysis, n (%) 0(0) 4(5.4) 0.14  AR; mild, n (%) 9 (41) 36 (50) 0.61
History of cardiac surgery, n (%) 0 (0) 0(0) - AR; more than moderate, 1 0 0 _
atrial fibrillation, 7 (%) 4(174) 3@ 0.048 (%)
ACEI or ARB use, 1 (%) 6(272)  26(36.1) 041  LVMI (g/m?), mean+SD 142.3+47.6 1533+406  0.19
B blocker use, 1 (%) 14 (63.6) 44 (61.1) 0.9 SVI (mL/m?), mean + SD 20.1+4.7  493+10.1  <0.01
calcium channel blocker, n (%) 3 (13.6) 19 (26.4) 0.19 L . . . o

. EF Ejection fraction, LVDd Left ventricular end-diastolic diameter,

New York Heart Association 20£06 19+06 0.49 LVDs Left ventricular end-systolic diameter, /VST interventricular

Class septal thickness, PWT posterior left ventricular wall thickness, PV
SBP (mmHg), mean+ SD 120+25 138 +21 <0.01 peak velocity, PG pressure gradient, AVA aortic valve area, AR aor-
DBP (mmHg), mean + SD 67+15 72+12 0.11 tic regurgitation, LVMI left ventricular mass index, SVI stroke volume
Heart rate (bpm), mean+SD  71.0+10.1 66.4+10.8 008  index,SD standard deviation
eGFR (ml/min/1.73 m?), 57.8+20.2 58.1+24.2 0.96

mean+SD
Hemoglobin (mg/dl), mean+SD 125+1.8 11.9+1.6 0.12  hospital mortality and late mortality. Adverse cardiovascular
Bicuspid valve, n (%) 2(9.1) 9 (12.5) 0.66  events defined according to the VARC-2 (Valve Academic

COPD chronic obstructive pulmonary disease, ARB angiotensin II
receptor blocker, ACEI angiotensin-converting enzyme inhibitor, SBP
Systolic blood pressure, DBP Diastolic blood pressure, eGFR Glo-
merular filtration rate, SD standard deviation

severe PPM defined as an EOAi <0.65 cm?m? and moder-
ate PPM as an EOAi > 0.65 and <0.85 cm?*m?. Comparison
of echocardiographic data between preoperatively and post-
operatively at 1 year is shown in Table 3.

Aortic valve replacement with Trifecta bioprosthesis

AVR was performed by full sternotomy using standard car-
diopulmonary bypass. Myocardial protection was achieved
with cold crystalloid antegrade cardioplegia. The size of
the Trifecta bioprosthesis was determined by the surgeon
and guided by the manufacturer-supplied replica sizer. The
Trifecta bioprosthesis was sewn in a supra-annular position
using a non-everting mattress suture. The operative informa-
tion, including concomitant procedures, is shown in Table 4.

Mortality and clinical follow-up

Hospital mortality was defined as death within 30 days after
AVR. Overall mortality was defined as the combination of
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Research Consurtium-2) consensus [12] were retrospec-
tively extracted from patients’ electronic health records. The
clinical follow-up rate was 100%, with a mean follow-up of
1041 days in the LF group and 1037 days in the NF group.

Statistical analysis

Continuous variables are expressed as mean =+ standard devi-
ation. The Fisher’s exact test and the y? test with Yates cor-
rection were used to compare categorical variables. The Wil-
coxon test was used as appropriate for continuous variables.
Long-term survival was assessed using the Kaplan—Meier
survival curve, and differences were assessed with the log-
rank test. Statistical analyses were performed using JMP 13
software (SAS Institute Japan Ltd., Tokyo, Japan). A value
of p <0.05 was considered statistically significant.

Results

Baseline characteristics

A total of 23% of our cohort were in the LF group. There
were no significant differences in age, sex, body surface

area, comorbidities, and New York Heart Association
functional class between the two groups. The mean age
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Table 3 Preoperative

