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Abstract: Background: The optimal timing to perform percutaneous coronary interventions (PCIs) in
patients undergoing transcatheter aortic valve replacement (TAVR) is not well established. In this
meta-analysis, we aimed to compare the outcomes of patients undergoing PCI before versus after
TAVR. Methods: A comprehensive literature search was performed including Medline, Embase, and
Cochrane electronic databases up to 5 April 2024 for studies that compared PCI before and after TAVR
reporting at least one clinical outcome of interest (PROSPERO ID: CRD42023470417). The analyzed
outcomes were mortality, stroke, and myocardial infarction (MI) at follow-up. Results: A total of
3 studies involving 1531 patients (pre-TAVR PCI n = 1240; post-TAVR PCI n = 291) were included in
this meta-analysis following our inclusion criteria. Mortality was higher in the pre-TAVR PCI group
(OR: 2.48; 95% CI: 1.19-5.20; p = 0.02). No differences were found between PCI before and after TAVR
for the risk of stroke (OR: 3.58; 95% CI: 0.70-18.15; p = 0.12) and MI (OR: 0.66; 95% CI: 0.30-1.42;
p = 0.29). Conclusions: This meta-analysis showed in patients with stable CAD undergoing TAVR
that PCI after TAVR is associated with lower mortality compared with PCI before TAVR.

Keywords: transcatheter aortic valve implantation; coronary artery disease; PCI; aortic stenosis

1. Introduction

Transcatheter aortic valve replacement (TAVR) revolutionized the treatment of severe
aortic valve stenosis (AS), providing a less invasive alternative to surgical aortic valve
replacement (SAVR) for elderly patients in all surgical risk categories [1-3]. TAVR has
become a preferred option due to its minimally invasive nature, shorter recovery time, and
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reduced perioperative risks compared to traditional aortic valve surgery. An important
aspect of managing patients undergoing TAVR is the treatment of concomitant coronary
artery disease (CAD), which is common in patients with severe AS. Studies reported that
CAD is present in approximately 40% to 75% of these patients. The coexistence of CAD
adds complexity to the management strategy, particularly with regard to the optimal timing
of coronary revascularization [4].

Percutaneous coronary intervention (PCI) prior to TAVR has been traditionally en-
couraged to optimize coronary perfusion and minimize the risk of ischemic events during
the hemodynamic stress associated with transcatheter heart valve (THV) implantation [5].
This approach is consistent with current guidelines, which recommend prioritizing PCI
for coronary artery lesions with greater than 70% stenosis in proximal segments or greater
than 50% stenosis in left main disease [6]. The rationale behind this recommendation is to
ensure adequate myocardial perfusion, thereby reducing the potential for perioperative
myocardial infarction and improving overall outcomes. However, recent research has
begun to question the need for routine PCI prior to TAVR, suggesting a more selective
and individualized approach. Some studies support delaying coronary revascularization,
particularly in cases where coronary lesions are not hemodynamically significant or in non-
critical segments. This change in strategy aims to minimize the potential risks associated
with PCI, such as bleeding complications and the need for dual antiplatelet therapy (DAPT)
during the periprocedural phase of TAVR. Reducing the duration or need for DAPT is par-
ticularly beneficial in elderly and frail patients, who are more prone to bleeding and other
complications [7]. In addition, recent advances in imaging techniques and hemodynamic
assessment tools have made it possible to better identify which coronary lesions effectively
require intervention. This allows for a more targeted approach, treating only those lesions
that pose a significant risk to the patient’s health. By avoiding unnecessary PCI, patients
can benefit from reduced procedural risks, shorter hospital stays, and potentially improved
overall outcomes.

While TAVR has significantly modified the treatment of severe AS, the management
of concomitant CAD remains a critical aspect of patient care. The aim of this meta-analysis
is to investigate the optimal timing of PCI in patients undergoing TAVR.

2. Materials and Methods
2.1. Data Sources and Searches

We systematically searched the Medline, Embase, and Scopus electronic databases
for studies published until 5 April 2024, focusing on those comparing the efficacy and
safety of PCI prior to or after TAVR and reporting at least one clinical outcome of interest.
Two investigators (R.C. and G.V.) independently conducted searches and article screening
using the following terms: “transcatheter aortic valve implantation” and “percutaneous
coronary intervention”. Disagreements were resolved by consensus. Detailed informa-
tion on our literature search strategy is available in the Supplementary Materials in the
Expanded Methods.

