
n

541

© Europa Edition 2011. All rights reserved.

C L I N I C A L  R E S E A R C H
EuroIntervention 2

0
11

;7
:541-548   

D
O

I: 10.4
2

4
4

/E
IJV7

I5
A

8
9

*Corresponding author: Department of Cardiology, Swiss Cardiovascular Center Bern, Bern University Hospital, 3010 Bern, 
Switzerland. E-mail: thomas.pilgrim@insel.ch

Impact of coronary artery disease and percutaneous coronary 
intervention on outcomes in patients with severe aortic 
stenosis undergoing transcatheter aortic valve implantation
Peter Wenaweser1¶, MD; Thomas Pilgrim1¶*, MD; Enio Guerios1, MD; Stefan Stortecky1, MD;  
Christoph Huber2, MD; Ahmed A. Khattab1, MD; Alexander Kadner2, MD; Lutz Buellesfeld1, MD;  
Steffen Gloekler1, MD; Bernhard Meier1, MD; Thierry Carrel2, MD; Stephan Windecker1, MD

1. Department of Cardiology, Swiss Cardiovascular Center, Bern University Hospital, Switzerland; 2. Department of 
Cardiovascular Surgery, Swiss Cardiovascular Center, Bern University Hospital, Switzerland

¶ Dr. Wenaweser and Dr. Pilgrim contributed equally.

Abstract
Aims: Coronary artery disease (CAD) is frequently present in patients with severe aortic stenosis (AS) 
undergoing transcatheter aortic valve implantation (TAVI). While revascularisation affects peri-operative 
outcome in patients undergoing surgical aortic valve replacement, the impact of percutaneous coronary inter-
vention (PCI) in patients undergoing TAVI is not well established.

Methods and results: Consecutive patients with severe AS undergoing TAVI were prospectively included 
into the Bern TAVI registry. In patients with CAD, myocardium at risk was assessed using the DUKE myo-
cardial jeopardy score. Revascularisation was performed by means of PCI either staged or concomitant at the 
time of TAVI. Among 256 patients undergoing TAVI, 167 patients had CAD and 59 patients underwent either 
staged (n=23) or concomitant (n=36) PCI. Clinical outcome at 30 days was similar for patients undergoing 
isolated TAVI as compared with TAVI combined with PCI in terms of death (5.6% versus 10.2%, p=0.24), 
major stroke (4.1% versus 3.4%, p=1.00), and the VARC combined safety endpoint (31.0% versus 23.7%, 
p=0.33). A stratified analysis of outcomes according to presence of CAD or revascularisation showed no dif-
ference during long-term follow-up (log rank p=0.16).

Conclusions: CAD is frequent among patients with severe AS undergoing TAVI. Among carefully selected 
patients, revascularisation by means of PCI can be safely performed in addition to TAVI either as a staged or 
a concomitant intervention.
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Introduction
Coronary artery disease is common among elderly patients with 
degenerative aortic valve stenosis (AS) and an indication to undergo 
surgical aortic valve replacement (SAVR) or transcatheter aortic 
valve implantation (TAVI). The ESC guidelines on valvular heart 
disease recommend to perform complete revascularisation among 
patients with severe AS undergoing SAVR to improve long-term 
outcomes1. However, as compared with isolated SAVR, the combi-
nation of coronary artery bypass grafting (CABG) with SAVR is 
associated with increased peri-operative complications and 
mortality2-4.

