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well as the technical suitability of TAVI and access issues, should be
best able to make decisions in this patient population.113

Contraindications, both clinical and anatomical, should be iden-
tified (Table 10). Eligible patients should have a life expectancy of
more than 1 year and should also be likely to gain improvement
in their quality of life, taking into account their comorbidities.

Based on current data, TAVI is recommended in patients with
severe symptomatic AS who are, according to the ‘heart team’,
considered unsuitable for conventional surgery because of severe
comorbidities (Table 11; Figure 2).

Among high-risk patients who are still candidates for surgery,
the decision should be individualized. TAVI should be considered
as an alternative to surgery in those patients for whom the
‘heart team’ favours TAVI, taking into consideration the respective
advantages/disadvantages of both techniques. A logistic Euro-
SCORE ≥20% has been suggested as an indication for TAVI
therapy but EuroSCORE is known to markedly overestimate opera-
tive mortality.113 Use of the STS scoring system .10% may result
in a more realistic assessment of operative risk.40 On the other
hand, frailty and conditions such as porcelain aorta, history of
chest radiation or patent coronary bypass grafts may make patients
less suitable for AVR despite a logistic EuroSCORE ,20%/STS
score ,10%. In the absence of a perfect quantitative score, the
risk assessment should mostly rely on the clinical judgement of
the ‘heart team’, in addition to the combination of scores.113

At the present stage, TAVI should not be performed in patients
at intermediate risk for surgery and trials are required in this
population.

5.5 Medical therapy
The progression of degenerative AS is an active process, sharing a
number of similarities with atherosclerosis. Although several retro-
spective reports have shown beneficial effects of statins and ACE
inhibitors, randomized trials have consistently shown that statins
do not affect the progression of AS.114,115 Statin therapy should
therefore not be used in AS patients where their only purpose is
to slow progression. On the other hand, modification of athero-
sclerotic risk factors must be strongly recommended, following
the guidelines of secondary prevention in atherosclerosis.116

Symptomatic patients require early intervention, because no
medical therapy for AS is able to improve outcome, compared
with the natural history. However, patients who are unsuitable
candidates for surgery or TAVI—or who are currently awaiting a
surgical or TAVI procedure—may be treated with digoxin, diure-
tics, ACE inhibitors, or ARBs if they experience HF symptoms.
Co-existing hypertension should be treated.

However, treatment should be carefully titrated to avoid
hypotension and patients should be re-evaluated frequently.

Maintenance of sinus rhythm is important.

5.6 Serial testing
In the asymptomatic patient, the wide variability of the rate of pro-
gression of AS heightens the need for patients to be carefully edu-
cated about the importance of follow-up and reporting symptoms
as soon as they develop. Stress tests should determine the recom-
mended level of physical activity. Follow-up visits should include

Table 10 Contraindications for transcatheter aortic valve implantation

Absolute contraindications 

 Absence of a ‘heart team’ and no cardiac surgery on the site

 Appropriateness of TAVI, as an alternative to AVR, not confirmed by a ‘heart team’

 Clinical 

  Estimated life expectancy <1 year
  Improvement of quality of life by TAVI unlikely because of comorbidities
  Severe primary associated disease of other valves with major contribution to the patient’s symptoms, that can be treated only by surgery

 Anatomical

  Inadequate annulus size (<18 mm, >29 mma)

  Thrombus in the left ventricle 

  Active endocarditis 

  Elevated risk of coronary ostium obstruction (asymmetric valve calcification, short distance between annulus and coronary ostium, small aortic sinuses)

  Plaques with mobile thrombi in the ascending aorta, or arch 

  For transfemoral/subclavian approach: inadequate vascular access (vessel size, calcification, tortuosity)

Relative contraindications

 Bicuspid or non-calcified valves

 Untreated coronary artery disease requiring revascularization

 Haemodynamic instability

 LVEF <20% 

 For transapical approach: severe pulmonary disease, LV apex not accessible

AVR ¼ aortic valve replacement; LV ¼ left ventricle; LVEF ¼ left ventricular ejection fraction; TAVI ¼ transcatheter aortic valve implantation.
aContraindication when using the current devices.
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echocardiography with a focus on haemodynamic progression, LV
function and hypertrophy, and the ascending aorta. Type and inter-
val of follow-up should be determined on the basis of the initial
examination.

Asymptomatic severe AS should be re-evaluated at least every 6
months for the occurrence of symptoms, change in exercise toler-
ance (ideally using exercise testing if symptoms are doubtful), and
change in echo parameters. Measurement of natriuretic peptides
may be considered.

In the presence of significant calcification, mild and moderate
AS should be re-evaluated yearly. In younger patients with mild
AS and no significant calcification, intervals may be extended to
2 to 3 years.

5.7 Special patient populations
Combined AVR and CABG carries a higher risk than isolated
AVR.32– 35 However, AVR late after CABG is also associated
with significantly increased risk. Although there are no prospective
randomized trials, data from retrospective analyses indicate that
patients in whom CABG is indicated—and who have moderate AS
(mean gradient in the presence of normal flow 25–40 mmHg,

valve area 1.0–1.5 cm2)—will, in general, benefit from concomitant
AVR. It has also been suggested that if age is ,70 years and, more
importantly, an average rate of AS progression of 5 mmHg per
year is documented, patients may benefit from valve replacement
at the time of coronary surgery once the baseline peak gradient
exceeds 30 mmHg.117 Individual judgement is recommended,
taking into consideration BSA, haemodynamic data, leaflet calcifica-
tion, progression rate of AS, patient life expectancy and associated
comorbidities, as well as the individual risk of either concomitant
valve replacement or late reoperation.

Patients with severe symptomatic AS and diffuse CAD that
cannot be revascularized should not be denied AVR, even
though this is a high-risk group.

A few studies have recommended the potential use of percutan-
eous coronary intervention in place of CABG in patients with AS.
However, currently the available data are not sufficient to recom-
mend this approach, apart from selected high-risk patients with
acute coronary syndromes or in patients with non-severe AS.

Combined percutaneous coronary intervention and TAVI have
been shown to be feasible, but require more data before a firm
recommendation can be made. The question of whether to
proceed, as well as the chronology of interventions, should be
the subject of individualized discussion, based on the patient’s clin-
ical condition, coronary anatomy, and myocardium at risk.

When MR is associated with severe AS, its severity may be over-
estimated in the presence of the high ventricular pressures
and careful quantification is required (see General comments,
Section 3). As long as there are no morphological leaflet abnormal-
ities (flail or prolapse, post-rheumatic changes, or signs of infective
endocarditis), mitral annulus dilatation or marked abnormalities of
LV geometry, surgical intervention on the mitral valve is in general
not necessary and non-severe secondary MR usually improves
after the aortic valve is treated.

Concomitant aneurysm/dilatation of the ascending aorta
requires the same treatment as in AR (see Section 4).

