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Abstract: Background/Objectives: To date, data regarding the characteristics and management of
obstructive, stable coronary artery disease (CAD) encountered in patients undergoing transcatheter
aortic valve implantation (TAVI) are sparse. The aim of the study was to analyze granular details,
treatment, and outcomes of patients undergoing TAVI with obstructive, stable CAD from real-world
practice. Methods: REVASC-TAVI (Management of myocardial REVASCularization in patients
undergoing Transcatheter Aortic Valve Implantation with coronary artery disease) is an investigator-
initiated, multicenter registry, which collected data from patients undergoing TAVI with obstructive
stable CAD found during the pre-TAVI work-up. Results: A total of 2025 patients from 30 centers
worldwide with complete follow-up were included in the registry. Most patients had single-vessel
CAD (56.1%). An involvement of proximal coronary tracts was detected in 62.5% of cases, with
12.0% of patients having CAD in left main (LM). Most patients received percutaneous coronary
intervention (PCI) (n = 1617, 79.9%), especially those with proximal CAD (90.4%). At 2 years, the
rates of all-cause death [Kaplan-Meier (KM) estimates 20.1% vs. 18.8%, Plog-rank = 0.86] and of the
composite of all-cause death, stroke, myocardial infarction, and rehospitalization for heart failure
(KM estimates 29.7% vs. 27.5%, Plog.rank = 0.82) did not differ between patients undergoing PCI and
those who were not. Conclusions: Patients undergoing TAVI with obstructive CAD more commonly
had a single-vessel disease and an involvement of proximal coronary tracts. They were commonly
treated with PCI, with similar outcomes compared to those treated conservatively.

Keywords: transcatheter aortic valve implantation; coronary artery disease;
percutaneous coronary intervention

1. Introduction

Transcatheter aortic valve implantation (TAVI) has become the treatment of choice for
elderly patients affected by symptomatic severe aortic stenosis (AS) or for younger patients
at increased surgical risk. Coronary artery disease (CAD) often coexists in patients affected
by AS and undergoing TAVI [1]. Recently, the issue of coronary re-access after TAVI raised
concern about the optimal management of obstructive, stable CAD, especially in patients
with longer life expectancy. The European and American guidelines for valve heart diseases
recommend to consider percutaneous coronary intervention (PCI) in patients undergoing
TAVI with an involvement of proximal coronary vessels, but this statement is mainly based
on expert consensus as existing data are poor [2,3]. Results from the recent ACTIVATION
randomized clinical trial (RCT) did not show a clinical benefit of performing percutaneous
coronary intervention (PCI) in TAVI recipients [4]. Notably, the results of this trial cannot
be generalized to the current practice, due to the exclusion of patients with angina at
baseline or unprotected left main (LM) disease. Characteristics of obstructive, stable CAD
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in patients undergoing TAVI in the real-world practice have been poorly investigated, as
have its management and the clinical outcomes. The aim of the study was to report CAD
details and clinical outcomes of TAVI patients with stable obstructive CAD treated in the
current clinical practice and enrolled in the multicenter REVASC-TAVI registry, focusing on
patients’ management in a real-world setting.

2. Materials and Methods

REVASC-TAVI (Management of myocardial REVASCularization in patients undergo-
ing Transcatheter Aortic Valve Implantation with coronary artery disease) is an investigator-
initiated, retrospective, multicenter registry, which enrolled patients undergoing TAVI
with obstructive CAD, found at the coronary angiogram performed during the pre-TAVI
work-up, from 30 institutions worldwide. Patients with missing follow-up and coronary
angiogram data were excluded from the study. Baseline and clinical characteristics, echocar-
diographic parameters, coronary angiogram, TAVI and PCI specifics, and follow-up data
were collected by the co-investigators at each center. Any discrepancies were resolved
through direct communication with the respective local investigators. The management of
CAD, as well as the indication for PCI, the utilization of functional invasive or noninvasive
tests for myocardial ischemia and intravascular ultrasound (IVUS), PCI strategy, and the
duration of antiplatelet therapy were subject to the discretion of each local heart team and
operating interventional cardiologist.

All outcomes were defined according to the Valve Academic Research Consortium-2
(VARC-2) definitions [5].

Obstructive CAD was defined as the presence of visual angiographic stenosis > 70%
[>50% if protected LM or vein graft], instantaneous wave-free ratio (iFR) value < 0.89,
fractional flow reserve (FFR) value < 0.80, in 1 or more coronary arteries of at least 2.5 mm of
diameter, not revascularized by patent coronary stents or bypass grafts, or LM minimal lumen
area (MLA) < 6 mm? at IVUS assessment. Coronary disease burden was assessed using the
British Cardiovascular Intervention Society myocardial Jeopardy Score (BCIS-JS) [6].

