Long-Term Outcomes of High-Risk or Inoperable
Patients Who Underwent Transcatheter
Aortic Valve Implantation

Yasushi Sakata, MD, PhD*

Check for
updates

Yasuhiro Ichibori, MD, PhD?, Isamu Mizote, MD, PhD™*, Masaki Tsuda, MD?, Takashi Mukai, MD?,
Koichi Maeda, MDb, Toshinari Onishi, MD®, Toru Kuratani, MD, Pth, Yoshiki Sawa, MD, Pth, and

Few studies have evaluated transcatheter aortic valve implantation (TAVI) beyond 5 years.
We investigated long-term outcomes (=5 years) and transcatheter heart valve (THYV)
performance in patients who had undergone TAVI at least 5 years previously, based on
annual follow-up. We reviewed 114 consecutive patients who were of high surgical risk or
inoperable and underwent TAVI for severe aortic stenosis from October 2009 to November
2013. There was no lost to follow-up, and median time to death or latest follow-up was
5.0 years (range: 0.1 to 8.5). Structural valve degeneration (SVD) was defined on transtho-
racic echocardiography (TTE) as follows: (1) mean pressure gradient >20 mm Hg with a
>10 mm Hg increase from the post-TAVI baseline, and/or (2) moderate or severe transvalvu-
lar regurgitation. The mean patient age was 82.7 £ 6.4 years, and 37.7% of patients were
men. Median Society of Thoracic Surgeons score was 7.6% (interquartile range 5.8 to 10.9).
TTE =5 years was 76.1% complete (51 of 67 patients who survived >5 years postoperatively).
The estimated cumulative survival rates at 1, 3, 5, and 7 years were 88.6%, 72.8%, 58.8%,
and 45.3 %, respectively. Albumin <3.5 g/dl was strongly associated with increased long-term
mortality on multivariate analysis. Longitudinal TTE confirmed durable performance of
THY up to 7 years in the majority of patients; however, 6 patients (5.3% of the total cohort)
experienced SVD during the follow-up. In conclusion, this study demonstrated
favorable long-term survival and stable THV performance after TAVI, although SVD was
not rare. © 2019 Elsevier Inc. All rights reserved. (Am J Cardiol 2019;124:573—579)

Transcatheter aortic valve implantation (TAVI) is
widely accepted as a therapeutic option to surgical aortic
valve replacement (SAVR) in patients with severe aortic
stenosis who are not considered good surgical candidates.'
Technical developments have contributed to better TAVI
outcomes, including decreased rates of intraprocedural
complications, postprocedural aortic regurgitation, and
short-term adverse events.”" Several registries and clinical
trials have also demonstrated favorable long-term out-
comes. The Placement of Aortic Transcatheter Valves trial
confirmed a comparable 5-year mortality rate of TAVI to
SAVR in high-risk patients, and the superiority of TAVI in
comparison to standard treatment in inoperable patients.’
Stable transcatheter heart valve (THV) performance was
also confirmed in these studies. Recent randomized trials
for balloon-expandable or self-expanding valves demon-
strated similar composite rates of death from any cause or
stroke during the 2 years between TAVI and SAVR in inter-
mediate surgical-risk patients.”* More centers are applying
TAVI for lower surgical-risk patients with longer life
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expectancy. To date, however, the number of studies inves-
tigating TAVI beyond 5 years is limited,”'’ and data
beyond 5 years are needed, including durability data of
THV. Here, we investigated the long-term clinical out-
comes (>5 years) and THV performance of patients who
underwent TAVI using annual follow-up data at our center.