For congenital AS, see the ESC Guidelines on grown-up
congenital heart disease.11

6. Mitral regurgitation
In Europe, MR is the second most frequent valve disease requiring
surgery.1 Treatment has been redefined as a result of the good
results of valve repair. This section deals separately with primary
and secondary MR, according to the mechanism of MR.118 In the
rare cases where both mechanisms are present, one of them is
usually predominant and will guide the management.

6.1 Primary mitral regurgitation
Primary MR covers all aetiologies in which intrinsic lesions affect
one or several components of the mitral valve apparatus.
Reduced incidence of rheumatic fever and increased lifespan in
industrialized countries have progressively changed the distribution
of aetiologies, with degenerative MR now being the most
common.1,2,12 Endocarditis is dealt with in separate, specific ESC
Guidelines.10

Table 11 Recommendations for the use of
transcatheter aortic valve implantation

Recommendations Class a Level b Ref C

TAVI should only be 
undertaken with a 
multidisciplinary ‘heart team’ 
including cardiologists and 
cardiac surgeons and other 
specialists if necessary.

I C

TAVI should only be 
performed in hospitals with 
cardiac surgery on-site.

I C

TAVI is indicated in patients 
with severe symptomatic 
AS who are not suitable for 
AVR as assessed by a ‘heart 
team’ and who are likely to 
gain improvement in their 
quality of life and to have a 
life expectancy of more than 
1 year after consideration of 
their comorbidities.

I B 99

TAVI should be considered in 
high-risk patients with severe 
symptomatic AS who may 
still be suitable for surgery, 
but in whom TAVI is favoured 
by a ‘heart team’ based on 
the individual risk profile and 
anatomic suitability.

IIa B 97

AS ¼ aortic stenosis; AVR ¼ aortic valve replacement; TAVI ¼ transcatheter
aortic valve implantation.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting class I (A + B) and IIa + IIb (A + B) recommendations.

ESC/EACTS Guidelines 2469
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Aims To critically review the available transcatheter aortic valve implantation techniques and their results, as well as
propose recommendations for their use and development.

Methods and
results

A committee of experts including European Association of Cardio-Thoracic Surgery and European Society of Car-
diology representatives met to reach a consensus based on the analysis of the available data obtained with transcath-
eter aortic valve implantation and their own experience. The evidence suggests that this technique is feasible and
provides haemodynamic and clinical improvement for up to 2 years in patients with severe symptomatic aortic ste-
nosis at high risk or with contraindications for surgery. Questions remain mainly concerning safety and long-term
durability, which have to be assessed. Surgeons and cardiologists working as a team should select candidates,
perform the procedure, and assess the results. Today, the use of this technique should be restricted to high-risk
patients or those with contraindications for surgery. However, this may be extended to lower risk patients if the
initial promise holds to be true after careful evaluation.

* Corresponding authors. Tel: þ33 1 40 25 67 60, Fax: þ33 1 40 25 67 32, Email: alec.vahanian@bch.aphp.fr (A. V.); Tel: þ39 2 26437102, Fax: þ39 02 26 43 7125, Email: ottavio.
alfieri@hsr.it (O. A.)

& 2008 The European Society of Cardiology, European Association for Cardio-Thoracic Surgery, and Europa Edition, All rights reserved.
For permissions please email: journals.permissions@oxfordjournals.org.
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• Equipe multidisciplinaire 

• Heart Team 

• Expertise valvulaire 

• Opérateurs entrainés, haut volume interventionnel 

• Evaluation du risque opératoire
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Aims Performing transcatheter aortic valve implantation (TAVI) at hospitals with only cardiology department but no cardiac
surgery (CS) on-site is at great odds with current Guidelines.

Methods
and results

We analysed data from the official, prospective German Quality Assurance Registry on Aortic Valve Replacement to
compare characteristics and in-hospital outcomes of patients undergoing transfemoral TAVI at hospitals with (n ¼ 75)
and without CS departments (n ¼ 22). An interdisciplinary Heart Team was established at all centres (internal staff phy-
sicians at hospitals with on-site CS; in-house cardiologists and visiting cardiac surgical teams from collaborating hospitals
at non-CS hospitals). In 2013 and 2014, 17 919 patients (81.2+ 6.1 years, 55% females, German aortic valve (GAV)
score 2.0 5.6+ 5.8%, logistic EuroSCORE I 21.1+ 15.4%) underwent transfemoral TAVI in Germany: 1332 (7.4%)
at hospitals without on-site CS department. Patients in non-CS hospitals were older (82.1+ 5.8 vs. 81.1+ 6.1 years,
P , 0.001), with more frequent co-morbidities. Predicted mortality risks per GAV-score 2.0 (6.1 + 5.5 vs. 5.5+ 5.9%,
P , 0.001) and logEuroSCORE I (23.2+ 15.8 vs. 21.0+ 15.4%, P , 0.001) were higher in patients at non-CS sites.
Complications, including strokes (2.6 vs. 2.3%, P ¼ 0.452) and in-hospital mortality (3.8 vs. 4.2%, P ¼ 0.396), were simi-
lar in both groups. Matched-pair analysis of 555 patients in each group with identical GAV-score confirmed similar rates
of intraprocedural complications (9.2 vs. 10.3%, P ¼ 0.543), strokes (3.2% for both groups, P ¼ 1.00), and in-hospital
mortality (1.8 vs. 2.9%, P ¼ 0.234).

Conclusion Although patients undergoing TAVI at hospitals without on-site CS department were older and at higher predicted
perioperative death risk, major complications, and in-hospital mortality were not statistically different, suggesting the
feasibility and safety of Heart Team-based TAVI at non-CS sites. These findings need confirmation in future randomized
study.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Aortic stenosis † TAVI † TAVR † Complications † Conversion † Surgery
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TAVI at non-CS hospitals declined by 19% from 735 in 2013 to 597
in 2014, while that at hospitals with on-site CS increased by 41%
(n ¼ 9702 in 2014 vs. n ¼ 6885 in 2013). The average TAVI case-
load was higher in hospitals with CS (2013: 94 vs. 37; 2014: 129
vs. 22). Among hospitals without CS departments, 6 (32%) and 3
(14%) performed .50 TAVI procedures annually in 2013 and
2014, respectively. For hospitals with on-site CS, the proportion
of hospitals performing .50 procedures annually was much higher
and increased over time (2013: 74%; 2014: 83%, P , 0.001 vs.
non-CS hospitals).

Patients undergoing TAVI at hospitals without CS were older
(82.1+ 5.8 vs. 81.1+ 6.1 years, P , 0.001), had higher NYHA
symptom class and greater prevalence of history of coronary artery
disease (CAD), peripheral vascular disease (PVD), chronic obstruct-
ive pulmonary disease (COPD), and neurologic events (Table 1).
This resulted in overall higher predicted risks of operative mortality,
according to both the GAV-score 2.0 (6.1 + 5.5 vs. 5.5+ 5.9%, P ,

0.001) and the logistic EuroSCORE I (23.2+ 15.8 vs. 21.0+15.4%,
P , 0.001). Significantly fewer low-risk (logEuroSCORE ,10%) and
more high-risk patients (logEuroSCORE .30%) underwent TAVI at
non-CS hospitals (P , 0.001, Table 1). Patients at non-CS hospitals
had greater prevalence of permanent pacemaker implanted before
index procedure than patients in hospitals with CS on-site (Table 1).