The aim of the analysis is to report characteristics of CAD and details of the PCls per-
formed, rates of all-cause death and of the composite of all-cause death, stroke, myocardial
infarction (MI), and rehospitalization for heart failure (HF) at 2 years, according to the
strategy adopted for CAD management.

Categorical variables are reported as counts and percentages. Continuous variables are
reported as medians and interquartile ranges (IQRs). Continuous variables were assessed
using the t-test or Mann—-Whitney U test, while categorical variables were evaluated using
the chi-square statistics or Fischer’s exact test, as appropriate. Multivariable regression
analyses were performed using generalized linear models. Results are reported as odds
ratio (OR) with 95% confidence interval (CI). Time-to-event curves were estimated us-
ing the Kaplan-Meier method. The statistical analyses were performed two-tailed, and
p-value < 0.05 was considered as the threshold for statistical significance. All statistical
test were executed using R software version 3.6.3 (R software, R Foundation for Statistical
Computing, Vienna, Austria).

3. Results
3.1. Baseline Characteristics

A total of 2025 TAVI patients enrolled in the REVASC-TAVI registry, with available data
about the completeness of myocardial revascularization and clinical status at follow-up,
were included in the present analysis. The median age was 82.4 years and 41.3% of patients
were female. Predicted mortality risk according to the Society of Thoracic Surgeons (STS)
score was 5.0%. Only 28.1% of patients had angina and 63.1% were in NHYA class III or IV.
Baseline characteristics of patients according to PCI treatment or not, and according to vital
status at 2 years, are reported in Table 1 and Supplementary Table S1, respectively.
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Table 1. Baseline characteristics of patients undergoing and those not undergoing PCI.
Overall No PCI PCI Val
(n = 2025) (n = 408) (n = 1617) p-vatue
Sex, male n (%) 1188 (58.7) 250 (61.3) 938 (58.0) 0.40
Age, median [IQR] 82.4[78.0, 85.8] 83.0[79.0, 86.0] 82.2[78.0, 85.3] 0.12
Body mass index, median [IQR] 26.5[23.8,29.4] 26.7 [23.9, 29.8] 26.5[23.7,29.1] 0.29
Hypertension, n (%) 1719 (84.9) 341 (83.6) 1378 (85.2) 0.51
Diabetes, n (%) 648 (32.0) 132 (32.4) 516 (31.9) 0.26
Peripheric artery disease, n (%) 338 (16.7) 68 (16.7) 270 (16.7) 0.12
COPD, n (%) 319 (15.8) 67 (16.4) 252 (15.6) 0.06
eGFR, ml/min median [IQR] 55.1[43.0, 64.5] 53.5[39.6, 67.1] 55.1[44.0, 64.0] 0.04
Prior CABG, n (%) 195 (9.6) 61 (15.0) 134 (8.3) <0.01
Prior PCI, n (%) 963 (47.6) 107 (26.2) 856 (52.9) <0.01
Prior myocardial infarction, n (%) 405 (20.0) 93 (22.8) 312 (19.3) 0.04
Prior stroke, n (%) 169 (8.3) 22 (5.4) 147 (9.1) <0.01
Prior pacemaker, n (%) 178 (8.8) 45 (11.0) 133 (8.2) 0.01
Prior SAVR, n (%) 39 (1.9) 7(1.7) 32 (2.0) <0.01
Bicuspid aortic valve, n (%) 80 (4.0) 11 (2.7) 69 (4.3) <0.01
CCS class > 1, n (%) 444 (28.1) 73 (19.2) 371 (30.9) <0.01
NYHA class > 2, n (%) 1274 (63.1) 262 (64.2) 1012 (62.8) 0.61
Atrial fibrillation, n (%) 541 (26.7) 102 (25.0) 439 (27.1) 0.04
STS mortality score, % median [IQR] 5.0[3.1,5.1] 4.31[2.8,5.4] 5.0[3.2,5.1] 0.01
LVEEF, % median [IQR] 55.0 [45.0, 61.0] 55.0 [43.8, 60.0] 56.0 [47.0, 62.0] <0.01
LVEF < 40%, n (%) 300 (14.8) 73 (17.9) 227 (14.0) 0.05
Aortic mean gradient, mmHg, median [IQR] 44.0 [36.0, 51.0] 44.4[38.0,51.0] 44.0 [36.0, 51.0] 0.22
Aortic valve area, cm? median [IQR] 0.7 [0.6, 0.8] 0.7 [0.6, 0.8] 0.7 [0.6, 0.8] 0.23
Dual antiplatelet therapy, n (%) 745 (36.8) 23 (5.6) 722 (44.7) <0.01
Dual anti-thrombotic therapy, n (%) 145 (7.2) 23 (5.6) 122 (7.5) <0.01
Triple anti-thrombotic therapy, n (%) 107 (5.3) 0(0.0) 107 (6.6) <0.01

CABG, coronary artery bypass graft; CCS, Canadian Cardiovascular Society; COPD, Chronic obstructive pul-
monary disease; eGFR, estimated glomerular filtration rate; IQR, interquartile range; LVEF, Left ventricular
ejection fraction; NYHA, New York Heart Association; PCI, Percutaneous coronary intervention; SAVR, Surgical
aortic valve replacement; STS, Society of Thoracic Surgeons.

