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Abstract

Background: A high frequency of coronary artery disease (CAD) is reported in
patients with severe aortic valve stenosis (AS) who undergo transcatheter aortic
valve implantation (TAVI). However, the optimal management of CAD in these
patients remains unknown.

Hypothesis: We hypothesis that AS patients with TAVI complicated by CAD have
poor prognosis. His study evaluates the prognoses of patients with CAD and severe
AS after TAVI.

Methods: We divided 186 patients with severe AS undergoing TAVI into three
groups: those with CAD involving the left main coronary (LM) or proximal left ante-
rior descending artery (LAD) lesion (the CAD[LADp] group), those with CAD not
involving the LM or a LAD proximal lesion (the CAD[non-LADp] group), and those
without CAD (Non-CAD group). Clinical outcomes were compared among the three
groups.

Results: The CAD[LADp] group showed a higher incidence of major adverse cardio-
vascular and cerebrovascular events (MACCESs) and all-cause mortality than the other
two groups (log-rank p = .001 and p = .008, respectively). Even after adjustment for
STS score and percutaneous coronary intervention (PCI) before TAVI, CAD[LADp]
remained associated with MACCE and all-cause mortality. However, PC| for an LM

or LAD proximal lesion pre-TAVI did not reduce the risk of these outcomes.
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1 | INTRODUCTION

Moderate or severe mitral and aortic valvular diseases are extremely
common in elderly populations, and their incidence increases with
age.! In Japan and worldwide, the population is aging rapidly and the
problems presented by valvular diseases have become a serious public
health issue. Transcatheter aortic valve implantation (TAVI) is one of
the treatment options for severe aortic valve stenosis (AS), especially
for older patients. In 2019, the Placement of AoRTic traNscathetER
valves (PARTNER) 3 trial? and the Evolut Low Risk Trial® revealed the
effectiveness of TAVI for even low-risk patients. It is expected that
the number of TAVI cases will continue to grow. In severe AS patients,
the reported prevalence of coronary artery disease (CAD) as a comor-
bid disorder has ranged widely from 11%* to 63%.> Among the previ-
ous studies, the PARTNER trials, which are worldwide randomized
clinical trials of TAVI, reported a comparably higher rate of concomi-
tant CAD with severe AS.®” However, the optimal management
method for patients with both CAD and severe AS has not been
established. In the era of TAVI, it is important to determine whether
TAVI can and should be performed before percutaneous coronary
intervention (PCI) for elderly patients with CAD and severe AS. It is
not yet known whether or not concomitant CAD in severe AS patients
increases the risks posed by the TAVI procedure, and fewer data have
been published from relevant studies in Asia compared to those from
Europe and the U.S. Left main coronary (LM) artery CAD and proximal
left anterior descending (LAD) artery CAD are considered high-risk
features because these arteries supply the large area of myocardium.
However, the strategy of conducting a PCI before TAVI for coronary
lesions has not been established. We therefore retrospectively ana-
lyzed the prognoses of patients with CAD and severe AS who
underwent TAVI.

2 | METHODS

21 | Study population and study design

This study was a retrospective single-center cohort study. We ana-
lyzed the cases of the series of 199 consecutive symptomatic patients
with severe AS who were treated with TAVI at St. Marianna Univer-
sity School of Medicine, Kawasaki, Japan since January 2016. All
patients' cases and options were discussed by our cardiology team for
appropriate adaptation. Before undergoing the TAVI, the patients
were examined by coronary angiography (CAG) or coronary computed

Conclusions: CAD with an LM or LAD proximal lesion is a strong independent predic-
tor of mid-term MACCEs and all-cause mortality in patients with severe AS treated
with TAVI. PCI before TAVI did not influence the outcomes.

coronary artery disease, severe aortic valve stenosis, transcatheter aortic valve implantation

tomography angiography (CTA). We excluded 13 patients who under-
went coronary artery bypass grafting (CABG) (Figure 1).

This study was a retrospective observational study. It was
approved by St. Marianna University School of Medicine Ethics Com-
mittee (ID: 5078). Informed consent was acquired in the form of opt-
out on the website.