2.2. Study Selection

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement for reporting systematic reviews and meta-analyses was employed in this study
to report the systematic review and meta-analysis. The predefined protocol was reg-
istered to the international prospective registry of systematic reviews (POSPERO ID:
CRD42024535699). Two reviewers (R.C. and G.V.) independently performed the full-text
selection, and disagreements were resolved by consensus. Studies had to meet the fol-
lowing criteria in order to be included in the analysis: (1) adult (>18 years) population;
(2) direct comparison between PCI before and after TAVR, (3) >6 months clinical follow-up
available; and (4) one or more clinical outcomes of interest reported (e.g., stroke, myocardial
infarction, all-cause death). Case reports, editorials, reviews, expert opinions, and studies
not published in the English language were excluded.
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2.3. Data Extraction and Quality Appraisal

Two investigators (R.C. and G.V.) extracted data from each trial using standardized
protocol and reporting forms. In case of differences in extracted data, two investigators
reassessed the manuscript together. Two reviewers (R.C. and G.V.) independently assessed
quality items and disagreements were resolved by consensus. The Newcastle-Ottawa
Quality Assessment Scale for cohort studies was used by two investigators (R.C. and G.V.)
to assess the quality of each study.

2.4. Study Endpoints

The endpoints investigated were mortality, myocardial infarction (MI), and stroke.
All endpoints were commonly defined according to the Academic Research Consortium
definitions, Valve Academic Research Consortium (VARC)-2 and VARC-3 criteria used in
the studies [8].

2.5. Statistical Analysis

Descriptive statistics are presented as mean and standard deviation (SD) for continuous
variables, or number of cases (1) and percentage (%) for dichotomous and categorical
variables. If studies reported continuous variables as median (interquartile range), Wang
et al.’s method was employed for conversion into estimated mean + standard deviation [9].
The Mantel-Haenszel odds ratio (OR) model was used to summarize the data for binary
outcomes between treatment arms. Adjusted hazard ratios for mortality were examined in
each study separately and were pooled according to a random-effects model with generic
inverse variance weighting, calculating the risk estimates with 95%. Heterogeneity between
studies was assessed using the Chi?, Tau?, and Higgins-1? statistics, and random-effects
models by Restricted maximum likelihood were used. Publication bias was assessed using
funnel plots. Statistical analysis was performed with Review Manager (RevMan) (computer
program) version 5.4.1, Copenhagen, Denmark: Nordic Cochrane Centre, The Cochrane
Collaboration, 2020.

3. Results
3.1. Study Selection and Baseline Characteristics

Among 246 screened articles, 34 full texts were retrieved and reviewed for possible
inclusion; a total of 3 studies fulfilled the selection criteria and were included in the final
analysis (Figure 1).

The studies enrolled n = 1531 patients (pre-TAVR PCI group: n = 1240 patients; post-
TAVR PCI group: n = 291 patients). Overall, 62.2% (95% CI: 59.6-62.8%) of patients
were male with an average age of 80.5 years (95% CI: 80.1-81.2). A total of 62% (95% CI:
59.6-62.8%) of patients suffered from hypertension and 35.7% (95% CI: 35.2-36.3%) from
diabetes. COPD was present in 21.1% (95% CI: 19.0-23.3%) of patients. The average LVEF
was 56% (95% CI: 55.3-57.0%). Further details on baseline characteristics and clinical and
angiographic follow-up times of the study population are reported in Table 1.

Table 1. Main characteristics of studies included in the meta-analysis.

PCITiming Rheude etal. [10] Ochiaietal. [11] Lunardi et al. [12]

Study year 2023 2020 2022
603 (interquartile (ii?ezn?lzﬁisle
Follow-up 720 days range: 346 to racrl1 o
1017) days ¢
5-28 months)
Pre TAVR 1052 143 45

Patients, n
Post TAVR 157 38 96




J. Clin. Med. 2024, 13, 3521 40f 10

Table 1. Cont.