In both groups, there was a similar pattern of reasons for selecting
TAVI over conventional sAVR, with patient age, frailty, and per-
ceived high surgical risk being the three most common reasons
(Table 2).

In the majority of patients (83.8%), TAVI was performed as an
elective procedure. Procedural characteristics at hospitals without
and with on-site CS are shown in Table 3. Procedure times as
defined as time from vessel puncture to access site closure were
longer in hospitals without on-site CS department (110.3+ 48.2
vs. 79.3+ 44.8 min, P , 0.001), while fluoroscopy times were
similar in the two groups. The rates of severe intraprocedural

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Patient demographics

Patients undergoing TF-TAVI
in hospitals without CS (n 5 1332)

Patients undergoing TF-TAVI
in hospitals with CS (n 5 16 587)

P-value

Age 82.1+5.8 (55–97) 81.1+6.1 (33–100) ,0.001

Age ≤75 years 172 (12.9%) 2529 (15.2%) 0.022

Females (%) 722 (54.2%) 9125 (55.0%) 0.568

NYHA ≥III 1204 (90.4%) 14 079 (84.9%) ,0.001

Acute decompensated heart failure (,48 h) 54 (4.1%) 518 (3.1%) 0.062

Pulmonary hypertension 633 (47,5%) 7591(45,8%) 0.001

Systolic PA pressure .55 mmHg 257 (19.3%) 2204 (13.3%) ,0.001

Atrial fibrillation 392 (29.4%) 4925 (29.7%) 0.840

Presence of permanent pacemaker 177 (13.3%) 1868 (11.3%) 0.025

Presence of implanted cardioverter defibrillator 22 (1.7%) 282 (1.7%) 0.896

ASA ≥3 1242 (93.2%) 15 221 (91.8%) ,0.001

Left ventricular ejection fraction ≤30% 148 (11.1%) 1687 (10.2%) 0.183

CAD 804 (60.4%) 8995 (54.2%) ,0.001

Left main coronary artery involvement 67 (5.0%) 639 (3.9%) 0.034

Previous myocardial infarction 183(13.7%) 2206 (13.3%) 0.650

Previous PCI 457 (34.3%) 4856 (29.3%) ,0.001

Previous open heart surgery 238 (17.9%) 2893 (17.4%) 0.693

Insulin-dependent diabetes mellitus 178 (13.4%) 2355 (14.2%) 0.400

PVD 248 (18.6%) 2504 (15.1%) 0.012

COPD with medication 222 (16.7%) 2104 (12.7%) 0.001

Previous neurologic event 186 (14.0%) 1954 (11.8%) 0.019

Chronic haemodialysis 36 (2.7%) 515 (3.1%) 0.413

LogEuroSCORE (%) 23.2+15.8 (3.1–88.8) 21.0+15.4 (1.5–98.3) ,0.001

LogEuroSCORE ,10% 213 (16.1%) 3945 (24.1%) ,0.001

LogEuroSCORE 10–20% 520 (39.2%) 6036 (36.9%)

LogEuroSCORE 20–30% 259 (19.5%) 2969 (18.2%)

LogEuroSCORE .30% 333 (25.1%) 3407 (20.8%)

GAV-Score 2.0 (%) 6.1+5.5 (0.8–57) 5.5+5.9 (0.6–99.9) ,0.001

ASA, American Society of Anesthesiologists; COPD, chronic obstructive lung disease; CS, cardiac surgery; NYHA, New York Heart Association; PA, pulmonary artery;
PCI, percutaneous coronary intervention; TAVI, transcatheter aortic valve implantation; TF, transfemoral.

Outcomes of transfemoral transcatheter aortic valve implantation Page 3 of 10

 by guest on M
ay 20, 2016

http://eurheartj.oxfordjournals.org/
D

ow
nloaded from

 



complications were lower in the non-CS cohort. Particularly dread-
ful TAVI-specific complications such as annular rupture, aortic dis-
section, coronary obstruction, and device embolization were
overall rare (,1%) and similar in both groups (Table 3). Conversion
to sternotomy was less common at non-CS sites (0.3 vs. 0.7%, P ¼
0.088). Rates of post-implantation paravalvular aortic regurgitation
≥grade 2 were higher in patients undergoing TAVI in non-CS hos-
pitals (2.1 vs. 1.0%, P , 0.001).

In-hospital mortality was not different in hospitals without and
with on-site CS department (3.8 vs. 4.2%, P ¼ 0.396, Table 4). There
were no differences with respect to neurologic events (2.6 vs. 2.3%,
P ¼ 0.452), myocardial infarction, or vascular complications during
the in-hospital period (Table 4). The rate of new permanent pace-
maker implantation was higher in hospitals without on-site CS
(19.8 vs. 15.8%, P , 0.001). Of note, less patients undergoing
TAVI at non-CS hospitals were transferred to other hospitals rather
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Table 2 Reasons for selecting transfemoral-transcatheter aortic valve implantation over surgical aortic valve
replacement

Patients undergoing TF-TAVI
in hospitals without CS (n 5 1332)

Patients undergoing TF-TAVI
in hospitals with CS (n 5 16 587)

P-value

Patient age 1043 (78.3%) 11 230 (67.7%) ,0.001

Frailty 640 (48.0%) 7228 (43.6%) 0.002

High surgical risk 604 (45.3%) 8608 (51.9%) ,0.001

Patient wish 388 (29.1%) 4308 (26.0%) 0.01

Prognosis limiting comorbidity 60 (4.5%) 1622 (9.8%) ,0.001

Porcelain aorta 26 (2.0%) 823 (5.0%) ,0.001

Malignancy 28 (2.1%) 340 (2.0%) 0.896

Other 391 (29.4%) 2525 (15.2%) ,0.001
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Table 3 Procedural data

Patients undergoing
TF-TAVI in hospitals
without CS
(n 5 1332)

Patients undergoing
TF-TAVI in hospitals
with CS (n 5 16 587)

P-value Odds ratio for
categorical var. or
stand. mean difference
for continuous var.