3.2. TAVI Procedure Details

Most TAVI procedures were performed using the transfemoral access (95.1%) under
local anesthesia (86.0%). The SAPIEN (Edwards LifeSciences, Irvine, CA, USA) (39.2%)
transcatheter aortic valve (TAV) was the most used device. The procedural characteristics of
patients according to CAD treatment, and according to vital status at 2 years, are reported
in Supplementary Tables S2 and S3, respectively.

3.3. Coronary Artery Disease Details

Most patients had single-vessel CAD (56.1%). The vessel more commonly involved
was left anterior descending (LAD) (64.3%), followed by right coronary artery (RCA)
(46.3%). In 60.3% of patients, CAD involved proximal coronary segments, with 12.0%
involving LM. Calcified CAD and coronary bifurcation involvement were observed in
22.6% and 26.3% of patients, respectively (Central illustration). The median BCIS-JS was
4 (IQR 2-6). The coronary disease characteristics of patients according to CAD treatment,
and according to vital status at 2 years, are reported in Table 2 and Supplementary Table S54.
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Table 2. Characteristics of coronary artery disease (CAD) in patients receiving and those not receiving
percutaneous coronary intervention (PCI).

Overall No PCI PCI

(n =2025) (n = 408) (n =1617) p-Value

Diseased vessels, n (%) 0.81

One 1137 (56.1) 227 (55.6) 910 (56.3)

Two 542 (26.8) 107 (26.2) 435 (26.9)

Three or more 346 (17.1) 74 (18.1) 272 (16.8)

Right dominance, n (%) 1634 (83.7) 328 (81.8) 1306 (84.2) 0.26
Multivessel CAD, n (%) 403 (22.6) 181 (44.4) 707 (43.7) 0.82
Proximal CAD, n (%) 432 (26.3) 223 (54.7) 1043 (64.5) <0.01
Calcific disease, n (%) 888 (43.9) 73 (19.8) 330 (23.3) 0.18
Bifurcation involved, n (%) 1266 (62.5) 44 (12.0) 388 (30.4) <0.01
Syntax score, median [IQR] 8 [5,13] 7 [4,11] 8 [5, 14] <0.01
BCIS jeopardy score, median [IQR] 412, 6] 412, 6] 412, 8] <0.01
Residual BCIS jeopardy score, median [IQR] 010, 2] 412, 6] 010, 0] <0.01
Coronary segments involved
LM, n (%) 242 (12.0) 21 (5.1) 221 (13.7) <0.01
LAD, n (%) 1302 (64.3) 265 (65.0) 1037 (64.1) 0.77
Proximal LAD, n (%) 615 (30.4) 103 (25.2) 512 (31.7) 0.01
Mid LAD, n (%) 768 (37.9) 133 (32.6) 635 (39.3) 0.01
Distal LAD, n (%) 146 (7.2) 30 (7.4) 116 (7.2) 0.92
Diagonal, n (%) 298 (14.7) 87 (21.3) 211 (13.0) <0.01
LCx, n (%) 771 (38.1) 184 (45.1) 587 (36.3) 0.00
Proximal LCx, n (%) 357 (17.6) 84 (20.6) 273 (16.9) 0.08
Mid LCx, n (%) 232 (11.5) 45 (11.0) 187 (11.6) 0.80
Distal LCx/PDA, n (%) 96 (4.7) 25 (6.1) 71 (4.4) 0.15
Obtuse marginal, n (%) 288 (14.2) 78 (19.1) 210 (13.0) 0.00
RCA, n (%) 937 (46.3) 188 (46.1) 749 (46.3) 0.96
Proximal RCA, n (%) 551 (27.2) 90 (22.1) 461 (28.5) 0.01
Mid RCA, n (%) 404 (20.0) 82 (20.1) 322 (19.9) 0.95
Distal RCA/PL/PDA, n (%) 254 (12.5) 71 (17.4) 183 (11.3) 0.00
Venous/arterial graft, n (%) 76 (3.8) 17 (4.2) 59 (3.6) 0.66

LAD, Left anterior descending; LCx, Left circumflex; LM, Left main; PDA, Posterior descending artery; PL,
Postero-lateral; RCA, Right coronary artery.

