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ABSTRACT

Concomitant coronary artery disease (CAD) and severe aortic stenosis (AS) are frequently encountered in patients evaluated for transcatheter aortic valve
replacement (TAVR). Invasive coronary angiography remains the mainstay for anatomical assessment of CAD, whereas coronary computed tomography
angiography may be used in patients with a low pretest probability of CAD. Adjunctive functional evaluation of coronary lesions has proven safe in the
presence of AS, but uncertainty remains over the impact of AS on the results of functional testing. For patients with CAD, revascularization of significant
lesions (>90% stenosis, fractional flow reserve <0.80) is associated with improved clinical outcomes compared to medical therapy. However, the optimal
timing of percutaneous coronary intervention (PCI) remains unclear with no clear benefit to revascularization in advance of TAVR. When planning post-TAVR
PCI, careful consideration should be given to the type of valve implanted, with short-frame valves having more favorable coronary access after TAVR.
Planning for future coronary access is particularly relevant for patients who have either unrevascularized obstructive coronary lesions or unknown coronary
anatomy in advance of TAVR. Moreover, post-TAVR PCl will likely increase, given the younger age profile of patients being treated and the trend to defer

revascularization until after valve replacement.

Introduction

Symptomatic severe aortic stenosis (AS) and coronary artery disease
(CAD) frequently coexist. Delineating the relative contribution of each
disease to a patient’s symptom burden is difficult, given the overlap in
symptoms between AS and obstructive CAD. Furthermore, the clinical
challenge facing physicians is underlined by the expanding number of
transcatheter aortic valve replacements (TAVR) being performed and
the uncertainty over the timing and ultimate clinical benefit of coronary
revascularization.' Importantly, patients with complex CAD (unpro-
tected left main, multivessel disease, and Synergy Between Percuta-
neous Coronary Intervention with Taxus and Cardiac Surgery [SYNTAX]
score >22) were excluded from the pivotal TAVR randomized control
trials, making decision-making on coronary revascularization contro-
versial. New evidence has emerged in recent years that can enhance
clinical decision-making regarding CAD in patients undergoing TAVR
built on limited clinical practice guidelines.** This contemporary review
aims to provide a comprehensive and up-to-date review of the diag-
nosis, management, and special considerations in the management of
CAD among patients undergoing TAVR and redo-TAVR.

Epidemiology

Up to 80% of patients undergoing TAVR have documented CAD,
with the incidence varying based on the patient's surgical risk profile
(extreme, high, intermediate, low risk) and the criteria used to define
CAD.>® In the Placement of Aortic Transcatheter Valves (PARTNER)
1B trial (extreme surgical risk), the frequency of any CAD, prior
coronary artery bypass grafting (CABG), and percutaneous coronary
intervention (PCl) were 67.6%, 37.5%, and 30.5% respectively.5
More recently, the PARTNER 3 trial (low surgical risk) reported CAD
in 27.6% of TAVR recipients; just 2.5% and 14.2% had a history of
CABG and PCI, respectively, in the Evolut Low-Risk trial.””? Thus
the trend toward a lower incidence of CAD is occurring in parallel
to a progressively younger and less comorbid patient population
undergoing TAVR.

Although the frequency of CAD in patients undergoing TAVR
is well documented in the literature, the rates of revascularization
in patients who have undergone TAVR are not as well-established.
In 2 recent studies, the rates of unplanned PCI after TAVR were
low, ranging from 0.9% to 2.2% after 10 years of follow-up.'%""’

Abbreviations: ACS, acute coronary syndrome; AS, aortic stenosis; CABG, coronary artery bypass grafting; CAD, coronary artery disease; CT, computed tomography; FFR,
fractional flow reserve; ICA, invasive coronary angiogram; PCl, percutaneous coronary intervention; SAVR, surgical aortic valve replacement; TAVR, transcatheter aortic valve

replacement.
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The majority of patients in these studies underwent PCl due to
acute coronary syndrome (ACS). Notably, ACS after TAVR,
particularly with ST-segment elevation myocardial infarction, has
been associated with an increased risk for both in-hospital
and 30-day mortality, especially if a noninvasive treatment
approach is taken.”"® Known predictors of ACS after TAVR
include a history of CAD, prior revascularization, male sex, dia-
betes, and valve-in-valve TAVR.'"'2 More recently, medical
management of obstructive CAD (>90% stenosis or fractional flow
reserve [FFR] <0.8) in patients subsequently treated with TAVR
was found to be associated with an increased risk of myocardial
infarction (MI) and the need for urgent revascularization after
TAVR." Thus, patients with CAD represent an important subset of
patients undergoing TAVR who require individualized assessment
and management.

CAD assessment in patients undergoing TAVR

Assessment of CAD is recommended in patients undergoing TAVR
in all cases.>* Invasive coronary angiography (ICA) and coronary
computed tomography angiography (CCTA) are the modalities of
choice for anatomical evaluation of CAD with functional testing
frequently being performed when intermediate coronary lesions are
found (Table 1).

Table 1. Imaging modalities for CAD assessment in patients with severe AS.