We divided the 186 remaining patients into the following three
groups. The CAD[LADp] group (n = 13) was comprised of the patients
in whom CAD (as defined below) was detected in the LM or proximal
LAD (five and six segments in American Heart Association [AHA] clas-
sification) by CAG or CTA. The CAD[non-LADp] group (n = 65) was
the patients in whom CAD was detected at sites other than the LM
and proximal LAD by CAG or CTA. The non-CAD group (n = 108) was
the patients in whom CAD was not detected by CAG or CTA. CAD
was defined as >75% stenosis of 21 major branch on CAG/CTA or
50% stenosis only in the LM based on the AHA classification derived
from the visual assessment of CAG or CTA results. The angiographic
assessment of CAD was based on the consensus of three experienced
cardiologists. If PCI had been performed previously and there was no
re-stenosis at the time of coronary screening, the patient was
assigned to the non-CAD group. When deciding whether to perform
PCI for the patients with CAD, we took into consideration the ische-
mic burden, the technical complexity, the risk of in-stent restenosis,

and the patient's general condition (e.g., the presence of chronic

199 severe AS with TAVI
+ From 2016 t0 2018

—'l Performed CABG before TAVI: 13

186 severe AS with TAVI for final analysis
+ CAD[LADp]: 13 (7%)

+ CAD[non-LADp]: 65 (35%)

« Non-CAD: 108 (58%)

FIGURE 1 Flowchart of this study. AS, aortic stenosis; CABG,
coronary artery bypass grafting; CAD, coronary artery disease, LAD,
left anterior descending artery; CAG, coronary angiography; PClI,
percutaneous coronary intervention; TAVI, transcatheter aortic valve
implantation
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kidney disease). PCI for CAD detected by this coronary screening was
basically implemented before TAVI as an independent hospitalization.

After discharge, the outpatient follow-up examinations were per-
formed at 1 month, 12 months, and then annually. We conducted a
follow-up survey of the patients' outcomes by checking their clinical
records and consulting the patients' referring physicians.

2.2 | TAVIand PCl procedures

Before each TAVI procedure, we generally added on antiplatelet ther-
apy (100 mg of aspirin or 75 mg of clopidogrel) or anticoagulant
therapy (warfarin or direct oral anticoagulants). Procedural anti-
coagulation was achieved by heparinization, and the target activated
clotting time was 250-300 msec. We used two TAVI systems: the
Medtronic CoreValve™ or Evolut R™/PRO™ (Medtronic, Minneapolis,
MN) and the Edwards SAPIEN XT™/3™ (Edwards Lifesciences, Irvine,
CA). The choice of valve type was discussed by a heart team confer-
ence made up of cardiologists, cardiac surgeons, anesthesiologists,
nurses, and clinical engineers. Balloon expandable valves were gener-
ally chosen for CAD patients indicated for PCIl, so that the coronary
artery could be easily accessed after TAVI. However, consideration
was also made for factors other than the coronary artery itself
(e.g., the status of the access route, the annulus size, patient frailty,
the presence or absence of atrioventricular block) in order to make a
comprehensive decision. All patients were initially screened for a
transfemoral approach. In cases in which transfemoral access was not
possible, the patients were evaluated for alternative access sites in
the following order of preference: subclavian arteries, left ventricular
apex, ascending aorta.

The PCI procedure was initiated following the administration of
unfractionated heparin (100 1U/kg) into the peripheral vein. The deci-
sion to choose either a drug-eluting stent or a drug-coated balloon
was left to the operators' discretion. The patients generally continued

dual antiplatelet therapy for 1 year after the PCI.

23 | Outcomes

The primary outcome was the major adverse cardiovascular and cerebro-
vascular events (MACCEs) defined as non-lethal myocardial infarction,
unstable angina pectoris, heart failure requiring hospitalization, stroke, and

cardiovascular death. The secondary outcome was all-cause mortality.

24 | Statistical analyses

All statistical analyses were carried out with SPSS/Windows, ver. 22.0
(SPSS, Chicago, IL). Data are presented as the mean (+SD) or as fre-
quencies (percentages). We used the chi-squared test, an analysis of
variance, and the Kruskal-Wallis test to examine differences among
three groups, and we performed a Kaplan-Meier analysis and a multi-

variate Cox regression analysis to examine changes over time to the

endpoints. Bonferroni corrected post-hoc tests were conducted to
determine where these differences occurred. A two-tailed p value

<.05 was considered significant.