Patients undergoing TAVI following interdisciplinary discussion 
of treatment allocation represent a high-risk patient population, and 
the indication for revascularisation of significant CAD by means of 
percutaneous coronary intervention (PCI) is under debate. A joint 
position paper of the European Society of Cardiology (ESC) and 
the European Association of Cardio-Thoracic Surgery (EACTS) 
states that severe CAD not amenable for PCI represents a formal 
contraindication for TAVI5. Previous observational studies report-
ing outcomes of patients undergoing TAVI have observed a preva-
lence of CAD in the range of 52-68%6-11. An analysis from two 
feasibility studies reported a substantial increase in periprocedural 
mortality among patients undergoing TAVI with CAD suggesting a 
prognostic relevance of CAD irrespective of revascularisation sta-
tus12. In current clinical practice, it is recommended to postpone 
TAVI for one month after PCI in order to minimise the risk of the 
TAVI procedure. Until recently the safety of TAVI has therefore just 
been investigated isolated from concomitant revascularisation pro-
cedures. Only one small study has evaluated the safety and feasibil-
ity of concomitant or staged PCI in patients undergoing TAVI so far, 
and reported a 30-day mortality rate of 7.1%13. The purpose of the 
present study was therefore to assess the prevalence and impact of 
CAD as well as the safety and feasibility of revascularisation by 
means of PCI on clinical outcomes among high-risk patients with 
severe AS undergoing TAVI.

Methods
PATIENT POPULATION
Patients with severe symptomatic AS referred to a tertiary care 
facility considered at increased risk for SAVR were enrolled in 
a prospective registry initiated in July 2007. Octogenarians were 
eligible for inclusion in the presence of a logistic EuroSCORE 
>15%, and patients <80 years of age qualified for inclusion if at 
least one of the following conditions was present: previous cardiac 
surgery, chronic obstructive pulmonary disease (forced expiratory 
volume during one second <1.0), severe pulmonary hypertension 
(>60 mmHg), porcelain aorta, history of radiation therapy to the 
mediastinum, or BMI <18 kg/m2. Patients with severe aortic regur-
gitation were excluded. All patients underwent comprehensive 
evaluation for TAVI using right and left heart catheterisation, CT 
angiography of the chest and the access site, echocardiography and 
subspecialty consultations in case of pertinent comorbidities. 
Assignment to a transcatheter strategy was based on an interdisci-

plinary consensus by the heart team consisting of interventional 
cardiologists and cardiac surgeons. The algorithm for treatment 
allocation and device selection has been reported previously14. The 
Bern TAVI registry was approved by the local ethics committee and 
all subjects gave written, informed consent.

PROCEDURES
TAVI was performed using both CE approved devices, the 
Medtronic CoreValve system (Medtronic, Minneapolis, MN, USA) 
and the Edwards SAPIEN valve (Edwards Lifesciences, Irvine, 
CA, USA) through a transfemoral, transapical or trans-subclavian 
approach according to instructions for use and as previously 
described. Device and access site selection were driven by anatomi-
cal and technical features14. Patients undergoing isolated TAVI were 
loaded with clopidogrel 300-600 mg the day prior to intervention. 
PCI for CAD was performed using standard techniques. Before or 
at the time of the procedure, patients were treated with at least 
100 mg of acetylsalicylic acid, a 600 mg loading dose of clopidog-
rel, and unfractionated heparin 70-100 U/kg. PCI was performed 
either in a planned intervention prior to TAVI (staged PCI) or at the 
time of TAVI (concomitant). In case of concomitant PCI, patients 
first underwent PCI followed by TAVI in the same session.

DATA COLLECTION
Adverse events were assessed in-hospital, and regular clinical fol-
low-up was performed at 1, 6, and 12 months by means of a clinical 
visit or a standardised telephone interview. In addition, all patients 
were contacted within two months of data freezing (October 4, 2010 
through November 29, 2010). Municipal civil registries and hospital 
records were consulted to ascertain vital status. For patients with a 
suspected event, relevant medical records, discharge letters, and doc-
umentation of hospitalisation were systematically collected from 
treating hospitals and physicians in private practice. All suspected 
events were adjudicated by an unblinded clinical event committee 
consisting of cardiac surgeons and interventional cardiologists. Base-
line clinical and procedural characteristics and all follow-up data 
were entered into a dedicated database, held at an academic clinical 
trials unit (CTU Bern, Bern University Hospital, Switzerland) 
responsible for central data audits and maintenance of the database.

