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Coronary Angiography After Transcatheter
Aortic Valve Replacement (TAVR) to
Evaluate the Risk of Coronary Access
Impairment After TAVR-Iin-TAVR
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BACKGROUND: Transcatheter aortic valve replacement (TAVR)-in-TAVR is a possible treatment for transcatheter heart valve (THV) de-
generation. However, the displaced leaflets of the first THV will create a risk plane (RP) under which the passage of a coronary cath-
eter will be impossible. The aim of our study was to evaluate the potential risk of impaired coronary access (CA) after TAVR-in-TAVR.

METHODS AND RESULTS: We prospectively performed coronary angiography after TAVR with different THVs in 137 consecutive
patients, looking where the catheter crossed the valve frame. If coronary cannulation was achieved from below the RP, the dis-
tance between valve frame and aortic wall was measured by aortic angiography. CA after TAVR-in-TAVR was defined as feasible
if the catheter passed above the RP, as theoretically feasible if passed under the RP with valve-to-aorta distance >2 mm, and as
unfeasible if passed under the RP with valve-to-aorta distance <2 mm. Seventy-two patients (53%) received a Sapien 3 THV, 26
(19%) received an Evolut Pro/R THV, and 39 (28%) received an Acurate Neo THV. CA after TAVR-Iin-TAVR was considered feasible
in 40.9% (68.1%, 19.2%, and 5.1%, respectively; P<0.001), theoretically feasible in 27.7% (8.3%, 42.3%, and 53.8%, respectively;
P<0.001), and unfeasible in 31.4% (23.6%, 38.5%, and 41.1%, respectively; P=0.116). Independent predictors of impaired CA after
TAVR-In-TAVR were female sex (odds ratio [OR], 3.99; 95% Cl, 1.07-14.86; P=0.040), sinotubular junction diameter (OR, 0.62;
95% Cl, 0.48-0.80; P<0.001), and implantation of a supra-annular THV (OR, 6.61; 95% ClI, 1.98-22.03; P=0.002).

CONCLUSIONS: CA after TAVR-in-TAVR might be unfeasible in >30% of patients currently treated with TAVR. Patients with a small si-
notubular junction and those who received a supra-annular THV are at highest risk of potential CA impairment with TAVR-in-TAVR.
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indication is moving toward younger patients native to conventional surgery, although data are scant.
with longer life expectancy,'-® transcatheter heart Concerns have been raised about the risk of acute cor-
valve (THV) degeneration will be increasingly common. onary obstruction and the possibility of reaccessing the

As transcatheter aortic valve replacement (TAVR) In this setting, TAVR-Iin-TAVR seems an appealing alter-
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CLINICAL PERSPECTIVE

What Is New?

e This study is the first to address the issue of
potential unfeasibility of coronary access after
transcatheter aortic valve replacement (TAVR)-
in-TAVR in consecutive patients undergoing
coronary angiography after TAVR.

e According to our coronary angiography—based
algorithm, redo TAVR might be unfeasible in 1
of every 3 patients currently undergoing TAVR,
based on the potential risk of coronary access
impairment.

e Implantation of a supra-annular transcatheter
heart valve, female sex, and small sinotubular
junction dimensions are independent predictors
of possible coronary access impairment after
TAVR-in-TAVR.

What Are the Clinical Implications?

e The results of this study are important for pa-
tient counseling and prosthesis selection for
patients with longer life expectancy.

e Recognition of anatomic features potentially im-
pairing coronary access after redo TAVR, such
as a narrow sinotubular junction, might guide
the choice of prosthesis toward intra-annular,
lower frame transcatheter heart valves.

Nonstandard Abbreviations and Acronyms

CA coronary access
CCH  coronary cannulation height
ID implantation depth

LCA left coronary artery

RP risk plane

RCA right coronary artery

STJ sino-tubular junction

TAVR transcatheter aortic valve replacement
THV transcatheter heart valve

VTA valve-to-aorta distance

coronaries once the second prosthesis is in place.t=°
In fact, when the second THV is implanted, the leaflets
of the first prosthesis are displaced vertically, creating
a cylindrical cage that will impair coronary cannulation
and possibly coronary flow. Accordingly, it is possible
to identify a risk plane (RP) under which the first valve
frame cannot be crossed after TAVR-in-TAVR.

In this study, we prospectively performed coronary
angiography after TAVR with different types of devices,
aiming to evaluate the risk of possible coronary access
(CA) impairment after the implantation of a second THV.
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METHODS

Study Population

The data, analytic methods, and study materials will
be available to other researchers for purposes of re-
producing the results or replicating the procedure on
reasonable request.

Patients undergoing TAVR for severe symptomatic
aortic stenosis at our center from November 2018 to
August 2019 were considered for this study. Selective
cannulation of both the right coronary artery (RCA) and
the left coronary artery (LCA) was attempted directly after
THV implantation. Patients treated for surgical aortic bi-
oprostheses degeneration (ie, valve-in-valve) and those
without device success defined according to VARC-2
(Valve Academic Research Consortium) criteria’® were
excluded. Indications for TAVR, approach, and prosthe-
sis choice were based on the heart team’s decision. All
patients underwent coronary angiography and multide-
tector computed tomography evaluation before TAVR.
The study protocol was approved by the cardiovascular
section in-house Ethics Committee on Human Research
of the Padua Province. All participants gave their informed
consent for both for TAVR and coronary angiography.

