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Abstract

Aims: The aim of this study was to investigate the risk of impaired coronary access and coronary obstruc-
tion after redo TAVI.
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Methods and results: Post-procedure multidetector computed tomography (MDCT) scans of 221 TAVI
recipients were analysed. Increased risk of impaired coronary access was defined as a coronary ostium
below the TAVI commissures with a valve-to-aorta distance <2 mm at this level. Increased risk was found
in 123 (55.6%) cases: the left main was involved in 109 (49.3%), the right coronary in 79 (35.7%), and
both were involved in 65 (29.4%) patients. A small sinotubular junction (STJ width OR 0.68, CI: 0.56-0.81,
p<0.001; STJ height OR 0.81, CI: 0.69-0.95, p<0.011) and supra-annular devices (OR 19.8, CI: 6.6-58.8,
p<0.001) predicted increased risk. Increased risk of coronary obstruction, defined as a coronary ostium
below the TAVI commissures with a valve-to-coronary distance <2 mm, was observed in 14.9% of patients;
in 17.2% of cases complete sealing of the STJ would occur.

Conclusions: Post-TAVI MDCT suggested an increased potential risk of impaired coronary access in
more than half of the patients should redo TAVI be required, predicted by a small STJ and supra-annular
device design. Furthermore, 10-20% of patients presented an increased risk of coronary obstruction. While
this theoretical study is hypothesis-generating, it raises concerns that need to be further investigated and

addressed before TAVI is extended to patients with longer life expectancy.

*Corresponding author: Department of Cardiology, Montefiore Medical Center, 1 Fordham Plaza, The Bronx, New York,
NY 10458, USA. E-mail: alatib@gmail.com
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after redo TAVI.

Visual summary. Aortic root in native anatomy (4), after TAVI (B) and after redo TAVI (C). small sinotubular junction and high leaflets of
the transcatheter heart valve, pushed up and outwards by the second device, are associated with impaired coronary access and perfusion

\/

Abbreviations

LM left main

MDCT  multidetector computed tomography
RCA right coronary artery

ST) sinotubular junction
TAVI transcatheter aortic valve implantation
THV transcatheter heart valve

Introduction

Over the last decade, transcatheter aortic valve implantation (TAVI)
has become an invaluable treatment for patients with aortic steno-
sis. Most transcatheter heart valves (THV) are designed to have free
open cells that maintain blood flow and allow coronary cannulation.
However, if TAVI is performed within a previous THV, the new
device will push the leaflets of the previous THV open upwards,
converting it into a tubular “covered” stent up to the edge of the
leaflets and creating a barrier impeding catheters and blood flow to
the coronaries'. Moreover, depending on THV design, superimposi-
tion of the two stent frames may further impair catheter manoeu-
vrability, even above the leaflets. Such concepts have recently been
rapidly emerging but real-world clinical evidence is still lacking'.

The number of redo TAVI procedures has been limited until
now® due to the advanced age and morbidity profile of treated
cases; thus, the durability of THV has exceeded the life expectancy
of the patient. However, indications for TAVI are now extending
towards patients with a longer life expectancy and, while the dura-
bility of THV appears favourable in this early stage’, the number
of redo TAVI procedures is destined to increase in the future. At
the same time, these patients are also more likely to require coro-
nary catheterisation over the course of their lives®.

The aim of this study was to use post-TAVI MDCT analysis
to investigate the potential risk of impaired coronary access and
coronary obstruction if redo TAVI is required.

Editorial, see page 960

Methods

STUDY RATIONALE

After redo TAVI, coronary access and perfusion will depend on
three major THV aspects. First, the index THV leaflets pushed up
and outwards are the most important determinant of the “neo-bar-
rier” that will impede catheters and blood flow to the coronaries.
The height reached by the edge of the leaflets is known to be dif-
ferent according to each THV design’. This has been confirmed
in bench and MDCT observations (Supplementary Figure 1,
Supplementary Figure 2). Second, index THV leaflet disease over
time, which may vary in location, extension and kind (retraction,
tear, thickening, calcification, etc.), can lead to tissue “growth”
or “reduction”, as well as to changes in leaflet movement and
folding. Third, the design of the redo TAVI THYV, its implantation
height and expansion can differentially impact on the final height
of the index leaflet barrier as well as on stent cell frame superim-
position above the leaflets.

Leaflet disease and the second THV are not predictable and are
beyond the scope of the present study, which is to perform a theo-
retical analysis of the risk of impaired coronary access and perfu-
sion based on the index THV design.

STUDY POPULATION
MDCT acquired after TAVI in three high-volume European cen-
tres (San Raffaele Scientific Institute, Milan, Italy; Rigshospitalet
University Hospital, Copenhagen, Denmark; and Heart and
Vascular Center, Semmelweis University, Budapest, Hungary)
between 2007 and May 2018 was retrospectively reviewed. Patients
with non-ECG-synchronised and poor-quality MDCT, a previ-
ous aortic prosthesis and pure aortic regurgitation were excluded.
The following THV were included in the analysis: SAPIEN
(Edwards Lifesciences, Irvine, CA, USA), CoreValve® (Medtronic,
Minneapolis, MN, USA), Portico™ (Abbott Vascular, Santa Clara,
CA, USA), ACURATE neo™ (Boston Scientific, Marlborough,



MA, USA), CENTERA (Edwards Lifesciences). The Direct
Flow Medical® (Direct Flow Medical, Santa Rosa, CA, USA)
and Lotus™ (Boston Scientific) valves were excluded because
their innate dense stent design impedes catheters and blood flow
through the valve frame, even after the first procedure.