3.4. Percutaneous Coronary Intervention Details

The characteristics of PCIs performed are reported in Table 3. Percutaneous coronary
intervention was performed in 1617 patients (79.9%), with a total of 2014 lesions treated.
Most patients underwent PCI in a separate session before TAVI (65.0%, n = 1052), whereas
PCI was performed in the same session of TAVI or staged after the index procedure in 24.4%
(n =394) and 9.7% (n = 157) of cases, respectively (Scheme 1). The PCI procedures had high
procedural success (97.4%) and were performed through a trans-femoral approach in 44.6%
of cases.
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Table 3. Details of percutaneous coronary interventions performed in the REVASC-TAVI registry.

Overall Lesions

(n =2014)
Target vessel stenosis, n (%)
NA 9 (0.5)
> 70% 1587 (81.3)
> 90% 306 (15.7)
CTO 49 (2.5)
PCI access (%)
Right radial 938 (48.8)
Left radial 75 (3.9)
Femoral 910 (47.3)
NA 1(0.1)
iFR/FFR use, n (%) 159 (9.5)
IVUS/OCT use, n (%) 117 (7.0)
Hemodynamic support, n (%) 22 (1.1)
Atherectomy, n (%) 87 (4.5)
LM, n (%) 229 (11.4)
LAD, n (%) 912 (45.3)
Proximal LAD, n (%) 465 (23.1)
Mid LAD, n (%) 560 (27.8)
Distal LAD, n (%) 77 (3.8)
Diagonal, n (%) 107 (5.3)
LCx, n (%) 342 (17.0)
Proximal LCx, n (%) 198 (9.8)
Mid LCx, n (%) 133 (6.6)
Distal LCx, n (%) 48 (2.4)
Obtuse marginal, n (%) 127 (6.3)
RCA, n (%) 585 (29.0)
Proximal RCA, n (%) 358 (17.8)
Mid RCA, n (%) 246 (12.2)
Distal RCA/PL/PDA, n (%) 123 (6.1)
Venous arterial graft, n (%) 41 (2.0
Procedural success, n (%) 1924 (97 .4)
Crossing difficulty, n (%) 49 (2.6)

CTO, Chronic total occlusion; FFR, Fractional flow reserve; iFR, Instantaneous wave-free ratio; IVUS, Intravascular
ultrasound; LAD, Left anterior descending; LCx, Left circumflex; LM, Left main; NA, Not available; OCT,
Optical coherence tomography; PCI, Percutaneous coronary intervention; PDA, Posterior descending artery; PL,
Postero-lateral; RCA, Right coronary artery.

Completeness of revascularization was achieved in 81.0% of cases undergoing PCI. The
requirement of hemodynamic support was infrequent (1.1%). Similarly, the use of invasive
imaging [intravascular ultrasound (IVUS) or optical coherence tomography (OCT) (7.0%)]
or physiological assessment [fractional flow reserve (FFR) or instantaneous wave-free ratio
(iFR) (9.5%)] was uncommon.

In 15.7% of cases, PCI was performed in coronary segments with stenosis greater than
90% of the vessel reference. Chronic total occlusion (CTO) PCIs were performed in 2.5% of
cases. The coronary segments most frequently treated were mid (27.8%) and proximal LAD
(23.1%). Coronary disease in more than one vessel and in proximal coronary segment was
treated in 55.5% and 90.4%, respectively (Scheme 1).
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The REVASC-TAVI Registry

2025 patients with obstructive coronary artery disease undergoing TAVI at 30 centers worldwide

Coronary artery disease characteristics

70% 64.3%
60% -

50%

40% One-vessel disease

30% m Two-vessel disease

20% m Three-vessel disease

10%

0% -
LM LAD LCx RCA Calcified Bifurcations
disease

Percutaneous coronary interventions details

= PCl

= Medical threrapy

H Staged pre-TAVI
Staged post-TAVI
u Concomitant

m Unknown

® Unplanned Multivessel CAD Proximal CAD

2-year clinical outcomes

c S0% S 50%
2 5
= % Management aHR 1.10 (0.81-1.49), p=0.55
%we M Overall population § 40% : :LTau(auneranv
2 2
E 14
P w
T 3% 29.2% z 30% 29.7%
5 ©
= = 27.5%
x o
% 20% k] 20% p=0.82
g 2
= k4
£ £
a ™
< 10% - 10%
g e
- E
a
5 g
< 0% a 0%
0 180 360 540 720 o 180 360 540 720
Time Tima

Scheme 1. Coronary artery disease (CAD) and percutaneous coronary intervention (PCI) characteris-
tics and outcomes of patients included in the REVASC-TAVI Registry. aHR, adjusted hazard ratio;
LAD, left anterior descending; LM, left main; TAVI, transcatheter aortic valve implantation.
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50%