RP of Different THVs

THVs used were the intra-annular Sapien 3 and Ultra
(Edwards Lifesciences), the supra-annular Evolut R
and Pro (Medtronic), and the Acurate Neo (Boston
Scientific). The RP was defined, according to manu-
facturer’s instruction, as the level under which the stent
frame of the first THV would be covered after its leaf-
lets were displaced vertically with the implantation of a
second TAVR device (Figure 1A).112

Intra-annular balloon-expandable Edwards Sapien 3 and
Ultra have a low frame height (15.5-22.5 mm, according
to valve size) and an upper row of open cells, where com-
missural posts are located. Accordingly, the RP is found
~1 mm below the upper part of the prosthesis frame.

The frame of the supra-annular self-expanding
Evolut R and Pro extends beyond the coronary ostia
jailing the coronary sinuses and has a constrained
central portion. CA is possible through the prosthe-
sis frame cells. Importantly, the height of commissural
posts, and thus of the RP, is 26 mm from the bottom
part of the THV.

The supra-annular self-expanding Acurate Neo
valve has a commissural post height (and thus an RP)
of 28 to 31 mm according to valve size but carries an
open cell architecture in the upper part of the frame
that allows easier access to the coronary ostia.

CA After TAVR

Coronary angiography after TAVR was performed in
all cases through the transfemoral approach. A first
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Figure 1.

Risk-plane height and angiographic measurements to assess coronary access feasibility after TAVR-in-TAVR.

A, Risk plane (RP) level for Sapien 3/Ultra (Edwards Lifesciences), Evolut R/Pro (Medtronic), and Acurate Neo (Boston Scientific)
transcatheter heart valves (THVs). B, Angiographically acquired measurements with the first THV in place. CCH indicates coronary
cannulation height; ID, implantation depth; and VTA, valve-to-aorta distance.

attempt was made to cannulate the coronaries from
above the RP with standard diagnostic catheters
(Judkins Right and Left; Cordis). If cannulation from
above the RP was unsuccessful, CA was attempted
from below the RP (with the same catheter or with
an Amplatz Left/Right diagnostic catheter or an extra
backup guiding catheter if coronary cannulation with
a standard diagnostic catheter was impossible). CA
was defined as selective if successful intubation of
the coronary ostium was achieved, as nonselective
if the coronary artery could be displayed and ade-
quately evaluated without full intubation, or as unfea-
sible if the coronary artery could not be displayed. All
angiographic images were independently reviewed
by 2 experienced interventional cardiologists (L.N.F.
and G.T.).

Angiographic Measurements

Aorta, LCA, and RCA angiograms directly after TAVR
were obtained and analyzed in multiple optimized
views aiming for elimination of prosthesis frame paral-
lax (Figure S1). Measurements acquired are summa-
rized in Figure 1B. Coronary cannulation height (CCH)
was measured as the distance between the aortic
valve and the level at which the catheter crossed the
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prosthesis frame. Valve-to-aorta (VTA) distance was
measured as the minimum distance between the pros-
thesis frame and the aortic wall under the RP level. A
VTA >2 mm was considered necessary for a 6-French
catheter to theoretically navigate behind the frame
struts and engage the coronary ostia.’”

Feasibility of CA After TAVR-in-TAVR

Three possible scenarios are conceptualized in
Figure 2 based on type of CA after index TAVR and
VTA. CA after TAVR-in-TAVR was considered feasible
when coronary cannulation after the first TAVR was
possible from above the RP. When coronary cannula-
tion was achieved below the RP, VTA was assessed.
CA after TAVR-In-TAVR was considered theoretically
feasible if VTA was >2 mm and unfeasible if VTA was
<2 mm. Feasibility of CA was initially evaluated on the
basis of LCA cannulation. All feasible and theoretically
feasible cases were then reviewed regarding RCA
engagement.

Statistical Analysis

Baseline characteristics are described as mean+SD
or median (interquartile range) for continuous variables
and as percentages for discrete variables. Continuous
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Figure 2. Proposed algorithm for assessment of coronary access (CA) feasibility after transcatheter aortic valve

replacement (TAVR)-in-TAVR.

If coronary cannulation after index TAVR is achieved from above the risk plane (RP; dashed line), CA after TAVR-in-TAVR is considered
feasible. If the catheter crosses the valve frame below the RP, engagement of coronary ostia is considered theoretically feasible in
the presence of a valve-to-aorta distance (VTA) >2 mm (asterisk). On the contrary, in the presence of a VTA <2 mm, TAVR-in-TAVR
will impede future CA and possibly cause acute coronary obstruction. fCoronary access challenging in case of TAVR-in-TAVR with 2

Evolut R/Pro transcatheter heart valves.

variables were compared with 1-way ANOVA and
the Student unpaired t test (parametric test) or the
Kruskal-Wallis test and Wilcoxon rank sum test (non-
parametric test) for 3 or 2 groups, respectively. Normal
distribution was evaluated with the Shapiro-Wilk test.
Categorical variables (as frequencies or percentage)
were compared with the 2 test or the Fisher exact test,
as appropriate. Logistic regressions were used to es-
timate the independent effect of multiple independent
variables on the risk of TAVR-in-TAVR unfeasibility. Only
the covariates that were significantly associated with
the risk of unfeasibility at univariate analysis (P<0.05
for model inclusion and P>0.10 for exclusion; Table S1)
and those considered clinically relevant were included,
and the convention of limiting the number of independ-
ent variables to 1 for every 10 events was followed."
Hosmer and Lemeshow and C-statistic tests were
used to assess the goodness of fit for logistic regres-
sion models and the predictive model discriminatory
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power, respectively. The results of such analysis are
presented as odds ratios (ORs) and 95% Cls. For all
analyses, a 2-sided P<0.05 was considered signifi-
cant. Statistical analyses were performed using SPSS
24.0.0 (IBM Corp).