Modality Advantages Disadvantages
ICA alone o Clear anatomical assessment e Invasive procedure
e No blooming artifact asseen e No functional assessment of
with CCTA lesions
e Can be done at the time of e Interpretation subject to
TAVR (| patient visits) interobserver variability
ICA + FFR o Functional assessment of e Requires adenosine to induce
coronary stenosis hyperemia
e Validated in several e FFR result may be modified by
nonaortic stenosis studies to the presence of aortic stenosis
guide management of e Requires pressure wire and
intermediate stenosis therapeutic anticoagulation
ICA + iFR e Functional assessment of e May overestimate coronary
coronary stenosis stenosis severity
e No vasodilator requirement e Higher rate of all-cause mor-
o iFR less affected by aortic tality and major adverse car-
stenosis compared to FFR diac events at 5-year follow-up
compared to FFR
ICA + QFR e Functional assessment o Diagnostic efficiency | in
without the need for a wire critical AS (AVA <0.6 cm?)
o No requirement for drug- e Up to 20% unsuitable for QFR
induced hyperemia secondary to poor image
e Less patient discomfort and quality
risk of heart block vs FFR e Limited supporting evidence
in patients with severe AS
CCTA e Noninvasive o Coronary calcifications limit
o Lower cost compared to ICA interpretation
o Excellent negative e Moderate positive predictive
predictive value value
CT-FFR o Functional assessment of e Limited experience with LM

coronary stenosis without
the need for a pressure wire

stenosis, post CABG or PCI
Reduced accuracy in patients
with high calcium burden
High dose dobutamine
contraindicated in severe AS

e Noninvasive
e Concomitant assessment of
flow reserve possible

Stress echo

AS, aortic stenosis; AVA, aortic valve area; CABG, coronary artery bypass grafting;
CAD, coronary artery disease; CCTA, coronary computed tomography angiog-
raphy; FFR, fractional flow reserve; ICA, invasive coronary angiogram; iFR,
instantaneous wave-free ratio; PCI, percutaneous coronary intervention; QFR,
quantitative flow ratio.

ICA

Invasive coronary angiography remains the gold standard for both
CAD diagnosis and risk stratification. Given the age profile of patients
undergoing TAVR, the frequency of known CAD, and the high incidence
of coronary artery calcification, ICA will frequently be superior to CCTA.
Furthermore, adjunctive ICA physiology testing can easily be per-
formed and enrich decision-making on coronary revascularization.?*
The American College of Cardiology/American Heart Association
(ACC/AHA) guidelines recommend ICA for patients with an interme-
diate or high pretest probability of CAD. CCTA may be considered for
patients with a low pretest probability of CAD.

Although coronary assessment is recommended before TAVR, the
timing of this assessment is not specified in ACC/AHA and European
Society of Cardiology (ESC) valvular guidelines.>* In practice, the time
interval between ICA and TAVR is highly variable. An increasing number
of TAVR centers are performing ICA plus TAVR concomitantly in
selected cases, given the associated reduced costs, increased patient
convenience, and potential for fewer vascular injuries. This approach
is most likely suited to cases with a low pretest probability of significant
CAD, preserved left ventricular systolic function, normal renal function,
and nonsurgical candidates.

Invasive physiological assessment of CAD

Fractional flow reserve and instantaneous wave-free ratio (iFR) play a
critical role in assessing intermediate CAD lesions, and their use has
been validated in several non-AS studies.'¢'® Furthermore, iFR and
FFR have been found helpful in guiding intervention for patients with
severe AS, and the 2020 ACC/AHA valvular heart disease (VHD)
guidelines endorse the standard iFR (0.89), FFR (0.80) thresholds for
defining significant CAD.*'” Meanwhile, the 2021 ESC VHD guidelines
cite that FFR of 0.80 has not been validated in patients with ASA

The evidence base for FFR and iFR use in patients with AS is drawn
largely from observational studies and 1 recent randomized control trial.
Initial concerns regarding the use of wire-guided hemodynamic mea-
surements with vasodilator administration (adenosine) have been
addressed by several studies demonstrating the safety of FFR use in the
presence of severe AS.?>?* A reduction in major adverse cardiac events
after TAVR when pre-TAVR FFR-guided PCI has been reported in 1
retrospective study.”> More recently, the Nordic Aortic Valve Interven-
tion (NOTION-3) trial concluded that patients with hemodynamically
significant CAD (>90% stenosis or FFR <0.80 in a vessel >2.5 mm)
treated with PCl (74% pre-TAVR) had a lower rate of death from any
cause, MI, or urgent revascularization at a median follow-up of 2 years
compared to conservative treatment (26% vs 36%; hazard ratio [HR],
0.71; 95% Cl, 0.51-0.99)." This composite end point was driven by a
lower frequency of urgent revascularization (2% vs 11%; HR, 0.20; 95%
Cl, 0.08-0.51) and MI (periprocedural and spontaneous) (7% vs 14%;
HR, 0.54; 95% Cl, 0.30-0.97), with no significant difference in all-cause
death (23% vs 27%; HR, 0.85; 95% Cl, 0.59-1.23)."

One concern with performing FFR in the presence of severe AS is the
interaction between AS and coronary artery stenosis, which may influ-
ence the hyperemic FFR result.?>?° AS is associated with increased left
ventricle afterload, left ventricle hypertrophy, reduced mean arterial
pressure, and reduced coronary flow reserve 2?2 These changes result in
reduced coronary perfusion pressure, microvascular dysfunction, and a
blunted response to adenosine as the microvascular bed is already
dilated to meet the increase in oxygen demand. One study (n = 54 pa-
tients, 133 lesions) demonstrated that patients with a baseline positive
FFR had a further reduction immediately after TAVR (0.71 + 0.11 vs 0.66
+ 0.14). In contrast, patients with a normal pre-TAVR FFR saw an increase
in FFR after valve replacement (negative FFR values improved after
TAVR [0.92 4 0.06 vs 0.93 + O.O7]).23 Conversely, a more recent study



R. Tanner et al. / Journal of the Society for Cardiovascular Angiography & Interventions 4 (2025) 102574 3

(n = 40 patients, 50 lesions) compared FFR pre-TAVR with FFR results 6
months after TAVR and found that FFR had not significantly changed at
follow-up (0.84[0.81-0.89] vs 0.86 [0.78-0.90]; P =.72).?” Thus, the impact
of AS on FFR results remains unclear, and studies on invasive physiology
testing have been limited to small cohorts of patients.

