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Coronary Access and Percutaneous Coronary 
Intervention Up to 3 Years After Transcatheter 
Aortic Valve Implantation With a Balloon-
Expandable Valve
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BACKGROUND: Coronary artery disease and aortic stenosis often coexist. Transcatheter aortic valve implantation (TAVI) has 
emerged as a valid therapeutic option for younger, lower-risk patients who may eventually require coronary artery disease 
treatment. Thus, post-TAVI coronary access (CA) and percutaneous coronary intervention are expected to increase. The 
purpose of this study was to retrospectively evaluate patients who were enrolled in the SOURCE 3 (SAPIEN 3 Aortic 
Bioprosthesis European Outcome) European registry for treatment with the balloon-expandable SAPIEN 3 transcatheter 
heart valve and underwent CA with or without percutaneous coronary intervention after TAVI.

METHODS: Baseline characteristics and clinical outcomes of patients with or without CA up to 3 years after TAVI were 
compared. A Kaplan-Meier estimate with a univariate model determined the impact of CA on cardiac mortality.

RESULTS: Of 1936 TAVI patients (mean age 81.6 years, 52% male), 68 (3.5%) had CA within 3 years (mean 441±332 
days) after TAVI. At baseline, the logistic EuroSCORE was similar (20.2% versus 18.3%, P=0.2, CA and non-CA groups, 
respectively). Higher rates of coronary artery disease (76.5% versus 50.6%, P<0.001), myocardial infarction (20.6% versus 
11.5%, P=0.03) and previous coronary artery bypass graft (22.1% versus 11.0%, P=0.01) were present in the CA group. 
In 100% of patients, CA was successfully achieved. The clinical success of percutaneous coronary intervention was 97.9%. 
Cardiovascular mortality was numerically higher in patients with CA than in those without CA.

CONCLUSIONS: In the large SOURCE 3 European registry, CA was needed at 3-year follow-up after TAVI with a balloon-
expandable valve in 3.5% of patients and was successful in all patients. The clinical success of percutaneous coronary 
intervention was 97.9%.

REGISTRATION: URL: https://www.clinicaltrials.gov. Unique identifier: NCT02698956.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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Transcatheter aortic valve implantation (TAVI) has 
emerged as the standard of care for severe aor-
tic stenosis. Indications for TAVI are expected to 

expand following the positive outcomes from random-
ized clinical trials of transcatheter heart valves (THV) in 
younger and lower-risk patients.1–6 An estimated 40% 
to 75% of patients with severe aortic stenosis who 
undergo TAVI also have significant coronary artery dis-
ease (CAD).7 Younger patients are more likely to require 
coronary intervention after TAVI due to the progressive 
nature of CAD and their longer life expectancy. Thus, the 
need for coronary access (CA) for diagnostic angiogra-
phy and percutaneous coronary intervention (PCI) after 
TAVI is expected to increase. However, scant data are 
available on incidence, feasibility, and success rate of 
coronary intervention in patients who underwent TAVI.8 
Moreover, some evidence suggests that CA feasibility 
after TAVI may differ with different THV designs.8–11

We undertook a retrospective study of patients enrolled 
in the SOURCE 3 Registry (SAPIEN 3 Aortic Biopros-
thesis European Outcome), an international, real-world 

registry, to determine the incidence, success rate, and 
effect on cardiovascular mortality up to 3 years post-TAVI 
of CA and PCI after TAVI with a balloon-expandable valve.

METHODS
The SOURCE 3 registry is a post approval, observational 
registry of 1947 patients who underwent TAVI at 80 cen-
ters in 10 European countries. The aim of SOURCE 3 was to 
evaluate the safety and performance of the SAPIEN 3 THV 
(Edwards Lifesciences; Irvine, CA) up to 5 years postproce-
dure in patients with severe, symptomatic, calcific aortic ste-
nosis at high risk for surgery in real-world practice. Registry 
design and 30-day and 1-year results have been previously 
described.12,13 Because of the sensitive nature of the data 
collected for this study, requests to access the dataset from 
qualified researchers trained in human subject confidential-
ity protocols may be sent to Edwards Lifesciences at Erin_
Rogers@edwards.com.

The SOURCE 3 research protocol complied with the 
Declaration of Helsinki and was approved by local ethics com-
mittees and applicable health authorities in the participating 
countries. All enrolled patients provided written informed con-
sent before study activities began.