RESULTS

Baseline Characteristics

A total of 137 patients (48% female) with a mean age of
79.1£7.0 years and mean logistic Euroscore Il of 4.1+3.0
were included in the study. Seventy-two (53%) re-
ceived a Sapien 3 THV, 26 (19%) received an Evolut R/
Pro THV, and 39 (28%) received an Acurate Neo THV.
Baseline demographic characteristics were similar
among valve groups (Table 1). Computed tomography-
acquired aortic valve and root measurements are de-
picted in Table 1. Most parameters were comparable
between groups. Patients receiving an intra-annular



Nai Fovino et al Coronary Access After TAVR-Iin-TAVR

Table 1. Baseline Characteristics and Procedural Data by THV

Sapien 3/Ultra Evolut R/Pro Acurate Neo Total
Clinical Characteristics (n=72) (n=26) (n=39) (N=137) P Value
Age, y 77.9+7.9 80.4+6.4 80.3+5.1 79.1£7.0 0.148
Female 46 (33) 35 (9) 61.5 (24) 48 (66) 0.088
Euroscore Il 4.5+3.6 3.8+2 3.56+2.2 41£3.0 0.214
Hypertension 86 (62) 88 (23) 87 (34) 87 (119) 0.951
Dyslipidemia 65 (47) 80 (21) 74 (29) 71(97) 0.359
Diabetes mellitus 31 (22 31(8) 31 (12) 31(42) 0.989
COPD 26.5 (19) 8(2) 15 (6) 20 (27) 0.105
Coronary artery disease 62.5 (45) 58 (15) 59 (23) 60.5 (83) 0.894
Previous PCI 30.5 (22) 31 (8) 31(12) 31 (42) 0.953
Previous CABG 15 (11) 0 13 (5) 12 (16) 0.136
Atrial fibrillation 30 (21) 27 (7) 15 (6) 25 (34) 0.276
Prior pacemaker 10 (7) 4(1) 5(2) 7 (10 0.256
LVEF, % 54.2+11.4 56.7+13.1 57.6+11.1 55.6+11.6 0.313
CT baseline
Annulus area 450+84 401117 395+62 425184 0.005
Annulus perimeter 76.8+7.2 74.5+£13.3 73.7+4.8 75.4+8.4 0.233
STJ mean diameter 28.2+3.3 28.9+5.2 26.9+2.8 27.9+3.7 0.087
Left sinus height 20.4+3.7 19.8+3.1 19.7+2.4 20.0+£3.2 0.497
Right sinus height 20.9+4.0 21.3+5.9 19.5+3.4 20.5+4.3 0.215
Noncoronary sinus height 20.7+3.4 21.6+4.4 19.4+2.8 20.4+3.5 0.042
LCA height 14.6+3.3 12.7+3.2 14121 14+2.9 0.033
RCA height 15.6+3.6 15.7+5.3 14.8+£3.2 15.4+3.8 0.518
Intercommissural distance (left) 30.4+3.6 31.2+5.5 281+2.7 29.8+4 0.004
Intercommissural distance 29.4+3.2 30+5.3 27.3£2.7 28.8+3.7 0.007
(right)
Intercommissural distance 30.9+3.3 31+6.1 28.8+2.9 30.2+4 0.027
(noncoronary)
Procedural data
Transfemoral access 76 (55) 100 (26) 97 (38) 87 (119) 0.001
THYV size, mm
23 19 (26) 6 (8) 5(7) 30 (41)
25 17 (23) 17 (23)
26 24 (33) 34) 27 (37)
27 7(9) 709
29 9(13) 3 (4) 12 (17)
34 7 (10) 7 (10)
Oversizing, %' 16.6+13 33+14.5 26.8+12.8 23.2+18.2 <0.001
Postdilatation 6 (4) 37.5 (10) 33 (13) 20 (27) <0.001
Implantation depth* 3.56+0.8 4.9+1.7 4.3+0.9 4.0+1.2 <0.001
RP 14.6+21 22.2+2.7 24.7+2.2 19.1£51 <0.001
VTA above RCAS 1.4+0.9 2.3+2.9 2.2+1.4 21£2 0.097
VTA above LCAS 1.3+1.1 2.6+3.1 2.6+1.7 2.2+2.1 0.057
RCA cannulation height 16.9+1.9 17.6+3.2 19.1+4.8 17.7+3.4 0.004
LCA cannulation height 16.5+1.9 16.9+2.9 16.8+2.8 16.2+2.5 0.011

Data are shown as mean+SD or n (%). CABG indicates coronary artery bypass grafting; COPD, chronic obstructive puimonary disease; CT, computed
tomography; LCA, left coronary artery; LVEF, left ventricular ejection fraction; PCI, percutaneous coronary intervention; RCA, right coronary artery; RP, risk
plane; STJ, sinotubular junction; THV, transcatheter heart valve; and VTA, valve-to-aorta distance.