Instantaneous wave-free ratio offers an alternative to FFR with
potentially less variability and obviates the need for pharmacologic
hyperemia with vasodilators. A number of studies have demonstrated
that unloading the ventricle with TAVR does not significantly change the
iFR result.?2?%2? One of these studies examined the impact of severe
AS on microcirculation and assessed if concomitant CAD influenced
this. In the group with severe AS (n = 55), TAVR significantly increased
microvascular resistance (independent of coronary stenosis severity).
Microvascular resistance also improved in the group with no AS un-
dergoing PCl (n = 85), with the improvement in microvascular resis-
tance post-TAVR being equivalent to that produced by stenting
coronary lesions with an iFR of 0.74. Thus, the authors suggest that PCl
may be reserved for those undergoing TAVR with an intermediate
coronary stenosis that has an iFR of <0.74, as this stenosis is likely the
predominant lesion affecting microvascular resistance.*® However, the
iFR threshold to guide PCl has been derived from 1 study, with signif-
icant differences in baseline characteristics between groups. Thus,
further validation is required.

Discordance between FFR and iFR readings in patients with severe
AS is more common than in patients without AS (29% vs 14%-20%).21-33
Furthermore, 1 study that compared iFR and FFR in severe AS with
concomitant CAD found that negative discordance was the predomi-
nant subgroup (iFR <0.89 and FFR >0.80) (45 out of 48 discordant
cases), which differs from the more equal distribution between positive
and negative discordance in patients without AS. In addition, LAD le-
sions and very severe AS (peak velocity >5 m/s), were independently
associated with negative discordance.®” A recent retrospective study
compared iFR and FFR in patients with (n = 293) and without (n = 1882)
severe AS. The incidence of a significant FFR (<0.80) was similar in
patients with and without severe AS (45.3% vs 43.9%, P =.6), whereas a
significant iFR was more common in patients with severe AS compared
to those without AS (66.6% vs 31.8%, P <.001). Moreover, among those
with severe AS, 36.2% had an iFR <0.89, but an FFR >0.80. Importantly,
for patients in this discordant group, an iFR <0.89 did not carry a risk of
deferred lesion failure. This is in contrast to untreated lesions with an
FFR <0.80, where there was a significant risk of deferred lesion failure
(adjusted HR, 2.71; 95% Cl, 1.08-6.80; P =.034).3*

In summary, several questions remain unanswered despite the sig-
nificant investigations into using FFR and iFR in patients with severe AS.
NOTION-3 is the first randomized control trial to indicate a potential
benefit to FFR-guided PCI over conservative treatment, with the pri-
mary end point just reaching the threshold for statistical significance (P
= .04). Ongoing trials include Functional Assessment In TAVI (FAITAVI;
NCT03360591) (FFR-guided vs angiographic-guided PCl, and FFR
compared with iFR), and the TransCatheter Valve and Vessels Trial
(TCW; NCT03424941) (FFR-guided PCl + TAVR vs CABG + surgical
aortic valve replacement [SAVR] for multivessel disease) will help clarify
the role of FFR-guided PCl among patients treated with TAVR.

CCTA

In patients with AS, CCTA is recommended for coronary assessment
when there is a low pretest probability of CAD.># Advantages to CCTA
include forgoing the risks associated with ICA, reduced cost, and poten-
tially improved workflow as CCTA can be combined with standard multi-
slice computed tomography (CT) for TAVR evaluation, in select patients.
Furthermore, no difference in clinical outcomes was observed at 30 days
and 1 year compared to when ICA was used.?” However, AS is frequently
associated with coronary artery calcification, which often limits the

interpretation of lumen stenosis due to blooming artifacts.>® Furthermore,
artifacts can also result from prosthetic material in the heart and chest. A
recent meta-analysis (n = 7000, 27 studies) reported a pooled sensitivity,
specificity, negative predictive value (NPV), and positive predictive value
(PPV) of 95%, 73%, 97%, and 64%, respectively, when using CCTA in
diagnosing obstructive CAD.*® Thus, the strength of CCTA is the NPV,
which is why it is best reserved for patients with a low pretest probability of
CAD. Notably, this study only included patients with a coronary calcium
score <400 and excluded those with prior CABG or PCI.%” More recently, a
study (N = 2217) examined the efficacy of using a patient’s pre-TAVR
multislice CT (noncoronary dedicated CT scanning) to screen for signifi-
cant left main or proximal CAD stenosis in patients with no prior PCI.*
Using a >70% stenosis cutoff, the analysis found a sensitivity of 91%,
specificity of 97%, PPV of 83%, and NPV of 99% for proximal stenosis. In
addition, this approach for assessing bypass graft patency revealed a
sensitivity of 86%, specificity of 97%, PPV of 84%, and NPV of 98%.
Reassuringly, only 3 patients required revascularization within 1 year of
TAVR. Finally, ultrahigh-resolution CT promises to improve spatial resolu-
tion, mitigate artifacts from calcium, and improve visualization of stented
and small vessels.>~4" In 1 of these studies, a high degree of accuracy was
seen in patients with severe CAD (mean calcium score of 1205) when
compared to ICA: ultrahigh-resolution CT had a specificity of 88%.*

