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ABSTRACT

INTRODUCTION Transcatheter aortic valve-in-valve implantation (ViV-TAVI) has emerged as an alternative
to redo surgery in patients with failed surgical aortic bioprosthesis.

0BJECTIVES We evaluated the safety and efficacy of ViV-TAVI in Polish patients after surgical aortic
valve replacement.

PATIENTS AND METHODS  This was a nationwide multicenter registry of ViV-TAVI procedures. Data were
collected using an online form, and the clinical follow-up lasted 1 year.

RESULTS  From 2008 to 2020, 130 ViV-TAVI procedures were performed (1.9% of all transcatheter aortic
valve implantation [TAVI] cases). A considerable increase in ViV-TAVI procedures since 2018 has been
observed (n = 59, 45% of ViV-TAVI cases). Hancock Il, Freestyle, and homograft were the most frequently
treated bioprostheses. The self-expanding supra-annular Corevalve /Evolut valve was used in 76% of cases.
In 21% of cases, the mean postprocedural pressure gradient (PG) exceeded 20 mm Hg. All-cause mortal-
ity at 1 year was 10.8%. Aortic valve stenosis was associated with a higher mean PG than aortic valve
regurgitation or mixed disease (P = 0.004). Supra-annular transcatheter aortic valves were associated with
lower mean PGs than intra-annular valves (P = 0.004). Second-generation devices were associated with
shorter procedure time (120 min vs 135 min, P = 0.04), less frequent need for additional TAVI (2% vs 10%,
P = 0.04), and lower 1-year cardiovascular mortality (95% vs 82.8%, P = 0.03) than first-generation valves.
concLusions Transcatheter treatment of failed bioprostheses is increasingly common, with the best
hemodynamic effect shown for supra-annular valves. The introduction of second-generation valves has
improved procedural and clinical outcomes.
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WHAT'S NEW?

performed in a position other than the aortic
valve were excluded. A decision to refer a patient
for ViV-TAVI was made by a Heart Team at each
individual center. Anonymized data were collected
retrospectively since 2010 and then prospective-
ly after the start of the registry. Data collection
was completed in May 2020. Investigators at con-
tributing centers reported the data using a dedi-
cated online case report form. The reported data

Patients with failed surgical aortic bioprostheses requiring transcatheter
valve-in-valve procedures constitute a very specific population of patients
undergoing transcatheter aortic valve implantation (TAVI) that is expected
to grow in the future. The present study reports the results from the Polish
Transcatheter Aortic Valve-in-Valve Implantation (ViV-TAVI) Registry with
the aim to better understand the frequency, characteristics, safety, and ef-
ficacy of this novel procedure in Poland.

INTRODUCTION  Since the first procedure in 2002,
transcatheter aortic valve implantation (TAVI) has
established its place as an effective treatment for
symptomatic severe stenosis of the native aortic
valve in inoperable patients or those at high-to-
-intermediate risk."? Moreover, recent random-
ized clinical trials have shown that TAVI with
both self-expandable and balloon-expandable
devices is noninferior to surgical aortic valve re-
placement (SAVR) in low-risk patients.®* Never-
theless, aortic valve stenosis is the most common
type of acquired structural heart disease in devel-
oped countries, and SAVR remains the gold stan-
dard treatment, especially in younger lower-risk
patients. Currently, SAVR constitutes more than
20% of all cardiac surgery procedures in Poland®
Importantly, irrespective of patient age, a con-
siderable shift towards the use of biological (as
opposed to mechanical) bioprostheses can be ob-
served, driven primarily by a desire to avoid life-
long antithrombotic treatment.® Due to natural
degeneration processes, the expected durability
of bovine or porcine valves is still considerably
shorter compared with that of mechanical ones,
especially when implanted in younger popula-
tions.® Therefore, with the growing life expectan-
cy of patients currently undergoing SAVR, a con-
siderable rise in the number of patients requir-
ing valve-in-valve TAVI (ViV-TAVI) is expected.
Currently, a ViV-TAVI procedure is recognized as
a viable therapeutic option for symptomatic pa-
tients with aortic bioprosthesis dysfunction. Its
use was comprehensively evaluated in a large in-
ternational registry, showing promising results
and underlining important issues.” However, little
is known about the Polish population of patients
undergoing ViV-TAVI procedures. Available data
are limited to several small, single-center studies
or case reports, which limits the generalizability
of the results.®® Therefore, to assess the safety
and efficacy of ViV-TAVI in Poland, we designed
a nationwide registry of all cases undergoing this
novel procedure.