Enrolled patients received the SAPIEN 3 THV (23, 26, 
or 29 mm) via a transfemoral approach or other routes. An 
independent clinical event committee reviewed and adjudi-
cated significant clinical events according to Valve Academic 
Research Consortium 2 criteria.14 An independent neurolo-
gist reviewed all strokes to determine whether they were 
disabling.

Study Population
A heart team, comprising cardiac surgeons, interventional 
cardiologists, anesthetists, and imaging specialists, selected 
eligible patients based on clinical consensus that TAVI was 
the best treatment option. Selected patients conformed to 
the SAPIEN 3 indication for use and the European Society of 
Cardiology/European Association for Cardiothoracic Surgery 
guidelines.15

Inclusion/Exclusion Criteria
Patients from the database were selected if they underwent 
a coronary intervention post-TAVI, including CA for diagnostic 
angiography and PCI. Patients who had vascular interventions 
were excluded. Patients with acute coronary artery obstruction 
due to the valve prosthesis itself, native leaflets, or calcifica-
tions that occurred during or immediately after TAVI were also 
excluded.

To determine which patients met the inclusion criteria, the 
all-treated population (ie, all enrolled patients) in the data-
base was searched by the following: adverse events up to 
3 years, including congestive heart failure or worsening of 
congestive heart failure, coronary artery obstruction requiring 
intervention, death, myocardial infarction (MI), and other. The 
identified adverse events were then filtered by the following: 
PCI, coronary artery bypass graft, drug-eluting stent, stent, 
percutaneous transluminal coronary angioplasty, percuta-
neous transluminal angioplasty, and coronary angiography. 

Nonstandard Abbreviations and Acronyms

CA coronary access
CAD coronary artery disease
MI myocardial infarction
PCI percutaneous coronary intervention
SOURCE  SAPIEN 3 Aortic Bioprosthesis Euro-

pean Outcome
TAVI transcatheter aortic valve implantation
THV transcatheter heart valve

WHAT IS KNOWN
• Coronary artery disease and aortic stenosis often 

coexist.
• In the new era of low-risk transcatheter aortic valve 

implantation in younger patients, the need for coro-
nary access after transcatheter aortic valve implan-
tation will likely increase.

WHAT THE STUDY ADDS
• This is the first assessment of coronary access after 

transcatheter aortic valve implantation in a large, 
international, multicenter registry using the balloon-
expandable SAPIEN 3 transcatheter heart valve.

• At 3 years post transcatheter aortic valve implanta-
tion, the incidence of coronary access was 3.5% in 
an elderly, high-risk cohort.

• Coronary access was successful in 100% of 
patients who received the balloon-expandable 
SAPIEN 3 transcatheter heart valve, and percuta-
neous coronary intervention successful in 97.9% of 
patients.
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Each case was reviewed to ensure it conformed to the inclu-
sion/exclusion criteria. Patients with coronary artery events 
that occurred during TAVI were excluded.

Outcome Measures
Evaluated outcome measures were as follows: (1) success-
ful CA (ie, ability to selectively cannulate the desired artery); 
(2) successful PCI (ie, ability to perform balloon angioplasty 
or stent implantation when needed); and (3) any complication, 
including death related to CA or PCI after TAVI.

Analysis
Baseline characteristics for patients with and without CA at 3 
years post-TAVI in the all-treated population were compared 
using the Kruskal-Wallis test for continuous variables and 
Fisher exact test for categorical variables.

The first report of CA was used in the analysis. A Kaplan-Meier 
estimate and 95% confidence formulas, using Greenwood formula 
for CA and PCI occurrence are provided. Kaplan-Meier curves were 
used to compare the effect of CA on overall and cardiac mortality. 
No statistical testing was performed to compare mortality between 
the CA and non-CA groups due to the limited number of events 
and because the proportional hazard assumption was not met.

Statistical software R, v3.5.3 (R Foundation for Statistical 
Computing; Vienna, Austria) was used for the analysis.

RESULTS
Patient Disposition
A total of 1936 were included in the analysis (Figure 1). 
Excluded patients received an alternative valve, had cor-
onary intervention concomitant with TAVI, had coronary 
obstruction during or immediately after TAVI, or withdrew 
consent before receiving an implant. Of the included 
patients, 68 (3.5%) required CA within 3 years after TAVI.