PCITiming Rheude etal. [10] Ochiai etal. [11] Lunardi et al. [12]

Pre TAVR 82.2 (78.5-85.3) 82.4+7.8 80.45 + 7.23
Age, years
Post TAVR 82.0 (79.0-85.2) 78.9 + 10.6 81.89 + 6.01
Pre TAVR 430 42 18
Female, n
Post TAVR 66 8 42
Pre TAVR 5.0 (3.2-5.0) 5.3 (3.5—7.8) 5.45 4+ 5.25
STS score, %
Post TAVR 5.0 (3.3-5.1) 4.7 (2.8—6.3) 412 + 3.67
Pre TAVR 892 129 39
Hypertension, n
Post TAVR 135 37 85
Pre TAVR 331 47 16
DM, n
Post TAVR 52 12 31
Prev. CABG, 1 Pre TAVR 89 32 7
Post TAVR 9 8 7
Pre TAVR 208 35 12
Prev. MI, n
Post TAVR 27 6 20
Pre TAVR 154 31 12
COPD, n
Post TAVR 24 7 13
Pre TAVR 289 22 9
AF, n
Post TAVR 34 10 24
EF o Pre TAVR 58.0 (48.0-63.0) 53.2 & 15.6 48.65 + 12.76
o Post TAVR 59.5 (48.0-60.0) 51.1 +14.3 54.87 + 12.88

AF: atrial fibrillation, EF: ejection fraction, CABG: coronary artery bypass graft, COPD: chronic obstructive
pulmonary disease, DM: diabetes mellitus, MI: myocardial infarction, STS: society of thoracic surgeons, TAVR:
transcatheter aortic valve replacement. Values are expressed as mean and & SD; median and IQR (min-max).

Identification of studies via databases and registers ‘
M) _
S Records identified (n=246):
§ Medline (n=74) Records removed before
& Cochrane (n=22) —| screening including duplicates
T Ovid (n=13) (n=212)
ﬁ Scopus (n=137)
—
\ 4
'
Records screened Records not meeting inclusion
= (n=34) »| criteria (n=6)
S Review (n=4)
o Case report (n=7)
e Studies not fulfilling the inclusion
[*] . .
(7] criteria (n=14)
—
K Studies included in meta-
= analysis
e (n=3)

Figure 1. Evidence search and selection of Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA).
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3.2. Endpoints

All studies reported clinical follow-up data on mortality, stroke, and myocardial
infarction [10-12]. Mortality was significantly higher in the pre-TAVR PCI group [20% vs.
5.8%; RR: 3.52 (95% CI: 2.09-5.94; p < 0.001; 2 = 0%, p = 0.71] (Figure 2). No differences
were found between PCI before and after TAVR for the risk of stroke [4.2% vs. 1.0%; RR:
3.58 (95% CI: 0.70-18.15; p = 0.12; 12 = 44%, p = 0.17] (Figure 3) and MI [2.5% vs. 3.0%; RR:
0.66 (95% CI: 0.30-1.42; p = 0.29; I? = 0%, p = 0.80] (Figure 4). Adjusted HR for mortality was
reported in all studies. Adjusted HR for mortality was significantly higher in the pre-TAVR
PCI than in the post-TAVR PCI group (adjusted HR 5.18; 95% CI: 1.97-8.40; p = 0.002;
12 = 97%, p < 0.0001) (Figure 5).

Pre-TAVR Post-TAVR Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Lunardi et al. 2022 7 45 3 96 13.9% 5711[1.40,23.25)]
Ochiai et al. 2020 26 143 3 38 174% 2.59[0.74,9.08] N
Rheude et al. 2023 217 10582 11 157 BBT% 3.45[1.84, 6.48] ——
Total (95% CI) 1240 291 100.0% 3.52 [2.09, 5.94] -
Total events 250 17
Heterogeneity: Tau®= 0.00; Chi*= 069, df =2 {(F=071), F=0% 'D.D1 0'1 1'0 1DD'

Testfor overall effect: 2= 4.72 (P = 0.00001) Favours [Pre-TAVR] Favours [Post-TAVR]

Figure 2. Forest plots comparing mortality between PCI pre- and post-TAVR. CI: confidence interval,
M-H: Mantel-Haenszel, TAVR: transcatheter aortic valve replacement [10-12].