Methods

We reviewed 114 consecutive patients who underwent
TAVI for severe native aortic stenosis from October 2009
to November 2013 at our center. All patients were consid-
ered prohibitive or high risk for SAVR and underwent
TAVI at least 5 years before this study. Clinical data were
prospectively collected from the electronic medical record
and entered into the institutional registry. Patients were rou-
tinely followed with clinical and transthoracic echocardiog-
raphy (TTE) evaluation before discharge, and at 1 month, 6
months, 1 year, and yearly thereafter following TAVI.
Those who did not visit our center were followed by phone
or inquiry to the referring hospital. Finally, every patient
had at least 5 years of follow-up without any lost to follow-
up. TTE data >5 years postoperation were obtained in 51 of
67 patients (76.1%) who survived >5 years. Adverse events
were judged according to the Valve Academic Research
Consortium-2 criteria.’' The study was approved by the
Institutional Review Board of our institution. Written
informed consent was obtained from all patients.
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The TAVI procedure was performed in a hybrid operating
room under general anesthesia and transesophageal echocar-
diographic guidance as previously described by our group.'”
Briefly, implanted THVs included balloon-expandable valves,
that is, SAPIEN or SAPIEN XT (Edwards Lifesciences,
Irvine, California), and self-expanding valves, that is, Core-
Valve (Medtronic, Minneapolis, Minnesota) or ACURATE
neo (Symetis, Ecublens, Switzerland). An on-site dedicated
cardiologist assessed for valve positioning and paravalvular
leak (PVL) using transesophageal echocardiography, in con-
junction with postimplantation aortography and hemodynamic
measurements.

Based on recent proposal by Valve-in-Valve International
Data (VIVD),]3 structural valve degeneration (SVD) was
defined as follows on follow-up TTE assessment: (1) trans-
valvular mean pressure gradient (PG) >20 mm Hg with a
>10 mm Hg increase from the post-TAVI baseline, and/or (2)
moderate or severe transvalvular regurgitation. These criteria
correspond to SVD Stage 2 or 3 in the VIVD definition. The
post-TAVI baseline TTE was performed within 7 days after
the procedure. We excluded infective endocarditis, THV
thrombosis, isolated patient prosthesis mismatch, and PVL
from the SVD definition. Four-dimensional computed tomog-
raphy was used to rule out leaflet thrombosis by assessing for
hypo-attenuating leaflet thickening or hypo-attenuation affect-
ing motion."* In patients who were planned for transcatheter
aortic valve (TAV) implantation inside the first TAV (TAV-in-
TAV), transesophageal echocardiography was also performed
to confirm the diagnosis of SVD.

Continuous variables are expressed as means =+ standard
deviation or median (interquartile range). Categorical varia-
bles are expressed as absolute numbers and percent values.
Time-to-event curves for long-term survival based on all
available follow-up data were performed using Kaplan-
Meier methods. Cox proportional-hazards regression was
used to adjust for the effect of pertinent variables on long-
term mortality: age, gender, body mass index (BMI), Soci-
ety of Thoracic Surgeons score, New York Heart Association
classification, chronic dialysis, and albumin. All analyses
were 2-sided, and significance was judged at p <0.05. All
statistical analyses were performed with JMP software (SAS
Institute, Cary, North Carolina).

Results

Baseline characteristics and echocardiographic data of
114 patients are presented in Table 1. TAVI was performed
through a trans-femoral (n=67, 58.8%), transapical (n=41,
36.0%), trans-subclavian (n=3, 2.6%), or direct aortic
approach (n=3, 2.6%) with predominant use of balloon-
expandable valves (Table 2). THVs and their sizes were
as follows: SAPIEN, n =46 (n =29 for 23 mm and n= 17 for
26 mm); SAPIEN XT, n=35 (n=6 for 20 mm, n=23 for
23 mm, and n=6 for 26 mm); CoreValve, n=25 (n=3
for 23 mm, n=15 for 26 mm, and n="7 for 29 mm); ACU-
RATE neo, n=8 (n=4 for 23 mm, n=3 for 25 mm, and
n=1 for 27 mm). In-hospital mortality was observed in
4 patients (3.5%). A total of 58 (50.9%) patients died during
the follow-up period (median time to death or latest follow-
up: 5.0 years [range: 0.1 to 8.5]) after TAVIL. Of these, 2
(1.8%) deaths occurred within 30 days. The most common

Table 1
Baseline characteristics
Variable n=114
Age (years) 82.7+ 6.4
Men 43 (38%)
Body mass index (kg/m?) 22.1 £3.5
Society of Thoracic Surgeons score (%) 7.6[5.8,10.9]
New York Heart Association I1I or IV 66 (58%)
Chronic obstructive pulmonary disease 39 (34%)
Diabetes 29 (25%)
Previous stroke 27 (24%)
Peripheral arterial disease 33 (29%)
Chronic dialysis 7 (6.1%)
Liver cirrhosis 6 (5.3%)
Hemoglobin (g/dl) 11.1+1.6
Estimated glomerular filtration rate < 60 ml/min/1.73 m? 82 (72%)
Albumin < 3.5 g/dl 27 (24%)
Previous myocardial infarction 13 (11%)
Previous coronary artery bypass grafting 16 (14%)
Previous percutaneous coronary intervention 30 (26%)
Permanent pacemaker 7 (6.1%)
Left ventricle ejection fraction < 50% 21 (18%)
Aortic valve mean gradient (mm Hg) 58.2+18.8
Aottic valve area (cm?) 0.63 £0.18
Aortic regurgitation > moderate 14 (12%)
Mitral regurgitation > moderate 10 (8.7%)
Table 2
Procedural and in-hospital outcomes
Variable n=114
Valve type