TOversizing (%)=[(nominal prothesis area/cross-sectional annular area)—1]x100.

*Mean value between left and noncoronary cusp.

SFor patients with theoretically feasible or unfeasible coronary access.
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device had higher aortic valve area (425+84 versus
401117 and 395+62 mm?, respectively; P=0.005),
whereas participants treated with an Evolut R/Pro had
a slightly lower LCA origin (14.6+3.3 versus 12.7+3.2
and 14.1+21 mm, respectively; P=0.033). Notably, si-
notubular junction (STJ) diameter was similar (28.2+3.3
versus 28.9+5.2 and 26.9+2.8 mm, respectively;
P=0.087) among THV groups.

Procedural Characteristics and Outcomes
In 87% of patients, TAVR was performed through the
transfemoral approach. Mean implantation depth was
3.5+0.8 mm for Sapien 3/Ultra, 4.9+1.7 mm for Evolut
R/Pro, and 4.3+0.9 mm for Acurate Neo THV (P<0.001).
Postdilation was more often performed with Evolut R/
Pro and Acurate Neo (37.5% and 33.3%, respectively)
compared with Sapien 3 (6%; P<0.001). No complica-
tion related to coronary cannulation was registered.
According to inclusion criteria, intraprocedural mortality
was 0%, and no patient experienced annular rupture,
device embolization, or moderate or severe paravalvu-
lar leakage. Of note, during the enrollment period, no
patient at our institution experienced acute coronary
obstruction after TAVR. Twelve patients (8.7%) under-
went new pacemaker implantation before discharge.

Coronary Cannulation After TAVR
Cannulation of RCA and LCA was feasible in all pa-
tients (selective in 88.3%). The RP distance from the
aortic valve, as measured by fluoroscopy, was signifi-
cantly lower in patients who received a Sapien 3 com-
pared with an Evolut R/Pro or Acurate Neo THV (mean,
14.6+2.1 versus 22.2+2.7 and 24.7+2.2 mm, respec-
tively; P<0.001). Left and right CCHs were also lower
for Sapien 3/Ultra compared with other THVs (P=0.001
and P=0.004, respectively). In more than two-thirds of
patients with an intra-annular device, coronary engage-
ment was achieved from above the RP, whereas this
proportion was significantly lower in patients treated
with an Evolut R/Pro or Acurate Neo (68.1% versus
19.2% and 5.1%, respectively; P<0.001). Among pa-
tients with coronary cannulation under the RP, mean
VTA was 2.2+21 mm for LCA and 2.1+0.9 mm for
RCA, with no difference between THV groups. Twelve
participants (8.7%) also underwent computed tomog-
raphy evaluation after TAVR (Figure S2). Visual inspec-
tion of Bland-Altman plots showed good agreement
between computed tomography and angiography
measurements of VTA and RP in this small subgroup
of patients (Table S2).

Feasibility of CA After TAVR

According to our classification algorithm, CA after
TAVR-in-TAVR was deemed unfeasible in 31.4% of
our TAVR population (Figure 3). This unfavorable
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situation tended to be more frequent among pa-
tients with Evolut R/Pro or Acurate Neo (38.5% and
41.1%, respectively) compared with Sapien 3 (23.6%;
P=0.116). On the contrary, TAVR-in-TAVR was found
to be more frequently feasible in patients with an
intra-annular THV (68.1% versus 19.2% and 5.1%,
respectively: P<0.001). In about 27.7% of patients,
TAVR-in-TAVR was considered theoretically feasible,
given the presence of a VTA >2 mm and CA achieved
from below the RP. Notably, all feasible and theo-
retically feasible TAVR-in-TAVR procedures based on
LCA cannulation were confirmed after assessment
of RCA measurements. Compared with the rest of
the study population, participants with predicted
impaired CA after TAVR-in-TAVR had smaller annu-
lus, narrower STJ, and lower sinuses. Notably, LCA
and RCA ostium heights were not different among
groups. Regarding procedural characteristics, pa-
tients with unfeasible TAVR-in-TAVR had higher rates
of postdilation, lower RP, and lower CCH (Table 2).

Predictors of CA Unfeasibility After TAVR-
in-TAVR

Multiple potential predictors were tested (sex, mean
aortic gradient at echocardiography, coronary ostium
and coronary sinus height, sinus and STJ diameter,
annular and left ventricular outflow tract (LVOT) area,
perimeter and diameter, prosthesis size and oversizing,
supra-annular design, CCH). At multivariate analysis,
female sex (OR, 3.99; 95% ClI, 1.07-14.86; P=0.040),
STJ diameter (OR, 0.62; 95% Cl, 0.48-0.80; P<0.001),
and implantation of supra-annular THV (OR, 6.61; 95%
Cl, 1.93-22.03; P=0.002) and left CCH (OR, 0.52; 95%
Cl, 0.37-0.74; P<0.001) were found to be independ-
ent predictors of impaired CA after TAVR-in-TAVR
(C-statistic, 0.89; Hosmer and Lemeshow test, 0.6;
Table 3).