Pre-TAVR Post-TAVR Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% Cl
Lunardi et al. 2022 3 45 0 96 21.2%  15.89[0.80,314.51] f
Ochiai et al. 2020 8 143 2 38 43.5% 1.07 [0.22, 5.24]
Rheude et al. 2023 42 10582 1 157 352% £.49[0.89, 47.47] L
Total (95% CI) 1240 291 100.0% 3.58 [0.70,18.15] —eaiii—
Total events 53 3
Heterogeneity: Tau®= 092, Chi®= 360, df=2 (P=017); F= 44% o o A o0

Testforoverall effect Z=1.54 (F=0.12) Favours [Pre-TAVR] Favours [Post-TAVR]

Figure 3. Forest plots comparing stroke events between PCI pre- and post-TAVR. CI: confidence
interval, M-H: Mantel-Haenszel, TAVR: transcatheter aortic valve replacement [10-12].

Odds Ratio Odds Ratio
M-H, Random, 95% CI

Pre-TAVR Post-TAVR
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl

Lunardi et al. 2022 1 45 2 96 101% 1.07 [0.09,12.10]

Ochiai etal. 2020 2143 0 38 B.4% 1.36 [0.08, 28.93]

Rheude etal. 2023 28 10482 T 187 B35% 0.59[0.25,1.37] _.__

Total {(95% CI) 1240 291 100.0% 0.66 [0.30, 1.42] -

Total events H 9

Heterogeneity: Tau?= 0.00; Chi*= 0.45, df= 2 (P = 0.80%; F=0% ID o 051 15 1DD=

0
Testfor overall effiect Z=1.08 (F = 0.24) Favours [Pre-TAVR] Favours [Post-TAVR]

Figure 4. Forest plots comparing myocardial infarction between PCI pre- and post-TA VR. CI:
confidence interval, M-H: Mantel-Haenszel, TAVR: transcatheter aortic valve replacement [10-12].

adj Hazard Ratio
IV, Random, 95% CI

adj Hazard Ratio
Study or Subgroup  adj Hazard Ratio SE Weight IV, Random, 95% CI

Lunardi etal. 2022 115 11 305% 11.50[9.34, 13.66] —a—
Ochiai etal. 2020 161 041 346% 161 [0.81, 2.41] -

Rheude et al. 2023 321 029 34.9% 3.21[264,3.79] -+

Total (95% CI) 100.0%  5.18[1.97, 8.40] —ei—
Heterogeneity: Tau®= 7.60; Chi*= 71 64, df= 2 (P = 0.000013; F= 97% i + 5 f T
Testforovarall efiect 7= 316 (P = 0.002) Favours [PCI pre-TAVR] Favours [PCI post-TAVR]

Figure 5. Adjusted hazard ratio comparing mortality between PCI pre- and post-TAVR. CI: confidence
interval, M-H: Mantel-Haenszel, TAVR: transcatheter aortic valve replacement [10-12].

3.3. Publication Bias

A graph and summary of the Newcastle-Ottawa Quality Assessment Scale for cohort
studies is reported in Supplemental Figure S1. The funnel plots for visual inspection of the
bias are reported in Supplemental Figure S2.
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4. Discussion

TAVR has become a revolutionary treatment for severe AS. However, a significant
proportion of these patients also have concomitant CAD, requiring a strategic approach to
the effective management of both conditions [4]. PCl is often required in these patients, but
the optimal timing of PCI in relation to TAVR remains the subject of ongoing research and
debate. Our meta-analysis aimed to investigate the optimal timing of PCI in patients with
significant CAD undergoing TAVR.

The main findings of our meta-analysis are as follows:

e  Post-TAVR PCI lowers all-cause mortality: PCI performed after TAVR was associ-
ated with a significantly lower all-cause mortality rate compared to PCI performed
before TAVR.

e  Comparable myocardial infarction and stroke rates: the rates of myocardial infarction
and stroke were almost comparable between the groups that received PCI before and
after TAVR.