Management

— Medical therapy

40% — pal

All-cause death

3.5. Clinical Outcomes

The outcomes of patients during hospitalization according to vital status at follow-up
are reported in Supplementary Table S5. Considering the overall population, the Kaplan—
Meier (KM) estimates for the 2-year all-cause death and the composite of all-cause death,
stroke, MI, and rehospitalization for heart failure (HF) were 19.8% and 29.2%, respec-
tively. All-cause death [20.1% vs. 18.8%, plog-rank = 0.86; adjusted hazard ratio (HR) 1.14
(0.78-1.65), p = 0.50] and the composite of all-cause death, stroke, MI, and HF rehospi-
talization [29.7% vs. 27.5%, plog-rank = 0.82; HR 1.10 (0.81-1.40), p = 0.55] were similar
between patients receiving and those not receiving PCI at 2 years (Figure 1 and Central
illustration). These results were consistent considering sub-groups of patients with CAD
involving proximal coronary segments and more than one vessel (Figure 2).

50%
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Figure 1. Two-year Kaplan-Meier survival curves for all-cause death and the composite of all-cause
death, stroke, myocardial infarction (MI), and rehospitalization for heart failure (HF) according to the
treatment received. aHR, adjusted hazard ratio; PCI, percutaneous coronary intervention.

Both all-cause death and the composite of all-cause death, stroke, MI, and HF rehos-
pitalization did not differ according to the number of coronary vessels involved (plog-
rank = 0.76 and plog-rank = 0.09, respectively) (Supplementary Figure S1).

No difference in all-cause death and in the composite of all-cause death, stroke, MI,
and HF rehospitalization was found between patients receiving and those not receiving PCI
in the case of one- (plog-rank = 0.36 and plog-rank = 0.22, respectively) or two-vessel CAD
(plog-rank = 0.80 and plog-rank = 0.51, respectively). Despite the similar rate of all-cause
death (plog-rank = 0.37), a lower rate of the composite of all-cause death, stroke, MI, and
HF rehospitalization was observed in patients undergoing PCI in the case of three-vessel
disease (32.5% vs. 44.5%, plog-rank =0.02) (Supplementary Figure S2).

Multivariable logistic regression analyses of baseline factors and of CAD characteristics
with 2-year all-cause death or the composite of 2-year all-cause death, stroke, myocardial
infarction, and HF rehospitalization were performed separately and are reported in Supple-
mentary Tables 56-59.
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Figure 2. Two-year Kaplan-Meier survival curves for all-cause death and the composite of all-cause
death, stroke, myocardial infarction (MI), and rehospitalization for heart failure (HF) according to
the treatment received in different subgroups. (A) Proximal segment coronary artery disease (CAD).
(B) Multivessel CAD. aHR, adjusted hazard ratio; PCI, percutaneous coronary intervention.

3.6. Predictors and Outcomes of Percutaneous Coronary Intervention

Patients treated with PCI more frequently had lesions involving LM (13.7% vs. 5.1%,
p < 0.01), proximal coronary segments (64.5% vs. 54.7%, p < 0.01), or coronary bifurcations
(30.4% vs. 12.0%, p < 0.01) (Table 2).

Evolut (Medtronic Inc, Minneapolis, MN, USA) was the most used TAVI platform in
patients treated with medical therapy (43.7%), whereas SAPIEN 3 (Edwards Lifesciences,
Irvine, CA, USA) was the one most used in patients receiving PCI (39.8%) (Supplementary
Table S3).

Multivariable logistic regression analyses of baseline factors and CAD peculiarities
with PCI were performed separately and are reported in Tables 4 and 5.
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Table 4. Multivariable regression analyses of baseline characteristics associated with percutaneous
coronary intervention.

Baseline Characteristics OR (95% CI) p-Value
Female 1.17 (0.91-1.50) 0.22
Age, year 0.99 (0.97-1.01) 0.34
Diabetes 0.86 (0.66-1.11) 0.24
eGFR, mL/min 1.00 (1.00-1.01) 0.43
Prior CABG 0.40 (0.28-0.59) <0.01
Prior PCI 2.53 (1.95-3.30) <0.01
CCs>1 1.86 (1.39-2.50) <0.01
NYHA > 2 0.96 (0.74-1.24) 0.75
Atrial fibrillation 1.06 (0.80-1.40) 0.70
LVEF < 40% 0.76 (0.55-1.05) 0.09

CABG, coronary artery bypass graft; CCS, Canadian Cardiovascular Society; CI, confidence interval; eGFR,
estimated glomerular filtration rate; LVEEF, left ventricular ejection fraction; NYHA, New York Heart Association;
OR, odds ratio; PCI, percutaneous coronary intervention.