DEFINITIONS
CAD was defined as a stenosis of >50% in at least one coronary 
artery as assessed during coronary angiography, or a status post pre-
vious PCI or CABG. The DUKE myocardial jeopardy score15 was 
used to assess myocardium at risk. In brief, all three coronary arter-
ies were divided in a total of six segments assigned two points each, 
resulting in a maximum score of 12. The SYNTAX score16 was used 
to assess the complexity of CAD in patients undergoing concomi-
tant or staged PCI. All endpoints were defined according to the 
Valve Academic Research Consortium (VARC) criteria17.

Cardiovascular death involved any death due to a proximate car-
diac cause or death of unknown cause, as well as all procedure-
related deaths and death caused by non-coronary vascular conditions 
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such as cerebrovascular disease, pulmonary embolism, or other 
vascular disease. Periprocedural myocardial infarction was consid-
ered in case of new ischaemic symptoms or signs in the presence of 
elevated cardiac biomarkers (two or more post-procedure samples 
that were >6-8 hours apart with a 20% increase in the second sam-
ple and a peak value exceeding 10x the 99th percentile upper refer-
ence limit (URL), or a peak value exceeding 5x the 99th percentile 
URL with new pathological Q-waves in at least two contiguous 
leads) within 72 hours after the index procedure. Major stroke was 
defined as a rapid onset of focal or global neurological deficit of 
≥24 hours duration requiring therapeutic intervention, or documen-
tation of a new intracranial defect using MRI or CT-scan. Transient 
ischaemic attack (TIA) was considered in case of a neurologic defi-
cit with complete regression within 24 hours of onset. Bleeding 
complications were classified as life-threatening or disabling (1) in 
case of bleeding into a critical area or organ, or (2) bleeding causing 
hypovolemic shock or requiring vasopressors or surgery, or (3) with 
an overt source of bleeding with a decrease in haemoglobin ≥5 g/dl 
or packed red blood cells transfusion ≥4 units. Major bleeding 
encompassed overt bleeding associated with a decrease in haemo-
globin level ≥3.0 g/dl. Major vascular access site complications 
were defined as access-related vascular injuries leading to either 
death, need for blood transfusions (≥4 units), percutaneous or surgi-
cal intervention, or irreversible end-organ damage. Minor vascular 
complications included failure of percutaneous access site closure 
resulting in interventional or surgical correction. For the definition 
of kidney injury the modified RIFLE classification (Risk, Injury, 
Failure, Low output, End-stage kidney disease) was used which 
was based upon changes in serum creatinine within 72 hours after 
the procedure. Stage 1 was defined as an increase of serum creati-
nine to 150-200% (or an increase of ≥26.4 µmol/l), stage 2 was 

determined as an increase of baseline creatinine to 200-300%, and 
stage 3 was considered in case of an increase in creatinine of ≥300% 
with an acute increase of at least 44 µmol/l.

STATISTICAL ANALYSIS
All statistical analyses were performed using SPSS Statistics ver-
sion 17.0 (SPSS Inc.,Chicago, IL, USA). Continuous variables are 
presented as mean ±standard deviation (SD) and were compared by 
means of a two-sided students T-test. Categorical data are expressed 
as frequency (percentages), and were compared using the chi-square 
and Fishers exact tests. Survival was estimated using the Kaplan Meier 
method. A p value <0.05 was considered statistically significant. 

Results
Among 452 patients enrolled into the prospective Bern TAVI registry 
between July 2007 and September 2010, 257 patients were assigned 
to TAVI using a transfemoral, transapical or trans-subclavian 
approach (Figure 1). CAD was found in 167 (65%) patients, of whom 
59 (35%) patients underwent either staged (n=23) or concomitant 
(n=36) PCI in addition to TAVI. Of the remaining 108 patients with 
CAD but no revascularisation procedure, 53 patients (49%) had been 
completely revascularised prior to TAVI, whereas 55 patients (51%) 
had an incomplete revascularisation status (DUKE myocardial jeop-
ardy score ≥1). Among patients with CAD, the decision to perform 
staged or concomitant revascularisation by means of PCI was justi-
fied by a significantly higher DUKE myocardial jeopardy score 
(5.0±3.2 versus 2.1±2.7, p=0.03) reflecting the amount of ischaemic 
myocardium. Chronic total occlusions and distal segments or side 
branches with a small area at risk were left untreated.