LF (n=12) NF (n=46)
versus 1-year follow-up
echocardiographic analysis Pre 1 year P value Pre 1 year P value
EF (%),mean + SD 63.5+12.0 67.2+8.7 0.54 70.1+10.3 69.9+6.8 0.36
LVDd (mm), mean+ SD 413+4.8 39.2+45 0.66 44.7+5.0 405+54 <0.01
LVDs (mm), mean + SD 272455 253+4.7 037 268+52 24.6+4.3 <0.01
IVST (mm), mean + SD 109+2.0 99+1.8 031 11.8+19 10.7+15 <0.01
PWT (mm), mean+SD 10.7+1.7 9.8+1.5 032 11.7+15 105+14 <0.01
PV (m/s), mean+SD 39+09 2.0+0.3 <001 46+09 22+04 <0.01
max PG (mmHg), mean+SD  62.6+31.0 17.1+4.0 <0.01 88.7+33.8 21.0+6.1 <0.01
mean PG (mmHg), mean+SD  35.2+22.0 83+1.7 <0.01 51.3+20.1 10.6+3.0 <0.01
AVA (cm?), mean + SD 0.66+0.21 1.57+0.3 <0.01  0.67+0.151.42+0.24 <0.01
LVMI (g/m?), mean + SD 122.7+41.0 98.3+23.9 0.11 156.7+40.2 113.2+28.5 <0.01
PPM
Moderate - 0 - 6 (13.3) 0.09
Severe - 0 - 0 -

EF Ejection fraction, LVDd Left ventricular end-diastolic diameter, LVDs Left ventricular end-systolic
diameter, /VST interventricular septal thickness, PWT posterior left ventricular wall thickness, PV peak
velocity, PG pressure gradient, AVA aortic valve area, LVMI left ventricular mass index, PPM Patient-pros-
thesis mismatch, SD standard deviation

Table 4 Intraoperative and

. All (n=94) LF (n=22) NF (n=172) P value
postoperative data
Operation time (min), mean +SD 336+ 86 300+116 0.02
CPB time (min), mean+ SD 167+62 144 +52 0.11
Cross-clamp time (min), mean +SD 115+38 102 +33 0.09
Concomitant procedure
CABG, n (%) 6(27.3) 25 (34.7) 0.51
Tricuspid valve, n (%) 29.1) 1(1.4) 0.11
Aorta, n (%) 2(9.1) 4(5.6) 0.33
Arrhythmia, n (%) 3(13.6) 4(5.6) 0.24
Bioprostheses valve size, n (%)
19 mm 10 (45.5) 40 (55.6) 0.59
21 mm 10 (45.5) 24 (33.3)
23 mm 2(9.1) 8(11.1)
Length of ICU stay (days), mean=+SD 3.1+0.8 28+1.2 0.07
Length of hospital stay (days), mean+SD 274+17.8 22.3+12.0 0.1
Postoperative ventilation time (hour), mean +SD 209+17.6 24.1+38.1 0.97
Postoperative ventilation time > 72hour, n (%) 2(8.3) 0(0) 0.12
Complication, n (%)
Stroke, n (%) 1(4.5) 34.2) 0.93
Atrial fibrillation, n (%) 9 (40.9) 18 (25.0) 0.16
Surgical site infection 0(0) 4(5.6) 0.85
Hospital mortality 0(0) 00 -

CPB Cardiopulumonary bypass, CABG coronary artery bypass grafting, /CU intensive care unit, SD stand-

ard deviation

was older than 80 years in both groups. Mean systolic
blood pressure in the NF group was significantly higher
than that in the LF group (LF:NF=120:137 mmHg,
p<0.01), despite no significant difference in preoperative

medical therapy between the groups. The number of
patients with atrial fibrillation was significantly higher
in the LF group than in the NF group (p =0.048). No
significant differences in diastolic blood pressure, heart
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rate, preoperative renal function, and anemia were found
between the two groups (Table 1).

Preoperative echocardiography

There were no significant differences in left ventricular
end-systolic diameter (LVDs), interventricular septal
thickness (IVS), posterior left ventricular wall thick-
ness (PWT), and the left ventricular mass index (LVMI)
between the two groups. The LVEF and left ventricular
end-diastolic diameter (LVDd) were significantly lower
in the LF group than in the NF group. The peak pressure
gradient, mean gradient, and peak velocity across the aor-
tic valve were lower in the LF group than in the NF group.
However, the area of the aortic valve was similar in both
groups. No patients had more than moderate AR. The SVI
was significantly smaller in the LF group than in the NF
group (LF:NF=29.1:49.3 ml/m?, p <0.0001) (Table 2).