PATIENTS AND METHODS  The Polish Transcath-
eter Aortic Valve-in-Valve Implantation (ViV-
-TAVI) Registry (ClinicalTrials.gov identifier,
NCT03361046) was initiated on January 1, 2018.
It was designed to collect data of all patients who
underwent ViV-TAVI (including any type of a sur-
gical aortic prosthesis or homograft) in all 14 cen-
ters performing ViV-TAVI in Poland. Procedures
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were continuously monitored for inconsistencies.

The following data were reported: baseline de-
mographic and clinical characteristics of patients,
the type of the aortic valve used for SAVR, pro-
cedural data including the type of the transcath-
eter aortic valve, echocardiographic parameters
before and after the procedure, and clinical out-
comes at 1-year follow-up. Cases were also divid-
ed into subgroups according to the mechanism of
failure (stenosis vs aortic valve regurgitation or
mixed aortic valve disease), design type of a de-
generated aortic valve (stented vs stentless or ho-
mograft), size of the aortic valve (small [<21 mm]
vs large [>21 mm]), type of transcatheter biopros-
thetic valve (supra-annular [Corevalve, Evolut R,
Evolut Pro, Symetis] vs intra-annular [Sapien XT,
Sapien 3, Lotus, Portico] leaflet attachment), and
generation of the implanted transcatheter aortic
valve (first-generation [CoreValve, Sapien XT] vs
second-generation [Evolut R, Evolut Pro, Sapi-
en 3, Lotus, Portico, Symetis]). The body surface
area was calculated using the Mosteller formu-
la. Before the procedure, surgical risk was evalu-
ated using the online calculators: logistic EuroS-
CORE (European System for Cardiac Operative
Risk Evaluation) and STS (Society of Thoracic
Surgeons) score. Major clinical end points were
assessed according to Valve Academic Research
Consortium-2 (VARC-2) criteria.'? Patients with
at least a moderate degree of stenosis (mean pres-
sure gradient [PG] >20 mm Hg) and concomitant
regurgitation (at least grade 3 or 4) at baseline
were classified as having a mixed mechanism of
bioprosthetic valve failure.

Statistical analysis The distribution of continu-
ous variables was assessed using the Shapiro-Wilk
test. Continuous variables with normal distribu-
tion were presented as mean (SD), and those with-
out normal distribution, as median (interquartile
range [IQR]). Categorical variables were presented
as number (percentage). The 2-sample ¢ test was
used for quantitative variables with normal dis-
tribution, while the Mann-Whitney test was ap-
plied for variables without normal distribution.
The ¥? test was used to compare nominal vari-
ables. The Kaplan-Meier curves were generated
to compare the rates of all-cause and cardiovascu-
lar mortality in different study subgroups (first-
-generation vs second-generation devices; failed
small (<21 mm) vs large [>21 mm] aortic valves;
the use of supra-annular vs intra-annular trans-
catheter aortic valves; surgical aortic valve ste-
nosis vs regurgitation or mixed aortic valve dis-
ease at baseline). The Cox proportional hazard