DISCUSSION

The main findings of this study—the first to inves-
tigate potential unfeasibility of CA after TAVR-in-
TAVR—are as follows. First, according to our novel
coronary angiography—-based algorithm, almost
one-third of TAVR patients might be unsuitable for
TAVR-in-TAVR. Second, patients treated with an
intra-annular Sapien 3/Ultra THV are at lower risk of
CA impairment after TAVR-in-TAVR compared with
participants who received a supra-annular Evolut R/
Pro and Acurate Neo. Third, female sex, presence of
a small STJ, and implantation of a supra-annular de-
vice are independent predictors of possible impaired
CA after TAVR-in-TAVR.

Given the positive results of recent low-risk trials,?
TAVR is being increasingly offered to younger patients
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SAPIEN 3/ULTRA EVOLUT R/PRO ACURATE NEO
N=72 N=26 N=39
CA above RP CA above RP CA above RP
TAVR-Iin-TAVR
feasible
(40.9%)
£
68.1% 19.2% 5.1%
CA under RP - VTA>2mm CA under RP - VTA>2mm CA under RP - VTA>2mm
TAVR-in-TAVR
theoretically
feasible
(27.7%)
8.3% 42.3% 53.8%
CA under RP - VTAS2mm CA under RP - VTAS2mm CA under RP - VTAS2mm
TAVR-in-TAVR
unfeasible
(31.4%)
23.6%
Figure 3. Incidence of predicted coronary access (CA) impairment after transcatheter aortic valve replacement (TAVR)-in-

TAVR according to transcatheter heart valve (THV) type.
RP indicates risk plane; and VTA, valve-to-aorta distance.

with the approach of undergoing redo TAVR if they
outlive their THVs. However, data on TAVR-In-TAVR are
restricted to single-case reports.' Possible high risk
of coronary obstruction and impossibility of reaccess-
ing the coronary ostia after the leaflets of the first THV
are displaced vertically by the implantation of the sec-
ond device have been suggested.® Notably, this risk
is independent from the commissural alignment of the
THV (eg, with or without a commissural tab facing the
coronary ostium), because the tilted leaflet of the first
device will create a cylindric cage with the implantation
of the second THV. To date, feasibility of CA after TAVR
with different THVs has never been comprehensively
addressed.

Feasibility of TAVR-in-TAVR

Our results, although theoretical and hypothesis gen-
erating, suggest that in 1 of every 3 participants, redo
TAVR might cause impairment in CA. In this situation,
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patients might experience the paradox of needing sur-
gical aortic valve replacement after being treated with
TAVR. A recent study based on aortic angiogram sug-
gested that 21.3% of patients treated with Sapien 3
might be unsuitable for TAVR-in-TAVR.” Interestingly,
our data confirm these findings, with 23.6% of intra-
annular devices at high risk of CA impairment after
TAVR-in-TAVR based on the proposed algorithm. In the
same report, Tang et al suggested a novel aortic root
classification that is useful but not applicable to supra-
annular prostheses.

Procedural Predictors of TAVR-in-TAVR
Unfeasibility

TAVR-In-TAVR with intra-annular Sapien 3/Ultra will
not interfere with future CA in more than two-thirds
of patients, whereas this percentage is considerably
lower (<20%) in patients with supra-annular devices.
These results can be explained by the lower frame of
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Table 2. Baseline Characteristics and Procedural Data by CA Feasibility

Theoretically Feasible
Clinical Characteristics Feasible (n=56) (n=38) Unfeasible (n=43) Total (N=137) P Value
Age, y 78.6+7.6 80.4+5.0 78.6+7.8 79.1+7.0 0.424
Female 41 (23) 42 (16) 63 (27) 48 (66) 0.068
Euroscore Il 4.4+3.8 3.4+1.6 4.3+2.7 41+£3.0 0.276
Hypertension 89 (50) 89.5 (34) 81 (35) 87 (119) 0.435
Dyslipidemia 61 (34) 76 (29) 79 (34) 71 (97) 0.129
Diabetes mellitus 34 (19) 34 (13) 23 (10) 31 (42) 0.560
COPD 21 (12) 18 (7) 19 (8) 20 (27) 0.897
Coronary artery disease 59 (33) 66 (25) 58 (25) 60.5 (83) 0.822
Previous PCI 25 (14) 30 (11) 39.5 (17) 31 (42) 0.343
Previous CABG 10 (6) 10.5 (4) 14.(6) 12 (16) 0.773
Previous stroke 12(7) 8(3) 14 (6) 12 (16) 0.746
Atrial fibrillation 36 (20) 21 (8) 14 (6) 25 (34) 0.073
Prior pacemaker 9 (5) 10.5 (4) 2(1) 7 (10) 0.334
LVEF (%) 54.7+11.5 56.0+10.7 56.5+12.8 55.6+11.6 0.758
CT baseline
Annulus area 448+75 426+77 390+91 425+84 0.013
Annulus perimeter 76.9+7.2 76.9+9.5 72.0+8.4 75.4+8.4 0.021
STJ mean diameter 28.7£3.2 29.4+4.1 25.5+2.3 27.9+£3.7 <0.001
Left sinus height 20.8+3.4 20.5+2.9 18.8+2.9 20.0+3.2 0.009
Right sinus height 21.3+3.8 21.3+4.6 18.9+4.0 20.5+4.3 0.020
Noncoronary sinus height 21.3+3.2 20.8+3.7 19.1+3.3 20.4+3.5 0.016
LCA height 14.73+3.1 13.9+2.5 13.3£3.0 14.0+2.9 0.080
RCA height 15.5+3.6 16.7+4.4 14.8+3.6 16.4+3.8 0.539
Intercommisural distance (left) 30.6+3.7 30.2+4.8 28.5+3.1 29.8+4 0.049
Intercommisural distance (right) 29.6+3.1 29.5+4.7 27.2+2.9 28.8+£3.7 0.005
Intercommisural distance 30.8+3.3 31+4.5 28.7+4.1 30.2+4 0.025
(noncoronary)

