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Abstract

Patients having transcatheter aortic valve implantation (TAVI) routinely undergo coronary
angiography before the procedure to define the coronary anatomy and to evaluate the extend of
coronary artery disease (CAD). Whether percutaneous coronary intervention (PCI) prior/
concomitant with TAVI confers any additional clinical benefit in patients with CAD remains
unclear. Literature search was performed using Medline, Embase, Google Scholar, and Scopus
from inception of these databases till April 2019. Included outcomes were 30-day all-cause
mortality, stroke, myocardial infarction (M), acute kidney injury, and 1-year mortality. The main
summary estimate was random effects odds ratio (OR) with 95% confidence intervals (CIs).
Eleven cohort studies enrolling 5,580 patients (mean age 82.4 years and 52.6% females) were
included. Our study found no difference in effect estimates for 30-day all-cause mortality (OR
1.30 [0.85 t0 1.98], p = 0.22, 12 = 37.5%), stroke (OR 0.7 (0.36 to 1.45), p = 0.36, |12 = 32.8%), MI
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(OR 2.71[0.55 to 12.23], p = 0.22, 12 = 41.3%), acute kidney injury (OR 0.7 [0.46 to 1.06], p =
0.08, 12 = 14.4%) and 1-year all-cause mortality (OR 1.19 [0.92 to 1.52], p = 0.18, 12 = 0.0%) in
patients who underwent TAVI with and without PCI. In conclusion, our analysis indicates that PCI
with TAVI in patients with severe aortic stenosis and concomitant CAD grants no additional
clinical advantage in terms of patient important clinical outcomes. Further randomized studies are
needed to better delineate the clinical practice for myocardial revascularization in patients
receiving transcatheter therapy for aortic valve disease.

Methods

Transcatheter aortic valve implantation (TAVI) has revolutionized the management of
patients with severe aortic stenosis (AS). The procedure was initially approved in patients
deemed inoperable or at a high risk for surgical aortic valve replacement.! However, with the
recent publication of the PARTNER 3 and Evolut low-risk trials, the procedure is expected
to be approved even in patients at low risk, further increasing the number of patients eligible
for TAVI.2-4 Coronary artery disease (CAD) is prevalent in patients who underwent TAVI in
part because of old age and co-morbidities in this patient population which can predispose to
atherogenesis. Patients having TAVI routinely undergo coronary angiography before the
procedure to define the coronary anatomy and to evaluate for the extent of CAD. Such an
approach can also help facilitate planning for coronary artery bypass grafting if the patient is
deemed a surgical candidate.>6 Percutaneous coronary intervention (PCI) is also performed
in patients before TAVI, although the practice patterns are heterogeneous. Herein, we
investigate whether PCI before TAVI is associated with any improvements in the hard
clinical endpoints.

This meta-analysis was conducted according to Cochrane Collaboration guidelines and
reported as per Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.”

Two authors (NL and SUK) devised the search strategy and performed literature search
using Medline (via PubMed), Embase, Google Scholar, and Scopus databases from
inception to April 2019. Following key search words were used: “transcatheter aortic valve
replacement” or “transcatheter aortic valve implantation,” “coronary artery disease,”
“percutaneous coronary intervention” or “coronary revascularization.” We applied
restrictions on humans’ studies. No restrictions were applied on publication year, language,
or text availability. We also searched for “meta-analysis” as the article type and hand
searched the reference lists of the selected systematic reviews to identify further studies. The
citations were downloaded to Endnote X7 (Thompson ISI Research Soft, Philadelphia, PA)
and duplicates were identified and removed. Two authors (NL and SUK) independently
screened the search results in a 2-step process based on predetermined inclusion/exclusion
criteria. First citations were evaluated on title and abstract level, followed by full-text
screening of the final list of articles. Any disagreements were resolved by discussion or
third-party review.

The priori inclusion criteria were: (1) retrospective or prospective studies that included adult
(age >18) patients who underwent TAVI for severe symptomatic aortic stenosis; (2) patients
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had previous history of CAD with studies providing definition for anatomically significant
CAD; (3) the prespecified intervention groups were (a) TAVI with PCI versus (b) TAVI
alone; (4) sample size >100 patients with any duration of follow-up.