Operative outcomes

The sizes of the Trifecta bioprosthetic valve used were
19, 21, and 23 mm in 10, 10, and 2 patients in the LF
group, respectively, and 19, 21, and 23 mm in 40, 24, and
eight patients in the NF group, respectively. The Trifecta
bioprosthesis size was similar in both groups and the pro-
portion of patients with a small root who had the 19-mm
bioprosthesis implanted was approximately 50% in both
groups. Concomitant procedures were also similar in both
groups. The operative time was significantly longer in the
LF group than in the NF group; however, cardiopulmo-
nary bypass time and aortic cross-clamp time were not
significantly different between the two groups. There was
no hospital mortality in both groups. The postoperative
course and the mobility rate postoperatively were also not
different between the groups (Table 4).

(%)

100 |——F—_
NF
50
LF
. g Log Rank: p=0.39
Number of patient at risk
22 17 14 10 8 6 4 1
72 62 48 30 18 12 9 1
0 1 2 3 4 5 6 7 years

Fig.2 Kaplan—-Meier curve of the survival rate after AVR in the LF
and NF groups
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Fig.3 Kaplan—Meier curve of the cardiovascular event-free rate after
AVR in the LF and NF groups

Echocardiographic outcomes at 1 year

No patients had severe PPM in either group. The rate of
moderate PPM was 13% in the NF group and no patients had
PPM in the LF group. The LVEF did not change significantly
at 1 year after AVR in both groups. LVDd, LVDs, IVST,
PWT, and LVMI became significantly smaller at 1 year after
AVR in the NF group, but these did not significantly change
in the LF group. Peak velocity, and peak and mean pressure
gradients across the aortic valve were improved at 1 year
after AVR in both groups. (Table 4).

Mid-term clinical outcome

Fifteen death occurred in the follow-up period. Ten patients
died in the NF group and five patients died in the LF group
in the follow-up period. There were no significant differ-
ences in the overall survival, cardiovascular death-free, and
cardiovascular event-free rates between the two groups.
Kaplan—Meier analysis showed no significant differences
in the survival rate (log-rank test, p=0.39) (Fig. 2), car-
diovascular death-free rate (log-rank test, p=0.10) (Fig. 3),
and cardiovascular event-free rate (log-rank test, p=0.81)

| NF
50
L LF

Log Rank: p=0.81

(%)
100

Number of patient at risk

22 17 14 10 9 6 4 1
72 65 46 30 22 13 6 1
0 1 2 3 4 5 6 7 years

Fig.4 Kaplan—Meier curve of the cardiovascular death-free rate after
AVR in the LF and NF groups
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(Fig. 4) between the two groups. The 5-year survival rate,
cardiovascular death-free rate, and cardiovascular event-
free rate were 72.2%, 90.0%, and 90.0% in the LF group,
respectively, and 78.5%, 94.4%, and 86.3% in the NF group,
respectively. Structural valve deterioration (SVD) occurred
in one patient in the NF group at 3 years after AVR, and she
underwent re-AVR using another bioprosthesis.

Discussion

Severe AS with LV dysfunction has a poor prognosis accord-
ing to the European Society of Cardiology/European Asso-
ciation for Cardio-Thoracic Surgery guideline [13]. LV
function is an important factor that affects the outcome of
patients with severe AS who undergo AVR or TAVI. How-
ever, patients with severe AS often have LV hypertrophy,
and evaluating their LV function with the LVEF alone is
difficult. Low flow across the aortic valve is a multifactorial
phenomenon that includes impaired myocardial contractility,
restrictive physiological features, and afterload mismatch
with high arterial impedance. The SVI has recently been
considered useful for evaluating LV function [14]. Many
reports have also shown that a low SVI is associated with
the prognosis of severe AS after surgical treatment (AVR
or TAVI). The SVI is a recognized feature that aids workup
and management of AS [1-6]. In the present study, almost a
quarter of the patients with severe AS had a low SVI. This
percentage is slightly lower than previously reported data in
which the incidence of low flow ranged from 30 to 55% [6].
The patients in the present study were divided into the LF
and NF groups according to the SVI. There were no signifi-
cant differences in the preoperative characteristics between
the LF and NF groups with the exception of the systolic
blood pressure and the rate of atrial fibrillation. A preopera-
tive echocardiogram showed no significant difference in the
LVMI between the two groups. The preoperative LVEF and
the preoperative peak and mean pressure gradients across
the aortic valve were lower in the LF group than in the NF
group. These preoperative echocardiographic results sug-
gest that LV function was worse in the LF group than in
the NF group. These differences between the LF and NF
groups may reflect differences in the patients’ backgrounds.
Different prognoses are expected because patients with low
LV function have more advanced disease. We initially con-
sidered that the LF group might have worse outcomes than
the NF group both operatively and in terms of the mid- to
long-term prognosis. However, the results of AVR with the
Trifecta bioprosthesis in this study showed no significant
difference in the operative or mid-term outcome between
the two groups. This finding may indicate that the Trifecta
bioprosthesis is effective for patients with low-flow AS.