The prevalence of angina was similar among patients with CAD 
undergoing revascularisation as compared to those with CAD not 

Figure 1. Patient flow according to the CONSORT statement.

High-risk patients with severe symptomatic aortic stenosis undergoing evaluation for TAVI (n=452)

Interdisciplinary review and non-randomised treatment allocation (n=442)

Exclusion due to death before treatment allocation (n=10)

Allocated to medical Rx
(n=78)

Allocated to SAVR
(n=107)

Allocated to TAVI (n=257)
– Received allocated intervention (n=256)
– Excluded due to cross-over to SAVR (n=1)

Analysed (n=59)
Median duration of follow-up

545 days
(range 34-1,099 days)

Analysed (n=197)
Median duration of follow-up

357 days
(range 34-1,165 days)

TAVI + PCI (n= 59)
– concomitant PCI (n=36)
– staged PCI (n=23)

TAVI
(n= 197)

Lost to follow-up (n=0) Lost to follow-up (n=0)
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undergoing revascularisation (29% versus 32%, p=0.86). Moreover, 
there was no difference in the prevalence of angina between patients 
with or without CAD (31% versus 27%, p=0.57). Staged PCI was 
performed 34±26 days prior to TAVI. Concomitant PCI was planned 
in all but one case, in which partial occlusion of the left main 
occurred after transapical valve implantation leading to an emer-
gent PCI. Besides concomitant revascularisation, three patients 
underwent concomitant structural heart interventions. In addition to 
TAVI, one patient underwent closure of a persistent foramen ovale, 
one patient underwent PCI and occlusion of the left atrial append-
age (LAA), and one patient underwent PCI as well as closure of an 
atrial septal defect (ASD) and LAA-closure. Patients undergoing 
staged or concomitant PCI were older (83.6±4.8 years versus 
81.7±6.5 years, p=0.04), had more frequently a history of prior PCI 
(17.3% versus 40.7%, p<0.001), and a higher estimated interven-
tional risk as assessed by the STS score (7.6±6.2 versus 6.1±4.5, 
p=0.03) (Table1).

There were no differences between patients with or without 
revascularisation in terms of left ventricular function, mean trans-
valvular aortic gradient or pulmonary hypertension (Table 2). Fifty-
nine (23%) patients underwent either a transapical or left 
trans-subclavian approach accounting for the rather high rate of 
general anaesthesia (Table 3a). Procedural success of PCI (residual 
stenosis <20%) was noted in 93% of patients. In four patients, the 
stenosed lesion could not be passed with a coronary guidewire and 
the procedure was therefore unsuccessful. DUKE myocardial jeop-
ardy scores after PCI amounted to 1.8±2.4 and 1.1±1.8 for patients 
with concomitant and staged interventions, respectively. Those 
with a staged approach were treated with a higher number of stents 
(1.9±1.2 versus 1.3±0.3, p=0.03), accompanied by a longer total 
stent length (18.3±3.8 mm versus 11.2±1.9 mm, p=0.03). In con-
trast, patients with concomitant PCI more frequently received drug-
eluting stents (88.6% versus 52.2%; p=0.005). There was no 
significant difference with regard to the amount of contrast used or 
fluoroscopy time in patients undergoing staged or concomitant PCI, 
respectively (Table 3b).

The VARC combined safety endpoint occurred with similar fre-
quency among patients with or without CAD irrespective of 
revascularisation status (28% versus 32%, p=0.67). There was 
also no difference in terms of the individual components of the 
VARC combined safety endpoint through 30 days between 
patients with or without revascularisation (Table 4). A separate 
analysis comparing short-term clinical outcome among patients 
without revascularisation and those undergoing staged or con-
comitant PCI revealed no significant differences between the 
three groups with regard to the VARC combined safety endpoint 
(Figure 2). Likewise, after exclusion of patients undergoing 
staged PCI a direct comparison between patients undergoing 
TAVI with concomitant PCI and those undergoing isolated TAVI 
showed no significant differences with respect to overall mortal-
ity (11.1% versus 5.6%, p=0.26), major stroke (5.6% versus 4.1%, 
p=0.66), and the VARC combined safety endpoint (22.2% versus 
31.0%, p=0.33). Clinical outcomes up to two years after the inter-

Table 1. Baseline clinical characteristics.