Balloon-expandable 81 (71%)

Self-expanding 33 (29%)
Femoral access 67 (59%)
Emergent open heart surgery 2 (1.8%)
Second valve deployed 2 (1.8%)

Stroke 7 (6.1%)

Myocardial infarction 5 (4.4%)
Life-threatening or major bleeding 13 (11%)
Vascular complications
Major 6 (5.3%)
Minor 5 (4.4%)
New permanent pacemaker implantation 20 (18%)
In-hospital mortality 4 (3.5%)

reason for death was infection/sepsis (n=20, 34.5%), fol-
lowed by cardiac causes (n=11, 19.0%) and stroke (n=7,
12.1%; Table 3). After excluding mortality occurring up to 1
year after TAVI, the order was still consistent. The estimated

Table 3

Causes of mortality

Variable Overall (n=58) <lyear(n=13) >1year(n=45)
Infection/Sepsis 20 (35%) 4 (31%) 16 (36%)
Cardiac causes 11 (19%) 4 (31%) 7 (16%)
Stroke 7 (12%) 1 (7.7%) 6 (13%)
Cancer 6 (10%) 2 (15%) 4 (8.9%)
Renal failure 2 (3.4%) 1 (7.7%) 1(2.2%)
Hepatic failure 2 (3.4%) 0 (0.0%) 2 (4.4%)
Others 8 (14%) 1(7.7%) 7 (16%)
Unknown 2 (3.4%) 0 (0.0%) 2 (4.4%)
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Figure 1. Kaplan-Meier curves for survival estimates. (A) Freedom from all-cause mortality. (B) Freedom from cardiovascular mortality.

cumulative survival rates at 1, 3, 5, and 7 years were 88.6%,
72.8%, 58.8%, and 45.3%, respectively, as calculated by
Kaplan-Meier analysis (Figure 1). A curve for freedom from
cardiovascular mortality during the follow-up period is shown
in Figure 1.

The unadjusted and multivariate-adjusted effects of
baseline or procedural variables on long-term mortality are
presented in Table 4. Lower BMI and low serum albumin
level (<3.5 g/dl) were significantly associated with

increased mortality on univariate analysis. After adjustment
using these variables and other clinically important varia-
bles such as age, gender, Society of Thoracic Surgeons
score, New York Heart Association classification, and
chronic dialysis, only the low serum albumin level
(adjusted hazard ratio 2.44; 95% confidence interval [CI]
1.33 to 4.31; p = 0.0047) was significantly predictive of
long-term mortality. Additionally, procedural outcomes
such as new permanent pacemaker implantation (p = 0.24)

Table 4

Unadjusted and adjusted baseline or procedural risk factors for long-term mortality

Variable Hazard ratio (95% p value Adjusted hazard ratio p value
confidence interval) (95% confidence interval)

Age (years) 1.00 (0.96—1.05) 0.84 1.01 (0.96—1.06) 0.82

Men 1.61 (0.95-2.70) 0.075 1.55(0.87—-2.73) 0.13

Body mass index (kg/mz) 0.91 (0.84—0.99) 0.036 0.94 (0.85—1.03) 0.16

Society of Thoracic Surgeons score (%) 1.03 (1.00—1.06) 0.081 1.01 (0.97—1.05) 0.48

New York Heart Association III or IV 1.45 (0.85—-2.55) 0.17 1.32 (0.75-2.39) 0.35