The study complies with the Declaration of Helsinki and was
approved by the locally appointed ethics committees.

MDCT ANALYSIS

Each centre provided MDCT scans by means of Digital Imaging

and Communications in Medicine (DICOM) files. MDCT acqui-

sitions were performed according to site-specific institutional
protocols, comprising contrast-enhanced, multiphasic, electrocar-
diography (ECG)-synchronised imaging.

San Raffaele Scientific Institute served as the core lab for all
analyses. Measurements were determined on multi-planar recon-
struction by consensus of two investigators with >10 years of
experience in MDCT analysis in the setting of TAVI. Dubious
cases were agreed by consensus with a third senior TAVI operator.
Images were analysed with the OsiriX DICOM Viewer MD 5.8
(Pixmeo SARL, Bernex, Switzerland).

THV oversizing was calculated as: [(prosthesis measurement/
patient measurement)—1]*100. Perimeter was used for self-expand-
ing devices while area was used for balloon-expandable devices.

To assess the risks of impaired coronary access and perfusion
after redo TAVI, the following parameters were used:

— Level of THV commissures: the plane perpendicular to the
prosthesis long axis passing through the THV leaflet commis-
sures, as shown in Figure 1. This level was based on each THV
design as confirmed by bench (Supplementary Figure 1) and
MDCT direct leaflet visualisation (Supplementary Figure 2).

— Valve-to-aorta distance (VTA): the shortest distance between the
THYV stent at or below the level of the THV commissures and the
aortic wall at or above the roof of the coronary ostium (Figure 2).

— Valve-to-coronary distance (VTC): distance between the THV
and each coronary ostium>°,

— THV commissure-coronary overlap: angle between each coro-
nary ostium and the closest THV commissure (severe overlap
defined as <20%)°.

Increased risk of impaired coronary access was defined as THV
commissures above 99% of the coronary ostium and VTA <2 mm
for either coronary artery (Figure 2). A 2 mm cut-off was chosen
based on a standard 6 Fr PCI catheter size’.

Increased risk of coronary obstruction was defined as THV com-
missures above 99% of the coronary ostium and VTC <2 mm for
either coronary artery. Since the present analysis is only theoreti-
cal without real cases of obstruction documented, the 2 mm cut-off
was chosen in agreement with other series in the field**. Moreover,
to provide additional information, the number of patients with
VTC <4 mm (according to the VIVID registry’) was reported.

Importantly, coronary access and perfusion are very different
entities, since blood reaches coronary ostia sideways more easily
than catheters.

Coronary access after redo TAVI

STATISTICAL ANALYSIS

Normally distributed variables are presented as mean+standard
deviation and were compared using the Student’s t-test. Non-
normally distributed data are presented as median (interquartile
range) and compared with the Mann-Whitney test for independ-
ent samples. Categorical variables are presented as number (per-
centage) and compared by the chi-square/Fisher’s exact test, as
appropriate. Stepwise multivariate logistic regression was imple-
mented to detect predictors of impaired access. The goodness-of-
fit of the model was assessed with the Hosmer-Lemeshow test.
A p-value <0.05 was considered significant. Statistical analyses
were performed using Stata 13 (StataCorp LLC, College Station,
TX, USA).

Results

A total of 221 patients with baseline and post-TAVI MDCT scans
were evaluated. The reasons for MDCT being carried out were:
participation in clinical studies (89.6%), patient re-assessment
prior to reintervention (6.3%), and index procedural complications
(4.1%).

The median time of MDCT acquisition from index TAVI was
10 (6-21) months; at this time no significant leaflet degeneration
was observed in the present series.

The median depth of index THV implantation was 7.0 mm (4.8-
9.4 mm). Implantation depth was <4 mm in 34 (15.4%) patients
and >6 mm in 138 (62.4%) patients. The median distance between
the THV commissure level and aortic annulus was 18.84+5.1 mm.
Detailed post-TAVI MDCT measurements for each coronary are
reported in Table 1.

Table 1. Post-TAVI MDCT measurements for coronary access
assessment.
Preserved | Impaired

access | access
N=123

Left main

Coronary roof - THV

commissures, mm —1.9+55 2.2+47

-52+36 | <0.001

Coronary ostium | <50% 45(20.4) | 44 (45) 1(0.8)

below THV o

COMMISSUTES, 50-99% 40(18.1) | 32(32.7) 8(6.5) <0.001
n (%) >99% 136 (61) 22 (22.4) 114 (92.7)

VTA, mm 1.7 (0.9-4.5) | 5.0 (3.0-6.9) | 0.8 (0.5-0.9) | <0.001
VTA <2 mm, n (%) 116 (52.5) 3(3.1) 113(91.9) | <0.001

Right coronary artery

Coronary roof - THV

X -2.3+6.6 2.4+5.6
commissures, mm

—6.2+4.5 | <0.001

Coronary ostium | <50% 52 (23.5) 51 (52) 1(0.8)

below THV o

TR, 50-99% 25(11.3) 23 (23.5) 2(1.6) <0.001
n (%) >99% 144 (65.2) 24 (24.5) {120 (97.6)