Isolated TAVI 
N=197

TAVI+PCI 
N=59

p-value

Age (years, mean±SD) 81.7±6.5 83.6±4.8 0.04

Females (n/%) 114/57.9 30/50.8 0.37

BMI (kg/m2, mean±SD) 26.1±5.0 25.0±4.3 0.13

Cardiac risk factors

Hypertension (n/%) 152/77.2 48/81.4 0.59

Current smoker (n/%) 34/17.3 7/11.9 0.42

Diabetes mellitus (n/%) 52/26.4 10/16.9 0.17

Positive family history (n/%) 40/20.3 9/15.3 0.45

Hypercholesterolaemia (n/%) 117/59.4 37/62.7 0.76

Past medical history

Prior MI* (n/%) 31/15.7 16/27.1 0.06

Prior PCI◊ (n/%) 34/17.3 24/40.7 <0.001

CABG‡ (n/%) 43/21.8 11/18.6 0.72

Previous stroke ( n/%) 17/8.6 6/10.2 0.80

PVD§ (n/%) 48/24.4 16/27.1 0.73

Symptoms

 NYHA functional class¶ (mean±SD) 2.6±0.8 2.6±0.8 0.73

 Angina (n/%) 58/29.4 17/28.8 1.00

 Syncope (n/%) 19/9.6 5/8.5 1.00

Cardiac rhythm

 Atrial fibrillation (n/%) 48/24.4 18/30.5 0.40

 Prior pacemaker (n/%) 14/7.1 12/20.3 0.006

Risk Assessment

 Log. EuroSCOREª (%, mean±SD) 24.2±14.4 26.8±16.3 0.24

 Lin. EuroSCORE (%,mean±SD) 10.6±2.4 11.0±2.6 0.35

 STS scoreb (%,mean±SD) 6.1±4.5 7.6±6.2 0.03

Medical treatment

 Acetylsalicylic acid (n/%) 117/59.4 38/64.4 0.55

 Clopidogrel (n/%) 34/17.3 13/22.0 0.44

 Oral anticoagulation (n/%) 55/27.9 18/30.5 0.74

 Diuretic (n/%) 134/68.0 39/66.1 0.87

 Betablocker (n/%) 105/53.3 28/47.5 0.46

 ACE-Inhibitor/ARB /n/%) 91/46.2 26/44.1 0.88

 Ca Channel blocker (n/%) 25/12.7 4/6.8 0.25

 Statin (n/%) 93/47.2 30/50.8 0.66

*MI: myocardial infarction; ◊PCI: percutaneous coronary intervention; 
‡CABG: coronary artery bypass graft; §PVD: peripheral vascular disease; 
¶NYHA: New York Heart Association (mean±standard deviation); 
ªEuroSCORE: European System for Cardiac Operative Risk Evaluation; 
bSTS: Society of Thoracic Surgeons

vention did not show any difference in terms of overall mortality 
(Figure 3). None of the three patients with concomitant structural 
interventions experienced a serious adverse event at the time of 
intervention or at follow-up.

Patients undergoing isolated TAVI were analysed with regard to 
CAD and revascularisation status. Among patients undergoing iso-
lated TAVI (n=197), 108 patients (55%) had CAD, of whom 
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55 patients (51%) were incompletely revascularised (DUKE myo-
cardial jeopardy score ≥1). Patients with complete or incomplete 
revascularisation of CAD were younger as compared to patients 
with no CAD (80.9±6.4 versus 80.2±7.1 versus 83.1±6.0 years, 
p=0.02), were more frequently men (28/52.8% versus 33/60.0% 
versus 22/24.7%, p<0.001), had a higher prevalence of diabetes 
(19/35.8% versus 19/34.5% versus 14/15.7%, p=0.009) and dys-
lipidaemia (41/77.4% versus 39/70.9% versus 37/41.6%, p<0.001), 
and had a higher risk as assessed by the logistic EuroSCORE 
(23.1±11.2% versus 30.2±18.2% versus 21.1±12.4%, p=0.001). 
There was no significant difference with regard to mid-term sur-
vival among patients undergoing isolated TAVI as a function of 
completely and incompletely revascularised CAD (Figure 4).