Procedural data

Transfemoral access 77 (43) 92 (35) 95 (41) 87 (119) 0.013
THV size, mm

23 13 (18) 4 (6) 12 (17) 30 (41)

25 9 (13) 7 (10) 17 (23)

26 19 (26) 4(5) 4(6) 27 (37)

27 1(2) 3 (4) 2(3) 79

29 5(7) 49 45 12(17)

34 23 4(5) 1(2) 7 (10)
Oversizing, %' 156.8+15.4 27.9+18.7 29.9+18.1 23.2+18.2 0.001
Supra-annular THV 11 (6) 84 (32) 60.5 (26) 47 (64) <0.001
Postdilatation 9 (5) 29 (11) 25.5 (1) 20 (27) 0.029
Implantation depth* 3.9+1.3 4.2+0.9 4.0+1.3 4.0+1.2 0.357
RP 156.4+3.6 23.3+£3.7 20.2+4.6 19.1+5.1 <0.001
RCA VTAS 3.6+0.8 0.8+0.7 21+0.9 <0.001
LCA VTAS 3.8+2.2 0.9+0.6 2.2+21 <0.001
RCA cannulation height 17.9+2.6 19.5+4.3 16.9+2.3 17.7£3.4 <0.001
LCA cannulation height 17.0+2.9 16.6+£2.0 14.8+1.7 16.2+2.5 <0.001

Data are shown as mean+SD or n (%). CA indicates coronary access; CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary artery
disease; CT, computed tomography; LCA, left coronary artery; LVEF, left ventricular ejection fraction; PCI, percutaneous coronary intervention; RCA, right
coronary artery; RP, risk plane; STJ, sinotubular junction; THV, transcatheter heart valve; and VTA, valve-to-aorta distance.

TOversizing (%)=[(nominal prothesis area/cross-sectional annular area)-1]x100.

#Mean value between left and noncoronary cusp.

SFor patients with theoretically feasible or unfeasible CA.
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Table 3. Multivariate Analysis of CA Impairment After TAVR-in-TAVR

Predictor Variable in
Predictor Variable Unfeasible vs Feasible OR (95% Cl) P Value C-Statistic H-L Test
Female sex, % 41 vs 22.5 3.99 (1.07-14.86) 0.040 0.89 0.6
Supra-annular design, % 41 vs 23 6.61 (1.98-22.03) 0.002
STJ diameter, mean+SD 25.5+2.3 vs 29+3.6 0.62 (0.48-0.80) <0.001
Left coronary cannulation 14.8+1.7 vs 16.8+2.6 0.52 (0.37-0.74) <0.001
height, mean+SD

CAindicates coronary access; H-L test, Hosmer-Lemeshow test; OR, odds ratio; STJ, sinotubular junction; and TAVR, transcatheter aortic valve replacement.

intra-annular THVs, which have a design more similar to
surgical bioprostheses. On the contrary, supra-annular
THVs invariably extend above the coronary ostia, and
coronary cannulation after index TAVR is achieved
under the RP with 80.8% of Evolut R/Pro and 94.9% of
Acurate Neo devices. Nevertheless, in a consistent pro-
portion of patients with a large STJ (VTA >2 mm), redo
TAVR is theoretically feasible, given the possibility for a
coronary catheter to navigate between the valve frame
and the aortic wall after the leaflets have been vertically
displaced (Video S1). However, CA in this situation will
be challenging, and operators will likely need differently
shaped catheters or even the help of coronary guide-
wires or microcatheters to achieve coronary cannula-
tion. Moreover, because CA in the theoretically feasible
group in our study was achieved from below the RP,
we cannot exclude that CA will eventually be unfeasible
in some of these patients. This outcome might be more
likely if the coronary ostia are low or if TAVR-Iin-TAVR is
performed with 2 Evolut R/Pro THVs. In fact, given the
impossibility of orienting the THV,'® it is possible that
the 2 frames above the RP would not perfectly align,
leaving insufficient room for a coronary catheter to
cross the 2 overlapping stent layers. This issue might
be mitigated by the open cell design of the Acurate
Neo THV. If a supra-annular valve were implanted first
and then TAVR-in-TAVR were performed with a Sapien
3/Ultra THV, the leaflet of the original valve might not be
displaced in a completely vertical position, making CA
potentially easier as long as a commissural post does
not lie in front of the coronary ostium. Notably, novel
leaflet-splitting techniques such as BASILICA may be
less effective in preventing coronary obstruction with
TAVR-in-TAVR compared with TAVR in surgical aortic
valves, since the neocommissure of the first prosthesis
might not be aligned to those of the native aortic valve
and potentially lying in front of a coronary ostium.