VTA, mm 2.6(0.9-4.8) | 4.8 (3.3-7.2) | 0.9 (0.7-2.6) | <0.001
VTA <2 mm, n (%) 85(38.5) 6(6.1) 79 (64.2) | <0.001

VTA: valve-to-aorta
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Figure 1. MDCT multiplanar analysis after TAVI. Each THV (column 1) has a specific stent and leaflet design. Identification of the level of the
THYV commissures is undertaken using a combination of maximum intensity projection (MIP, column 2) and 2D multiplanar reconstructions
(columns 3 and 4). Each row depicts a specific THV class in order of decreasing prevalence in the study, top to bottom.: A) CoreValve,

B) Portico; C) SAPIEN; D) ACURATE neo; E) CENTERA. The precise level reached by the THV leaflets was confirmed at bench observation
(Supplementary Figure 1) and direct leaflet MDCT measurement (Supplementary Figure 2).

Increased risk of impaired coronary access following redo Baseline and procedural patient characteristics are shown in
TAVI was found in 123 (55.7%) cases. The left main (LM) was  Table 2 and Table 3. Patients at high risk of impaired coronary
involved in 109 (49.3%) patients, the right coronary artery (RCA)  access had smaller aortic anatomy and more frequently received
in 79 (35.7%) patients, and both coronaries in 65 (29.4%) patients.  supra-annular THV (Figure 3, Figure 4).



Coronary access after redo TAVI

Figure 2. Valve-to-aorta free distance: the shortest distance, at/below the level of the THV commissures, between the THV stent and the aortic
wall. Row A: wide residual VTA. Row B: insufficient residual VTA prohibiting catheter access to the RCA (*). Column 1: MIP;
column 2: longitudinal THV view, column 3: axial THV view.

Table 2. Baseline patient characteristics. Table 3. Index procedure data.
Total Preserved | Impaired Preserved | Impaired
N=221 access access access access
- N=98 N=123
Age, years 80.9 81.0 80.8 0.890 Femoral access, n (%) 209 (95) 93 (95) 116 (94) 0.460
(154-841) | (749-839) | (76.0-848) Valveclass, | CoreVahe | 138(62) | 44(dd) | 94(77)
Female, n (%) 118 (53) 37 (38) 81(66) |<0.001 n (%) Portico 31(14) 15(15) 16 (13)
CAD, n (%) 120 (54) 54 (55) 66 (54) 0.890 SAPIEN 27012) 26 26) ) <0001
Previous CABG, n (%) 33(15) 18 (18) 15(12) 0.220
ACURATE neo 18 (8) 8(8) 10 (8)
Previous PCI, n (%) 57 (26) 23 (24) 34 (28) 0.540
CENTERA 7(3) 5(5) 2(2)
STS mortality, % 46(3.0-6.3) | 4.1(3.0-5.8) | 4.7(2.8-7.3) | 0.240
— Valve leaflet | supra-annular | 156 (70.6) | 52 (53) 104 (85)
Bicuspid valve, n (%) 10 (4.5) 7(7) 3(24) 0.110 design, n (%) I <0.001
- ' intra-annular 65(29.4) | 46 (47) 19(15)
VBR perimeter, mm 77.5+7.1 80.7+6.9 75.2+6.4 |<0.001 -
Valve size, mm 29 (26-29) | 29(26-29) | 27(26-29) | 0.220
VBR area, mm? 463 504 444 0.001 :
(405-524) (446-560) (382-493) | < Valve size, 23 14 (63) 7(7) 7(6)
%
ST) width, mm 21.7 28.9 26.9 <0.001 n (%) 25 21 (10) 8(8) 13 (11)
STJ height, mm 21 222 20.2
(19-22.9) | (195-24.0) | (18.2-22.2) 0.001 27 16 (7) 7(7) 9(7) 0.650
STi/device size 10(L0-LD) | L1(10-1.1) | 1.0(0.9-1.0) |<0.001 : RS || whed) | o
STINBR L1(1112) | 11(11-12) | 11(11-12) | 0014 bl 13(6) v 60)
SOV — LM, mm 316+37 | 33437 | 303%3.1 |<0.001 W 2(1) 2@ 00
SOV—RCA, mm 30.3+3.6 32.0+3.6 29032 | <0.001 Oversizing, % 12.0+7.3 8.3+6.9 14.7+6.3 | <0.001
B Second-generation prosthesis,
LM roof — VBR, mm " ggo . 19.843.0 18.342.4 0.005 0 (%) 170 (77) 77(79) 93 (76) 0.550
RCA roof — VBR, mm 199+32 | 205+31 | 195+33 | 0025 ACHEENGL 0 (79 Lol | G | e ||
CABG: coronary artery bypass grafting; CAD: coronary artery disease; LM: left main: Predilatation size, mm 21424 | 218+24 | 21.0+24 0.032
NYHA: New York Heart Association; PCl: percutaneous coronary intervention; RCA: right Post-dilatation. n (%) 118 (53) 43 (44) 75 (61) 0.008
coronary artery; SOV: sinus of Valsalva; STJ: sinotubular junction; STS: Society of Thoracic - .
Surgeons; VBR: virtual basal ring Post-dilatation size, mm 23.6+2.1 24.6+1.9 23.0£2.1 | <0.001
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CoreValve ACURATE neo Portico CENTERA  SAPIEN
N=138 N=18 N=31 N=7 N=27

THV commissures — VBR, mm
20.2+4.3 27.8+3.1 16.6£36 11.7x24 12.7+24

Coronary access:  [JJ] Preserved [} Impaired

Figure 3. Proportion of patients at increased risk of impaired
coronary access according to THV class.