Discussion
In patients with severe AS, TAVI improves survival as compared to 
medical treatment in candidates not suitable for SAVR11. Co-exist-
ing CAD is observed in more than half of patients qualifying for 
TAVI6-11 and may require revascularisation in order to alleviate 
symptoms and improve survival. The key findings of our study are 
as follows: (1) CAD is common in patients with severe aortic steno-
sis at increased risk for SAVR; (2) Staged or concomitant PCI is 
feasible and safe in selected patients with severe AS undergoing 
TAVI; (3) Complete or incomplete revascularisation of CAD does 
not appear to adversely impact on mid-term survival.

Our data demonstrate that staged or concomitant PCI in the set-
ting of TAVI is feasible and safe in selected patients with severe AS 

Table 2. Imaging characteristics.

Isolated 
TAVI N=197

TAVI+PCI 
N=59 

p-value

Echocardiography

LVEF (%, mean±SD) 51±15 51±12 0.93

Mean gradient (mmHg, mean±SD) 45.1±16.9 42.1±17.3 0.31

AVA* (cm2, mean±SD) 0.7±0.2 0.7±0.2 0.71

Cardiac catheterisation

Coronary artery disease (n/%) 108/54.8 59/100 <0.001

Mean gradient (mmHg, mean±SD) 42.6±15.5 44.0±13.8 0.31

AVA* (cm2, mean±SD) 0.5±0.2 0.5±0.2 0.75

PAS¶ pressure (mmHg, mean±SD) 53.5±16.6 54.7±17.5 0.68

PAS pressure ≥60 mmHg (n/%) 47/23.9 14/23.7 1.00

* AVA: aortic valve area; ¶PAS pressure: pulmonary artery systolic pressure

Figure 2. Clinical outcome at 30 days according to the Valve Academic Research Consortium (VARC) safety endpoint for patients undergoing 
TAVI only, TAVI with staged PCI, and TAVI with concomitant PCI.
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Table 3a. Procedural characteristics.

Isolated
TAVI N=197

TAVI+PCI
N=59 

p-value

General anaesthesia (n/%) 102/51.8 24/40.7 0.14

Extracorporal circulation (n/%) 1/0.5 0 1.00

Aortic valve implantation 0.31

Transfemoral MCV* (n/%) 118/59.9 42/71.2 –

Trans-subclavian MCV* (n/%) 3/1.5 1/1.7 –

Transfemoral ES¶ (n/%) 29/14.7 8/13.6 –

Transapical ES¶ (n/%) 47/23.9 8/13.6 –

Revascularisation 

DUKE Myocardial Jeopardy Score at 
baseline (mean±SD) 1.2±2.2 5.0±3.2 <0.001

Concomitant PCI‡ (n/%) Na 36/61.0 <0.001

Staged PCI‡ (n/%) Na 23/ 39.0 <0.001

Structural heart interventions

ASD/PFO§ closure (n/%) 1/0.5 1/1.7 0.41

LAA• occlusion (n/%) 0 2/3.4 0.05

Hospitalisation duration (days, mean ±SD) 11.1±6.4 10.2±5.1 0.35

*MCV: Medtronic CoreValve biosprosthesis; ¶ES: Edwards SAPIEN bioprosthesis; ‡PCI: 
percutaneous coronary intervention; §ASD: atrial septal defect; PFO: patent foramen ovale; 
•LAA: left atrial appendage

Table 3b. Revascularisation.