A staged PCI strategy prior to TAVR has been commonly adopted in recent years.
This approach is based on the premise that treating significant coronary stenoses before
valve replacement can help ensure optimal myocardial perfusion during the hemodynamic
stress of TAVR. Conversely, high-risk CAD in the presence of severe AS needs to be treated
cautiously to prevent ischemic complications [5,13]. It is noted that certain CAD subsets,
such as proximal left anterior descending artery stenosis and left main coronary artery
disease, must be managed with particular attention as indicated in the current guidelines [6].
These lesions are critical due to their potential to significantly impact myocardial blood
supply. Current guidelines emphasize the importance of addressing these high-risk lesions
before TAVR to minimize the risk of adverse cardiac events.

The REVASC-TAVI registry (n = 1603) collected data from patients undergoing TAVR
with concomitant CAD and planned PCI (before, during, or after the interventional proce-
dure on the aortic valve). The results showed that concomitant PCI was associated with
the highest rates of acute kidney injury (AKI) and in-hospital mortality, while PCI after
TAVR was associated with significantly lower rates of all-cause mortality and a composite
endpoint of all-cause death, myocardial infarction, and stroke [10]. The study by Ochiai
et al. (n = 1756) showed no difference in mid-term outcomes (major adverse cardiac and
cerebrovascular events defined as a composite of all-cause death, myocardial infarction, un-
planned revascularization, and stroke) between PCI before, during, or after TAVR. Notably,
patients in the PCI after TAVR group were only treated with a BE THV [11]. The results
of Lunardi et al. (n = 1162) showed a higher risk of stroke in the PCI before TAVR group
and almost comparable overall procedural and in-hospital adverse events between the two
groups (before and after), regardless of trans-catheter heart valve type or CAD complexity.
Furthermore, long-term clinical outcomes (cardiac death, target lesion failure, target vessel
failure, target lesion revascularization, target vessel revascularization, stroke, or acute MI)
support TAVR before PCI with favorable overall survival [12].

4.1. Coronary Physiology Assessment

Invasive assessment of intermediate stenosis by coronary physiology using indices
such as fractional flow reserve (FFR) or derived indices such as instantaneous wave-free
ratio (iFR) is challenging in patients with stable CAD and AS. Aortic stenosis may alter
coronary physiology, making these indices less reliable. Indeed, patients with severe AS
have systolic left ventricular (LV) outflow obstruction, elevated LV end-diastolic pressure,
and significant LV hypertrophy [14,15]. These factors will preferentially reduce systolic over
diastolic coronary blood flow, thereby influencing the invasive physiological measurement.
iFR may be a better option than FFR in patients with AS because it does not require adeno-
sine and is independent of systolic flow [16]. Therefore, despite some observational data
showing no significant changes when performing physiological assessment before or after
TAVR, PCI after TAVR may theoretically provide a more accurate assessment of coronary
physiology and may be beneficial in determining the need for revascularization [17,18].
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4.2. Renal Function and Contrast-Induced Nephropathy

Renal function is a critical consideration in patients undergoing both PCI and TAVR,
particularly because of the risk of contrast-induced nephropathy (CIN). CIN is a form of
acute kidney injury (AKI) caused by the iodinated contrast media used in these procedures.
Patients with pre-existing renal impairment are at increased risk of CIN, which can lead to
prolonged hospitalization, increased morbidity, and even mortality. The incidence of CIN is
a major concern as it can complicate both PCI and TAVR procedures. Performing PCI prior
to TAVR can expose patients to a higher cumulative dose of contrast, increasing the risk of
AKI[12]. This risk is exacerbated in elderly patients, who often have impaired renal function
and multiple comorbidities. Strategies to mitigate this risk include using the minimum
necessary contrast volume, using ultra-low or zero-contrast techniques, and ensuring
adequate hydration and renal protection before, during, and after the procedure [19]. In
addition, delaying PCI after TAVR may reduce cumulative contrast exposure and allow for
better preservation of renal function, making it a potentially safer approach for treating
patients with concomitant CAD and severe AR.