Table 5. Multivariable regression analyses of coronary artery disease (CAD) characteristics associated
with percutaneous coronary intervention.

CAD Characteristics OR (95% CI) p-Value
LM 2.95 (1.73-5.31) <0.01
Proximal LAD 1.30 (0.97-1.75) 0.08
Mid LAD 1.55 (1.17-2.07) <0.01
Distal LAD 1.08 (0.69-1.76) 0.74
Diagonal 0.45 (0.32-0.64) <0.01
Proximal LCx 0.61 (0.43-0.87) 0.01
Mid LCx 1.27 (0.84-1.97) 0.31
Distal LCx/PDA 0.75 (0.43-1.32) 0.30
Obtuse marginal 0.73 (0.51-1.05) 0.09
Proximal RCA 1.55 (1.14-2.12) 0.01
Mid RCA 1.30 (0.94-1.81) 0.11
Distal RCA/PL/PDA 0.66 (0.46-0.95) 0.03
Calcific disease 1.12 (0.82-1.54) 0.47
Bifurcation 3.41(2.36-5.02) <0.01
Multivessel CAD 0.90 (0.63-1.30) 0.59

CI, confidence interval; LM, Left main; LAD, Left anterior descending; LCx, Left circumflex; RCA, Right coronary
artery; OR, odds ratio; PL, Postero-lateral; PDA, Posterior descending artery.

Considering baseline characteristics, prior CABG [OR 0.40 (0.28-0.59), p < 0.01] and
reduced left ventricular ejection fraction [OR 0.76 (0.55-1.05), p = 0.09] were found to be
associated with a decreased probability of undergoing PCI, whereas prior PCI [OR 2.53
(1.95-3.30), p < 0.01] and angina (Canadian Cardiovascular Society class > 1) [OR 1.86
(1.39-2.50), p < 0.01] were independently associated with an increased probability of PCI.

Considering CAD peculiarities, the presence of lesions involving LM [OR 2.95
(1.73-5.31), p < 0.01], mid LAD [OR 1.55 (1.17-2.07), p < 0.01], proximal RCA [OR 1.55
(1.14-2.12), p = 0.01] or coronary bifurcation [OR 3.41 (2.36-5.02), p < 0.01] was indepen-
dently associated with an increased probability of undergoing PCI. Contrarily, the presence
of lesions in proximal left circumflex (LCx) [OR 0.61 (0.43-0.87), p = 0.01], diagonals [OR 0.45
(0.32-0.64), p < 0.01], or distal RCA /postero-lateral (PL)/posterior descending artery (PDA)
[OR 0.66 (0.46-0.95), p = 0.03] was associated with a decreased probability of PCI.

4. Discussion

Clinical outcomes of patients undergoing TAVI with concomitant myocardium at risk
due to coronary artery stenosis have been previously investigated in small studies [7-11].
The aim of this analysis from the international, multicenter REVASC-TAVI registry
was to provide an updated overview of characteristics and outcomes of TAVI patients with
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obstructive CAD in the current clinical practice, delving into CAD peculiarities and the
management of this population. The main findings were as follows:

(1) Most of patients had one-vessel CAD, with proximal coronary segments involved in
about 60% of cases.

(2) About 80% of patients underwent PCI, most frequently performed before the TAVI
procedure, with disease in proximal coronary segments being treated in about 90%
of cases.

(3) Angina at baseline, lesions involving main tracts of coronary arteries, or coronary
bifurcations led operators to perform PCI while patients with an involvement of distal
or secondary vessels (i.e., diagonal or posterolateral branches) had a lower probability
of receiving PCI.

(4) Physiologic assessment of coronary lesions was quite uncommon.

(5) The balloon-expandable SAPIEN 3 was the most used TAVI platform in patients
treated with PCIL.

(6) Patients receiving PCI had similar mid-term clinical outcomes compared to those
treated conservatively.

This analysis represents the larger cohort study reporting clinical outcomes, with
a granular assessment of CAD and its management, in patients undergoing TAVI with
obstructive CAD in the real-world setting.

The population enrolled in the registry had a median age of 82 years and an interme-
diate mortality risk profile. Most patients had one-vessel CAD (56.1%). Proximal coronary
segments were involved in 62.5% of patients, with 12.0% having an involvement of LM.
Coronary disease was severely calcified or involved coronary bifurcations in 22.6% and
26.3%, respectively. About 80% of TAVI patients enrolled in the REVASC-TAVI registry
underwent PCI, with a high success rate (97.4%).

The benefit of performing PCI in TAVI candidates is still debated. Current guidelines
suggest considering PCI in case of a stenosis >70% in proximal coronary segments [12]. This
recommendation has been translated from the surgical experience, where the invasiveness
of therapy advocates the concomitant treatment of both AS and CAD, but poor evidence is
available when dealing with patients undergoing TAVI [7-11].