Coronary computed tomography angiography may serve as a su-
perior predictor of obstructive CAD when compared to traditional
functional testing modalities."**> There have been multiple random-
ized control trials demonstrating the prognostic value of CCTA, and its
ability to predict future cardiovascular events.***5 In a study examining
the 5-year follow-up of the Scottish Computed Tomography of the
Heart trial, CCTA was found to significantly reduce the incidence of Ml
and death due to ischemic heart disease without increasing the use of
invasive testing, when compared to standard of care.***’ The Pro-
spective Multicenter Imaging Study for Evaluation of Chest Pain
(PROMISE) trial further demonstrated the prognostic superiority of
CCTA compared to traditional functional testing modalities, especially
in patients with type 2 diabetes mellitus.*4¢

Noninvasive functional measurements

Coronary computed tomography angiography with adjunctive FFR
(CT-FFR) offers a noninvasive modality for assessing the functional sig-
nificance of coronary stenosis and further informs discussion on the
need for revascularization. The CAST-FFR study (N = 42) found CT-FFR
to be safe and feasible, and CT-FFR results strongly correlated with
measured FFR in patients with severe AS (r = 0.64; P < .0001).47
Importantly, this study excluded patients with prior CABG, PCl in the
vessel of interest, left ventricular ejection fraction (LVEF) <30%, left
main stenosis, and Ml in the prior 3 months. Furthermore, the correla-
tion between FFR and CT-FFR was strongest (r = 0.85) in patients with
lower coronary calcium scores. A second study (N = 338) found that
CT-FFR increased the diagnostic accuracy of standard CCTA and
increased the number of patients in whom ICA could be safely avoided
(43.6% vs 57.1%).°0 In this retrospective study, CCTA and CT-FFR had a
sensitivity of 76.9% and 84.6%, specificity of 64.5% and 88.3%, NPV of
92.1% and 96.0%, and PPV of 34.0% and 63.2%, respectively. Notably,
the incidence of CAD in this study was low (23%) relative to typical TAVR
studies, which may have increased the NPV and reduced the PPV.

Quantitative flow ratio (QFR) represents an alternative noninvasive
modality for functional assessment of coronary stenosis using data from
the ICA. Compared with invasive FFR, this technique detected CAD
lesions causing myocardial ischemia at similar rates (46% vs 40% for <
0.80, respectively, P = .315).°" Furthermore, the use of a QFR-guided
PCl strategy has been associated with improved clinical outcomes
compared with standard angiographic guidance.®? Notably, a recent
retrospective study (N = 318) found that patients with medically
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managed CAD who subsequently underwent TAVR had a significantly
higher mortality risk at 3-year follow-up if they had a QFR significant
stenosis compared to a QFR negative stenosis (51.1% vs 12.1%; P <
.001).>2 However, QFR is not as extensively studied as FFR/iFR in the
assessment of intermediate coronary lesions, and limited evidence
suggests that the accuracy of QFR is reduced in critical AS (aortic valve
area <0.6 cm?).>* Finally, up to 20% of ICA may not be suitable for QFR
analysis due to image quality and overlapping anatomy.>

Management of CAD in patients undergoing TAVR

Since TAVR was introduced, there has been uncertainty over the
management of concomitant CAD. For patients treated with SAVR,
revascularization of lesions with >70% stenosis is routinely performed at
the time of aortic valve replacement.®> This is supported by evidence
showing that patients with untreated, significant CAD had a higher risk
of adverse perioperative and long-term outcomes after valvular heart
surgery.”®’ Notably, both of these studies are retrospective, and
adjustment for comparisons between groups can never be perfect.
Meanwhile, the impact of performing PCl in addition to TAVR is unclear
and may be impacted by CAD complexity. We present a practical al-
gorithm (Figure 1) for managing CAD in patients undergoing TAVR.

Argument for medical management alone for CAD

The overlap in symptoms between severe AS and CAD makes
drawing a definite conclusion on the contribution of CAD to the overall
symptom burden near impossible. Furthermore, in the presence of AS,
angina from CAD may be exacerbated by reduced coronary perfusion
pressure owing to an elevated left ventricular diastolic pressure. In
clinical trials, PCl has never demonstrated a reduction in all-cause
mortality compared to optimal medical therapy (OMT) among pa-
tients with chronic coronary syndrome (CCS), including those with
moderate or severe ischemia and/or severe left ventricular systolic
dysfunction.’®0 Furthermore, despite some studies finding CAD to be
associated with an increased risk of mortality post-TAVR, revasculari-
zation by PCl has failed to mitigate this risk.%""? Hence, in keeping with
PCI for stable CAD in patients without VHD, the primary role of PCI
should be to alleviate ischemic symptoms refractory to medical therapy
and/or valve replacement. Finally, deferring PCI until after TAVR
removes the need for dual antiplatelet therapy, which may increase the
risk of bleeding complications during and after the procedure.