3 | RESULTS

A total of 186 consecutive patients underwent a TAVI, with a follow-
up duration of 405 + 236 days. The baseline characteristics of the
patients of three groups in this study are summarized in Table 1.
Among the 186 patients, the mean age was 84 years old; 85% were
hypertensive; 50% had dyslipidemia; 26% had diabetes. The 8% had a
past medical history of angina pectoris; 14% had peripheral artery dis-
ease; and 12% had cerebrovascular disease. The prevalence of CAD in
the patients was 42%. PCl was successfully performed without any
complications in 29 patients.

The non-CAD group had significantly lower STS scores and logistic
euroSCOREs compared to the CAD[LADp] group (4.8 vs. 7.7, p = 0.011;
10.1 vs. 31.1, p <.001, respectively). The CAD[LADp] and CAD[non-
LADp] groups had significantly higher rates of a history of angina pectoris
compared to the non-CAD group (15% vs. 1%, p = .002; 17% vs. 1%,
p < .001, respectively). The CAD[non-LADp] group had a significantly
higher rate of antiplatelet drug use on admission and at discharge than
the non-CAD group (86% vs. 69%, p = .009; 86% vs. 71%, p = .002,
respectively). The CAD[LADp] group had significantly higher SYNTAX
scores than the CAD[non-LADp] group (11 vs. 9, p = .006).

During the follow-up period, the total number of MACCEs was
30 and the total number of deaths was 17 (Table 2). The results of the
Kaplan-Meier analysis are displayed in Figure 2. The CAD[LADp]
group showed significantly higher incidences of MACCEs and all-
cause mortality compared to the other two groups (log rank p = .001
for MACCEs; log-rank p = .008 for all-cause mortality).

The univariate analysis demonstrated that CAD in an LM or LAD
proximal lesion was significantly associated with increased incidences
of MACCEs (hazard ratio [HR] 4.01, 95% confidence interval [CI]:
1.57-10.28) and an increased incidence of all-cause mortality
(HR 5.32, 95% Cl: 1.55-18.21). Even after adjustment for the STS
score and the performance of a PCl before TAVI, CAD involving an
LM or LAD proximal lesion remained associated with increased inci-
dences of MACCEs (HR 3.67, 95% Cl: 1.07-12.61) and all-cause mor-
tality (HR 5.21, 95% Cl: 1.08-25.21). PCl involving an LM or LAD
proximal lesion before TAVI did not have a significant impact on
MACCEs (HR 1.13, 95% Cl: 0.22-5.92) or all-cause mortality (HR,
1.03; 95% Cl: 0.14-7.42) (Table 3). The results of the Kaplan-Meier
analysis revealed that performing a PCl for an LM or LAD proximal
lesion did not have a significant influence on MACCEs or all-cause
mortality in the CAD[LADp] group, either (Figure S1).

4 | DISCUSSION

The main findings of this study were as follows. (1) The prevalence of
CAD in patients with severe AS treated by TAVI was 42%. (2) The
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TABLE 2 MACCEs and all-cause mortality of patients in each group

Group
CADI[LADp] CADI[non-LADp] Non-CAD
MACCEs Myocardial infarction, n (%) 3(30) 1(7) 0(0)
Heart failure, n (%) 1(10) 5(36) 10 (43)
Stroke, n (%) 0(0) 0(0) 2(9)
Cardiovascular death, n (%) 2 (20) 2 (14) 4(17)
All-cause mortality Cardiovascular death, n (%) 3(30) 4 (29) 6(26)
Non-cardiovascular death, n (%) 1(10) 2 (14) 1(4)
Abbreviations: CAD, coronary artery disease; LAD, left anterior descending artery; MACCEs, major adverse cardiac or cerebrovascular events.
(A) MACCEs (B) All-cause mortality
1.0 t+ 1.0 - .
+ 9 L £
084 1 B 084 ‘ ’’’’ AR
. L .
g 06 & 06
3 o
o =
- [
w 2
2 2
E 04 3 0.4
Non-CAD group Non-CAD group
——— CAD[non-LADp] group — CAD[nhon-LADp] group
] ——— CADJLADp]group ®1  ___ CADJLADp]group
ool Log rank p=0.001 oo Log rank p=0.008
0 20 4o ) a0 1000 T 5 P & 5 5
Time (days) Time (days)
No. at risk
CADI[LADp] group 13 7 3 1 1 0 13 8 5 2 1 0
CAD[non-LADp] group 65 51 32 19 6 0 85 55 36 20 6 0
Non-CAD group 108 77 42 17 3 0 108 81 46 22 7 [}