FIGURE 1 Temporal
trends in the number of
transcatheter aortic valve-
-in-valve implantation
(ViV-TAVI) procedures and
the percentage of ViV-
-TAVI procedures of all
transcatheter aortic valve
implantation (TAVI)
procedures performed in
Poland from 2008 to 2020
a Until the first quarter
of 2020
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regression model was used to identify predic-
tors of all-cause and cardiovascular death. Vari-
ables with a P value of less than 0.1 were included
in the multivariable analysis. The following clin-
ical predictors for all-cause mortality were en-
tered into the backward stepwise multivariable
regression model: second-generation transcath-
eter bioprostethetic valves, small bioprosteth-
ic valves, and balloon-expandable bioprosteth-
ic valves. The following clinical predictors of car-
diovascular mortality were entered into the back-
ward stepwise multivariable regression model:
male sex, intra-annular surgical bioprostethic
valves, and second-generation transcatheter aor-
tic valves. The results were presented as hazard
ratio (HR) with 95% ClIs. A 2-sided P value of less
than 0.05 was considered significant. The analy-
sis was processed using the SPSS software, ver-
sion 26 (IBM Statistics, New York, United States).

Ethics Owing to the retrospective and nonin-
terventional design of the study, the approval of
the ethics committee and written consent from
patients were not required.

RESULTS Characteristics of transcatheter aor-
tic valve-in-valve procedures and study population
Since the introduction of TAVI in Poland in 2008
until the end of this registry (March 2020), a to-
tal of 130 ViV-TAVI procedures were performed
and reported from the 14 centers. The numerical
increase in ViV-TAVI procedures reflected an in-
crease in the total annual number of TAVI, with
the largest gain observed since 2018 (n = 59;
45% of all ViV-TAVI procedures) (FIGURE 1). During
the study period, ViV-TAVI procedures constitut-
ed 1.9% of all TAVI cases in Poland.!"" The mean
number of ViV-TAVI procedures per center was
9.3, with only 3 centers having performed more
than 10 procedures.
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The median age of the study population was 76
years (IQR, 68-80), the median STS score was 4
(IQR, 2.9-7.0), and the median time from the last
aortic valve surgery was 8 years (IQR, 5.0-11.0).
More than one-third of patients (n = 51; 39%) had
atrial fibrillation and a history of coronary artery
bypass grafting (n = 48; 37%) (TABLE 1).

Characteristics of failed surgical bioprosthetic valves
Isolated stenosis was the underlying cause of bio-
prosthetic failure in nearly half of the population
(n = 64; 49%), and the median left ventricular
ejection fraction was 50% (1ABLE 1). Hancock II
(21% of procedures), Freestyle (13%), and ho-
mograft (11.5%) were identified as the most fre-
quently treated failed bioprosthetic valves (Sup-
plementary material, Figure SI).

Stented bioprostheses constituted the majori-
ty of failed bioprosthetic valves (n = 73; 56%). Pa-
tients with stentless valves or homografts were
younger at the time of ViV-TAVI than those with
stented valves (median, 74 years [IQR, 63-78] vs
77 years [IQR, 70-81]; P = 0.04) and had a longer
time since the last SAVR (median, 10.5 years [IQR,
6-15] vs 7 years [IQR, 4.5-10]; P = 0.001). The size
of failed bioprostheses was 21 mm or smaller in
almost half of the population (45%). The remain-
ing characteristics are presented in TABLE 2.

Procedural characteristics of transcatheter aor-
tic valve-in-valve implantation Most ViV-TAVI
procedures were performed using general an-
esthesia (n = 92; 71%) and a femoral delivery
route (n = 117; 90%). Self-expanding supra-
-annular valves (Corevalve, Evolut R, or Pro)
were most commonly used in the study popula-
tion (n = 99; 76%) (FIGURE 2). The median diame-
ter of all types of transcatheter aortic valves was
23 mm (IQR, 21-26). Balloon postdilation was
performed in 20 cases (15%). Recently, there has
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TABLE 1
-in-valve implantation

Baseline characteristics of patients referred for transcatheter aortic valve-

Parameter

Total (n = 130)

Demographic and clinical characteristics

Age.y

76 (68-80)

Female sex, n (%)

56 (43)

Body mass index, kg/m?

27.3 (24.2-29.0)

Body surface area, m?