4.3. Technical Considerations

The choice of THV type plays an important role in the decision to perform PCI before
or after TAVR. Balloon-expandable (BE) THVs with short frame heights facilitate coronary
re-access compared to self-expanding (SE) THVs with tall frames and supra-annular leaflet
positions. Recent advances in techniques and devices to precisely align the THV posts with
the native aortic valve commissures have further reduced the challenges associated with
SE THVs and support the feasibility of performing PCI after TAVR [20-22]. However, prior
PCI must be considered in TAVR-in-SAVR or TAVR-in-TAVR procedures. In these scenarios,
coronary access can be even more challenging: in up to half of the cases, changes in sinus
geometry, pushing aside of the leaflets of the first THV by the second, and misalignment of
the commissures may contribute to impaired coronary engagement [23].

4.4. Dual Antiplatelet Therapy

Dual antiplatelet therapy (DAPT) is a key component in the management of patients
undergoing TAVR and percutaneous coronary intervention (PCI). DAPT, typically con-
sisting of aspirin and a P2Y12 inhibitor, is essential to prevent thrombotic complications
following stent implantation in PCI and to minimize the risk of valve thrombosis follow-
ing TAVR [24]. However, the timing of PCI relative to TAVR adds complexity to DAPT
management. When PCI is performed before TAVR, patients require immediate DAPT to
maintain stent patency, which may increase the risk of bleeding complications during the
subsequent TAVR procedure. This is of particular concern in elderly and frail patients, who
are already at higher risk of bleeding. Conversely, delaying PCI after TAVR allows the valve
procedure to be completed with potentially less aggressive antithrombotic therapy, thereby
reducing the immediate peri-procedural bleeding risk [7]. However, this approach requires
careful post-TAVR management to balance the need for DAPT for stent protection against
the increased risk of bleeding, particularly in those who may also require anticoagulation
for other conditions such as atrial fibrillation [25].

4.5. Evidence from Randomized Trials and Future Research

Although most of the studies included in our meta-analysis are observational and
retrospective, our results are consistent with the only randomized study available: the
ACTIVATION trial (PercutAneous Coronary in Tervention prlor to transcatheter aortic
VAlve implanta TION). This trial evaluated adverse outcomes in 235 patients undergoing
TAVR with significant CAD who were randomized to receive PCI or no PCI prior to aortic
valve replacement. At 1-year follow-up, the trial reported equivalent outcomes in terms
of death and rehospitalization with a higher rate of bleeding in PCI before TAVR [13].
Further prospective studies are expected to provide robust evidence and guidance on the
correct timing of PCI in patients undergoing TAVR. The TAVI-PCI trial (ClinicalTrials.gov:
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NCT04310046) (n = 900) will randomize patients to PCI 1-45 days before or after TAVR
with a BE THV guided by FFR. The aim of this study is to evaluate the value of invasive
assessment of coronary physiology in patients with AS and to investigate the performance
of iFR. The COMPLETE TAVR trial (ClinicalTrials.gov: NCT04634240) is currently random-
izing patients undergoing complete revascularization to medical therapy after TAVR with
a large study population of 4000 patients with severe CAD (stenosis in a segment greater
than 2.5 mm in diameter by visual angiographic assessment).

In conclusion, our meta-analysis supports performing PCI after TAVR; however, it is
important to consider patient-specific factors that may influence the timing of PCI. These
factors include age, LVEF, extent and severity of CAD, and institutional expertise. A
personalized approach, based on a careful assessment of individual patient factors and
shared decision-making between patients and healthcare providers, is essential to provide
optimal, tailored therapy for each patient.

4.6. Limitations

This meta-analysis includes several limitations. We were able to include only a small
number of observational studies, thus leading to a high risk of bias in the results. To
overcome the presence of possible confounding factors, we performed a pooled analysis of
adjusted HR, which confirmed that pre-TAVR PCI was associated with an increased risk
of mortality at follow-up compared to post-TAVR PCIL. However, the result for adjusted
HR was affected by high heterogeneity. The length of follow-up in the included trials
was not standardized and was mostly based on the discretion of the operators and the
clinical condition of the patients. The funnel plot for visual inspection of the bias cannot be
correctly interpreted with such a small number of studies.

5. Conclusions

In patients with concomitant severe aortic valve stenosis and significant CAD un-
dergoing TAVR, a strategy of postponing PCI is associated with lower all-cause death
at follow-up while similar MI and stroke rates as compared to a pre-TAVR PCI. Further
randomized trials are awaited to confirm our findings.
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