Supra-annular THVs Intra-annular THVs
N=156 N=65

Coronary access: [l Preserved [l impaired

Figure 4. Proportion of patients at increased risk of impaired
coronary access according to THV leaflet design.

At multivariable analysis, a larger STJ, a higher STJ and a lower
implantation depth were protective factors, whereas device over-
sizing and supra-annular prosthesis design independently pre-
dicted a high risk of impaired coronary access (Table 4).

In the supra-annular THV subgroup, STJ width, implantation
depth and oversizing were all confirmed independent predictors
(Supplementary Table 1). For these three parameters, receiver
operating characteristic (ROC) curve analysis identified thresh-
old values as follows: STJ width 28 mm (area under the curve
[AUC] 0.82), implantation depth 8.4 mm (AUC 0.73), and over-
sizing 12.5% (AUC 0.76) (Supplementary Figure 3).

In the intra-annular THV subgroup, STJ height remained a strong
protective factor of impaired access (Supplementary Table 1),
with a ROC curve suggested threshold of 20.3 mm (AUC 0.77).

Table 4. Predictors of increased risk of impaired coronary access
after redo TAVI.

Univariable Multivariable

OR | p-value | 95%Cl | OR | p-value | 95% Cl
Age 1.02 0.228 | 0.99-1.06
Female sex 3.18 | <0.001 | 1.83-5.53
Supra-annular | 4 g1 | 001 | 258-9.09 198 | <0.001 |6.64-5881
leaflets
Device size 0.93 0.233 | 0.82-1.00
Oversizing 1.16 | <0.001 | 1.10-1.22 | 1.09 0.004 | 1.03-1.16
THV commissures
_VBR 1.25 | <0.001 | 1.16-1.35

LM roof — VBR 0.80 | <0.001 | 0.72-0.90
RCA roof — VBR 0.90 | 0.024 | 0.83-0.99

SOV—LM 0.76 | <0.001 | 068-0.83
SOV—RCA 077 | <0.001 | 0.70-084
ST width 0.70 | <0.001 | 062-0.79 | 0.68 | <0.001 | 0.57-082
ST! height 079 | <0001 | 071-0.88 | 0.81 | 0.011 | 0.69-095
STIVBR 002 | 0009 | 000-0.37
STdevicesze | 0.00 | <0.001 | 0.00-0.01
L"e‘gt'ﬁ”tat“’” 081 | <0001 | 074-0.89 | 0.71 | <0001 | 0.61-0.83

Hosmer-Lemeshow test p=0.79. SOV: sinus of Valsalva; STJ: sinotubular junction;
VBR: virtual basal ring

Separate analyses for impaired access to the LM and RCA are
reported in Supplementary Table 2; STJ width and supra-annu-
lar device design were confirmed to be strong predictors for both
coronaries. A higher coronary ostium resulted in being a protective
factor for the LM but not for the RCA.

Increased risk of coronary obstruction was observed in
33 (14.9%) patients: the LM was involved in 17 (7.7%), the RCA
in 24 (10.9%), and both coronaries in 8 (3.6%). The same num-
bers increased if a <4 mm VTC cut-off was used: 93 (42.1%)
overall, the LM being involved in 62 (28.1%), the RCA in
72 (32.6%), and both in 41 (18.6%) (Figure 5A). Of note, in
38 (17.2%) patients, the STJ would be completely sealed by the
index THV leaflets but 9 of these patients presented a VTC dis-
tance >4 mm at the level of the sinuses of Valsalva (Figure 5B).

The mean angle of THV commissure-coronary ostium overlap
was 31°£16° (<20° in 27.5% of cases) for the LM, and 32°+16°
(20° in 28.3% of cases) for the RCA.

Among the 14 patients who underwent MDCT prior to aortic
reintervention, none presented a VTC <4 mm but one patient with
a CoreValve 29 presented an increased risk of impaired access to
the LM. Nine patients underwent redo TAVI, there was 1 valvu-
loplasty and 1 leak closure, and 3 did not undergo any reinter-
vention. Among the 9 redo TAVI cases (including the one with
increased risk of impaired LM access), no coronary obstruction
was observed and no attempt at coronary cannulation was per-

formed after the procedure.



Coronary access after redo TAVI

LM OSTIUM OBSTRUCTION

N

.
VIC4,2 mm
STIPLANE %
—— LM OSTIUM PLANE

Figure 5. Predicted risk of coronary obstruction after redo TAVI. A) Risk of coronary obstruction after redo TAVI due to direct LM ostium
occlusion. B) Risk of coronary obstruction after redo TAVI due to complete STJ closure; note misleading VIC >4 mm at the LM ostium in the

sinuses of Valsalva. Column 1: MIPs, column 2: axial views; column 3: longitudinal THV views.

Discussion

The present analysis of post-TAVI MDCT revealed that in case
of redo TAVI: 1) more than half of all patients potentially have
an increased risk of impaired coronary access; and 2) 10-20% of
patients present an increased risk of coronary obstruction.

We previously highlighted the issues of coronary access and
obstruction following redo TAVI, reporting MDCT images on the
subject!. Such concepts are now spreading, but clinical data clari-
fying these risks are still limited.