Chronic obstructive pulmonary disease 0.82 (0.46—1.41) 0.49

Diabetes 1.19 (0.65—2.07) 0.57

Previous stroke 0.95 (0.50—1.69) 0.87

Peripheral arterial disease 1.12 (0.63—1.92) 0.70

Chronic dialysis 2.22 (0.77-5.08) 0.13 2.45 (0.77—-6.55) 0.12

Liver cirrhosis 2.05 (0.62—5.04) 0.21

Hemoglobin (g/dl) 0.90 (0.76—1.05) 0.19

Estimated glomerular filtration rate < 60 ml/min/1.73 m? 1.36 (0.76—2.63) 0.32

Albumin < 3.5 g/dl 2.60 (1.46—4.49) 0.0016 2.44 (1.33-4.31) 0.0047

Previous myocardial infarction 1.10 (0.45-2.27) 0.82

Previous coronary artery bypass grafting 0.77 (0.32—1.59) 0.50

Previous percutaneous coronary intervention 1.22 (0.67-2.11) 0.50

Prior permanent pacemaker 1.89 (0.66—4.31) 0.21

Left ventricle ejection fraction < 50% 1.52 (0.79-2.75) 0.20

Aortic valve mean gradient (mm Hg) 1.00 (0.98—1.01) 0.56

Aortic valve area (cm?) 0.68 (0.16—2.61) 0.59

Aortic regurgitation > moderate 0.88 (0.36—1.81) 0.74

Mitral regurgitation > moderate 1.76 (0.72—-3.64) 0.19

Valve type (balloon-expandable) 1.59 (0.88—3.08) 0.13

Femoral access 0.86 (0.51—1.46) 0.58
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Figure 2. Transcatheter heart valve performance. (A) Mean aortic gradient and aortic valve area. (B) Paravalvular leak. (C) Transvalvular leak.

and PVL >mild (p = 0.13) were not associated with an
increased hazard of mortality on univariate analysis.

TTE follow-up data were obtained in 51 patients
>5 years after TAVI: 51 patients at 5 years (effective orifice
area and mean PG were not available in 2 patients), 24
patients at 6 years, and 7 patients at 7 years. The chronol-
ogy of changes in THV performance is shown in Figure 2.
The effective orifice area and mean transvalvular PG
remained unchanged throughout the follow-up period. The
frequency of PVL or transvalvular regurgitation >moderate
was very low at post-TAVI baseline (0.9% and 0.0%,
respectively), and the severity remained stable. However,
2 patients underwent TAV-in-TAV due to increasing PVL
and device migration 17 days and 6 months after the first
TAVI, respectively. Six patients (5.3% of the total cohort)
experienced SVD during the follow-up period. One patient
was on chronic dialysis. Detailed TTE follow-up data in
each patient are shown in Table 5. Four patients had SVD
of balloon-expandable valves, which was diagnosed 2 to
5 years after the procedure, and the mode of degeneration
was equally distributed for either stenosis or regurgitation.
In the 2 patients with self-expanding valves, both had
severe transvalvular regurgitation 6 years postoperatively.
Four symptomatic patients underwent TAV-in-TAV by
compassionate use. The other 2 patients with SVD were
asymptomatic and treated medically. The estimated rates of
SVD at 5 and 7 years were 5.6% (95% CI 2.1 to 14.2) and
11.1% (95% CI 4.7 to 24.1), respectively, using Kaplan-
Meier actuarial analysis.

Discussion

This study produced 3 primary findings. First, patients
who had prohibitive or high surgical risk showed favorable
long-term survival rates of 58.8% for 5 years and 45.3% for
7 years after the TAVI procedure. Second, multivariate
analysis in our registry demonstrated that a low serum
albumin level of <3.5 g/dl was the only strong predictor of
poorer long-term survival. Third, THV hemodynamics
was stable up to 7 years in most patients, whereas 5.3%
of patients experienced SVD with >moderate stenosis or
regurgitation.

Our study demonstrated a higher 5-year survival rate
than previous studies. For example, the studies from Ital-
ian and Canadian centers involving early TAVI patients
demonstrated 35% to 45% survival at 5 years.'”'® Seven
years data are available in a few studies that reported
survival rates from 23% to 35%.”'C which was lower
than our result of 45% at 7 years. One reason for this
observation may be the difference in study period. We
may have applied multislice computed tomography more
for TAVI planning in the most recent patients who
underwent TAVI from 2009 to 2013, leading to better
outcomes after the procedure. This is supported by the
lower rate of significant PVL (>moderate) in the current
study than that in previous studies. Robust association
between PVL presence and poorer prognosis after TAVI
has been confirmed by large clinical trials and meta-
analyses.'’
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Table 5

Transthoracic echocardiography follow-ups among patients with structural valve degeneration