Patient Characteristics
At baseline, most patients were male, and the mean age 
was 81 years (Table 1). The 2 cohorts were similar in terms 

of risk scores, New York Heart Association functional class, 
left ventricular ejection fraction, and other echocardio-
graphic variables. At baseline, patients in the CA group had 
significantly higher incidences of MI, hypertension, CAD, 
peripheral vascular disease, dyslipidemia, previous coro-
nary artery bypass graft, and PCI, and previous smoking 
compared with the non-CA group. Groups also differed in 
access sites for TAVI. More than twice as many patients in 
the CA group (26.5%) had TAVI via a transapical approach 
compared with the non-CA group (12.6%).

Coronary Intervention Outcomes
The mean time to CA after TAVI was 441 days, ranging 
from 1 to 1076 days. At 1 year, 31 patients underwent CA 
and 23 underwent PCI (with or without stent implantation; 
Table 2). At 2 years, an additional 22 and 14 patients under-
went CA and PCI, respectively. And at 3 years, another 15 
and 13 patients underwent CA and PCI, respectively.

CA was successful in all cases (Table 3). Forty-seven 
patients had an indication for PCI. Of these, 89.4% under-
went stent implantation, while 4.4% underwent balloon 
angioplasty only. The primary reason for CA was stable 
CAD, followed by non–ST-segment–elevation MI, ST-seg-
ment–elevation MI, syncope, dyspnea, and chest pain. Two 
patients were in cardiogenic shock at the time of PCI.

The left anterior descending coronary artery was the 
most frequently treated vessel, followed by left circum-
flex artery, right coronary artery, saphenous vein graft, 
and left main trunk (Figure 2). Planned PCI was success-
ful in all but 1 case that was complicated by coronary 
perforation followed by cardiac tamponade leading to 
patient’s death.

The survival analysis showed a numerical increase in 
cardiovascular mortality in the period immediately after 
CA (Figure 3). Cardiovascular mortality appeared higher 
in patients with CA to 1-year post-CA than in those with-
out CA but could not be statistically tested due to the 
limited number of events.

Figure 1. Study flow chart.
TAVI indicates transcatheter aortic valve 
implantation.
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DISCUSSION
The main findings of this study, the first to assess CA 
after TAVI in a large, real-world European registry, are as 
follows: (1) In the SOURCE 3 registry the incidence of 
CA up to 3 years after TAVI was 3.5%; (2) Patients who 

required CA more frequently had a history of coronary 
artery bypass graft or PCI, peripheral vascular disease, 
MI, hypertension, and dyslipidemia compared with the 
rest of the population; (3) The reasons for CA ranged 
from diagnostic to urgent (ST-segment–elevation MI 
and cardiogenic shock); and (4) CA was successful in all 
cases, and the success rate of PCI was 97.9%.

The need for CA after TAVI has not been adequately 
addressed by the current literature, with data mainly 
restricted to case series or single-center experiences. 
In our high risk, elderly cohort of patients treated with a 
balloon-expandable THV, the incidence of CA was 3.5%, 
with 69% of patients needing PCI. Mean time to CA 
after TAVI was 441 days. Of note, with the expansion of 
TAVI indication to lower risk and younger patients, these 
numbers are likely to increase, due to the progressive 