An argument in favor of revascularization

The addition of CABG to SAVR for patients with >50% CAD
stenosis has been found to offer a mortality benefit beyond 1 year of
the procedure.”® For patients undergoing TAVR with concomitant
CAD, the role of PCl is often extrapolated from studies that exam-
ined PCl vs OMT for patients with isolated CCS. However, this
approach is limited as many such patients were excluded from these
pivotal trials. In the International Study of Comparative Health
Effectiveness with Medical and Invasive Approaches (ISCHEMIA)
trial, patients with significant left main stenosis were excluded, and
the Clinical Outcomes Utilizing Revascularization and Aggressive
Drug Evaluation (COURAGE) trial excluded patients with an LVEF
<30%, markedly positive stress test, and those with coronary anat-
omy “not suitable” for PCI.>%°? Meanwhile, the Surgical Treatment
for Ischemic Heart Failure (STICH) trial found that revascularization
(with CABG) reduced the risk of all-cause death and hospitalization
in patients with ischemic cardiomyopathy (3-vessel disease) and
LVEF of <35% at the 10-year follow-up.®* The randomized
NOTION-3 trial (n = 455) provides the most compelling evidence for

revascularization of significant stenosis (FFR <0.80 or >90% stenosis,
low complexity lesions) rather than conservative treatment. PCI was
associated with a significant reduction in the frequency of urgent
revascularization and Ml in the 2 years after TAVR.'*

Mode of revascularization

Although revascularization can only be achieved through PCl or
CABG, there are many nuances in the decision-making process.
Important considerations for the Heart Team include coronary dis-
ease complexity, comorbidities, diabetic status, conduit availability,
frailty, left ventricular systolic function, ability to achieve complete
revascularization, and patient wishes. Current ACC/AHA guidelines
for the management of VHD recommend (2a, C-LD) choosing SAVR
+ CABG over TAVR + PCl in patients with significant CAD consisting
of bifurcation left main and/or multivessel CAD with a SYNTAX score
>33.% Revascularization with PCl is considered reasonable for pa-
tients with isolated significant left main or proximal vessel CAD (2a,
C-LD). Studies in patients without AS support these recommenda-
tions, showing the superiority of CABG to PCl in patients with
multivessel disease, especially if diabetes is |:>resent.64'65 However, in
clinical practice, many patients with complex coronary disease are
not surgical candidates or decline the Heart Team recommendation
for SAVR + CABG. A propensity-matched analysis with 156 matched
pairs from 2021 attempted to address this issue by comparing
clinical outcomes between TAVR + PCI (within 3 months preceding
TAVR and concomitantly) and SAVR + CABG among patients with
complex CAD (unprotected left main or SYNTAX score >22). A
similar proportion of patients had left main lesions in both groups
(57.1% vs 55.8%), and complete revascularization was more common
in the SAVR + CABG group (96%) compared to the TAVR + PCI
group (50%). At a median follow-up of 3 years, there were no sig-
nificant differences in all-cause mortality, Ml, and stroke.®® A caveat
to these findings was the observation that reintervention was higher
in those who received PCl at 2 years (24.4% vs 4.1, P =.002), and a
landmark analysis at 30 days showed SAVR + CABG to be associ-
ated with a lower rate of major adverse cardiovascular and cere-
brovascular events (MACCE) and all-cause mor‘cality.66 Furthermore,
a recent meta-analysis (N = 104,220) found that TAVR + PCl was
associated with a higher risk of all-cause mortality and a need for
additional coronary revascularization at the weighted follow-up of
30.2 months (HR, 1.35; 95% ClI, 1.11-1.65; P =.003 and HR, 4.14;
95% Cl, 1.74-9.86; P = .001, respectively). However, it should be
noted that a heterogeneous cohort of patients was included; 6 of
the 8 studies were observational, and the time interval between PCI
and TAVR was variable (up to 12 months before concomitant).®’

For now, SAVR + CABG appears to be the optimal treatment
strategy for patients with a high SYNTAX score (>33) who are at low
or intermediate surgical risk (STS <8) (Central Illustration). In com-
parison, when the surgical risk is high (STS >8), TAVR + PCl is usually
the preferred option, accepting that complete revascularization
becomes less likely as the SYNTAX score increases. The Heart Team
should guide the decision between the surgical and percutaneous
approach for intermediate and low-risk surgical patients with a
SYNTAX score <33." Patients with severe AS, multivessel disease,
and impaired left ventricular systolic function may also benefit from
revascularization with CABG rather than PCI. This is supported by
the STICH trial and a large Canadian cohort study (N = 12,113),
which found that patients treated with PCl had a higher rate of major
adverse cardiac events (HR, 2.0; 95% CI, 1.9-2.2) and all-cause
mortality (HR, 1.6; 95% Cl, 1.3-1.7) compared to CABG.®**®
Furthermore, PCl was not superior to medical therapy in the
REVIVED trial, suggesting that CABG may be the only beneficial
revascularization strategy in cases of reduced LVEF.°
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The choice between CCTA and coronary angiography for coronary assessment in patients planned for TAVR should be
guided by the pre-test probability of obstructive CAD. Optimal medical therapy (OMT) is recommended for all patients with
CAD. Revascularization in addition to OMT should be considered when obstructive CAD is present, particularly when there
is proximal epicardial or left main stem obstructive stenosis. The modality of revascularization (PCl or CABG) should be
guided by the Heart team, with consideration being given to the SYNTAX score, age, frailty, additional valvular and aortic
pathology, comorbidities and preference of the patient. Timing of PCl warrants consideration with pros and cons to each
(pre-TAVR / simultaneous with TAVR / post-TAVR). Waiting after TAVR facilitates re-evaluation of symptomatology with aortic
stenosis no longer confounding the decision.