95% CI

Elective procedure 1109 (83.3%) 13 907 (83.8%) 0.578 0.958 0.825–1.113

Procedure time (min) 110.3+48.2 79.3+44.8 ,0.001 0.688 0.632–0.744

Fluoroscopy time (min) 18.9+11.7 19.9+33.1 0.273 20.031 20.087–0.025

Intraprocedural complications 112 (8.4%) 1817 (11.0%) 0.004 0.746 0.611–0.911

Device malpositioning 19 (1.4%) 276 (1.7%) 0.512 0.855 0.535–1.366

Device embolization 6 (0.5%) 51 (0.3%) 0.373 1.467 0.629–3.425

Coronary occlusion 4 (0.3%) 62 (0.4%) 0.671 0.806 0.293–2.218

Aortic dissection 2 (0.2%) 38 (0.2%) 0.557 0.655 0.158–2.718

Annular rupture 9 (0.7%) 55 (0.3%) 0.043/0.074** 2.045 1.008–4.147

Pericardial tamponade 6 (0.5%) 171 (1.0%) 0.039 0.434 0.192–0.982

Acute cardiac decompensation 7 (0.5%) 118 (0.7%) 0.433 0.737 0.343–1.584

Cerebral embolism 2 (0.2%) 30 (0.2%) 0.799/0.933** 0.830 0.198–3.477

Aortic regurgitation ≥2 28 (2.1%) 171 (1.0%) ,0.001 2.061 1.377–3.086

Rhythm disturbances 25 (1.9%) 489 (2.9%) 0.024 0.630 0.496–0.945

Vascular injury 33 (2.5%) 739 (4.5%) ,0.001 0.545 0.383–0.776

Composite of intraprocedural
complications likely to benefit
from ECS

46 (3.4%) 653 (3.9%) 0.421 0.873 0.644–1.183

Conversion to open heart surgery 4 (0.3%) 115 (0.7%) 0.088 0.431 0.159–1.171

Composite of periprocedural complications likely to benefit from ECS, device malpositioning; device embolization, annular rupture, aortic dissection, coronary obstruction, and/or
pericardial tamponade.
**P-value with Yates correction, because at least 20% of expected frequencies are ,5!
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than discharged home when compared with CS hospitals with on-
site CS (10.7 vs. 15.1%, P , 0.001).

Intraprocedural complications likely to benefit from ECS (com-
posite of device malposition, embolization, annular rupture, aortic
dissection, coronary obstruction, and/or pericardial tamponade)
occurred in 46 (3.4%) patients undergoing TAVI at non-CS hospitals
and in 653 (3.9%) patients at hospitals with on-site (P ¼ 0.421).
Among these patients, conversion to ECS at non-CS hospitals was
also similar in the two groups (non-CS 13.0 vs. CS 16.5%, P ¼
0.679). Patients with annular rupture were less often treated with
ECS (1/9 at non-CS hospitals vs. 22/55 at hospitals with on-site
CS, P ¼ 0.193). In-hospital mortality of patients with complications
likely to benefit from ECS was similar at non-CS and CS hospitals
(37.0 vs. 33.7%, P ¼ 0.771). In-hospital mortality of patients requir-
ing ECS for intraprocedural complications was 50% in non-CS hos-
pitals and 62.5% in hospitals with on-site CS (P ¼ 0.694). Outcomes
of annular rupture were dismal at both non-CS and on-site CS hos-
pitals (in-hospital mortality: 55.6 and 74.5%, respectively). The pro-
portion of patients discharged to other hospitals or rehabilitation
units rather than home was similar in non-CS and CS hospitals
(23.9 vs. 29.9%, P ¼ 0.415).

Patient characteristics of matched-pair analysis (555 patients with
identical GAV-score 2.0 in each group) are shown in Table 5, and
procedural complications and outcomes are shown in Table 6. Of
note, intraprocedural complications (9.2 vs. 10.3%, P ¼ 0.543) as
well as postprocedural complications including strokes (3.2% for
both groups, P ¼ 1.00) were similar to matched patients treated

at hospitals without and with on-site CS with the exception of high-
er post-implantation aortic regurgitation ≥grade 2 in the non-CS
group. Most notably, in-hospital death was similar in the matched
cohort in the two groups without and with on-site CS (1.8 vs.
2.9%, P ¼ 0.234) (Table 7).

Discussion
The absence of on-site CS department is considered an absolute
contraindication for TAVI by the 2012 Valvular Heart Disease
ESC Guidelines.1 Based on more contemporary evidence of im-
proved procedural safety, the German Cardiac Society updated an
earlier position paper on transfemoral TAVI in 2014.14 This sup-
ported hospitals without on-site CS department to perform TAVI
if they had a contractually documented cooperation with an exter-
nal CS department and a joint interdisciplinary decision-making for
patient selection was ensured.14 Nonetheless, the Federal Joint
Committee as the supreme decision-making body of the joint self-
government of physicians, dentists, hospitals, and health insurance
funds in Germany considered the expert consensus recommenda-
tion of the 2012 ESC Guidelines the best available evidence and re-
cently concluded that the presence of both cardiology and CS
departments in the hospital is a prerequisite to perform TAVI, pre-
cluding performance of TAVI at non-CS hospitals.15 However, for
non-CS hospitals that already performed TAVI, a transition phase
of 1 year was granted to establish the standards of on-site CS.15
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Table 4 Postprocedural outcomes

Patients undergoing
TF-TAVI in hospitals
without CS (n 5 1332)

Patients undergoing
TF-TAVI in hospitals with
CS (n 5 16 587)

P-value Odds ratio for
categorical var. or
stand. mean difference
for continuous var.

95% CI

In-hospital death 50 (3.8%) 703 (4.2%) 0.396 0.881 0.658–1.181

In-hospital death for the
composite of intraprocedural
complications likely to benefit
from ECS

17/46 (37.0%) 220/653 (33.7%) 0.771 1.154 0.621–2.145

Cerebrovascular event 35 (2.6%) 378 (2.3%) 0.452 1.157 0.815–1.644

Delirium requiring treatment 47 (3.5%) 635 (3.8%) 0.582 0.919 0.680–1.242

Myocardial infarction 3 (0.2%) 60 (0.4%) 0.418 0.622 0.195–1.985

Low cardiac output 33 (2.5%) 431 (2.6%) 0.789 0.952 0.665–1.363

Resuscitation 39 (2.9%) 493 (3.0%) 0.927 0.985 0.707–1.371

Vascular complications 134 (10.1%) 1479 (8.9%) 0.161 1.217 1.010–1.466

Need for transient dialysis 15 (1.1%) 373 (2.2%) 0.007 0.500 0.295–0.832

Atrial fibrillation at discharge 315 (23.6%) 3811 (23.0%) 0.700 1.038 0.910–1.184

New pacemaker/ICD implantation 264 (19.8%) 2620 (15.8%) ,0.001 1.318 1.144–1.517

Days in hospital after TF-TAVI 11.0+7.5 (0–93) 10.4+7.5 (0–162) 0.005 0.080 0.024–0.136

Transfer to another hospital 142 (10.7%) 2501 (15.1%) ,0.001 0.672 0.562–0.804

Discharge to rehabilitation unit 186 (14.0%) 3074 (18.5%) ,0.001 0.714 0.608–0.837

Discharge to nursing facility 12 (0.9%) 77(0.5%) 0.029 1.949 1.058–3.591

Composite of periprocedural complications likely to benefit from ECS, device malpositioning, device embolization, annular rupture, aortic dissection, coronary obstruction, and/or
pericardial tamponade.
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Abstract
Aims: Transcatheter aortic valve implantation (TAVI) is a novel treatment option for high surgical risk patients 

with severe symptomatic aortic valve (AV) stenosis. During TAVI, some patients may require emergent cardiac 

surgery (ECS). However, the incidence, reasons and outcomes of those needing ECS remain unknown.