In our study, a mean implantation depth of 4.0£1.2 mm
resulted in a pacemaker implantation rate of 8.7%, com-
parable to other recent TAVR series.? It could be spec-
ulated that a strategy of lower THV implantation would
increase feasibility of CA after redo TAVR by lowering
the RP. However, this would likely happen at the cost of
higher rates of pacemaker implantation'®~'®—an undesir-
able complication, particularly in younger patients.'®2

J Am Heart Assoc. 2020;9:e016446. DOI: 10.1161/JAHA.120.016446

Anatomic Predictors of TAVR-in-TAVR
Unfeasibility

The major anatomic predictor of potential TAVR-in-
TAVR unfeasibility is the presence of a narrow STJ. As
the tightest part of the aortic root, the STJ is often the
level at which the prosthesis frame is in closest prox-
imity to the aortic wall and represents the bottleneck
where the catheter is not able to further navigate to-
ward the coronary ostium. In contrast, coronary sinus
and coronary ostium height do not seem to predict CA
impairment after TAVR-in-TAVR, possibly because the
RP of correctly implanted supra-annular devices is al-
most always above the coronary sinuses, even in the
presence of a very high STJ. Notably, the smaller mean
STJ of patients receiving the Acurate Neo valve might
have reduced the percentage of theoretically feasible
CA with this valve in our cohort.

The results of this study should be considered
hypothesis generating, and the proposed algorithm
needs to be validated in clinical practice by collecting
redo TAVR procedures performed in nonselected co-
horts of patients. However, based on these findings,
patients with longer life expectancy might be consid-
ered for implantation of a lower frame, intra-annular
THV to preserve CA in case TAVR-in-TAVR is needed
in the future. Recognition of anatomic features poten-
tially impairing CA after redo TAVR, such as a narrow
ST, is important for correct counseling in younger pa-
tients proposed for TAVR. Choosing the first THV while
considering future TAVR-in-TAVR highlights how far we
have progressed in the field of transcatheter treatment
of aortic stenosis. Particularly when small valves are
required in younger patients, the potential advantages
of better hemodynamics and lower patient-prosthesis
mismatch rates with a supra-annular design need
to be balanced with the risk of CA unfeasibility after
TAVR-Iin-TAVR.

Limitations

The main limitation of the current study is the lack of
routine computed tomography evaluation after the
index TAVR. In fact, although coronary angiography
and aortography were acquired in dedicated optimized
fluoroscopic views to minimize valve frame parallax,
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VTA could have been underestimated.” However, in
the small subgroup of patients who underwent com-
puted tomography after TAVR, the 2 measurements
showed good agreement. Nevertheless, validation of
our findings with routine integration of coronary angi-
ography and 3-dimensional computed tomography re-
construction needs to be the focus of further research.
Moreover, we cannot exclude that in some cases with
VTA >2 mm but coronary cannulation from below the
RP (ie, theoretically feasible TAVR-in-TAVR), CA could
have been achieved from above the RP with the use of
differently shaped coronary catheters or the help of a
guidewire or microcatheter. Notably, angiography and
percutaneous coronary intervention are often feasible
(but more challenging) even when selective cannulation
is not possible. At the same time, we cannot exclude
that in some of these patients, CA might eventually be
unfeasible, even if VTA is >2 mm. The greater percent-
age of small aortic annuli among patients who received
the Acurate Neo valve may represent a potential con-
founder, although small valvular annular dimensions
were not independent predictors of TAVR-in-TAVR un-
feasibility. In this regard, it is known that supra-annular
devices are preferred in small aortic anatomies because
of their better hemodynamic performance,?' thus our
data reflect real-world clinical practice. Our results
should not be extended to other devices, such as intra-
annular Portico (Abbott) and Lotus (Boston Scientific)
THVs,?? which were not investigated. Moreover, they
should not be generalized to patients with bicuspid aor-
tic valve stenosis, for which THV implantation is usually
higher.'?23 Finally, this study was conducted in a single
high-volume TAVR center without core-laboratory vali-
dation of angiographic findings.

CONCLUSIONS

CA after TAVR-in-TAVR might be unfeasible in approxi-
mately a third of patients currently treated by TAVR.
Participants who received a supra-annular THV were
at higher risk of CA impairment compared with those
implanted with an intra-annular device. Female sex
and small STJ dimensions are also independent pre-
dictors of impaired CA after TAVR-Iin-TAVR. Our find-
ings are important for correct patient counseling and
prosthesis selection in patients with longer life expec-
tancy. These results have to be considered hypoth-
esis generating and need to be confirmed by larger
studies with routine integration of computed tomog-
raphy evaluation and, most importantly, by collection
of a larger number of redo TAVR procedures in nonse-
lected patients.
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Table S1. Baseline characteristics and procedural data per CA feasibility.