In line with our findings, other studies based on angiography
after TAVI suggested that redo TAVI would not be feasible in
>20% of patients due to the risk of LM obstruction* and in >30%
of patients due to impaired coronary access®. Based on MDCT
after TAVI, Rogers et al also suggested that redo TAVI would not
be feasible due to the risk of coronary obstruction in 13.1% of 137
SAPIEN 3 patients®.

The present experience is currently the largest series to assess
the risk of coronary access and obstruction after redo TAVI
specifically through post-TAVI MDCT analysis. Importantly,
this is a wide real-world “all-comer” TAVI population, treated
with all of the different currently available devices. The images
observed are quite provocative and the proportion of patients at
risk is alarming.

Our results suggest that the most important baseline anatomi-
cal feature associated with impaired coronary access after redo
TAVI is a small aortic STJ. Irrespective of the size of the sinuses
of Valsalva, the STJ merits serious consideration because it

provides the true bottleneck regulating access to the aortic root
and coronary ostia.

On the other hand, the most important procedural predictor of
impaired access was the height of index THV leaflets. While cau-
tion should be used when interpreting the exact numbers due to
the limited cases in some subgroups, a trend is clear. Indeed, 85%
of all cases of impaired access occurred in supra-annular THVs,
the incidence in this group being two thirds of treated patients and
being more than double compared to intra-annular THVs.

Among supra-annular THVs, three parameters mitigated the risk
of impaired access in the present series: STJ width >28 mm, over-
sizing <12% and low implantation >8 mm. Unfortunately, such low
implantation is not recommended since it carries a higher risk of
paravalvular leak, conduction disturbances and device embolisation.

In intra-annular THVs, the overall numbers were limited, and
the observed risk of impaired access was heterogeneous among
different devices, due to the different heights of the leaflet com-
missures. A lower STJ was associated with increased risk in intra-
annular devices, as well as female sex, probably because of the
smaller anatomy frequently present in females.

While the present study was conducted in typical elderly TAVI
patients, we believe that its findings will be largely applicable to
a younger low-risk population. Bicuspid anatomy, however, which
is more frequent in younger patients, may represent a notable
exception, since it could not be reliably evaluated in our series
due to small numbers. While our findings need validation, pre-

liminary observations suggest that, to maintain an easier long-term
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coronary access, short intra-annular THVs should be favoured
when treating patients with long life expectancy who may require
redo TAVI, unless a large STJ is present.

Given the small number and the strict selection of procedures
performed, little evidence is currently available about the actual
risk of coronary obstruction after redo TAVI. The current largest
real-world experience reported a 1% rate of coronary obstruction
after redo TAVIC. In the present series, similarly to others*®, a wor-
risomely higher 14.9% of cases were estimated to be at increased
risk of coronary obstruction. It must be noted that procedures per-
formed so far® represent just a selected minority of TAVI patients,
while our analysis includes a wider “all-comer” population.
Furthermore, a number of redo TAVI procedures were performed
due to index THV low malposition, which protects from the risk of
coronary obstruction. Finally, as anticipated, actual THV interac-
tion may sometimes reduce the risk of predicted coronary obstruc-
tion: short THVs inside tall THVs may not always completely jail
the index leaflets, allowing some leaflet movement and resulting
in a lower leaflet barrier.

Of note, using the VIVID 4 mm VTC cut-off, 42% of patients
resulted in being at increased risk of coronary obstruction. The
relevance of this finding has still to be determined. In contrast
with surgical prostheses, THV leaflets are mounted inside the
stent, which can prevent material protrusion towards the coro-
naries. However, THV are more oversized, can expand further
after a second device implantation and frequently have higher
leaflets. Furthermore, encumbrance of native valve debris and
multiple THV in a small aortic root may cause slow blood flow,
leading not only to acute but also to delayed coronary occlusion''.

Finally, we found that the STJ will become completely sealed
by the index THV leaflets in 17% of patients, with nine of them
showing a misleadingly reassuring VTC >4 mm. Once again, the
STJ plays a major role, not just for coronary access but also in the
development of coronary obstruction following redo TAVI, and
will require major consideration.

The management of coronaries after TAVI is already demand-
ing and will become even more challenging following redo TAVI,
especially in peripheral centres undertaking emergency primary
PCI. While the Bioprosthetic Aortic Scallop Intentional Laceration
to prevent latrogenic Coronary Artery obstruction (“BASILICA”)
may be helpful in this regard'?, it requires alignment of THV com-
missures to coronary ostia, which is not the case in many TAVI
patients, as confirmed in our study. The ability to control THV
alignment recently described could potentially reduce the risk of
commissure-coronary overlap and have a favourable impact on
redo TAVP.

Given such complex management, preventive measures are crit-
ical. While the medical device industry is working on the develop-
ment of shorter prostheses, operators should start thinking ahead
to the potential risks of redo TAVI when faced with a patient who
has a long life expectancy. Indeed, the present data suggest that
the coronaries can be preserved with careful assessment of patient
anatomy and selection of device design.