Methods and results: We performed a search of the English medical literature using MEDLINE to identify 

all studies on TAVI and evaluate the incidence of ECS (i.e., within 24 hrs of TAVI) and outcomes for these 

patients. Forty-six studies comprising 9,251 patients undergoing transfemoral, transapical or trans-subclavian 

TAVI for native AV stenosis published between 01/2004 and 11/2011 were identified and included in this 

weighted meta-analysis. Overall, TAVI patients were old (mean=81.3±5.4 years) and had a high mean logistic 

EuroSCORE (24.4±5.9%). Few patients required ECS (n=102; 1.1±1.1%) and this was marginally higher 

among those undergoing transapical TAVI as compared to those undergoing transarterial TAVI (1.9±1.7% vs. 

0.6±0.9%). Data on the reasons for ECS were available in 86% (88/102 patients) and 41% of these (36/88) 

were performed for embolisation/dislocation of the AV prosthesis, with aortic dissection (n=14), coronary 

obstruction (n=5), severe AV regurgitation (n=10), annular rupture (n=6), aortic injury (n=14), and myocar-

dial injury including tamponade (n=12) constituting the rest. Mortality at 30 days was about 9-fold higher in 

patients who did need as compared with those patients who did not need ECS (67.1±37.9% vs. 7.5±4.0%). 

Conclusions: Reported rates of ECS during TAVI were low with embolisation or dislocation of the prosthe-

sis being the most common cause. ECS was associated with grave prognosis with two out of three patients 

dying by 30 days. Thus, refinement in TAVI technology should not only focus on miniaturisation and improv-

ing flexibility of the delivery systems and/or devices – which may have the potential for decreasing aortic 

dissection, annular rupture, and tamponade – but also incorporate modifications to prevent embolisation/

dislocation of the valve. 
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Discussion
The present meta-analysis of published TAVI literature comprising 
a total of 9,251 patients shows that the need for ECS during TAVI 
was low (1.1±1.1%). While ECS rates were low for transarterial as 
well as the transapical approach, this was more frequent with the 
latter technique. Among the studies that reported the reasons for 
ECS, the majority were performed for embolised/dislocated valve 
prostheses. The prognosis of patients requiring ECS was bleak with 
a 30-day mortality of 67%.
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Figure 1. Overview of reasons for ECS.

Table 2. Patient characteristics.

Number of publications 
with available data (n)

Overall number of 
patients with available 

data (n)

Number of events 
(n) Weighted mean±SD

Patient age (years) 46 9,251 --- 81.3±5.4

Female gender 44 8,791 4,711 53.5±8.0%

Logistic EuroSCORE (%) 42 8,561 --- 24.39±5.91

STS score 26 4,391 --- 11.4±4.8

Transfemoral TAVI 46 9,251 5,994 64.8±30.7%

Transaxillary TAVI 45 8,381  238 2.8±8.6%

Transapical TAVI 46 9,251 2,992 32.3±31.6%

Use of Medtronic/ CoreValve 46 9,251 3,818 41.2±42.3%

Use of Edwards SAPIEN 46 9,251 5,390 58.3±42.4%

Table 3. Need for emergent cardiac surgery and outcomes.

Number of  
publications with 
available data (n)

Overall number  
of patients with 

available data (n)

Number of  
events (n) Weighted mean±SD

Emergent cardiac surgery (%) 46 9,251 102 1.1±1.1%

30-day overall mortality 46 9,251 738 8.0±3.8%

30-day mortality in patients requiring 
emergent cardiac surgery 45 73 49 67.1±37.9%

30-day mortality in patients without 
emergent cardiac surgery 45 8,059 601 7.5±4.0%

Our findings are consistent with more recent observational data 
from large registries. Similar to the current study, these data sug-
gested low ECS rates between 0.1% and 0.4% and indicated that 
these rates were higher for the transapical than for the transarterial 
TAVI procedures50,51. However, these studies provided no insights 
into the reasons for ECS or into the outcomes of such patients.

Many relevant facts need to be kept in mind while interpreting 
these data and speculating about their implications. First, the real 
incidence of ECS may be somewhat higher than that reported in the 
above investigations and the studies in our meta-analysis. It is quite 
possible that ECS was not attempted in some of those who died of 
procedural complications because they did not have ECS for fear of 
surgical mortality in the otherwise high-risk cohort undergoing 
TAVI. Thus, some of the patients who died could possibly have 
been salvaged had ECS been attempted despite the high risk. If this 
was true, the current reported rate would be lower than the propor-
tion of patients that would have been truly eligible for ECS. 
Nonetheless, it would still have been in single figures. Second, the 
higher rate of ECS with the transapical approach may be due to the 
fact that this strategy was more likely to be performed by cardiotho-
racic surgeons than by cardiologists and thus their threshold for 
immediate surgery during any TAVI complications may have been 
much lower. Alternatively, many studies have reported that patients 
undergoing the transapical approach have a higher risk profile (i.e., 
EuroSCORE and STS score) making them more susceptible to 
complications and thus accounting for the higher incidence of ECS3. 



n

1075

Cardiac surgery during TAVI

EuroIntervention 2
0

13
;8

:1072-1080

Discussion
The present meta-analysis of published TAVI literature comprising 
a total of 9,251 patients shows that the need for ECS during TAVI 
was low (1.1±1.1%). While ECS rates were low for transarterial as 
well as the transapical approach, this was more frequent with the 
latter technique. Among the studies that reported the reasons for 
ECS, the majority were performed for embolised/dislocated valve 
prostheses. The prognosis of patients requiring ECS was bleak with 
a 30-day mortality of 67%.

45

40

35

30

25

20

15

10

5

0

%

n=36

Valve
dislocation/
embolisation

n=5

Coronary
obstruction

n=10

Severe
regurgitation

n=6

Annular
rupture

n=14

Aortic
dissection

n=12

Ventricular/
atrial

rupture

n=5

Other*

*Annulus too small, n=1; annulus too large, n =2;
haemodynamic instability, n=1; unsuccessful valve implantation, n=1

Figure 1. Overview of reasons for ECS.

Table 2. Patient characteristics.

Number of publications 
with available data (n)

Overall number of 
patients with available 

data (n)

Number of events 
(n) Weighted mean±SD

Patient age (years) 46 9,251 --- 81.3±5.4

Female gender 44 8,791 4,711 53.5±8.0%

Logistic EuroSCORE (%) 42 8,561 --- 24.39±5.91
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Use of Edwards SAPIEN 46 9,251 5,390 58.3±42.4%

Table 3. Need for emergent cardiac surgery and outcomes.