TAVI+ 
staged PCI 

N=23

TAVI + 
concomitant 

PCI N=36
p-value

Log. EuroSCORE (%, mean±SD) 30.3±14.3 24.5±17.3 0.19

Lin. EuroSCORE (%, mean±SD) 11.4±2.0 10.7±3.0 0.30

STS score (%, mean±SD) 8.2±6.0 7.3±6.3 0.57

DUKE myocardial jeopardy score at baseline 
(mean±SD) 4.3±3.0 5.5±3.3 0.15

SYNTAX Score (%,mean±SD) 13.0±8.7 11.4±8.2 0.71

Contrast media ml±SD TAVI 244±94 343±126 0.13

Contrast media ml±SD staged PCI 330±140 – na

Fluoroscopy time min±SD TAVI 21.1±8.6 24.2±9.9 0.73

Fluoroscopy time min±SD staged PCI 20.9±13.5 – na

Procedure time TAVI (min, mean±SD) 98±35 99±42 0.93

Number of vessels treated (n/%) 0.55

 1 16/69.6 28/77.8

 2 7/30.4 8/22.2

 3 0 0

 Left main (n/%) 1/4.3 5/13.9 0.39

 LAD* (n/%) 10/43.5 20/55.6 0.43

 LCX¶ (n/%) 6/26.1 4/11.1 0.17

 RCA‡ (n/%) 8/34.8 10/27.8 0.58

 SVG§ (n/%) 2/8.7 1/2.8 0.55

Stent used (n/%) 23/100 35/97.2 1.0

Drug-eluting stent (n/%) 12/52.2 31/88.6 0.005

Number of stents (n, mean±SD) 1.9±1.2 1.3±0.3 0.03

Total stent length (mm, mean±SD) 18.3±3.8 11.2 ±1.9 0.03

*LAD: left anterior descending coronary artery; ¶LCX: left circumflex coronary artery; ‡RCA: 
right coronary artery; §SVD: saphenous vein graft

Table 4. Clinical outcomes at 30 days.

Isolated TAVI 
N=197

TAVI+PCI 
N=59 

p-value

All-cause mortality (n/%) 11/5.6 6/10.2 0.24

Cardiovascular mortality (n/%) 9/4.6 3/5.1 1.00

Myocardial infarction (n/%) 1/0.5 0 1.00

Major stroke (n/%) 8/4.1 2/3.4 1.00

TIA* (n/%) 0 0 na

Access-site related complications

Major (n/%) 12/6.1 4/6.8 0.77

Minor (n/%) 18/9.1 5/8.5 1.00

Valvular interventions 4/2.0 3/5.1 0.20

Valve-in-valve implantation (n/%) 1/0.5 1/1.7 0.41

Valve-in-series implantation (n/%) 2/1.0 1/1.7 0.55

Repeat procedure for valve-related 
dysfunction (n/%)

1/0.5 1/1.7 0.41

Bleeding complications

Number of PRBC (n, mean±SD) 0.6±1.8 0.5±0.9 0.65

Life-threatening bleeding (n/%) 24/12.2 5/8.5 0.49

Major bleeding (n/%) 57/28.9 21/35.6 0.34

Renal failure 0.58

RIFLE¶ Stage 1 (n/%) 26/13.2 6/10.2 –

RIFLE¶ Stage 2 (n/%) 1/0.5 1/1.7 –

RIFLE¶ Stage 3 (n/%) 8/4.1 1/1.7 –

Permanent pacemaker implantation (n/%) 46/23.4 14/23.7 1.00

VARC‡ combined safety endpoint (n/%) 61/31.0 14/23.7 0.33

*TIA: transient ischaemic attack; ¶RIFLE: risk, injury, failure, loss, end-stage kidney 
disease; ‡VARC: Valve Academic Research Consortium