Table 1. Baseline Characteristics

Characteristic Coronary Access, N=68 No Coronary Access, N=1868 P Value

Age, y, mean±SD 80.8±6.40 81.6±6.6 0.24

Age <75, y, n (%) 13 (19.1) 277 (14.8) …

Male, n (%) 42 (61.8) 964 (51.6) 0.11

Logistic EuroSCORE II, mean±SD (N) 20.2±13.9 (64) 18.3±13.2 (1712) 0.16

STS score, mean±SD (N) 6.3±5.1 (40) 7.1±7.3 (1038) 0.74

NYHA class III/IV, % (n/N) 70.1 (47/67) 73.4 (1324/1804) 0.57

Hypertension, n (%) 63 (92.6) 1520 (81.4) 0.02

Current smoker, n (%) 2 (2.9) 76 (4.1) >0.99

Previous smoker, n (%) 26 (38.2) 480 (25.7) 0.02

Diabetes mellitus, n (%) 26 (38.2) 547 (29.3) 0.14

CAD, n (%) 52 (76.5) 946 (50.6) <0.01

MI, n (%) 14 (20.6) 214 (11.5) 0.03

CABG, n (%) 15 (22.1) 205 (11.0) 0.01

Congestive heart failure, n (%) 28 (41.2) 678 (36.3) 0.44

Pacemaker implantation, N (%) 8 (11.8) 222 (11.9) >0.99

COPD, n (%) 6 (8.8) 307 (16.4) 0.13

Renal insufficiency, n (%) 19 (27.9) 515 (27.6) >0.99

Liver cirrhosis, n (%) 0 35 (1.9) 0.63

Hostile chest, n (%) 4 (5.9) 72 (3.9) 0.63

Abnormal chest wall, n (%) 1 (1.5) 9 (0.5) 0.30

Porcelain aorta, n (%) 4 (5.9) 88 (4.7) 0.56

Peripheral vascular disease, n (%) 17 (25.0) 278 (14.9) 0.04

PCI, n (%) 34 (50.0) 622 (33.3) 0.01

Dyslipidemia, n (%) 48 (70.5) 1003 (53.7) 0.01

Echocardiographic findings

 LVEF, mean±SD (N) 54.1±14.20 (59) 54.7±13.68 (1581) 0.95

 LVEF <30%, n (%) 4 (5.9) 94 (5.0) 0.81

 Aortic gradient, mm Hg, median (range) 39.0 (13.0-69.8) 43.0 (4.0-113.0) 0.28

 MR, ≥ moderate, n/N (%) 10/64 (15.6) 239/1702 (14.1) 0.71

 TR, ≥ moderate, n/N (%) 6/59 (10.2) 174/1583 (11.0) >0.99

At baseline, the coronary access cohort had significantly greater incidences of hypertension, previous smoking, CAD, MI, CABG, peripheral vascular disease, 
PCI, and dyslipidemia compared with the no coronary access cohort. CABG indicates coronary artery bypass graft; CAD, coronary artery disease; COPD, 
chronic obstructive pulmonary disease; LVEF, left ventricle ejection fraction; MI, myocardial infarction; MR, mitral regurgitation; NYHA, New York Heart Associa-
tion; PCI, percutaneous coronary intervention; STS, Society for Thoracic Surgeons; and TR, tricuspid regurgitation.

Table 2. Post-TAVI Coronary Intervention by Time

Post-TAVI Time 
Point, y

As Treated Population,* N=1936

Coronary Access PCI (With or Without Stent)

1 31 (1.7 [1.1–2.3]) 23 (1.3 [0.8–1.8])

2 53 (2.2 [1.5–2.9]) 37 (2.2 [1.5–2.9])

3 68 (4.2 [3.2–5.2]) 50 (3.1 [2.3–4.0])

PCI indicates percutaneous intervention; and TAVI, transcatheter aortic valve 
implantation.

*No. of subjects with event (Kaplan-Meier % [95% CI]).
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nature of CAD and the longer life expectancy of these 
patients.4 Accordingly, the possibility to easily engage the 
coronary arteries after THV implantation is of paramount 
importance.

In our study, selective CA was feasible in all patients 
requiring coronary angiography, while PCI was success-
fully performed in all but 1 case, which was complicated 
by coronary perforation leading to cardiac tamponade.

The first successful CA after TAVI was reported in 
2007 by Zajarias et al16 who published a case study of 
an 85-year-old man who underwent a successful PCI 15 
months after receiving an Edwards balloon-expandable 
THV. Since then, other small retrospective and obser-
vational studies have reported positive outcomes for 
coronary intervention in patient previously treated with 
self-expanding and balloon-expandable THV.17–19 While 
these studies demonstrated the feasibility and high suc-
cess rate of CA and PCI post-TAVI, the procedures were 
not without challenges.8,9,19

The ability to traverse a THV to access the coronary 
vessels depends not only on anatomic factors such as cor-
onary height and sino-tubular junction height and width but 
also on valve design. Self-expanding valves, such as Cor-
eValve, may present technical challenges to CA because 
of its supra-annular position above the coronary ostia. 
Moreover, the asymmetrical skirt and closed-cell frame 
design often make CA difficult, particularly when a neo-
commissure rests in front of the coronary ostium.9,10,18,19 
Conversely, balloon-expandable valves, such as SAPIEN 
3, have a low frame height that frequently results in a 
sub-coronary implantation, large-cell frame design (4.4–
6.8 mm) on the outflow side and commissure windows 
reducing frame material.20 All these features facilitate the 
passage of a coronary catheter and coronary ostium can-
nulation and make CA easier even when the SAPIEN 3 
valve is implanted in a high position.9,21