1.83(1.72-1.98)

Time since last SAVR, y

8 (5-11)

Hypertension, n (%) 102 (78)
Atrial fibrillation, n (%) 51 (39)
Permanent pacemaker, n (%) 21 (16)
Stroke or TIA n (%) 16 (12)
Myocardial infarction, n (%) 12 (9)
CABG, n (%) 48 (37)

PCI, n (%) 21 (16)
NYHA functional class lll or IV, n (%) 83 (64)

Oral anticoagulant therapy, n (%) 43 (33)
Diabetes mellitus, n (%) 41 (32)
COPD, n (%) 9(7)

GFR, ml/min/1.73 m? 56.3 (20.3)
STS score 4(2.9-1.0)
Echocardiographic parameters

LVEF, % 50 (4-60)
EOA, cm? 0.81(0.51-1.1)
EOAI, cm?/m? 0.45 (0.31-0.60)
Mean pressure gradient, mm Hg 38 (26-50)
Maximum pressure gradient, mm Hg 64.5 (46-83)
Stenosis, n (%) 64 (49)
Regurgitation, n (%) 23 (18)
Mixed aortic valve disease, n (%) 43 (33)

Data are presented as median (IQR) or mean (SD) unless otherwise indicated.

Abbreviations: CABG, coronary artery bypass grafting; COPD, chronic obstructive
pulmonary disease; LVEF, left ventricular ejection fraction; EOA, effective orifice area;
EOAI, indexed effective orifice area; GFR, glomerular filtration rate; IQR, interquartile
range; NYHA, New York Heart Association; PCI, percutaneous coronary intervention;
SAVR, surgical aortic valve replacement; STS, Society of Thoracic Surgeons; TIA,

transient ischemic attack

FIGURE 2 Types of
implanted transcatheter
aortic valves
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been an increase in the use of postdilation. In
the period from 2010 to 2017, it was required in
only 11.3% of cases, while from 2018 to 2020,
it was used in 20.3% of cases (P = 0.22). Bio-
prosthetic aortic scallop intentional laceration
to prevent iatrogenic coronary artery obstruc-
tion (BASILICA) was not performed during ViV-
-TAVI in any of the cases, while a single case of
chimney stenting was reported (1ABLE 2). The most
common combination reported in the registry
was the implantation of Evolut R into Hancock II
(n =20;15%) (Supplementary material, Figure S4).
There were no differences in the STS score be-
tween first-generation and second-generation
groups (median, 4.4 [IQR, 3.1-8.8] vs 3.9 [IQR,
2.8-8.5]; P = 0.86). The most important proce-
dural differences between the first-generation
and second-generation transcatheter aortic
valves are presented in TABLE 3. In patients im-
planted with the second-generation valves, gen-
eral anesthesia was used less frequently than
in those receiving the first-generation valves
(TaBLE 3). The use of the second-generation valves
was also associated with a shorter procedure
time and a lower need for the implantation of
an additional valve, as compared with the first-
-generation valves.
Echocardiographic parameters Echocardio-
graphic outcomes of ViV-TAVI are presented in
TABLE 4. Stenosis of failed surgical bioprostheses
at baseline was associated with a higher mean
PG than regurgitation or mixed disease (medi-
an, 16 mm Hg [IQR, 13.5-22.5] vs 14.5 mm Hg
[IQR, 10-19]; P = 0.004). The ViV-TAVI proce-
dures performed in small surgical bioprostehses
(221 mm) were associated with a smaller effec-
tive orifice area after the procedure, as compared
with larger bioprostheses (median, 1.4 cm? [IQR,
1.2-1.6] vs 1.58 cm? [IQR, 1.45-1.7]; P = 0.005)
(Supplementary material, Figure S2). There were
no differences in preprocedural mean PG between
supra-annular and intra-annular valves (medi-
an, 37 mm Hg [IQR, 25-50] vs 39 mm Hg [IQR,