with similar 30-day mortality for patients undergoing isolated TAVI 
as compared to those undergoing TAVI combined with PCI. 
Moreover, other periprocedural complications such as stroke, 
bleeding and vascular complications occurred with comparable fre-
quencies. These findings contrast with previous reports in the surgi-
cal literature suggesting an increased peri-operative risk of the 
combination of revascularisation by means of CABG and SAVR2-4. 
In view of the observational nature of the data of the present study, 
the results should not be interpreted outside the context of clinical 
decision making on an individual basis within the interdisciplinary 
heart team. The similar outcome irrespective of revascularisation 
procedure in the present study may be explained at least in part by 
the meticulous patient selection within the heart team. Thus, 
patients with severe multivessel disease have been considered pref-
erentially as candidates for CABG combined with SAVR, whereas 
patients with proximal lesions, easily accessible for PCI were 
favoured to undergo staged or concomitant PCI combined with 
TAVI. A concomitant approach bears the advantage of one single 
arterial access for the treatment of CAD and AS and might therefore 
reduce the risk of vascular access complications and bleeding 
events. In our patient cohort a trend towards a lower incidence of 
vascular complications and life-threatening bleedings was observed 
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for the approach combining PCI and TAVI in one session (concomi-
tant) and supports this hypothesis. On the other hand, one may argue 
that the risk of myocardial infarction, stroke and renal failure is 
increased for patients undergoing concomitant PCI during TAVI, as 
the procedure time is prolonged and the amount of contrast is larger. 
In conclusion, if selected appropriately, comparable clinical out-
comes with a staged or concomitant PCI strategy can be achieved 
among patients with severe AS undergoing TAVI. This is consistent 
with previous findings by Conradi et al reporting a 30-day mortality 
of 7.1% among 28 patients treated with staged or concomitant PCI13.

CAD was encountered in 65% of patients undergoing TAVI in 
our cohort, which is consistent with previous observational stud-
ies6-10 and the recent PARTNER trial (Placement of AoRtic 
TraNscathetER Valve Trial)11. CAD was associated with a tenfold 
increased mortality risk within 30 days after TAVI in a dedicated 
analysis of two feasibility studies12. In contrast to these findings, we 
did not observe differences during clinical follow-up between 
patients with or without CAD irrespective of revascularisation sta-
tus. Two reasons may account for this discrepancy between our 
findings and the previous report. First, in the cohort with CAD 
reported by Dewey et al, patients also had a higher logistic 
EuroSCORE, lower ejection fraction, and relevant mitral regurgita-
tion which may all have an important influence on clinical out-
comes. Second, the extent of CAD might not be comparable 
between the two populations. Furthermore, completeness of revas-
cularisation was not reported by Dewey but might impact on clini-
cal outcome. In our study population this question cannot be 
addressed adequately as the proportion of patients incompletely 
revascularised is relatively small and the extent of myocardium at 
risk is limited as reflected in the low DUKE myocardial jeopardy 
score. None of the patients with relevant proximal stenoses were 
left un-revascularised. The Kaplan-Meier curve yet suggests 

Figure 4. Kaplan-Meier survival analysis up to two years of 
follow-up for patients undergoing isolated TAVI without CAD, 
completely revascularised CAD prior to TAVI, or incompletely 
revascularised CAD.
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a potential impact of incomplete revascularisation during long-term 
follow-up. However this finding must be interpreted with caution in 
light of the thorough evaluation and selection of patients. An 
adverse impact of coronary artery disease on clinical outcome is 
likely to emerge only during extended follow-up. Revascularisation 
is an upcoming challenge in TAVI and needs to be addressed in 
larger randomised trials.

The present study has several limitations. First, allocation to 
revascularisation followed the recommendation of the heart team 
consensus and was not randomised. Second, the treatment strategy 
–staged versus concomitant PCI– was left to the discretion of the 
operator. Both decisions are open to selection bias and may there-
fore influence outcomes. Lastly, the observational design of this 
registry including only a limited number of patients must be inter-
preted with caution.

Conclusion
Coronary artery disease in selected patients with severe aortic ste-
nosis undergoing TAVI can be treated safely by means of PCI, 
either during a staged procedure or concomitantly during TAVI. 
The impact of complete coronary revascularisation on clinical out-
comes among patients undergoing TAVI remains to be determined.
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