Figure 1.

Proposed algorithm for the management of coronary artery disease (CAD) in transcatheter aortic valve replacement (TAVR). CABG, coronary artery bypass grafting; CCTA,
coronary computed tomography angiography; CT-FFR, computed tomography-derived fraction flow reserve; FFR, fraction flow reserve; iFR, instantaneous wave-free ratio; OMT,
optimal medical therapy; PCl, percutaneous coronary intervention; SAVR, surgical aortic valve replacement; SYNTAX score, Synergy between PCl with Taxus and Cardiac Surgery

Trial score.
PCI timing in TAVR patients

Approximately 25% of patients treated with TAVR also undergo
PCI before, during, or after TAVR.®? However, the timing of PCl in
relation to TAVR is not specified in these current clinical guidelines,
and each approach has advantages and disadvantages
(Central lllustration). Notably, in a meta-analysis of 5580 patients, no

difference in 30-day outcomes (all-cause mortality, stroke, acute
kidney injury [AKI]) was seen between patients undergoing TAVR +
PCI (pre or concomitantly) and those treated with TAVR alone.”?
Contemporary registry data indicate that pre-TAVR PCl remains the
preferred strategy (65% of cases in the Management of myocardial
REVASCularization in patients undergoing TAVR with coronary artery
disease [REVASC-TAVI] regis‘[ry).71
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Coronary artery disease management in patients evaluated for TAVR
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Coronary artery di (CAD)

in patients evaluated for transcatheter aortic valve replacement (TAVR). *During complex PCl/with PCI complications. CABG,

coronary artery bypass grafting; CCTA, coronary computed tomography angiography; DAPT, dual antiplatelet therapy; LM, left main; LVEF, left ventricle ejection fraction; PCI,
percutaneous coronary intervention; TF, transfemoral; SAVR, surgical aortic valve replacement; STS, society of thoracic surgeons; SYNTAX Score, Synergy between PCI with Taxus and

Cardiac Surgery Trial Score.

PCI before TAVR

Patients presenting with ACS and AS carry the same indication for
ICA = revascularization as patients without AS.> When patients present
with CCS or asymptomatic obstructive CAD on pre-TAVR ICA or CCTA,
the appropriate management is less clear. Traditionally, clinicians have
favored revascularization before TAVR, given concerns for ischemic
complications during rapid ventricular pacing and potentially chal-
lenging coronary reaccess after TAVR placement.”?”® However, several
studies have failed to show a clinical benefit to performing PCI over
OMT in patients ultimately treated with TAVR.'%¢%7475 A limitation to
some of these studies is that patients who became asymptomatic after
PCI despite having severe or critical AS may have been excluded as
clinical practice guidelines only recommend aortic valve replacement
for symptomatic AS.

The randomized PercutAneous Coronary inTervention prlor to
transcatheter aortic VAlve implantaTION (ACTIVATION) trial failed
to show a benefit of PCl of significant CAD (>70% major
epicardial vessel or >50% if protected left main or vein graft)
over OMT (7.5% noninferiority margin) in advance of TAVR.
Notably, this trial was terminated early, with lower than antici-
pated enrollment (n = 234) and the majority of patients had no
angina at baseline (>68%).°> Conversely, the recent NOTION-3
trial found that revascularization was associated with lower rates
of urgent revascularization and MI after TAVR compared to con-
servative treatment. Although 74% of PCl procedures were done
before TAVR in this trial, an analysis of PCl timing on clinical
outcomes was not an objective of this study.

A caveat to forgoing PCl until after TAVR is the challenge that the
new valve prosthesis can present to catheter engagement of the cor-
onary ostia. This is particularly relevant when a tall frame TAVR is
planned, and the coronary disease is complex.

Concomitant PCl and TAVR

Performing PCl at the same time as TAVR has the inherent
advantage of a single procedure, hospital admission, and better use of
hospital resources. However, PC| extends the duration of the TAVR
procedure, and managing antiplatelet therapy can be challenging if
the TAVR is complicated by vascular injury. Among 22,334 TAVR
performed between 2011 and 2013 and entered into the Nationwide
Inpatient Sample, 2.7% (n = 608) underwent PCl + TAVR during the
same hospitalization. Patients in the matched analysis treated with
TAVR + PCl experienced higher in-hospital mortality (10.7% vs 4.6%, P
=.008), and vascular injury requiring surgery was more common (8.5%
vs 4.2%, P < .001).76 Notably, this study did not differentiate between
PCI performed concomitantly with TAVR and staged in-hospital PCI.
Contrast-associated nephropathy remains a concern given the higher
volume of contrast required and studies have produced conflicting
results on this risk.”"’78 An analysis from the National Readmissions
Database (2016 to 2019) found that concomitant PCl and TAVR were
associated with lower rates of AKI and 90-day readmission compared
with PCI shortly after TAVR (<30 days).”” Moreover, a separate analysis
from the National Readmissions Database found lower rates of AKl in
patients undergoing concomitant PCl compared to PCl at a later date.
However, those treated with concomitant TAVR and PCl| were more
likely to have single-vessel disease and better baseline renal
function.”®

PCI after TAVR

Coronary revascularization after TAVR has the advantage of less risk
of hemodynamic compromise during PCI, and AS no longer confounds
the diagnosis of angina due to CAD. In addition, invasive physiologic
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top of the neoskirt (red line on A-D). TAVR, transcatheter aortic valve replacement.