FIGURE 2 Kaplan-Meier Curves for (A) MACCEs and (B) all-cause mortality for the patients in the CAD[LADp] group (blue), those in the CAD
[non-LADp] group (green), and those in the non-CAD group (yellow). MACCEs, major adverse cardiovascular and cerebrovascular events

CADI[LADp] group had a higher incidence of MACCE and a higher
incidence of all-cause mortality than the other two patient groups.
(3) The multivariate Cox regression adjusted for the STS score and the
performance of a PCl before TAVI revealed that CAD involving an LM
or LAD lesion was independently associated with increased rates of
MACCEs and all-cause mortality. (4) PCI before TAVI did not affect
the patients' outcomes.

In this series of patients with severe AS, the prevalence of CAD
was 42%. In previous TAVI studies the prevalences of CAD ranged
from 11%* to 63%,> and our present results were roughly intermedi-
ate between these findings.

The impact of coexisting CAD on clinical outcomes in TAVI
patients is very controversial. Dewey et al. reported that coexisting
CAD negatively influenced procedural outcomes and long-term sur-
vival in TAVI patients.2 On the other hand, Ussia et al. reported that
CAD coexisting with severe AS did not impact procedural outcomes

and mid-term incidence of MACCE and survival in elderly patients
undergoing TAVL? However, a multivariate analysis performed in a
large number of TAVI patients in the UK reported that CAD was one
of the independent predictors of 2-year mortality.’° We classified the
present TAVI candidates into three groups, and our analyses revealed
that (1) the CAD[LADp] group had higher incidences of MACCEs and
all-cause mortality than the other two groups, and (2) CAD involving
an LM or LAD proximal lesion was an independent prognostic factor
for MACCEs and all-cause mortality. Our present study indicates that
CAD influences the prognosis of those TAVI candidates with lesions
in the LM or proximal LAD, which supply the largest area of myocar-
dium among the coronary arteries.

We also found that the performance of a PCI before the TAVI did
not influence the incidence of MACCEs or all-cause mortality in the
multivariate Cox regression analysis. A previous report showed that

there was no difference in 2-year mortality between PCI plus TAVI
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A. MACCEs

Crude model Model 1 Model 2

HR (95% Cl) p HR (95% Cl) p HR (95% Cl) p
Non-CAD Ref. Ref. Ref.
CAD involving LM or LAD proximal lesion 4.01 (1.57-10.28) .004 3.87 (1.49-10.04) .005 3.67 (1.07-12.61) .039
CAD not involving LM nor LAD proximal lesion 0.72 (0.31-1.68) 0.45 0.71 (0.30-1.66) 0.43 0.92 (0.38-2.25) 0.85
High STS score (28) 1.21 (0.55-2.68) 0.63 1.16 (0.51-2.64) 0.72
Non-PCI Ref.
PCl involving LM or LAD proximal lesion 1.13(0.22-5.92) 0.88
PCI not involving LM nor LAD proximal lesion 0.30(0.037-2.47) 0.27
B. All-cause mortality

Crude model Model 1 Model 2

HR (95% Cl) p HR (95% Cl) p HR (95% Cl) p
Non-CAD Ref. Ref. Ref.
CAD involving LM or LAD proximal lesion 5.32 (1.55-18.21) .008 5.28 (1.53-18.14) .008 5.21(1.08-25.21) .040
CAD not involving LM nor LAD proximal lesion 1.17 (0.39-3.48) 0.78 1.16 (0.39-3.47) 0.79 1.35(0.42-4.29) 0.61

High STS score (28)
Non-PCI
PClI involving LM or LAD proximal lesion

PCI not involving LM nor LAD proximal lesion

1.09 (0.38-3.12) 0.87 1.06 (0.37-3.06) 0.91
Ref.
1.03(0.14-7.42) 0.98

0.51(0.59-4.42) 0.54

Note: Model 1: adjusted for high STS score (28). Model 2: adjusted for Model 1 and PCI for LAD proximal lesion / non-LAD proximal lesion before TAVI.
Abbreviations: Cl, confidence interval; CAD, coronary artery disease; LAD, left anterior descending artery; MACCEs, major adverse cardiac or

cerebrovascular events; HR, hazard ratio.