Since latest guidelines, results from the first, ad hoc RCT have been published. The
PercutAneous Coronary Implantation prlor to transcatheter aortic Valve Implantation
(ACTIVATION) randomized clinical trial reported similar rates of death and rehospitaliza-
tion at 1 year between TAVI patients with CAD treated and those not treated with PCI [4].
However, the results from the trial cannot be generalized to the current practice, as patients
with angina or those with LM involvement were excluded.

A recent consensus of the European Association of Percutaneous Cardiovascular
Interventions (EAPCI) society suggested that PCI should be performed only in those TAVI
recipients with an involvement of proximal coronary segments, especially when presenting
with acute coronary symptoms, angina, or sub-occlusive lesions [13].

Coronary interventions in the REVASC-TAVI registry were predominantly performed
in a separate session before TAVI (65.0%). In patients with CAD affecting proximal coronary
segments, PCI was performed in 90.4% of cases. Moreover, multivessel CAD was treated in
55.5% of cases.

These data suggest a certain degree of patient selection by operators when deciding
to perform PCI, even if CAD had a large quote of myocardium at risk. Operators used to
tailor the management of CAD and AS mainly according to clinical presentation, patients’
characteristics, and their lifespan. In fact, it should be considered that complex CAD may
anticipate a challenging PCI procedure, with longer procedural times, a larger amount
of contrast dye, and a higher risk of complications. On top of the potential benefits of
PCI, the additional bleeding risk of anti-thrombotic therapy in this population should be
also assessed.

In multivariable regression analyses investigating factors associated with PCI, we
found that patients with angina at baseline or with CAD involving main coronary seg-
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ments such as proximal RCA, mid LAD, or LM had a higher probability of receiving PCIL.
Contrarily, those patients with an involvement of distal or secondary vessels (i.e., diagonal
or postero-lateral branches) had a lower probability of receiving PCIL

Interestingly, patients with lesions involving a proximal tract of circumflex artery had
a lower probability of receiving PCI. This might be related to the unfavorable characteristics
of the circumflex artery anatomy, as well as procedural implications and outcomes of left
circumflex ostium PCI.

Moreover, the involvement of coronary bifurcations was associated with a higher
probability of receiving PCIL. Although the PCI of these lesions is expected to be more
challenging, the treatment of coronary bifurcation might have been supported by the
higher quote of myocardium at risk compared to single-vessel lesions.

The benefit of physiology-guided PCI is well established in patients affected by stable
CAD, permitting to identify those lesions causing myocardial ischemia, and therefore to
restrict interventions. However, in patients affected by severe AS undergoing TAV], the role
of an iFR/FFR assessment of CAD is still debated and needs to be further clarified [13]. As
expected, the adoption of a physiological assessment of CAD in our registry was low (9.5%
of coronary lesions). Ongoing, ad hoc validation studies and clinical trials (NOTION-3 and
FAI-TAVI) are awaited to confirm the role of physiology-guided PCI in the TAVI population.

The use of balloon-expandable SAPIEN 3 was the most frequent TAVI device in
patients undergoing PCI, whereas the self-expanding Evolut was the most used platform in
patients treated conservatively. We might speculate that the SAPIEN 3 valve was preferred
in patients undergoing PCI because this device has a design that guarantees easier coronary
re-access. Nevertheless, it should be considered that patients treated conservatively may
necessitate PCI after TAVI due to CAD progression or acute coronary syndromes. Coronary
re-access after TAVI might be difficult in some patients treated with supra-annular, small-
cell-design TAVI devices and unfavorable aortic root characteristics, and challenges in
obtaining coronary ostium engagement may potentially make PCI more challenging, or
even impossible in these patients [14-16].

At 2 years, the clinical outcomes of patients enrolled in the registry were in line
with those reported by other TAVI series of elderly patients at intermediate risk [17]. The
rates of 2-year all-cause death and the composite of all-cause death, stroke, MI, and HF
rehospitalization did not differ between patients receiving and those not receiving PCI,
regardless of the involvement of proximal coronary segments or more than one coronary
artery. Nevertheless, revascularization might play a role in patients with three-vessel
CAD undergoing TAVL. Indeed, despite similar 2-year all-cause death, these patients had a
lower rate of the composite of all-cause death, stroke, MI, and HF rehospitalization when
receiving PCI.

We cannot conclude that the benefit of revascularization may become significant in the
long term, and this should be considered especially when dealing with younger patients
with a long life-expectancy.