Some studies have shown that operative mortality or
long-term survival is worse in patients with low-flow AS
than in those with normal-flow AS who undergo AVR or
TAVI. Lopez-Marco et al. [1] studied 198 patients with
isolated AVR whose mean age was about 70 years. These
authors reported that AVR in patients with low-flow AS was
associated with similar surgical mortality but higher mid-
term mortality than in patients with normal-flow AS. Fan
et al. [2] studied 863 patients with a mean age in the fifth
decade of life. These authors reported that hospital mortal-
ity was higher and the 5-year survival rate was lower in the
LF group than in the NF group. Fukui et al. [3] studied 179
patients with AVR with a mean age in the seventh decade of
life. In their study, the patients only had normal LV function,
and most had undergone implantation of a 19-mm valve.
Hospital mortality was significantly higher and 5-year over-
all survival was lower in the LF group than in the NF group
[3], similar to other reports. Kataoka et al. [4] studied 723
patients with a mean age of 85 years who had undergone
TAVI. These authors found that the mid-term rate of death
of all causes and cardiovascular causes was higher in the
LF group than in the NF group. Le Ven et al. [5] studied
639 patients with a mean age of 80 years who had under-
gone TAVI and found that the 2-year all-cause mortality rate
was worse in the LF group than in the NF group. Mangner
et al. [6] studied 1600 patients who had undergone TAVI and
found that the 3-year all-cause mortality rate after TAVI was
worse in the LF group than in the NF group. These previ-
ous reports differ from our study regarding certain patients’
characteristics, such as age. Moreover, most of these previ-
ous reports did not show the incidence of PPM after surgery
(AVR or TAVI). Only Lopez-Marco et al. [1] reported a
PPM rate of 2% in their NF group and 6% in their LF group.

The incidence of PPM is an important risk factor for
long-term survival after AVR. PPM leads to poor hemody-
namic valve performance (i.e., elevated transvalvular pres-
sure gradient) despite a fully functioning prosthesis and is
associated with poor clinical outcomes, including long-term
survival, a low rate of freedom from heart failure, and poor
LV mass regression [15]. The small annulus and aortic root
in many older patients allow implantation of a small pros-
thesis, which is often associated with a high trans-prosthetic
gradient, small EOA, and high incidence of PPM. A previ-
ous study showed that PPM was associated with increased
operative mortality after AVR, particularly when associated
with LV dysfunction [8]. In the present study, most patients
had a small body mass because the mean age was older than
80 years and the proportion of women was high. Therefore,
more than half of the patients underwent implantation with
a small-diameter Trifecta bioprosthesis (19 or 21 mm). How-
ever, an echocardiogram at 1 year after AVR showed no
severe PPM in either group, and moderate PPM occurred in
six patients only in the NF group. Because of the issue of
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PPM in AVR, the valve design has been constantly evolv-
ing in an effort to improve the EOA. In a previous study,
severe PPM (EOAI of < 0.60 cm?*/m?) was detected in 3% of
patients with the Trifecta bioprosthesis [16]. The favorable
hemodynamics of the Trifecta bioprosthesis may decrease
the occurrence of PPM. Decreased occurrence of PPM may
have contributed to regression of the LVMI at 1 year after
AVR in the LF and NF groups in our study. Selection of an
appropriate bioprosthesis to avoid PPM in our patient popu-
lation may have led to good mid-term results.

Some reports have shown that the Trifecta biopros-
thesis is associated with a higher occurrence of AVR for
SVD [17, 18]. The rate of SVD was lower in the present
study than in other reports [17, 18], but surgeons need to be
aware of the occurrence of SVD when AVR is performed
with the Trifecta bioprosthesis. Therefore, we attempted
to use the Trifecta bioprosthesis more actively in patients
aged > 80 years. The LVMI is reduced and a favorable prog-
nosis can be expected by avoiding PPM until occurrence of
SVD. We may perform TAVI with a surgical aortic valve in
older patients when SVD occurs. However, particularly in
the small prosthesis size and also in degenerated biopros-
thesis with external leaflet, mounting a TAVI in surgical
aortic valve procedure is associated with a higher risk of
coronary obstruction. The advantages and disadvantages of
the Trifecta bioprosthesis should be carefully considered.