and only TAVL!? A greater magnitude of improvement of coronary
hemodynamics can be obtained by TAVI than by PCI. Furthermore, it
has been reported that PCl without an appropriate assessment of
myocardial ischemic burden does not improve clinical outcomes in
patients with stable angina pectoris. The Clinical Outcomes Utilizing
Revascularization and Aggressive Drug Evaluation (COURAGE) trial
showed that an addition of PCI to optimal medical therapy (OMT) did
not reduce the risk of death, myocardial infarction, or other major car-
diovascular events in patients with stable angina pectoris,'2 which
may support our present findings. Another study demonstrated that
performing a PCl along with a TAVI during the patient's same hospital
admission is associated with a higher mortality compared to per-
forming TAVI alone.'® Unlike the results of that investigation, our pre-
sent study did not find that PCI is harmful. This difference may be
attributable to the fact that the timing of the PCI, the coronary artery
anatomy, and the SYNTAX score were more thoroughly analyzed in
our present investigation At least two studies have described that cor-
onary revascularization before TAVI seemed to be safe, and the out-
comes of this strategy were the same as those observed in non-CAD
TAVI patients.2*!> Our present findings also suggest that coronary
revascularization before TAVI is safe, as supported by other studies.
On the other hand, it is reported that the reduction in ischemic bur-
den achieved by PCI reduces the risk for death or myocardial infarction.

A COURAGE trial nuclear substudy suggested that a treatment target

of more than 5% ischemia reduction is suitable for adding PCl to
OMT.X However, this finding is not conclusive since the results
obtained using the current method of measuring the ischemic burden in
severe AS patients are inconsistent. Fractional flow reserve (FFR)
guided PCl may change the prognosis,'” but it can be challenging to
define the optimal timing to assess the functional severity of coronary
artery lesions using the flow wire method in patients with AS. A recent
report showed that coronary hemodynamics are influenced by TAVI
and AS removal.'® In addition, the instantaneous wave-free ratio (iFR) is
also a useful tool to evaluate the coronary physiology. Recently, using a
cut-off value of 0.83 instead of 0.89 as a standard threshold was shown
to increase the accuracy of coronary hemodynamics measurement in
patients with severe AS and CAD.!? A more reliable examination of the
ischemic burden for patients with severe AS and further risk/benefit
assessment of the priorities of TAVI and PCl are needed.

Finally, the timing of PCl is a different issue. In their review, Cao
et al. included the timing of PCl in a flowchart of the strategy of CAD
management in TAVI patients.?° However, the recent article of Kumar
et al. demonstrated in a pooled multi-center registry that the adverse
events rate was similar whenever PCl was performed for patients who
received TAVI.2! There are many factors involved in this issue. For exam-
ple, all components of the anatomy and the severity of coronary artery
stenosis and aortic valve stenosis have to be taken into consideration.

More evidence will be needed before reaching any definitive conclusion.
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5 | STUDY LIMITATIONS

This study has some limitations. It was a single-center exploratory
research and the sample size (especially patients with proximal
LAD disease) was relatively small. The prognosis of the patients
undergoing TAVI was relatively favorable, with 17 all-cause deaths
and 30 MACCEs during the follow-up period. Further studies with
a large sample size are warranted to validate the prognostic signif-
icance of patients with CAD after TAVI. Further research with
large number of patients with proximal LAD disease is needed.
However, the standardized TAVI procedure and the reliable
follow-up of the patients could help counteract these limits. In
addition, because this was a retrospective analysis, there may
have been selection bias. Although we minimized the risk of selec-
tion bias by performing a multivariate Cox regression analysis,
there is a possibility of inconclusive results. There was also the
limitation of defining CAD by visual assessments of CAG or CTA
findings. PCls guided by physiological assessments using FFR or
iFR might have led to other results.

6 | CONCLUSIONS

A lesion in the LM and a LAD proximal lesion are both a strong
independent prognostic factor for patients with severe AS treated
with a TAVI, and the performance of a PCl before the TAVI did not
influence the present patients' mid-term MACCEs or all-cause
mortality. For AS patients who undergo a TAVI and are compli-
cated by CAD involving an LM or LAD proximal lesion, more inten-

sive management may be necessary to improve clinical outcomes.
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