Study limitations

This study must be considered preliminary and hypothesis-gen-
erating. The topic of coronary access and obstruction after redo
TAVI is new; a validated body of knowledge, both MDCT and
clinical, has not yet been established. Most importantly, like
other studies in the field, the present analysis is theoretical, with-
out documented control cases to validate the findings. Our data
focused on prediction of the behaviour of the index TAVI device
based upon its design. Structural leaflet disease over time could
not be taken into account, as well as the possible different interac-
tions between index and second THYV, both at the level of the leaf-
lets and above at the level of stent cell superimposition. Finally,
this study was retrospective and observational with the inherent
problems associated with such a design. The number of patients
was also limited, especially when assessing subgroups. Further
studies will be needed to validate our findings and investigate cur-
rent gaps in knowledge.

Conclusions

Post-TAVI MDCT revealed that more than half of treated patients
potentially have an increased risk of impaired coronary access
if they were to undergo redo TAVI in the future. A small STJ
and supra-annular leaflet design were associated with increased
risk. Moreover, approximately 10-20% of patients presented
an increased risk of coronary obstruction should redo TAVI be
required. While this study is theoretical and hypothesis-generat-
ing, its implications raise an important concern that needs to be
further investigated and addressed as TAVI is extended to younger
low-risk patients with a longer life expectancy.

Impact on daily practice

With the expansion of TAVI, the need for redo TAVI and main-
taining coronary patency thereafter is destined to increase. The
present MDCT analysis suggests that after redo TAVI coronary
access and perfusion may be jeopardised in a significant pro-
portion of patients. The development of shorter devices may
help, and careful anatomy assessment and prosthesis selection
should be carried out when considering TAVI in patients with
a long life expectancy.

Acknowledgements

Stefania Ruggeri, MS, conducted all statistical analyses.

Conflict of interest statement

0. De Backer has received consultant fees from Abbott and
Boston Scientific. L. Sendergaard has received consultant fees
and institutional research grants from Abbott, Boston Scientific,
Edwards Lifesciences, Medtronic and Symetis. B. Prendergast has
received institutional research grants from Edwards Lifesciences.
M. De Bonis has received consultant fees from Abbott Vascular
and Medtronic. M. Montorfano has received consultant fees from
Abbott Vascular, Boston Scientific and Edwards Lifesciences.



A. Latib has received consultant fees from Abbott, Edwards
Lifesciences and Medtronic and institutional research grants from
Abbott, Boston Scientific, Edwards Lifesciences and Medtronic.
The other authors have no conflicts of interest to declare.

References

1. Buzzatti N, Romano V, De Backer O, Soendergaard L, Rosseel L, Maurovich-
Horvat P, Karady J, Merkely B, Ruggeri S, Prendergast B, De Bonis M,
Colombo A, Montorfano M, Latib A. Coronary Access After Repeated
Transcatheter Aortic Valve Implantation: A Glimpse Into the Future. JACC
Cardiovasc Imaging. 2020;13:508-15.

2. Sondergaard L, De Backer O. Transcatheter aortic valve implantation: don’t
forget the coronary arteries! Eurolntervention. 2018;14:147-9.

3. Nai Fovino L, Scotti A, Massussi M, Cardaioli F, Rodino G, Matsuda Y,
Pavei A, Masiero G, Napodano M, Fraccaro C, Fabris T, Tarantini G. Coronary
Angiography After Transcatheter Aortic Valve Replacement (TAVR) to
Evaluate the Risk of Coronary Access Impairment After TAVR-in-TAVR. J Am
Heart Assoc. 2020;9:e016446.

4. Tang GHL, Zaid S, Gupta E, Ahmad H, Khan A, Kovacic JC, Lansman SL,
Dangas GD, Sharma SK, Kini A. Feasibility of Repeat TAVR After SAPIEN 3
TAVR: A Novel Classification Scheme and Pilot Angiographic Study. JACC
Cardiovasc Interv. 2019;12:1290-2.

5. Rogers T, Greenspun BC, Weissman G, Torguson R, Craig P, Shults C,
Gordon P, Ehsan A, Wilson SR, Goncalves J, Levitt R, Hahn C, Parikh P,
Bilfinger T, Butzel D, Buchanan S, Hanna N, Garrett R, Buchbinder M, Asch F,
Garcia-Garcia HM, Okubagzi P, Ben-Dor I, Satler LF, Waksman R. Feasibility
of Coronary Access and Aortic Valve Reintervention in Low-Risk TAVR
Patients. JACC Cardiovasc Interv. 2020;13:726-35.

6. Landes U, Webb JG, De Backer O, Sondergaard L, Abdel-Wahab M,
Crusius L, Kim WK, Hamm C, Buzzatti N, Montorfano M, Ludwig S, Schofer N,
Voigtlaender L, Guerrero M, El Sabbagh A, Rodés-Cabau J, Guimaraes L,
Kornowski R, Codner P, Okuno T, Pilgrim T, Fiorina C, Colombo A, Mangieri A,
Eltchaninoff H, Nombela-Franco L, Van Wiechen MPH, Van Mieghem NM,
Tchétché D, Schoels WH, Kullmer M, Tamburino C, Sinning JM, Al-Kassou B,
Perlman GY, Danenberg H, lelasi A, Fraccaro C, Tarantini G, De Marco F,
Witberg G, Redwood SR, Lisko JC, Babaliaros VC, Laine M, Nerla R,
Castriota F, Finkelstein A, Loewenstein I, Eitan A, Jaffe R, Ruile P, Neumann FJ,
Piazza N, Alosaimi H, Sievert H, Sievert K, Russo M, Andreas M, Bunc M,
Latib A, Govdfrey R, Hildick-Smith D, Sathananthan J, Hensey M, Alkhodair A,
Blanke P, Leipsic J, Wood DA, Nazif TM, Kodali S, Leon MB, Barbanti M.
Repeat Transcatheter Aortic Valve Replacement for Transcatheter Prosthesis
Dysfunction. J Am Coll Cardiol. 2020;75:1882-93.