Two authors (NL and SUK) independently abstracted data on study characteristics and
baseline characteristics of participants in both treatment groups including information on
study design, valve type, vascular approach, timing of PCI, mean age, gender, structural
parameters (LVEF, Euro-Score) and co-morbidities (diabetes mellitus, hypertension,
previous stroke, chronic kidney disease, peripheral vascular disease). Disagreements related
to data were resolved by discussion, referring back to the original article or opinion of the
third author (MSK). Risk of bias of the included cohort studies was assessed using the
Newcastle-Ottawa scale (NOS).8

Included outcomes were: all-cause 30-day mortality, 1-year all-cause mortality, stroke, acute
kidney injury (AKI), and myocardial infarction (MI). The end points were defined as
reported in individual studies. Outcomes were combined using DerSimonian and Laird
random effects model. The principal summary statistic was either crude events in each group
or any risk ratio (RR) or odds ratio (OR) estimates with 95% confidence interval (CI).
Heterogeneity was assessed using Cochrane Q statistics and was quantified via 12 with
values 25% to 50%, 50% to 75%, and >75% consistent with low, moderate, and high degree
of heterogeneity, respectively. Subgroup analysis was also performed to estimate whether the
treatment effect was influenced by prevalence of CAD by segregating studies with 100%
prevalence of CAD from studies reporting <100% prevalence in the TAVI alone group.
Publication bias was assessed using funnel plot and Egger’s regression test. For all analyses,
statistical significance was set as p <0.05. A study level analysis was done using Review
Manager (RevMan, Version 5.3, Copenhagen: The Nordic Cochrane Centre, The Cochrane
Collaboration, 2014).

A total of 11 studies including 5,188 patients (1,271 in TAVI with PCI group and 3,917 in
TAVI alone group) were included in the analysis (Figure 1).%-19 Out of these, 9 were
retrospective and 2 were prospective cohort studies. Coronary revascularization was
performed before TAVI in 5 studies, concomitant with TAVI in 1 study and concomitant and
before TAVI in 5 studies. Mean age and percentage of male patients were 82.7/82.0 years
and 47.1%/47.6% in TAVI with PCI and without PCI groups, respectively. Further details on
study and participant characteristics are summarized in Tables 1 and 2. No evidence of
publication bias was found (Supplementary Figure 1).

The prevalence of CAD was reported in all studies. Eight studies reported 100% prevalence
in both the groups, whereas 2 studies reported 51.4% and 54.8% prevalence in TAVI alone
group.17.18 Study by Singh et al represented the largest study and noted a prevalence of 84%
in TAVI with PCI and 64% in TAVI alone group.1! The definition of significant CAD varied
between studies and included =50% stenosis of the luminal diameter of the 3 main coronary
arteries or their major epicardial branches in 6 studies,®12:16-18 >7004 stenosis in 2 studies,
10.13 and =90% stenosis in 1 study.1> When left main coronary artery was involved,
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significant stenosis was defined as =50% stenosis in 3 studies.1213.15 None of the studies
provided any details on fractional flow reserve or other forms of functional assessment of
coronary stenosis.

Ten studies reported 334 cases of 30-day all-cause mortality with 103 events out of 1,194
occurring in TAVI with PCI group and 231 out of 3,386 occurring in TAVI alone group.
There was no significant difference (OR 1.30 [0.85 to 1.98], p = 0.22, 12 = 37.5%) between
the 2 groups. Two subgroup analyses were also performed, first with regard to prevalence of
CAD which showed no difference when studies were separated on the basis of 100% CAD
(OR 1.22 [0.66 to 2.25]) and <100% CAD (OR 1.46 [0.80 to 2.69; Figure 2). Second, in
congruence with current guidelines which recommend PCI in patients with critical (=70%)
stenosis in proximal coronary arteries, we performed a subgroup analysis for 30-day all-
cause mortality which contained 3 studies with significant CAD defined as =70% stenosis in
both the treatment groups; however, no difference in outcome between TAVI with PCI and
TAVI alone group was observed (OR 0.83 [0.37 to 1.47; Supplementary Figure 2).

Six studies reported 799 cases of 1-year all-cause mortality of which 110 events occurred in
434 patients in TAVI with PCI group and 689 events occurred in 3,398 patients in TAVI
alone group. No difference with an OR of 1.19 (0.92 to 1.52, p = 0.18, 12 = 0.0%) was noted
between the 2 groups (Figure 3). A total of 5 studies reported M1 with 12 events in TAVI
with PCI group and 23 events in TAVI alone group. There was no significant difference in
effect estimate when the 2 groups were compared (OR 2.71 [0.55 to 12.23], p = 0.22, 12 =
41.3%; Figure 4).

Six studies reported 178 events of stroke of which 28 events occurred in 909 patients in
TAVI with PCI and 150 events occurred in 2,704 patients in TAVI alone group. Five studies
reported 179 events of AKI with 32 cases seen in 985 patients in TAVI with PCI group and
147 cases in 2,936 patients in TAVI alone group. No difference was observed for overall
estimate of stroke (OR 0.7 [0.36 to 1.45], p = 0.36, 12 = 32.8%) and AKI (OR 0.7 [0.46 to
1.06], p = 0.08, 12 = 14.4%) between the 2 arms. Subgroup analyses including studies with
100% prevalence of CAD noted an OR of 1.47 (0.26 to 8.32) for stroke and 1.01 (0.58 to
1.76) for AKI, whereas a lower risk of these outcomes was observed in studies with <100%
prevalence of CAD (stroke, OR 0.53 [0.37 to 0.76]; AKI, OR 0.53 [0.32 to 0.87]; Figure 5
and Supplementary Figure 3).