5%
° 4% 3% 2%

Evolut R/Pro

CoreValve Sapien 3

Sapien XT

Portico Lotus Accurate Neo

Transcatheter aortic valve
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TABLE 2 Baseline procedural
implantation

characteristics of transcatheter aortic valve-in-valve

Parameter Total (n = 130)

General anesthesia, n (%) 92 (71)
Nontransfemoral access, n (%) 13 (10)
Size of surgical bioprosthetic valve, mm 21 (19-23)
Small bioprosthetic valve (<21 mm), n (%) 58 (45)
Stented valve, n (%) 73 (56)
Stentless valve or homograft, n (%) 57 (44)
Predilatation, n (%) 23 (18)
Size of transcatheter aortic valve, mm 23 (21-26)
Self-expandable valve, n (%) 106 (82)
Balloon-expandable valve, n (%) 20 (15)
Mechanically expandable valve, n (%) 4(3)
Supra-annular leaflet function, n (%) 100 (77)
Intra-annular leaflet function, n (%) 30(23)
First-generation valve, n (%) 29 (22)
Second-generation valve, n (%) 101 (78)
Implantation depth, mm 4 (3-6)
Postdilatation, n (%) 14 (11)
Postdilatation — noncompliant balloon “cracking”, n (%) 6 (5)
Chimney stenting, n (%) 1(0.8)

>1 transcatheter valve used, n (%) 5(3.8)

Procedure time, min

120 (90-200)

Radiation dose, mGy

690 (426-1054)

Fluoroscopy time, min

24 (16-31)

Contrast volume, ml

130 (90-200)

Data are presented as median (

Abbreviations: see TABLE 1

IQR) unless otherwise indicated.

TABLE 3 Procedural differences between the first-generation and second-generation
anscatheter aortic valve-in-valve implantation

transcatheter aortic valves in tr

Parameter First-generation Second-generation P value
valves (n = 29) valves (n = 101)

General anesthesia, n (%) 27 (93) 65 (64) 0.003

Nontransfemoral access, n (%) 5(17) 8(8) 0.14

>1 valve implanted, n (%) 3(10) 2(2) 0.04

Procedure time, min, median (IQR) 135 (108-200) 120 (80-165) 0.04

Radiation, mGy, median (IQR) 890 (528-2245) 620 (351-956) 0.02

Fluoroscopy time, minutes, 20 (18-43) 22 (15.5-29) 0.06

median (IQR)

Contrast volume, ml, median (IQR) 140 (100-250) 125 (80-180) 0.08

Abbreviations: see TABLE 1

28.5-50]; P = 0.65). However, the implantation
of supra-annular transcatheter valve resulted in
alower mean PG than the implantation of intra-
-annular bioprostheses (median, 14 mm Hg [IQR,
10.5-20] vs 19 mm Hg [IQR, 16-26]; P = 0.004)
(FIGURE 3A-3D).

Clinical outcomes at 1 year During the 1-year
follow-up, 14 patients died (10.8%), of whom 10
patients (7.7%) died due to cardiovascular causes.
Typical complications associated with TAVI were
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rare and included stroke in 2 patients (1.5%), life-
-threatening bleeding in 5 patients (3.8%), and
the need for a permanent pacemaker in 7 patients
(5.3%). All survivors at 1 year were in New York
Heart Association functional class I or II (TABLE 4).

There were no differences in all-cause sur-
vival between the second-generation and first-
-generation transcatheter valves (FIGURE 4A), but
the use of the second-generation devices was as-
sociated with improved cardiovascular surviv-
al at 1 year (Ficure 4B). Additional data, includ-
ing the Kaplan-Meier curves for failed small
(£21 mm) vs large (>21 mm) surgical biopros-
theses, the use of supra-annular vs intra-annular
transcatheter aortic valves, and surgical aor-
tic valve stenosis at baseline vs regurgitation
or mixed disease, are shown in Supplementary
material, Figure S3.