7. Blackman DJ, Saraf S, MacCarthy PA, Myat A, Anderson SG, Malkin CJ,
Cunnington MS, Somers K, Brennan P, Manoharan G, Parker J, Aldalati O,
Brecker SJ, Dowling C, Hoole SP, Dorman S, Mullen M, Kennon S, Jerrum M,
Chandrala P, Roberts DH, Tay J, Doshi SN, Ludman PF, Fairbairn TA, Crowe J,
Levy RD, Banning AP, Ruparelia N, Spence MS, Hildick-Smith D. Long-Term
Durability of Transcatheter Aortic Valve Prostheses. J Am Coll Cardiol. 2019;
73:537-45.

8. Jabbour RJ, Colombo A, Latib A. Looking Toward the Post-TAVR Period
and Keeping Options Open for Easy Coronary Access. JACC Cardiovasc
Interv. 2020;13:951-3.

Coronary access after redo TAVI

9. Ribeiro HB, Rodés-Cabau J, Blanke P, Leipsic J, Kwan Park J, Bapat V,
Makkar R, Simonato M, Barbanti M, Schofer J, Bleiziffer S, Latib A, Hildick-
Smith D, Presbitero P, Windecker S, Napodano M, Cerillo AG, Abdel-
Wahab M, Tchetche D, Fiorina C, Sinning JM, Cohen MG, Guerrero ME,
Whisenant B, Nietlispach F, Palma JH, Nombela-Franco L, de Weger A,
Kass M, Sandoli de Brito F Jr, Lemos PA, Kornowski R, Webb J, Dvir D.
Incidence, predictors, and clinical outcomes of coronary obstruction following
transcatheter aortic valve replacement for degenerative bioprosthetic surgical
valves: insights from the VIVID registry. Eur Heart J. 2018;39:687-95.

10. Tang GHL, Zaid S, Fuchs A, Yamabe T, Yazdchi F, Gupta E, Ahmad H,
Kofoed KF, Goldberg JB, Undemir C, Kaple RK, Shah PB, Kaneko T,
Lansman SL, Khera S, Kovacic JC, Dangas GD, Lerakis S, Sharma SK, Kini A,
Adams DH, Khalique OK, Hahn RT, Sondergaard L, George I, Kodali SK, De
Backer O, Leon MB, Bapat VN. Alignment of Transcatheter Aortic-Valve Neo-
Commissures (ALIGN TAVR): Impact on Final Valve Orientation and
Coronary Artery Overlap. JACC Cardiovasc Interv. 2020;13:1030-42.

11. Jabbour RJ, Tanaka A, Finkelstein A, Mack M, Tamburino C, Van
Mieghem N, de Backer O, Testa L, Gatto P, Purita P, Rahhab Z, Veulemans V,
Stundl A, Barbanti M, Nerla R, Sinning JM, Dvir D, Tarantini G, Szerlip M,
Scholtz W, Scholtz S, Tchetche D, Castriota F, Butter C, Sondergaard L, Abdel-
Wahab M, Sievert H, Alfieri O, Webb J, Rodés-Cabau J, Colombo A, Latib A.
Delayed Coronary Obstruction After Transcatheter Aortic Valve Replacement.
J Am Coll Cardiol. 2018;71:1513-24.

12. Khan JM, Dvir D, Greenbaum AB, Babaliaros VC, Rogers T, Aldea G,
Reisman M, Mackensen GB, Eng MHK, Paone G, Wang DD, Guyton RA,
Devireddy CM, Schenke WH, Lederman RJ. Transcatheter Laceration of
Aortic Leaflets to Prevent Coronary Obstruction During Transcatheter Aortic
Valve Replacement: Concept to First-in-Human. J4CC Cardiovasc Interv.
2018;11:677-89.

Supplementary data

Supplementary Figure 1. Bench analysis of the different THVs
with the leaflets pushed up and outwards reaching up to the level
of the commissures, each with its own different pattern.
Supplementary Figure 2. Example of CT analysis of leaflet length
with a CoreValve device.

Supplementary Figure 3. Receiver operating curves in the supra-
annular group showing the association between increased risk of
impaired coronary access and STJ width (A), implantation depth (B)
and oversizing (C).

Supplementary Table 1. Predictors of increased risk of impaired
coronary access after redo TAVI separately for supra-annular and
intra-annular devices.

Supplementary Table 2. Predictors of increased risk of impaired
coronary access after redo TAVI separately for the LM and the
RCA.

The supplementary data are published online at:
https://eurointervention.pcronline.com/

doi/10.4244/E1J-D-20-00475
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Supplementary data

Supplementary Figure 1. Bench analysis of the different THVs with the leaflets pushed up and outwards
reaching up to the level of the commissures each with its own different pattern: A) CoreValve, B)
ACURATE neo, C) Portico, D) SAPIEN. No direct bench analysis of the CENTERA valve could be

performed due to unavailability of the device.



Supplementary Figure 2. Example of CT analysis of leaflet length with a CoreValve device.