Discussion

Our systematic review and meta-analysis with pooled evidence from more than 5,100
patients revealed that coronary revascularization in form of PCI either before or at the time
of TAVI does not improve any relevant cardiovascular outcomes. We believe that these
findings have direct clinical relevance.

Patients with TAVI frequently have preponderance of co-morbidities that predispose them to
coronary artery disease.2% With increasing number of TAVI procedures being performed in
the United States and worldwide,2 it is imperative to devise consistent strategies with regard
to the management of CAD diagnosed as part of TAVI workup. The practice at the time of
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surgical aortic valve replacement revolves around performing coronary artery bypass
grafting for vessel(s) deemed obstructive by a preoperative coronary angiogram.® This
practice emanates not from randomized data but based on convenience of treating the
obstructive disease when an open heart surgery is contemplated.22 However, current
percutaneous revascularization trends around the time of TAVI tend to be heterogeneous,
leading to variable clinical practice.23

We believe that the findings of our analysis are consistent with the existent CAD literature
that illustrates no improved outcomes after PCI in stable CAD, except for improved quality
of life.2425 Patients with stable CAD tend to have a different plaque morphology than the
vulnerable plaque in patients presenting with acute coronary syndrome (ACS). For instance,
patients with stable CAD have a large lipid core stabilized with a fibrous core, whereas
patients with ACS have an ulcerated core and an inflammatory milieu. Moreover, most cases
of ACS do not present in patients with obstructive CAD, rather they present in non-
obstructive CAD with unstable plaques.26:27

Randomized controlled trials in patients with stable CAD and the ensuing meta-analysis of
such trials also endorse the importance of medical management for stable CAD with PCI
reserved only for patients who have refractory symptoms despite optimal medical
management.28 For instance, Clinical Outcomes Utilizing Revascularization and Aggressive
Drug Evaluation (COURAGE) trial enrolled 2,287 patients and followed them for a
cumulative of 4.6 years. All key primary and secondary end points were negative except for
angina relief. Similarly, the occluded artery trial investigators found that PCI done in
patients presenting after the duration of myocardial salvage did not reduce key hazardous
end points in patients at 4 years of follow-up.2? Current guidelines recommend considering
PCI only in patients with >70% stenosis of proximal epicardial vessels or the left main
coronary artery.39 Subgroup analysis on the basis of above criterion was performed for 30-
day all-cause mortality which showed no difference in outcomes between the 2 groups and
further resonates with our recommendation. However, an important consideration is limited
data provided by the studies which restricted analyses of other outcomes. Therefore, based
on the available evidence from stable CAD and our systematic review, we recommend
against routine revascularization of patients around the time of TAVI, with PCI reserved only
for patients presenting with ACS or the ones in which angina could not be mitigated with
medical management.

Further limitations of our study are as follows: first, this is a trial-level meta-analysis as we
did not have access to the individual patient data. Second, we do not know the symptom
status of patients who underwent PCI. Third, most of the included studies were from 2005 to
2015 and did not include patients with low or medium surgical risk. Fourth, this is an
analysis of observational studies, and an RCT is needed to definitively address this question.
However, there is no physiological reason why the findings from the stable CAD literature
cannot be extrapolated to the TAVI patient population.

In conclusion, coronary revascularization in the form of PCI does not lead to any
improvement in any key end points at the time of TAVI and should be reserved for
symptomatic patients or patients presenting with ACS.
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TAVI+PCI
Study Events Total
Guedeney, 2018 5 81
Huczek, 2017 13 169
Khawaja, 2015 2 25
Griese, 2014 10 65
Penkalla, 2014 2 76
Abramowitz, 2013 1 61
Masson, 2010 3 15
Singh, 2016 60 588
Abdel-Wahab, 2012 1 55
Wenaweser, 2011 6 59
Random effects model 1194

Figure2.
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Forest Plot evaluating the cumulative risk of 30-day all-cause mortality in patients with
TAVI and PCI versus TAVI Alone. Other annotations as in Figure 3. Squares represent the
risk ratio of the individual studies; Horizontal lines represent the 95% confidence intervals
(CI) of the risk ratio. The size of the squares reflects the weight that the corresponding study
contributes in the meta-analysis. The diamonds represent the pooled risk ratio or the overall
effect. PCI = percutaneous coronary intervention; TAVI = transcatheter aortic valve

implantation.
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Guedeney, 2018 14 81 34
Snow, 2015 36 172 444
Khawaja, 2015 6 25 15
Griese, 2014 21 65 76
Penkalla, 2014 30 76 94
Masson, 2010 3 15 26
Random effects model 434

Figure 3.
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Figure 4.
Forest Plot evaluating the cumulative risk of myocardial infarction (MI) in patients with

TAVI and PCI versus TAVI Alone. Other annotations as in Figure 2.
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