testing may be more reliable. On the other hand, engaging the coro-
nary ostia can be challenging and occasionally not feasible, particularly
when tall frame valves are used.”?%% An analysis from the international,
multicenter REVASC-TAVI registry compared clinical outcomes be-
tween patients treated with PCl pre (n = 1052), during (n = 157) and
post (n = 1052) TAVR.”! CAD complexity was similar between groups,
except bifurcation lesions were more common in those treated with PCI
after TAVR. At the 2-year follow-up, the composite outcome of all-cause
death, stroke, MI, and heart failure rehospitalization was significantly
lower in patients undergoing PCl after TAVR compared with PCI before
or concomitantly (17.4% vs 30.4% vs 30.0%, P < .01). The lower inci-
dence of the composite outcome was driven by lower all-cause death
(6.8% vs 20.6% vs 20.1%, P <.01) between groups. These findings align
with another recent observational study (n = 144) in which PCl pre-TAVR
was associated with a higher rate of stroke and lower major adverse
cardiac and cerebral events-free survival at 24 months compared to
post-TAVR PCI.®" The TAVI-PCI trial (NCT04310046) is currently
randomizing patients planned for an SAPIEN transcatheter heart valve
(Edwards Lifesciences) to angiographic-guided PCl before (1-45 days)
or after TAVR (1-45 days) and will help clarify the optimal timing of PCl in
the per-TAVR period. Finally, The Staged Complete Revascularization
for Coronary Artery Disease versus Medical Management Alone in Pa-
tients with AS Undergoing Transcatheter Aortic Valve Replacement
(COMPLETE TAVR; NCT04634240) is randomizing patients after TAVR
with significant CAD to PCI (1-45 days) or medical therapy alone. This
trial aims to enroll 4000 patients and should significantly enhance the
understanding of CAD in patients with severe AS.

In summary, although there are no guidelines as to when PCl should
be performed in patients undergoing TAVR, the currently available
evidence suggests no improvement in clinical outcomes when PCl is
performed before TAVR compared to post-TAVR.

Coronary access after TAVR

Coronary access after TAVR is a crucial consideration, given the high
prevalence of CAD in patients undergoing TAVR. Within the first year

after TAVR, approximately 2% of patients will undergo ICA, increasing
to 16% at 5 years.8%%? The Swedish Transcatheter Cardiac Intervention
Registry recently reported that 5.8% of patients required an ICA at a
median follow-up of 841 days (IQR, 346-1457 days) with non-ST
elevation ACS (45.8%), CCS (30.3%) and ST-segment elevation M
(6.9%) being the most frequent indications. Furthermore, as the in-
dications for TAVR extend to a younger cohort of patients, there will be
a more significant number of years at risk for the progression of CAD
and ACS.° Special consideration needs to be given to patients treated
with a valve-in-valve procedure (TAVR-in-TAVR and TAVR in surgical
bioprostheses) given that the additional bioprosthetic material will likely
further hinder coronary access.®®

Valve type and position

The type of TAV implanted impacts coronary access. The short-
frame SAPIEN 3 valves (Edwards Lifesciences) have an expanded
frame height of 15.5 mm to 22.5 mm compared to the 45 mm height of
the Evolut family (Medtronic) of valves and 47 to 48 mm height of
Navitor (Abbott). In addition, the Evolut valves have supraannular
leaflets, and the commissural posts stand at 26 mm. The intraannular
Navitor valve has commissural post heights ranging from 21 to 25 mm,
with larger cell sizes than the Evolut FX valve. Hence, coronary access in
patients with tall frame valves will almost be exclusively through the cell
struts. In contrast, the coronary ostia can often be accessed above
rather than through the short-frame valves.

Many clinicians intentionally implant TAV high relative to the aortic
annulus in an effort to reduce interaction with the membranous septum
which may lead to conduction disturbances and the need for perma-
nent pacemaker insertion. However, high TAV replacement may impede
coronary access, particularly when tall frame valves are used.””®* This
issue can be exacerbated in cases where commissural alignment is not
achieved during valve o|e|o|oyment.84’87 In the Reobtain Coronary Ostia
Cannulation Beyond Transcatheter Aortic Valve Stent (RE-ACCESS)
study, unsuccessful coronary ostia cannulation occurred in 23 cases
(7.7%) and almost exclusively in Evolut R/PRO valves (22 of the 23
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cases).”” Independent predictors of inability to cannulate the coronaries
were the use of an Evolut R/PRO TAV (odds ratio [OR], 29.6; 95% ClI,
2.6-335; P <.01), mean TAVR depth (OR, 1.7 per 1 mm decrease; 95%
Cl, 1.3-2.3; P <.01) and sinus of Valsalva oversizing (OR, 1.1 per 1 mm
increase; 95% 1.0-1.2, P < .O'I).79 A model combining these factors was
able to predict with high accuracy the risk of unsuccessful coronary ostia
cannulation (area under the curve, 0.94; P <.01). In the RE-ACCESS 2
study, the rate of unsuccessful coronary cannulation in patients treated
with self-expanding (Evolut R/PRO/PRO+, ACURATE neo2 [Boston
Scientific]) valves using a commissural alignment technique reduced to
5.5% and the rate of selective coronary ostia cannulation increased
significantly.?® Conversely, in the retrospective Acute Myocardial
Infarction After Transcatheter Aortic Valve Implantation (AMITAVI) reg-
istry, PCl of native coronary arteries (N = 258) was successful in 91.4% of
cases, independent of TAV type.2? Importantly, in the 6 cases that guide
engagement was unsuccessful, 3 required CABG, and 3 patients died.