This study has several limitations. First, it was a retro-
spective single-center study with a small sample size. As
a result, a test for non-inferiority between the groups was
not performed. The possibility of a type 2 error should be
considered in this study. Second, the LF group was not com-
pared with patients who underwent AVR using other bio-
prosthetic valves. Third, measurements of the LV outflow
tract [10], mitral regurgitation, atrial fibrillation, and image
quality have been shown to affect calculation of the SVI.
Finally, patients with coronary artery disease undergoing
AVR + CABG were included in the study. Remodeling as a
consequence of revascularization may have occurred in these
patients. However, we believe that it is clinically meaning-
ful to be able to present favorable retrospective data from a
single center.

In conclusion, no patients had severe PPM, and LV
hypertrophy improved at 1 year after AVR with the Trifecta
bioprosthesis in the LF and NF groups. As a result, there
were no significant differences in surgical early or mid-term
outcomes between the groups. The favorable hemodynamic
performance of the Trifecta bioprosthesis may have resulted
in the same operative outcomes in the LF and NF groups.
AVR with the Trifecta bioprosthesis might be considered
for avoidance of PPM, particularly in patients with AS who
have LV dysfunction. Further prospective studies are needed
to clarify selection of the optimal bioprosthesis in patients
with AS.

@ Springer

Compliance with ethical standards
Conflict of interest All authors declare no conflict of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Lopez-Marco A, Miller H, Youhana A, Ashraf S, Zaidi A, Bhatti
F, Ionescu A, Kumar P (2016) Low-flow low-gradient aortic ste-
nosis: surgical outcomes and mid-term results after isolated aortic
valve replacement. Eur J Cardiothoracic Surg 49:1685-1690

2. Fan XL, Zhang J, Wang C, Chong H, Zhang G, Xue Q, Tang Y,
Han L (2017) Outcome of patients with low-flow/low-gradient
severe aortic stenosis who underwent aortic valve replacement.
Heart Surg Forum 20(4):E124-E128

3. Fukui S, Kakizawa Y, Handa K, Sakamoto T, Shirakawa Y (2020)
Impact of stroke volume on severe aortic stenosis in patients with
normal left ventricular function. Gen Thorac Cardiovasc Surg
68:129-135

4. Kataoka A, Watanabe Y, Kozuma K, Nara Y, Nagura F,
Kawashima H, Hioki H, Nakashima M, Yamamoto M, Takagi
K, Araki M, Tada N, Shirai S, Yamanaka F, Hayashida K (2018)
Prognostic impact of low-flow severe aortic stenosis in small-body
patients undergoing TAVR: the OCEAN-TAVI registry. JACC
Cardiovasc Imaging 11:659-669

5. Le Ven F, Freeman M, Webb J, Clavel MA, Wheeler M, Dumont
E, Thompson C, De Larochelliere R, Moss R, Doyle D, Ribeiro
HB, Urena M, Nombela-Franco L, Rodés-Cabau J, Pibarot P
(2013) Impact of low flow on the outcome of high-risk patients
undergoing transcatheter aortic valve replacement. J Am Coll Car-
diol 62:782-788

6. Mangner N, Stachel G, Woitek F, Haussig S, Schlotter F, Holl-
riegel R, Adam J, Lindner A, Mohr FW, Schuler G, Kiefer P,
Leontyev S, Borger MA, Thiele H, Holzhey D, Linke A (2018)
Predictors of mortality and symptomatic outcome of patients with
low-flow severe aortic stenosis undergoing transcatheter aortic
valve replacement. ] Am Heart Assoc 7(8):e007977

7. Nagura F, Kataoka A, Hara M, Kozuma K, Watanabe Y,
Nakashima M, Hioki H, Kawashima H, Nara Y, Shirai S, Tada N,
Araki M, Naganuma T, Yamanaka F, Ueno H, Tabata M, Mizu-
tani K, Higashimori A, Takagi K, Yamamoto M, Hayashida K;
OCEAN-TAVI investigators (2019) Association between valvu-
loarterial impedance after transcatheter aortic valve implanta-
tion and 2-year mortality in elderly patients with severe sympto-
matic aortic stenosis: the OCEAN-TAVI registry. Heart Vessels
34:1031-1039

8. Blais C, Dumesnil JG, Baillot R, Simard S, S, Doyle D, Pibarot
P, (2003) Impact of prosthesis-patient mismatch on short-term
mortality after aortic valve replacement. Circulation 108:983-988

9. Kilic A, Sultan I, Navid F, Aranda-Michel E, Chu D, Thoma
F, Gleason TG (2019) Trifecta aortic bioprosthesis: midterm


http://creativecommons.org/licenses/by/4.0/

Heart and Vessels (2021) 36:1256-1263

1263

11.