5. Conclusions

Obstructive CAD in patients undergoing TAVI presented more commonly as a single-
vessel disease with the involvement of proximal coronary tracts. It was more commonly
treated with PCI, performed in more than half of patients before the TAVI procedure.
Moreover, patients receiving a revascularization strategy had similar mid-term clinical
outcomes to those receiving medical treatment. The SAPIEN platform was the most used
TAVI device in patients treated with PCI. Patients with angina or CAD in main coronary
segments were more likely to receive PCI, whereas patients with CAD involving proximal
left circumflex artery were more likely to be treated conservatively. Ad hoc, prospective
studies with longer term follow-up are required to confirm the findings of this study.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jcm13123497 /s1, Figure S1. Two-year Kaplan-Meier survival
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curves for all-cause death and the composite of all-cause death, stroke, myocardial infarction (MI)
or rehospitalization for heart failure (HF) according to the number of vessels involved. Figure S2.
Two-year Kaplan-Meier survival curves for all-cause death and the composite of all-cause death,
stroke, myocardial infarction (MI) or rehospitalization for heart failure (HF) according to the treatment
received in different subgroups. (A) One-vessel coronary artery disease (CAD); (B) Two-vessel CAD;
(C) Three-vessel CAD. PCI, percutaneous coronary intervention. Table S1. Baseline characteristics
of patients according to vital status at 2 years. AF, Atrial fibrillation; AVA, Aortic valve area; BMI,
Body mass index; CABG, coronary artery bypass graft; CCS, Canadian Cardiovascular Society;
COPD, Chronic obstructive pulmonary disease; DAT, dual anti-thrombotic therapy; DAPT, dual
antiplatelet therapy; eGFR, estimated glomerular filtration rate; IQR, interquartile range; LVEF, Left
ventricular ejection fraction; MI, Myocardial infarction; NA, Not available; NYHA, New York Heart
Association; PAD, Peripheric artery disease; PCI, Percutaneous coronary intervention; SAVR, Surgical
aortic valve replacement; sPAP, systolic pulmonary artery pressure; STS, Society of Thoracic Surgeon;
TAT, triple anti-thrombotic therapy. Table S2. Procedural characteristics of patients according
to vital status at 2 years. NA, not available; SAT, supra-aortic trunks; TAV, transcatheter aortic
valve. Table S3. Procedural characteristics of patients undergoing or not percutaneous coronary
intervention (PCI). NA, not available; SAT, supra-aortic trunks; TAV, transcatheter aortic valve. Table
S4. Characteristics of coronary artery disease according to patients’ vital status at 2 years. LAD, Left
Anterior Descendent; LCx, Left circumflex; LM, Left Main; PDA, Posterior descending artery; PL,
postero-lateral; RCA, Right coronary artery. Table S5. In-hospital outcomes of patients according to
vital status at 2 years. AF, atrial fibrillation; AKI, acute kidney injury; LBBB, left bungle branch block;
MI, myocardial infarction; PPI, permanent pacemaker implantation; PVR, para-valvular regurgitation.
Table S6. Multivariable regression analyses of baseline characteristics associated with 2-year all-cause
death. AF, atrial fibrillation; CABG, coronary artery bypass graft; CCS, canadian cardiovascular
society; CI, confidence interval; COPD, chronic obstructive pulmonary disease; eGFR, estimated
glomerular filtration rate; LVEF, left ventricular ejection fraction; MI, myocardial infarction; NA, not
available; NYHA, New York Heart Association; OR, odds ratio; PAD, peripheric artery disease; PCI,
percutaneous coronary intervention. Table S7. Multivariable regression analyses of coronary artery
disease (CAD) characteristics associated with 2-year all-cause death. CI, confidence interval; LM,
Left Main; LAD, Left Anterior Descendent; LCx, Left circumflex; RCA, Right coronary artery; OR,
odds ratio; PL, postero-lateral; PDA, Posterior descending artery. Table S8. Multivariable regression
analyses of baseline characteristics associated with the composite of 2-year all-cause death, stroke,
myocardial infarction and rehospitalization for heart failure. AF, atrial fibrillation; BMI, body mass
index; CABG, coronary artery bypass graft; CCS, canadian cardiovascular society; CI, confidence
interval; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate;
LVEEF, left ventricular ejection fraction; MI, myocardial infarction; NA, not available; NYHA, New
York Heart Association; OR, odds ratio; PAD, peripheric artery disease; PCI, percutaneous coronary
intervention. Table S9. Multivariable regression analyses of CAD characteristics associated with the
composite of 2-year all-cause death, stroke, myocardial infarction and rehospitalization for heart
failure. CI, confidence interval; LM, Left Main; LAD, Left Anterior Descendent; LCx, Left circumflex;
RCA, Right coronary artery; OR, odds ratio; PL, postero-lateral; PDA, Posterior descending artery.
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