The curved measurement of the leaflet in its mid portion is projected on the stent (A,B,C). As observed on
the bench, the measured length of the leaflet reaches exactly the level of the commissures between the 4™ and

the 5™ metal joint counting downwards from the top of the stent (D,E,F).
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Supplementary Figure 3. Receiver operating curves in the supra-annular group showing the association
between increased risk of impaired coronary access and STJ width (A), implantation depth (B) and

oversizing (C).

AUC: area under the curve




Supplementary Table 1. Predictors of increased risk of impaired coronary access after redo

TAVI separately for supra-annular and intra-annular devices.

Univariable Multivariable
OR p-value | 95% ClI OR | p-value | 95% ClI
SUPRA-ANNULAR THV
Age 1.03 0.252 0.98-1.08
Female sex 2.56 0.007 1.29-5.07
Device size 0.79 0.012 0.66-0.95
Oversizing 1.16 <0.001 1.09-1.24 1.10 | 0.010 1.02-1.19
THV commissures - VBR 1.14 0.002 1.05-1.24
LM roof - VBR 0.83 0.004 0.72-0.94
RCA roof - VBR 0.93 0.222 0.84-1.04
SOV - LM 0.73 <0.001 | 0-64-0.83
SOV - RCA 0.74 <0.001 | 0.65-0.84
STJ width 0.62 <0.001 |0.51-0.74 | 0.65 |<0.001 | 0.53-0.81
STJ height 0.82 0.002 0.72-0.93 0.83 | 0.061 0.68-1.01
STJ/VBR 0.01 0.005 0.01-0.20
STJ/device size 0.00 <0.001 | 0.00-0.01
Implantation depth 0.77 <0.001 | 0.69-0.87 0.68 | <0.001 | 0.57-0.82
INTRA-ANNULAR THV
Age 1.10 0.064 0.99-1.22
Female sex 1450 | 0.001 2.98-70.59 | 6.31 | 0.049 1.01-39.47
Device size 0.79 0.081 0.61-1.03
Oversizing 1.09 0.059 1.00-1.20 1.12 | 0.057 0.99-1.27
THV commissures - VBR 1.66 0.001 1.24-2.23
LM roof - VBR 0.72 0.014 0.56-0.94
RCA roof - VBR 0.75 0.016 0.60-0.95
SOV - LM 0.69 0.001 0.55-0.87
SOV - RCA 0.70 0.001 0.56-0.86
STJ width 0.59 0.003 0.41-0.85
STJ height 0.67 0.002 0.51-0.87 0.71 | 0.038 0.52-0.98
STJVBR 0.01 0.141 0.02-6.85 0.00 | 0.092 0.00-3.68
STJ/device size 0.00 0.023 0.01-0.34
Implantation depth 0.71 0.010 0.55-0.92

LM: left main; RCA: right coronary artery; SOV: sinus of Valsalva; STJ: sinotubular junction; VBR: virtual

basal ring



Supplementary Table 2. Predictors of increased risk of impaired coronary access after redo
TAVI separately for the LM and the RCA.

Univariable Multivariable

OR | p-value 95% CI OR | p-value | 95% ClI
LM
Age 1.02 | 0.281 0.98-1.16
Female sex 2.79 | <0.001 1.62-4.82
Supra-annular THV 7.26 | <0.001 3.59-14.70 47.73 | <0.001 | 12.41-183.51
Device size 0.96 | 0.500 0.85-1.08
Oversizing 1.17 | <0.001 1.11-1.23 1.11 | 0.002 1.04-1.19
THV commissures - VBR | 1.27 | <0.001 1.18-1.37
LM roof - VBR 0.77 | <0.001 0.68-0.86 0.67 | <0.001 | 0.55-0.81
SOV - LM 0.79 | <0.001 0.72-0.87
STJ width 0.74 | <0.001 0.66-0.83 0.67 | <0.001 | 0.55-0.82
STJ height 0.77 | <0.001 0.69-0.86
STJVBR 0.06 | 0.053 0.00-1.03
STJ/device size 0.00 | <0.001 0.00-0.01
Implantation depth 0.82 | <0.001 0.75-0.90 0.66 | <0.001 | 0.55-0.79
RCA
Age 1.02 |0.248 0.98-1.07
Female sex 2.63 | 0.001 1.48-4.69
Supra-annular THV 2.07 | 0.027 1.08-3.97 3.54 | 0.005 1.46-8.58
Device size 0.88 | 0.064 0.78-1.01
Oversizing 1.12 | <0.001 1.07-1.18 1.05 | 0.064 0.99-1.11
THV commissures - VBR | 1.09 | 0.005 1.03-1.16
RCA roof - VBR 0.90 | 0.030 0.82-0.99 1.03 | 0.623 0.92-1.16
SOV - RCA 0.76 | <0.001 0.69-0.84
STJ width 0.60 | <0.001 0.51-0.71 0.59 | <0.001 | 0.48-0.71
STJ height 0.86 | 0.005 0.78-0.96
STJVBR 0.00 | <0.001 0.00-0.04
STJ/device size 0.00 | <0.001 0.00-0.00
Implantation depth 0.88 | 0.004 0.80-0.96 0.90 | 0.075 0.80-1.01

LM: left main; RCA: right coronary artery; SOV: sinus of Valsalva; STJ: sinotubular junction; VBR: virtual

basal ring