. L Fegsible or Unfeasible Total

Clinical Characteristics Theoretlc(%li})/ Feasible (43) (137) p-value
Age (years) 79.316.7 78.617.8 79.14£7.0 0.563
Female 41.5% (39) 63% (27) 48% (66) 0.021
Euroscore 11 4.0£3.2 4.3+£2.7 4.1+£3.0 0.549
Hypertension 89% (84) 81% (35) 87% (119) 0.198
Dyslipidemia 67% (63) 79% (34) 71% (97) 0.174
Diabetes Mellitus 34% (32) 23% (10) 31% (42) 0.283
COPD 20% (19) 19% (8) 20% (27) 0.952
Coronary artery disease 62% (58) 58% (25) 60.5% (83) 0.697
Previous PCI 27% (25) 39.5% (17) 31% (42) 0.166
Previous CABG 11% (10) 14% (6) 12% (16) 0.496
Previous Stroke 11% (10) 14% (6) 12% (16) 0.525
Atrial Fibrillation 30% (28) 14% (6) 25% (34) 0.078
Prior pacemaker 9.5% (9) 2% (1) 7% (10) 0.172
LV-EF (%) 55.7+11.5 56.5+12.8 55.6+11.6 0.583
CT baseline
Annulus Area 44076 390491 425+84 0.006
Annulus perimeter 76.948.1 72.0£8.4 75.4+8.4 0.005
STJ mean diameter 28.9+3.6 25.5+2.3 27.9+3.7 <0.001
Left sinus height 20.7£3.2 18.8+2.9 20.0+3.2 0.002
Right sinus height 21.3+4.2 18.9+4.0 20.5+4.3 0.005
Non coronary sinus height 21.1+3.4 19.1+3.3 20.4£3.5 0.005
LCA height 14.4+2.9 13.3+3.0 14.0+2.9 0.055
RCA height 15.6+3.9 14.843.6 15.443.8 0.268
Intercommisural distance (left) 30.4+4.2 28.5+3.1 29.8+4 0.016
Intercommisural distance (right) 29.6+3.8 27.2+2.9 28.8+3.7 0.001
::gtgg‘a’:;‘)misura' distance (non 30.9+3.8 28.7+4.1 30.2+4 0.007
Procedural Data
Transfemoral access 83% (78) 95% (41) 87% (119) 0.047
THV size

23 mm 18% (24) 12% (17) 30% (41)

25 mm 10% (13) 7% (10) 17% (23)

26 mm 23% (31) 4% (6) 27% (37)

27 mm 4% (6) 2% (3) 7% (9)

29 mm 9% (12) 4% (5) 12% (17)

34 mm 6% (8) 1% (2) 7% (10)
Oversizing (%) ° 20.4+17.7 29.9+18.1 23.2+18.2 0.015

Supra-annular THV 40% (38) 60.5% (26) 47% (64) 0.029



Post-dilatation 17% (16)

Implantation deptht 4.0+£1.2

Risk Plane 18.54£5.3
RCA VTA* 3.6+0.8
LCA VTA* 3.8+2.2
RCA cannulation height 18.6+3.5
LCA cannulation height 16.8+2.6

25.5% (11)
4.0+1.3
20.2+4.6
0.8+0.7
0.9+0.6
15.9+2.3
14.8+1.7

20% (27)
4.0£1.2
19.145.1
2.1+0.9
2.242.1
17.743.4
16.242.5

0.332
0.931
<0.001
<0.001
<0.001
<0.001
<0.001

T mean value between left and noncoronary cusp; * for patients with theoretically feasible or unfeasible CA

° Oversizing (%) = [(nominal prothesis area/cross-sectional annular area) — 1] x 100

COPD = chronic obstructive pulmonary artery disease; PCI = percutaneous coronary intervention; CABG =
coronary artery bypass grafting; LV-EF = left ventricular ejection fraction; CT= computed tomography; STJ
= sinotubular junction; LCA = left coronary artery; RCA = right coronary artery; THV = transcatheter heart

valve; VTA = valve-to-aorta distance



Table S2. Computed tomography and angiographic measurement of VTA and RP in patients
undergoing CT after TAVR.

Patient Risk plane (mm) VTA above RCA (mm) VTA above LCA (mm)
CT Angiography CT Angiography CT Angiography
1 14.3 14.5 3.2 2.9 2.8 3.1
2 15.5 15.6 13 1.4 15 1.3
3 13.6 13.9 0.7 1.0 1.3 0.9
4 12.9 12.7 2.9 3.3 3.1 2.8
5 19.0 18.6 2.7 2.6 2.5 2.4
6 19.2 195 4.7 5.3 4.5 4.8
7 21.1 22.4 19 14 1.8 1.6
8 22.3 22.9 14 1.7 0.7 11
9 20.6 20.5 33 2.8 3.9 3.6
10 25.9 26.4 2.0 2.2 1.2 1.0
11 23.9 25.7 3.0 31 2.9 2.8
12 20.4 22.1 11 11 0.4 0.7




Figure S1. Dedicated angiographic views for LCA, RCA and aortogram measurements,

optimized to eliminate valve frame parallax.

For example, LCA angiograms were acquired with the coronary take-off perpendicular to the
operator (e.g. with the left main on the right side in LAO view). Similar views were obtained for all
types of THV. LCA=left coronary artery; RCA=right coronary artery; CCH=coronary cannulation
height; RP=risk plane; VTA=valve-to-aorta distance; ID=implantation depth.



Figure S2. Computed tomography and coronary angiography of a patient with predicted
feasible coronary access after TAVR-in-TAVR.

According to pre-procedural CT the coronary ostia are located above the risk plane of the balloon-
expandable prosthesis (A-B). Coronary cannulation is achieved from above the risk plane (C-D).
After TAVR-in-TAVR with a second balloon-expandable prosthesis, coronary cannulation is still
easily achieved from above the risk plane (E-F).



Supplemental Video Legend:

Video S1. Left coronary artery cannulation from outside the valve frame in a patient with

VTA >2 mm after Acurate Neo implantation. Best viewed with Windows Media Player.