Treatment

Transthoracic echocardiography follow-up

Transcatheter aortic valve

Age
/Gender

6 years 7 years

S years
46

3 years 4 years

2 years

1 year
15

Post
16
None
2.0

Parameter

TAV-in-TAV

10
None

Mean gradient (mm Hg)
Transvalvular leak

SAPIEN XT
23 mm

83

None None
2.3

None
2.2

None

Female
84

Medication

*Peak velocity (m/s)
Transvalvular leak

SAPIEN XT
23 mm

Severe

Severe

None

Female
80

Medication

12

13

13
Trace

10

10
Mild

Mean gradient (mm Hg)
9

Transvalvular leak

CoreValve

29 mm

Severe Severe

None Trace

None

Mild
10

Male

TAV-in-TAV

Mean gradient (mm Hg)
Transvalvular leak

CoreValve

26 mm

89

4

Severe

Mild

Trace
10

None Trace Trace

11

None

Male

TAV-in-TAV

13

10
Moderate

13
None
20

Mean gradient (mm Hg)
Transvalvular leak

SAPIEN
23 mm

86

Severe

Moderate

None
62

None
16

Female
76
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TAV-in-TAV

Mean gradient (mm Hg)
Transvalvular leak

SAPIEN
23 mm

Mild

Mild

Trace

Male

* Mean pressure gradient was not available.

Low serum albumin has been demonstrated as a risk fac-
tor associated with poorer 30-day and 1-year survival
across several studies with a cut-off value of 3.3 to 4.0
g/d."* %" Frailty is currently widely used as a tool for
patient selection, risk prediction, and postprocedural care
under the multidisciplinary Heart Valve Team approach for
TAVI. Valve Academic Research Consortium-2 considers
frailty as a patient characteristic to be included in the risk
models of TAVI, and serum albumin <3.5 g/dl is listed as
one of the frailty criteria.'’ Multicenter registry demon-
strated that hypoalbuminemia (defined as serum albumin
level <3.5 g/dl) was associated with an increased risk of
mortality during a median follow-up of 330 days, driven by
a higher incidence of non-cardiovascular mortality than
nonhypoalbuminemia.”’ Our study revealed that hypoalbu-
minemia remains predictive of mortality even in long-term
follow-up of >5 years. This in turn suggests that despite a
successful procedure, impaired functional recovery and a
malnourished condition of frail patients continue to exert
influence over a long time. These patients are thus more
likely to develop infectious diseases, which were the most
frequent cause of mortality in this study.

Several studies evaluating THV performance with >5-
year follow-up were recently published.'”*"** The data
from the Placement of Aortic Transcatheter Valves trial
and its continued-access observational studies showed
favorable durability of THV up to 5 years with minimal
longitudinal changes in aortic valve mean gradient, effec-
tive orifice area, and Doppler velocity index in 2,482
patients.”” Re-interventions due to SVD of THV occurred
in only 5 patients. A recent meta-analysis assessing risk of
SVD reported rates that ranged widely from O to 1.34 per
100 patient-years across 13 studies with median follow-ups
from 1.6 to Syears.”* The pooled incidence of SVD in
8,914 patients was 28.08 per 10,000 patient-years (95% CI
2.46 to 73.44). More recently, an observational study dem-
onstrated a 3.2% SVD rate among patients followed for up
to 11 years (median, 3.1 years).”” This inconsistency of the
rates among studies may have derived from the nonuniform
definitions of SVD: some studies simply used a fixed cut-
off point of aortic valve mean PG, leading to a relative
overdiagnosis of SVD in patients with patient prosthesis
mismatch at the post-TAVI baseline, whereas others
adopted an increase in mean PG >10 mm Hg from the post-
TAVI baseline as a definition of SVD. Our present study
utilized the recent proposal by the VIVD (SVD Stage 2 or
3) that includes both mean PG >20 mm Hg and >10 mm
Hg increase from the post-TAVI baseline. Despite our rela-
tively strict definition of SVD, we demonstrated a higher
SVD rate (5.3%) than these previous reports. A potential
explanation may be our better survival rate: more patients
were alive for long-term TTE screening, and thus more
SVDs could be detected. Additionally, patients in our study
had lower BMI and were consequently implanted with
smaller THVSs than those in previous studies.”**” This may
have also influenced the durability of THV.