DISCUSSION  Polish Transcatheter Aortic Valve-
-in-Valve Implantation (ViV-TAVI) Registry is
the first multicenter comprehensive, specifical-
ly designed evaluation of TAVI procedures for
failed surgical bioprostheses. To the best of our
knowledge, it covers all of ViV-TAVI procedures
performed in Poland until 2020. The registry re-
vealed that the number of these procedures has
been increasing. Moreover, they were shown to
constitute about 2% of all TAVI cases, which is in
line with a recent Swiss national registry report-
ing the proportion of slightly above 3%.'? Con-
sidering the current preference for implanting
biological prostheses in younger low-risk adults
with severe aortic stentosis, who are more prone
to subsequent valve degeneration, these numbers
are expected to rise.’

The most important finding of the present
registry is the safety of ViV-TAVI for failed surgi-
cal bioprostheses. The all-cause and cardiovascu-
lar mortality rates at 1 year were 10.8% and 7.7%,
respectively. This is in agreement with the re-
sults of various international registry studies as
well as national registries from other countries
(1-year all-cause mortality of 12.4% in VIVID
[Valve-in-Valve International Data], 16.8% in
PARTNER 2 (Placement of Aortic Transcath-
eter Valves 2), and 6.8% in Swiss TAVI Regis-
try).'#'* Furthermore, the safety of ViV-TAVI
was confirmed by a low rate of typical compli-
cations associated with native TAVI, including
life-threatening bleeding, stroke, moderate or
severe paravalvular leak, or the need for perma-
nent pacemaker implantation. Interestingly, we
found that 1-year cardiovascular mortality was
significantly higher for the early period of ViV-
-TAVI experience when only the first-generation
valves were available. Better cardiovascular sur-
vival with second-generation devices can be ex-
plained first of all by their improved deliverabili-
ty and design, allowing for repositioning and bet-
ter sealing. Another explanation, as supported
by our findings, is the evolution of the implan-
tation procedure itself with a lower requirement
for general anesthesia, nontransfemoral access,
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TABLE 4  Echocardiographic and clinical outcomes after transcatheter aortic valve-in-

-valve implantation

Echocardiography

LVEF, % 50 (45-60)
EOA, cm? 1.48 (1.3-1.6)
EOAi, cm?%m? 0.82 (0.7-0.96)
Mean pressure gradient, mm Hg 16 (11-20)
Maximum pressure gradient, mm Hg 28 (20-40)
Moderate or severe patient-prosthesis mismatch, n (%) 32 (25)

Mean pressure gradient >20 mm Hg, n (%) 27 (21)
Moderate or severe perivalvular regurgitation, n (%) 5(3.8)
Clinical outcomes at 1 year, n (%)

NYHA functional class Ill or IV 0
Cardiovascular death 10(7.7)
All-cause death 14 (10.8)
Stroke 2(1.5)
Life-threatening bleeding 5(3.8)
Myocardial infarction 2(1.5)
Coronary obstruction 2(1.5)

Acute kidney injury 5(3.8)
Permanent pacemaker 7(5.3)

Data are presented as median (IQR) unless otherwise indicated.

Abbreviations: see TABLE 1

contrast medium, and the overall shortening of
the procedure time.

Despite these positive results, ViV-TAVI is not
without limitations. First, there are some safe-
ty concerns related to the baseline aortic root
anatomy and the type of failed surgical biopros-
thesis that may be associated with the risk of
life-threatening coronary obstruction in some
patients undergoing ViV-TAVI." The underlying
mechanism is usually immediate (or, rarely, de-
layed) coronary ostial occlusion by the displaced
leaflet of the surgical bioprosthesis. The clinical
presentation of coronary obstruction after na-
tive and valve-in-valve TAVI is similar and in-
cludes severe hypotension and abnormal elec-
trocardiographic parameters, resulting in high
mortality rates. However, this can be prevented
by a thorough computed tomography examina-
tion before the procedure, and even if the risk
of obstruction is high, preventive measures can
be taken, such as simultaneous coronary stent-
ing (chimney stenting) or laceration (BASILICA)
of the bioprosthesis leaflet (or leaflets).'®!" In
the present registry, the rate of coronary ob-
struction was only 1.5% and was slightly lower
compared with that reported in the VIVID reg-
istry. This is probably due the fact that our pa-
tients were less often implanted with stented
bioprostheses with externally mounted leaf-
lets, which are most likely to cause occlusion
after TAVL.'