To help overcome these challenges clinicians have described catheter
engagement techniques specific for each valve with the aim of miti-
gating the frequency of guide engagement failure.”® Operator expe-
rience, and the use of adjunct equipment such as guide catheter
extension increase the rate of success in challenging cases. Moreover,
as TAV commissural alignment and subsequent coronary artery
engagement are inherently linked, all manufacturers are now focusing
on improving their delivery systems and refining implantation tech-
niques to reduce the frequency of commissural misalignment 88671

Special considerations: valve-in-valve
Unique to redo-TAVR is the formation of a neoskirt that extends from

the inflow of the index valve to the top of the commissural posts as the
old leaflets are pinned open, forming a tube graft (Figure 2).8092.93 The

Table 2. Upcoming trials on CAD assessment and treatment in patients undergoing TAVR.

Study Trial Description Patient population Primary Completion
design outcome date
(sample
size)
FAITAVI RCT Angiography-guided vs CAD and severe AS undergoing  1-year composite of all-cause mortality, MI, 2024
(NCT03360591) (N =320) physiology (FFR/iFR) guided PCI TAVR, >50% stenosis (FFR: 0.8) stroke, major bleeding events, and TVR
TCW trial RCT FFR-guided PCI + TAVR vs CABG Multivessel CAD (>2 lesions), 1-year composite of all-cause mortality, Ml, 2024
(NCT03424941) (N =328) + SAVR severe AS, >50% diameter disabling CVA, unscheduled TVR, valve
stenosis reintervention, and life-threatening or disabling
bleeding
COMPLETE TAVR RCT Staged complete CAD undergoing TAVR, > 70% Composite of CV death, new M, ischemia- 2026

(NCT04634240) (N = revascularization after TAVR (with

4000) BEV) vs medical management
TAVI-PCI RCT iFR-guided complete
(NCT04310046) (N = 986) revascularization pre-TAVR (1-45 <0.89

days) vs post-TAVR (days 1-45)

diameter stenosis (in a native
vessel with >2.5 mm diameter)
> 90% diameter stenosis or iFR

driven revascularization, or hospitalization for

unstable angina/HF after 3.5 years

1-year composite of all-cause mortality, nonfatal 2028
MI, ischemia-driven revascularization,

rehospitalization, and life-threatening/disabling

bleed

AS, aortic stenosis; BEV, balloon-expandable valve; CABG, coronary artery bypass graft; CAD, coronary artery disease; CV, cardiovascular; CVA, cerebrovascular ac-
cident; FFR, fractional flow reserve; HF, heart failure; iFR, instantaneous wave-free ratio; MI, myocardial infarction; PCI, percutaneous coronary intervention; RCT, ran-
domized control trial; SAVR, surgical aortic valve replacement; TAVR, transcatheter aortic valve replacement; TVR, target vascular revascularization.
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clinical importance of the neoskirt plane is highlighted in 1 study that
found the neoskirt extending above the coronary ostia in 90% of Cor-
eValve/Evolut TAV cases and 67% of SAPIEN 3 cases.”* Hence, when
the neoskirt extends above the coronary risk plane (level of lowest
coronary ostia), engaging the coronary may be challenging if the
sinotubular junction (STJ) is large (valve to STJ/aorta >2 mm) or near
impossible if STJ is small (valve to STJ/aorta <2 mm) (Figure 3).2 In
patients with a prior SAV, the height of the surgical bioprosthetic leaflet
determines the neoskirt height, and the leaflets can be displaced more
toward the coronary ostia. Unlike in a TAV, a valve frame does not
restrict the displacement of SAV leaflets, particularly in valves with
externally mounted leaflets.? Having an SAV as the index valve should,
however, have the advantage of resected native leaflets and commis-
sural alignment.

Future perspectives

In light of the increasing number of patients treated with TAVR
worldwide, delineating the most efficient assessment and optimal
management of concomitant CAD remains a priority. Although ICA
remains the mainstay of the evaluation for CAD, CCTA has proven
to have an excellent NPV in patients with a low pretest probability
of CAD. Furthermore, recent evidence has suggested that a pa-
tient's pre-TAVR CCTA can rule out proximal obstructive CAD with
high sensitivity, specificity, and NPV. Moreover, in the future,
ultrahigh-resolution CCTA will mitigate the effect of blooming cal-
cium artifacts and increase the proportion of patients who can be
assessed with CCTA rather than ICA. Several questions remain
regarding the role and interpretation of invasive physiology testing
in patients with intermediate stenosis on ICA. The FAITAVI and the
TCW trials will help clarify if invasive physiology-guided PCl is su-
perior to angiographic-guided PCI in patients with severe AS
(Table 2). A degree of equipoise remains over timing and the need
for revascularization of obstructive coronary disease in patients
planned for TAVR.

Conclusion

Physicians will continue to face challenges in managing obstructive
CAD in patients undergoing TAVR. However, recent evidence has hel-
ped clarify the safety of functional testing in the presence of severe AS.
Furthermore, there is now evidence that PCI, compared to conservative
treatment, reduces the rate of adverse clinical outcomes after TAVR.
Finally, clinical judgment is needed when deciding on the timing of PCI,
with coronary disease severity, complexity, and the planned prosthesis
type being key considerations.
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