Number of  
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available data (n)

Overall number  
of patients with 

available data (n)

Number of  
events (n) Weighted mean±SD

Emergent cardiac surgery (%) 46 9,251 102 1.1±1.1%

30-day overall mortality 46 9,251 738 8.0±3.8%

30-day mortality in patients requiring 
emergent cardiac surgery 45 73 49 67.1±37.9%

30-day mortality in patients without 
emergent cardiac surgery 45 8,059 601 7.5±4.0%

Our findings are consistent with more recent observational data 
from large registries. Similar to the current study, these data sug-
gested low ECS rates between 0.1% and 0.4% and indicated that 
these rates were higher for the transapical than for the transarterial 
TAVI procedures50,51. However, these studies provided no insights 
into the reasons for ECS or into the outcomes of such patients.

Many relevant facts need to be kept in mind while interpreting 
these data and speculating about their implications. First, the real 
incidence of ECS may be somewhat higher than that reported in the 
above investigations and the studies in our meta-analysis. It is quite 
possible that ECS was not attempted in some of those who died of 
procedural complications because they did not have ECS for fear of 
surgical mortality in the otherwise high-risk cohort undergoing 
TAVI. Thus, some of the patients who died could possibly have 
been salvaged had ECS been attempted despite the high risk. If this 
was true, the current reported rate would be lower than the propor-
tion of patients that would have been truly eligible for ECS. 
Nonetheless, it would still have been in single figures. Second, the 
higher rate of ECS with the transapical approach may be due to the 
fact that this strategy was more likely to be performed by cardiotho-
racic surgeons than by cardiologists and thus their threshold for 
immediate surgery during any TAVI complications may have been 
much lower. Alternatively, many studies have reported that patients 
undergoing the transapical approach have a higher risk profile (i.e., 
EuroSCORE and STS score) making them more susceptible to 
complications and thus accounting for the higher incidence of ECS3. 
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Table 2. Patient characteristics.

Number of publications 
with available data (n)

Overall number of 
patients with available 

data (n)

Number of events 
(n) Weighted mean±SD

Patient age (years) 46 9,251 --- 81.3±5.4

Female gender 44 8,791 4,711 53.5±8.0%

Logistic EuroSCORE (%) 42 8,561 --- 24.39±5.91

STS score 26 4,391 --- 11.4±4.8

Transfemoral TAVI 46 9,251 5,994 64.8±30.7%

Transaxillary TAVI 45 8,381  238 2.8±8.6%

Transapical TAVI 46 9,251 2,992 32.3±31.6%

Use of Medtronic/ CoreValve 46 9,251 3,818 41.2±42.3%

Use of Edwards SAPIEN 46 9,251 5,390 58.3±42.4%

Table 3. Need for emergent cardiac surgery and outcomes.

Number of  
publications with 
available data (n)

Overall number  
of patients with 

available data (n)

Number of  
events (n) Weighted mean±SD

Emergent cardiac surgery (%) 46 9,251 102 1.1±1.1%

30-day overall mortality 46 9,251 738 8.0±3.8%

30-day mortality in patients requiring 
emergent cardiac surgery 45 73 49 67.1±37.9%

30-day mortality in patients without 
emergent cardiac surgery 45 8,059 601 7.5±4.0%

Our findings are consistent with more recent observational data 
from large registries. Similar to the current study, these data sug-
gested low ECS rates between 0.1% and 0.4% and indicated that 
these rates were higher for the transapical than for the transarterial 
TAVI procedures50,51. However, these studies provided no insights 
into the reasons for ECS or into the outcomes of such patients.

Many relevant facts need to be kept in mind while interpreting 
these data and speculating about their implications. First, the real 
incidence of ECS may be somewhat higher than that reported in the 
above investigations and the studies in our meta-analysis. It is quite 
possible that ECS was not attempted in some of those who died of 
procedural complications because they did not have ECS for fear of 
surgical mortality in the otherwise high-risk cohort undergoing 
TAVI. Thus, some of the patients who died could possibly have 
been salvaged had ECS been attempted despite the high risk. If this 
was true, the current reported rate would be lower than the propor-
tion of patients that would have been truly eligible for ECS. 
Nonetheless, it would still have been in single figures. Second, the 
higher rate of ECS with the transapical approach may be due to the 
fact that this strategy was more likely to be performed by cardiotho-
racic surgeons than by cardiologists and thus their threshold for 
immediate surgery during any TAVI complications may have been 
much lower. Alternatively, many studies have reported that patients 
undergoing the transapical approach have a higher risk profile (i.e., 
EuroSCORE and STS score) making them more susceptible to 
complications and thus accounting for the higher incidence of ECS3. 
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Third, it is also possible that ECS was more common in patients 
undergoing the transapical procedure, as such an approach was tra-
ditionally performed either in a hybrid laboratory or in an operating 
room, thus providing an environment where ECS could be per-
formed with much more ease. Fourth, the extremely high mortality 
reported with ECS should not be perceived as being prohibitive to 
offering surgery when deemed appropriate. Additionally, lack of a 
specific cause of death prohibits meaningful interpretation of the 
risks of ECS for the types of complications for which it is used. 
Thus, it is unlikely that ECS for embolisation or migration of the 
TAVI device would have as high a mortality as when it is utilised to 
treat aortic rupture or dissection. 

The current incidence of ECS during the TAVI procedure should 
also be put in proper perspective with reference to the more tradi-
tional approaches for treating severe aortic stenosis, i.e., surgical 
aortic valve replacement. Most surgical literature reports only the 
incidence of reoperation for bleeding (the more common reason for 
reoperation after surgical AVR), but not other causes (minority) 
needing early reoperation, i.e., bypass graft failure, stuck/malfunc-
tioning valve, aortic dissection, etc. Among 67,292 patients under-
going isolated AVR between 2002 and 2006 enrolled in the Society 
of Thoracic Surgeons National Cardiac Surgery Database (STS 
NCD), reoperation for bleeding was required in 5,369 (8%) of 
patients (33.9% ≥75 years of age)52. Similarly, among 159 patients 
undergoing isolated AVR at four large academic institutions in the 
US between 2002 and 2007 with STS risk score >10% (mean age 
76.1+11.2 years), reoperation for bleeding was required in five 
(3.1%) patients53. No study has provided insight into the outcomes 
of reoperation for bleeding among patients undergoing isolated 
AVR. However, data from the STS in patients undergoing isolated 
CABG suggests a >4-fold increase in mortality among patients 
needing reoperation for bleeding54.