In terms of the efficacy, ViV-TAVI may
not provide optimal hemodynamic results in
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patients after SAVR with stenosis of a small
valve (<21 mm, constituting 45% of the Pol-
ish population) or with preexisting patient-
-prosthesis mismatch."” In the present regis-
try, unsatisfactory PGs after the procedure were
present in 25% of patients, and indeed base-
line stenosis and the small size of surgical bio-
prosthesis were associated with elevated PGs
and a smaller effective orifice area after ViV-
-TAVI, respectively. However, this had no neg-
ative effect on 1-year survival rates, which is
in line with findings from other registries.'*'®
Nevertheless, this seems to be an important
issue, especially when younger patients with
longer life expectancy are being considered for
ViV-TAVI. To overcome the problem of elevat-
ed PGs after the procedure, several measures
can be taken. First, noncompliant balloons can
be used to fracture or crack the rings of ste-
nosed valves either as predilation or postdila-
tion with TAVI (also reported in our registry).
This procedure is effective and safe but is not
technically feasible in several popular types of
bioprostheses, such as Hancock I1." Second,
an appropriate transcatheter aortic valve can be
seletect that may offer the best hemodynamic
results for small aortic valve annuli. In our reg-
istry, we found that transcatheter valves with
the supra-annular leaflet attachment (most-
ly Corevalve or Evolut R/Pro) seem to provide
lower gradients as compared with the remain-
ing valve types.?

Considering the above safety and efficacy con-
cerns, the imaging protocol to determine eligibil-
ity for ViV-TAVI differs from that used in tradi-
tional TAVI and requires, for example, simulation
and assessment of virtual valve-to-coronary dis-
tance (predictor of coronary obstruction), mea-
surement of the sinus diameter, sinotubular junc-
tion height, and virtual valve-to-sinotubular junc-
tion distance. The identification of patients who
would most likely benefit from surgical valve frac-
turing or cracking with a high-pressure balloon
or who should be referred for a redo surgery (if
eligible) is also necessary.

The present registry has several limitations.
First, there are limitations inherent to the (part-
ly) retrospective design. Second, the cohort of pa-
tients undergoing ViV-TAVI was not large enough
to allow a more comprehensive analysis. Howev-
er, this is the largest registry in Poland to date.
Third, since the registry covers 10 years of ViV-
-TAVI use in Poland, some findings (eg, a compar-
ison of first-generation vs second-generation de-
vices) may be affected by the learning curve and
operators’ experience with this novel and con-
stantly evolving procedure.

In conclusion, transcatheter treatment of failed
surgical bioprostheses is becoming increasingly
common in Poland, showing the best hemody-
namic effect with the use of supra-annular trans-
catheter aortic valves as well as improved proce-
dural and clinical outcomes following the intro-
duction of second-generation devices.
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FIGURE 3 Comparison of effective orifice area (EOA) and indexed effective orifice area (EOAI) after transcatheter aortic valve-in-valve implantation
(ViV-TAVI) in patients with surgical aortic valve stenosis at baseline and those with regurgitation or mixed aortic valve disease (A) and in those with
the use of supra-annular vs intra-annular transcatheter aortic valve (B). Comparison of mean and maximum transvalvular pressure gradients (PGs)
after ViV-TAVI in patients with surgical aortic valve stenosis at baseline and those with regurgitation or mixed disease (C) and in those with the use of
supra-annular vs intra-annular transcatheter aortic valve (D). The black center line indicates the median value. The top and bottom of the boxes
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Abbreviations: TAV, transcatheter aortic valve; HR, hazard ratio for second-generation TAVI use in multivariable analysis
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