Large studies have evaluated the long-term durability of
recent surgical bioprosthetic valves. The Hancock II (Med-
tronic) porcine valve showed actuarial estimates of freedom
from SVD in 1,134 patients at 5, 10, and 20 years of 99.7%,
97.6% and 63.4%, respectively.”” In the report of
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Carpentier-Edwards Perimount (Edwards Lifesciences)
pericardial valve involving 2,659 patients, actuarial free-
dom from SVD at 15 and 20 years was 78.6% and 48.5%,
respectively.”® Only 6 cases of SVD arose within the first
5 years after the operation. These excellent durability data
of recent surgical bioprostheses, together with our relatively
high SVD rate, indicate that the application of TAVI should
be carefully expanded to younger patients at lower
surgical risk. Finally, results from larger studies, alongside
ongoing clinical trials, are awaited to determine the durabil-
ity of THV.

The present study is limited by its relatively small sam-
ple size. The long-term risk of SVD was assessed in a lim-
ited number of patients, although our survival rate (58.8%
at 5 years) was much better than previous studies. There
was no external core laboratory. Thus, implanted THV per-
formance was evaluated by an institutional cardiologist and
specialized sonographers. Most of the patients included in
this study received first-generation THVs. Newer-genera-
tion devices have a different frame design and include seal-
ing skirts to eliminate significant PVL. Thus, the results on
long-term THV performance cannot be immediately inter-
preted into the current clinical practice. Finally, the data
were from the initial TAVI experience of the physicians
and Heart Valve Team at a single center. A learning curve
may have influenced the outcomes, including the durability
of THV.

In conclusion, this study demonstrated favorable long-
term outcomes (>5 years) in high-risk or inoperable
patients who underwent TAVI. THV performance was sta-
ble in most patients, whereas SVD with >moderate THV
stenosis or regurgitation was detected in 5.3% of patients.

Disclosures

Drs. Sawa and Sakata receive research grants and schol-
arship funds from Edwards Lifesciences and Medtronic.
The other authors have no disclosures.

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

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

3. Husser O, Pellegrini C, Kessler T, Burgdorf C, Thaller H, Mayr NP,
Ott I, Kasel AM, Schunkert H, Kastrati A, Hengstenberg C. Outcomes
after transcatheter aortic valve replacement using a novel balloon-
expandable transcatheter heart valve: a single-center experience.
JACC Cardiovasc Interv 2015:8:1809-1816.

4. Kalra SS, Firoozi S, Yeh J, Blackman DJ, Rashid S, Davies S, Moat N,
Dalby M, Kabir T, Khogali SS, Anderson RA, Groves PH, Mylotte D,
Hildick-Smith D, Rampat R, Kovac J, Gunarathne A, Laborde JC,
Brecker SJ. Initial experience of a second-generation self-expanding
transcatheter aortic valve: the UK & Ireland Evolut R Implanters’ Reg-
istry. JACC Cardiovasc Interv 2017;10:276-282.

5. Mack MJ, Leon MB, Smith CR, Miller DC, Moses JW, Tuzcu EM,
Webb JG, Douglas PS, Anderson WN, Blackstone EH, Kodali SK,

10.

11.

12.

13.

14.

15.

Makkar RR, Fontana GP, Kapadia S, Bavaria J, Hahn RT, Thourani
VH, Babaliaros V, Pichard A, Herrmann HC, Brown DL, Williams M,
Akin J, Davidson MJ, Svensson LG, investigators Pt. 5-year outcomes
of transcatheter aortic valve replacement or surgical aortic valve
replacement for high surgical risk patients with aortic stenosis (PART-
NER 1): a randomised controlled trial. Lancet 2015;385:2477-2484.

. Kapadia SR, Leon MB, Makkar RR, Tuzcu EM, Svensson LG, Kodali S,

Webb JG, Mack MJ, Douglas PS, Thourani VH, Babaliaros VC, Herr-
mann HC, Szeto WY, Pichard AD, Williams MR, Fontana GP, Miller
DC, Anderson WN, Akin JJ, Davidson MJ, Smith CR, investigators Pt.
5-year outcomes of transcatheter aortic valve replacement compared with
standard treatment for patients with inoperable aortic stenosis (PARTNER
1): a randomised controlled trial. Lancet 2015;385:2485-2491.