Despite the lack of randomized clinical trials compar-
ing CA among different valve types, our findings under-
score the extremely high feasibility and success rates 
of CA and PCI after the implantation of the SAPIEN 3 

Table 3. Coronary Access and Percutaneous Coronary 
Intervention After TAVI

Variables Coronary Access, N=68

Coronary access success,* n (%) 68 (100)

Death during reintervention related to coronary 
cause, n (%)

2 (2.9)

Time to coronary intervention, d, mean±SD 441±332.27

Action taken with coronary access, n (%)

 Diagnostic angiography 18 (26.5)

 PCI with stent 42 (61.8)

 PCI without stent 8 (11.8)

Reason for coronary access, n (%)

 Stable CAD 25 (36.8)

 NSTEMI 18 (26.5)

 STEMI 8 (11.8)

 Dyspnea 2 (2.9)

 Chest pain 2 (2.9)

 Syncope 1 (1.5)

Patients with PCI, n (%) 47 (69.1)

 Vessels treated, n, mean±SD 1.1±0.27

 Vessels treated, n (%)

  0 18 (26.5)

  1 46 (67.6)

  2 4 (5.9)

Cardiogenic shock, n (%) 2 (2.9)

CAD indicates coronary artery disease; NSTEMI, non–ST-segment–elevation 
myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST-segment–
elevation myocardial infarction; and TAVI, transcatheter aortic valve implantation.

*Target artery was cannulated.

Figure 2. Coronary vessels treated 
after transcatheter aortic valve 
implantation.
LAD indicates left anterior descending 
artery; LCX, left circumflex artery; LM, left 
main; SVG, saphenous vein graft; and 
RCA, right coronary artery.
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THV, even in the urgent setting of ST-segment–elevation 
MI and cardiogenic shock. While this analysis was lim-
ited to the post-procedural CA in SOURCE 3, Wendler 
et al12 reported successful percutaneous treatment of 6 
out of 7 cases of procedural coronary obstruction in the 
SOURCE registry, demonstrating the advantage of the 
open-cell valve design in allowing urgent CA and PCI.

Cardiovascular mortality was higher in patients with CA 
than in those without CA. Nevertheless, it is noteworthy 
that this does not seem to be related to CA itself. In fact, no 
cases of coronary ostium dissection, valve dislodgement, 
nor valve stent fracture were recorded, and only one case 
was complicated by coronary perforation, which was likely 
unrelated to the presence of the SAPIEN 3 THV.

While assessment and treatment planning of CAD 
in patients who are TAVI candidates is very important, 
interventional strategy and optimal timing of the coro-
nary procedure is still a subject of debate. Some guide-
lines recommend treating severe CAD before TAVI, even 
in patients without angina symptoms.22 However, a sys-
tematic review of 9 studies evaluating CAD treatment for 
coronary stenosis before or during TAVI found no clini-
cal advantage for either approach.23 The results of these 
studies are reassuring in terms of the ability to access the 
coronary arteries after implantation of a SAPIEN 3 THV 
and might allow a less aggressive approach when inter-
mediate coronary artery stenoses are found in TAVI candi-
dates, particularly in those with frailty or high bleeding risk.

Limitations
This analysis was limited by the observational, retro-
spective, and nonrandomized design of the study. The 
relatively small sample size of the CA population did not 
allow for further statistical analyses. Since CA was not a 
prespecified end point of the original SOURCE 3 study, 
we cannot exclude underreporting. However, all events—
including MI—where adjudicated by an independent clini-
cal event committee. Importantly, the results of this study 
should not be extended to patients treated for bicuspid 

aortic valve stenosis, for which THV implantation is usu-
ally higher, and CA might be more challenging.10,24

Conclusions
In this large multicenter study of patients treated with 
a balloon-expandable THV, the need for CA after TAVI 
was 3.5% at 3 years. CA was feasible in all patients, and 
clinical success of PCI was 97.9%. These results are 
reassuring for the future of TAVI with this type of device 
in younger and lower-risk patients, in whom the need for 
CA is expected to increase.
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