12.

13.

results in 1953 patients from a single center. Ann Thorac Surg
107:1356-1363

. Permanyer E, Estigarribia AJ, Ysasi A, Herrero E, Semper O,

Llorens R (2013) St. Jude Medical TrifectaTM aortic valve perio-
perative performance in 200 patients. Interact Cardiovasc Thorac
Surg 17:669-672

Mulvagh SL, Rakowski H, Vannan MA, Abdelmoneim SS, Becher
H, Bierig SM, Burns PN, Castello R, Coon PD, Hagen ME, Jollis
JG, Kimball TR, Kitzman DW, Kronzon I, Labovitz AJ, Lang RM,
Mathew J, Moir WS, Nagueh SF, Pearlman AS, Perez JE, Porter
TR, Rosenbloom J, Strachan GM, Thanigaraj S, Wei K, Woo A,
Yu EH, Zoghbi WA (2008) American society of echocardiog-
raphy consensus statement on the clinical applications of ultra-
sonic contrast agents in echocardiography. J Am Soc Echocardiogr
21(11):1179-1201

Kappetein AP, Head SJ, Généreux P, Piazza N, van Mieghem
NM, Blackstone EH, Brott TG, Cohen DJ, Cutlip DE, van Es GA,
Hahn RT, Kirtane AJ, Krucoff MW, Kodali S, Mack MJ, Mehran
R, Rodés-Cabau J, Vranckx P, Webb JG, Windecker S, Serruys
PW, Leon MB (2012) Updated standardized endpoint definitions
for transcatheter aortic valve implantation: the valve academic
research consortium-2 consensus document. J Am Coll Cardiol
60(15):1438-1454

Baumgartner H, Falk V, Bax JJ, De Bonis M, Hamm C, Holm
PJ, Iung B, Lancellotti P, Lansac E, Rodriguez Muiioz D, Rosen-
hek R, Sjogren J, Tornos Mas P, Vahanian A, Walther T, Wend-
ler O, Windecker S, Zamorano JL (2017) 2017 ESC/EACTS

14.

15.

16.

17.

18.

Guidelines for the management of valvular heart disease. Eur
Heart J 38:2739-2791

Mitsui M, Kataoka A, Nara Y, Nagura F, Kawashima H, Hioki
H, Nakashima M, Watanabe Y, Yokoyama N, Kozuma K (2019)
Clinical safety and efficacy of tolvaptan for acute phase therapy
in patients with low-flow and normal-flow severe aortic stenosis.
Heart Vessels 34:1684-1691

Dumesnil JG, Pibarot P (2006) Prosthesis—patient mismatch and
clinical outcomes: the evidence continues to accumulate. J Thorac
Cardiovasc Surg 131:952-955

Braathen B, Husebye T, Lunde IG, Tgnnessen T (2019) Trifecta
has lower gradient and less prosthesis-patient mismatch than
mosaic ultra in the aortic position: a prospective randomized
study. J Thorac Cardiovasc Surg 158(4):1032-1039

Kalra A, Rehman H, Ramchandani M, Barker CM, Lawrie GM,
Reul RM, Reardon MJ, Kleiman NS (2017) Early Trifecta valve
failure: report of a cluster of cases from a tertiary care referral
center. J Thorac Cardiovasc Surg 154:1235-1240

Biancari F, Valtola A, Juvonen T, Husso A, Dahlbacka S, Laakso
T, Jalava MP, Tauriainen T, Ahvenvaara T, Kinnunen EM, Nie-
meld M, Mikikallio T, Eskola M, Virtanen MPO, Maaranen P,
Rosato S, Anttila V, Vento A, Airaksinen J, Raivio P (2020) Tri-
fecta versus perimount magna ease aortic valve prostheses. Ann
Thorac Surg 110(3):879-888

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Impact of the Trifecta bioprosthetic valve in patients with low-flow severe aortic stenosis
	Abstract
	Introduction
	Materials and methods
	Study population
	Echocardiography
	Aortic valve replacement with Trifecta bioprosthesis
	Mortality and clinical follow-up
	Statistical analysis

	Results
	Baseline characteristics
	Preoperative echocardiography
	Operative outcomes
	Echocardiographic outcomes at 1 year
	Mid-term clinical outcome

	Discussion
	References