. Reardon MJ, Van Mieghem NM, Popma JJ, Kleiman NS, Sondergaard L,

Mumtaz M, Adams DH, Deeb GM, Maini B, Gada H, Chetcuti S, Glea-
son T, Heiser J, Lange R, Merhi W, Oh JK, Olsen PS, Piazza N, Williams
M, Windecker S, Yakubov SJ, Grube E, Makkar R, Lee JS, Conte J,
Vang E, Nguyen H, Chang Y, Mugglin AS, Serruys PW, Kappetein AP,
Investigators S. Surgical or transcatheter aortic-valve replacement in inter-
mediate-risk patients. N Engl J Med 2017;376:1321-1331.

. Leon MB, Smith CR, Mack MJ, Makkar RR, Svensson LG, Kodali

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

. Deutsch MA, Erlebach M, Burri M, Hapfelmeier A, Witt OG, Ziegel-

mueller JA, Wottke M, Ruge H, Krane M, Piazza N, Bleiziffer S,
Lange R. Beyond the five-year horizon: long-term outcome of high-
risk and inoperable patients undergoing TAVR with first-generation
devices. Eurolntervention 2018;14:41-49.

Holy EW, Kebernik J, Abdelghani M, Stampfli SF, Hellermann J,
Allali A, El-Mawardy M, Sachse S, Luscher TF, Tanner FC, Richardt
G, Abdel-Wahab M. Long-term durability and haemodynamic perfor-
mance of a self-expanding transcatheter heart valve beyond five years
after implantation: a prospective observational study applying the
standardised definitions of structural deterioration and valve failure.
Eurolntervention 2018;14:¢390-e396.

Kappetein AP, Head SJ, Genereux 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, Rodes-
Cabau J, Vranckx P, Webb JG, Windecker S, Serruys PW, Leon MB.
Updated standardized endpoint definitions for transcatheter aortic
valve implantation: the Valve Academic Research Consortium-2 con-
sensus document. J Am Coll Cardiol 2012;60:1438-1454.

Ichibori Y, Mizote I, Maeda K, Onishi T, Ohtani T, Yamaguchi O,
Torikai K, Kuratani T, Sawa Y, Nakatani S, Sakata Y. Clinical out-
comes and bioprosthetic valve function after transcatheter aortic valve
implantation under dual antiplatelet therapy vs. aspirin alone. Circ J
2017;81:397-404.

Dvir D, Bourguignon T, Otto CM, Hahn RT, Rosenhek R, Webb JG,
Treede H, Sarano ME, Feldman T, Wijeysundera HC, Topilsky Y,
Aupart M, Reardon MJ, Mackensen GB, Szeto WY, Kornowski R,
Gammie JS, Yoganathan AP, Arbel Y, Borger MA, Simonato M, Reis-
man M, Makkar RR, Abizaid A, McCabe JM, Dahle G, Aldea GS,
Leipsic J, Pibarot P, Moat NE, Mack MJ, Kappetein AP, Leon MB,
Investigators V. Standardized definition of structural valve degenera-
tion for surgical and transcatheter bioprosthetic aortic valves. Circula-
tion 2018;137:388-399.

Makkar RR, Fontana G, Jilaihawi H, Chakravarty T, Kofoed KF, De
Backer O, Asch FM, Ruiz CE, Olsen NT, Trento A, Friedman J, Ber-
man D, Cheng W, Kashif M, Jelnin V, Kliger CA, Guo H, Pichard
AD, Weissman NJ, Kapadia S, Manasse E, Bhatt DL, Leon MB, Son-
dergaard L. Possible subclinical leaflet thrombosis in bioprosthetic
aortic valves. N Engl J Med 2015;373:2015-2024.

Barbanti M, Petronio AS, Ettori F, Latib A, Bedogni F, De Marco F,
Poli A, Boschetti C, De Carlo M, Fiorina C, Colombo A, Brambilla N,
Bruschi G, Martina P, Pandolfi C, Giannini C, Curello S, Sgroi C,
Gulino S, Patane M, Ohno Y, Tamburino C, Attizzani GF, Imme S,
Gentili A, Tamburino C. 5-year outcomes after transcatheter aortic
valve implantation with CoreValve prosthesis. JACC Cardiovasc
Interv 2015;8:1084-1091.


http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0015
www.ajconline.org

16.

17.

18.

19.

20.

21.