Our findings suggest the need for more studies to understand the 
reasons for ECS as well as to study why some patients with early 
procedural complications were not offered such an option. Similarly, 
data on complication-specific mortality should be collected in the 
future to have a better understanding of which patients are truly sal-

vageable. This data would help provide guidance not only for iden-
tifying a subset of the already high-risk TAVI patients who are 
likely to benefit from ECS, but also for giving some insights into 
the futility of such procedures in others. Additionally, there is much 
debate currently among TAVI operators as to the need for cardio-
pulmonary bypass and/or surgical back-up. Current guidelines rec-
ommend that TAVI procedures have to be performed by the heart 
team consisting of a cardiologist and cardiothoracic surgeon with 
the immediate availability of a heart-lung machine during TAVI3. 
However, some sites without an on-site cardiothoracic surgical 
department continue to perform TAVI. Zahn et al49 report compara-
ble mortality for patients undergoing TAVI at sites with (n=17) or 
without (n=5) on-site cardiac surgical capabilities (8.8% versus 
3.8%, p=0.12), a result that the non-cardiac-surgical sites were able 
to achieve by collaborating with sites with cardiac surgical exper-
tise in aortic valve surgery and with a cardiac surgical team visiting 
on-site during the procedure. Thus, while it should be strongly rec-
ommended that TAVI procedures be performed at cardiac surgical 
sites, non-cardiac-surgical sites that perform TAVI should be 
encouraged to take a heart team approach with collaboration and a 
visiting on-site cardiac surgical team (perhaps participating not 
only in the procedure but also in patient selection). These non-car-
diac-surgical sites that perform TAVI should also be persuaded to 
participate in national TAVI registries and submit data on an on-
going basis to these databases/registries so as to provide insight into 
the safety and effectiveness of such an approach at these non-surgi-
cal sites. Furthermore, a strong endorsement is made for hybrid 
operating rooms capable not only of TAVI, but for ECS (including 
general anaesthesia, cardiopulmonary bypass and surgical services) 
if required. Opponents of these recommendations indicate that 
investment in cardiopulmonary bypass or hybrid operating rooms is 
unwarranted and not cost-effective citing the current low need for 
acute conversion rates with their high mortality51. More data on the 
true incidence of complications benefiting from ECS as well as the 
cause-specific mortality may help guide or change these recom-
mendations in the future to be more cost-effective, but without 
endangering patient safety. Finally, preventing the need for ECS 

Table 4. Need for emergent cardiac surgery with different TAVI approaches and valve prostheses.

Medtronic/CoreValve transarterial Edwards SAPIEN transarterial Edwards SAPIEN transapical

Number of 
publications 

with available 
data (n)

Overall 
number of 
patients  

with available 
data (n)

Weighted 
mean±SD

Number of 
publications 

with available 
data (n)

Overall 
number of 
patients  

with available 
data (n)

Weighted 
mean±SD

Number of 
publications 

with available 
data (n)

Overall 
number of 
patients  

with available 
data (n)

Weighted 
mean±SD

Patient age (years) 13 2,660 81.0±1.3 16 1,300 82.0±2.5 19 2,467 80.9±1.6

Female gender 12 2,510 53.7±5.3% 16 1,300 51.1±7.1% 19 2,467 59.9±10.1%

Logistic EuroSCORE (%) 13 2,660 21.27±3.60 20 1,530 25.45±4.22 18 2,290 28.56±7.47

Need for emergent cardiac 
surgery (%) 13 2,660 0.6±0.9% 11 571 0.9±0.9% 21 2,531 1.9±1.7%

Overall 30-day mortality (%) 12 2,649 6.0±4.2% 16 1,289 7.1±4.3% 18 2,340 9.8±3.3%
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Medtronic, Inc., Minneapolis, MN, USA; and 21St George’s Hospital, London, UK

Received 17 September 2013; revised 17 March 2014; accepted 19 March 2014; online publish-ahead-of-print 28 March 2014

Aim Transcatheter aortic valve implantationhas become analternative to surgery in higher risk patients with symptomatic aortic
stenosis. The aim of the ADVANCE study was to evaluate outcomes following implantation of a self-expanding transcath-
eter aortic valve system in a fully monitored, multi-centre ‘real-world’ patient population in highly experienced centres.

Methods
and results

Patientswith severeaortic stenosis at a higher surgical risk in whom implantation of the CoreValve System was decided by
the Heart Team were included. Endpoints were a composite of major adverse cardiovascular and cerebrovascular events
(MACCE; all-cause mortality, myocardial infarction, stroke, or reintervention) and mortality at 30 days and 1 year. End-
point-related events were independently adjudicated based on Valve Academic ResearchConsortium definitions. A total
of 1015 patients [mean logistic EuroSCORE 19.4+12.3% [median (Q1,Q3), 16.0% (10.3, 25.3%)], age 81+6 years]
were enrolled. Implantation of the CoreValve System led to a significant improvement in haemodynamics and an increase
in the effective aortic valve orifice area. At 30 days, the MACCE rate was 8.0% (95% CI: 6.3–9.7%), all-cause mortality was
4.5% (3.2–5.8%), cardiovascular mortality was 3.4% (2.3–4.6%), and the rate of stroke was 3.0% (2.0–4.1%). The life-
threatening or disabling bleeding rate was 4.0% (2.8–6.3%). The 12-month rates of MACCE, all-cause mortality, cardio-
vascular mortality, and stroke were 21.2% (18.4–24.1%), 17.9% (15.2–20.5%), 11.7% (9.4–14.1%), and 4.5% (2.9–6.1%),
respectively. The 12-month rates of all-cause mortality were 11.1, 16.5, and 23.6% among patients with a logistic Euro-
SCORE ≤10%, EuroSCORE 10–20%, and EuroSCORE .20% (P , 0.05), respectively.

Conclusion The ADVANCE study demonstrates the safety and effectiveness of the CoreValve System with low mortality and stroke
rates in higher risk real-world patients with severe aortic stenosis.
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Table 2 Procedural characteristics for all patients and by EuroSCOREa

All patients (n 5 996) EuroSCOREb ≤10%
(n 5 229)

EuroSCORE >10–20%
(n 5 406)

EuroSCORE
>20% (n 5 360)

Overall P-valuec

Procedural outcomes

Successful vascular access, delivery and deployment of device,
and successful retrieval of the delivery system

971/996 (97.5) (96.5, 98.5) 223/229 (97.4) 400/406 (98.5) 347/360 (96.4) 0.185

Correct position of one device in the proper anatomical
position at the end of procedured

983/996 (98.7) (98.0, 99.4) 225/229 (98.3) 405/406 (99.8) 352/360 (97.8) 0.113

Mean aortic valve gradient ,20 mmHg 776/807 (96.2) (94.8, 97.5) 178/186 (95.7) 315/330 (95.5) 283/291 (97.3) 0.482

No severe aortic regurgitation 871/873 (99.8) (99.5, 100) 201/201 (100) 354/355 (99.7) 315/316 (99.7) 0.923

Only one valve usedd 956/996 (96.0) (94.8, 97.2) 220/229 (96.1) 390/406 (96.1) 345/360 (95.8) 0.984