Valvular Heart Disease/Long-Term Outcomes of TAVI

Toggweiler S, Humphries KH, Lee M, Binder RK, Moss RR, Freeman M,
Ye J, Cheung A, Wood DA, Webb JG. 5-year outcome after transcatheter
aortic valve implantation. J Am Coll Cardiol 2013;61:413-419.

Takagi H, Umemoto T, Group A. Impact of paravalvular aortic regur-
gitation after transcatheter aortic valve implantation on survival. Int J
Cardiol 2016;221:46-51.

Hermiller JB Jr., Yakubov SJ, Reardon MJ, Deeb GM, Adams DH,
Afilalo J, Huang J, Popma JJ, CoreValve United States Clinical I. Pre-
dicting early and late mortality after transcatheter aortic valve replace-
ment. J Am Coll Cardiol 2016;68:343-352.

Bogdan A, Barbash IM, Segev A, Fefer P, Bogdan SN, Asher E, Fink N,
Hamdan A, Spiegelstein D, Raanani E, Guetta V. Albumin correlates
with all-cause mortality in elderly patients undergoing transcatheter aortic
valve implantation. Eurolntervention 2016;12:¢1057—-e1064.

Yamamoto M, Shimura T, Kano S, Kagase A, Kodama A, Sago M, Tsu-
naki T, Koyama Y, Tada N, Yamanaka F, Naganuma T, Araki M, Shirai
S, Watanabe Y, Hayashida K. Prognostic value of hypoalbuminemia after
transcatheter aortic valve implantation (from the Japanese multicenter
OCEAN-TAVI registry). Am J Cardiol 2017;119:770-777.

Didier R, Eltchaninoff H, Donzeau-Gouge P, Chevreul K, Fajadet J, Lep-
rince P, Leguerrier A, Lievre M, Prat A, Teiger E, Lefevre T, Tchetche D,
Carrie D, Himbert D, Albat B, Cribier A, Sudre A, Blanchard D, Rioufol
G, Collet F, Houel R, Dos Santos P, Meneveau N, Ghostine S, Manigold
T, Guyon P, Cuisset T, Le Breton H, Delepine S, Favereau X, Souteyrand
G, Ohlmann P, Doisy V, Lognone T, Gommeaux A, Claudel JP, Bourlon
F, Bertrand B, Tung B, Gilard M. Five-year clinical outcome and valve

22.

23.

24.

25.

26.

579

durability after transcatheter aortic valve replacement in high-risk
patients. Circulation 2018;138:2597-2607.

Eltchaninoff H, Durand E, Avinee G, Tron C, Litzler PY, Bauer F,
Dacher JN, Werhlin C, Bouhzam N, Bettinger N, Candolfi P,
Cribier A. Assessment of structural valve deterioration of trans-
catheter aortic bioprosthetic balloon-expandable valves using the
new European consensus definition. Eurolntervention 2018;14:
e264-e271.

Douglas PS, Leon MB, Mack MJ, Svensson LG, Webb JG, Hahn
RT, Pibarot P, Weissman NJ, Miller DC, Kapadia S, Herrmann
HC, Kodali SK, Makkar RR, Thourani VH, Lerakis S, Lowry AM,
Rajeswaran J, Finn MT, Alu MC, Smith CR, Blackstone EH,
Investigators PT. Longitudinal hemodynamics of transcatheter and
surgical aortic valves in the PARTNER trial. JAMA Cardiol
2017;2:1197-1206.

Foroutan F, Guyatt GH, Otto CM, Siemieniuk RA, Schandelmaier S,
Agoritsas T, Vandvik PO, Bhagra S, Bagur R. Structural valve deteriora-
tion after transcatheter aortic valve implantation. Heart 2017;103:1899—
1905.

David TE, Armstrong S, Maganti M. Hancock II bioprosthesis for aor-
tic valve replacement: the gold standard of bioprosthetic valves dura-
bility? Ann Thorac Surg 2010;90:775-781.

Bourguignon T, Bouquiaux-Stablo AL, Candolfi P, Mirza A, Loardi C,
May MA, El-Khoury R, Marchand M, Aupart M. Very long-term out-
comes of the Carpentier-Edwards Perimount valve in aortic position.
Ann Thorac Surg 2015;99:831-837.


http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30592-2/sbref0026

	Long-Term Outcomes of High-Risk or Inoperable Patients Who Underwent Transcatheter Aortic Valve Implantation
	Methods
	Results
	Discussion
	Disclosures