Procedural mortalitye 5/996 (0.5) 0.1–0.9% 0/229 (0.0) 2/406 (0.5) 3/360 (0.8) 0.579

Balloon aortic valvuloplasty (BAV)

Pre-implant BAV 906/996 (91.0) (89.2, 92.7) 207/229 (90.4) 379/406 (93.3) 319/360 (88.6) 0.073

Post-implant BAV 235/996 (23.6) (21.0, 26.2) 55/229 (24.0) 100/406 (24.6) 80/360 (22.2) 0.726

Major complications, valve related

Annulus rupture 0/996 (0.0) (0.0, 0.0) 0/229 (0.0) 0/406 (0.0) 0/360 (0.0) –

Valve embolizationd 2/996 (0.2) (0.0, 0.5) 0/229 (0.0) 2/406 (0.5) 0/360 (0.0) 0.551

Conversion to surgical aortic valve replacementf 1/995 (0.1) (0.0, 0.3) 1/229 (0.4) 0/406 (0.0) 0/359 (0.0) 0.460

Coronary compromisedg 1/887 (0.1) (0.0, 0.3) 0/197 (0.0) 0/364 (0.0) 1/325 (0.3) 0.746

aData are presented as n/total n (%) (95% CI).
bThe logistic European System for Cardiac Operative Risk Evaluation (EuroSCORE) measures patient risk at the time of cardiovascular surgery and is calculated by a logistic regression equation. Scores range from 0 to 100%, with higher scores
indicating greater risk.
cLogistic regression models were used to test for overall and group pairwise differences. Pairwise comparison P-values should be compared with a Bonferroni-adjusted alpha level of 0.05/3 ¼ 0.017.
dForty patients required use of a second CoreValve bioprosthesis (site-reported); 34 cases were due to malplacement of the first valve, of which 19 were due to valve insufficiency; and 6 cases were due to other reasons. In all cases the second
CoreValve bioprosthesis was successfully implanted in the proper anatomical position.
eTwo patients died from severe, diffuse haemorrhagewithout evidence of vascular perforation at autopsy, 1patient died from aruptureof the aortic arch, 1patientdied of acute respiratory failure, and1patientdied secondary to right heart failure as a
result of acquired ventricular septum defect most likely due to the post-dilatation of the Medtronic CoreValve prosthesis with an oversized balloon.
fThis patient had paravalvular regurgitation, which persisted in spite of correct transcatheter heart valve positioning and post-implant BAV. The AR did not improve, and based on the patient’s clinical status, it was decided to implant a surgical valve.
gPatient had previous coronary artery bypass grafting; compromised flow in native vessel with good flow in grafts.
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Echocardiographic Findings

Aortic-valve gradients and areas improved signifi-
cantly after the two procedures at both 30 days 
and 1 year (Table 12 in the Supplementary Ap-
pendix). At 1 year, transcatheter replacement 
was slightly superior to surgical replacement 
with respect to the mean aortic-valve gradient 
(10.2±4.3 mm Hg vs. 11.5±5.4 mm Hg, P = 0.008) 
and mean valve area (1.59±0.48 cm2 vs. 1.44±
0.47 cm2, P = 0.002). Moderate or severe paraval-
vular regurgitation was more frequent in the 
transcatheter group than in the surgical group at 
30 days (12.2% vs. 0.9%) and at 1 year (6.8% vs. 
1.9%) (P<0.001 for both comparisons).

Discussion

In this study, we affirmed the primary noninferi-
ority hypothesis that was tested in the original 
PARTNER trial: transcatheter aortic-valve replace-
ment was similar to surgical replacement with re-
spect to rates of death from any cause at 1 year 
among patients with aortic stenosis who were at 
high risk for increased operative complications and 
death. The end point of the rate of death at 1 year 
among patients in the transfemoral-placement 
cohort (powered comparison) was also noninferior 
in the transcatheter group, as compared with the 
surgical group.
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Figure 2. Time-to-Event Curves for the Primary End Point and Other Selected End Points.

Time-to-event curves are shown for death from any cause in all patients (Panel A), in the transfemoral-placement cohort (Panel B), and 
in the transapical-placement cohort (Panel C) and for a composite of death or major stroke (Panel D) among patients who were ran-
domly assigned to undergo either transcatheter aortic-valve replacement (TAVR) or surgical aortic-valve replacement (AVR). The event 
rates were calculated with the use of Kaplan–Meier methods and compared with the use of the log-rank test.
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at 30 days and 4.2% at 1 year among patients in 
the TAVI group, as compared with 16.9% and 
15.2%, respectively, among patients in the stan-
dard-therapy group. Three patients in the TAVI 
group (1.7%) had to undergo an additional pro-
cedure (repeat TAVI) to treat clinically significant 
aortic regurgitation (paravalvular in two patients 
and transvalvular in one).

Discussion

The main results from the PARTNER trial in the 
cohort of patients with aortic stenosis who were 
not suitable candidates for surgery can be sum-
marized as follows. First, standard medical ther-
apy (including balloon aortic valvuloplasty, which 
was performed in 83.8% of the patients in the 
standard-therapy group) did not alter the natural 
history of severe aortic stenosis; at the end of  

1 year, the rate of death from any cause was 50.7%, 
and the rate of death from cardiovascular causes 
was 44.6%. Second, transfemoral TAVI was supe-
rior to standard therapy, markedly reducing the rate 
of death from any cause (the primary end point), 
the rate of death from cardiovascular causes, and 
the rate of repeat hospitalization. In the first 
year, only five patients needed to be treated with 
TAVI to prevent one death, and only three pa-
tients needed to be treated to prevent either a death 
or repeat hospitalization. Third, the rate of death 
at 30 days among patients who underwent TAVI 
(5.0% in the intention-to-treat population, and 
6.4% among patients who underwent TAVI) did 
not differ significantly from that among patients 
who received standard therapy in this cohort of 
patients who were not suitable candidates for sur-
gery, despite the use of early-generation systems 
for TAVI and minimal operator experience with 
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Figure 1. Time-to-Event Curves for the Primary End Point and Other Selected End Points.

Event rates were calculated with the use of Kaplan–Meier methods and compared with the use of the log-rank test. Deaths from unknown 
causes were assumed to be deaths from cardiovascular causes.
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ORIGINAL RESEARCH ARTICLE

BACKGROUND: In the initial PARTNER trial (Placement of Aortic 
Transcatheter Valves) of transcatheter aortic valve replacement for high-risk 
(HR) and inoperable patients, mortality at 1 year was 24% in HR and 31% in 
inoperable patients. A recent report of the 30-day outcomes with the low-
profile SAPIEN 3 transcatheter aortic valve replacement system demonstrated 
very low rates of adverse events, but little is known about the longer-term 
outcomes with this device.

METHODS: Between October 2013 and September 2014, 583 HR (65%) 
or inoperable (35%) patients were treated via the transfemoral (84%) or 
transapical/transaortic (16%) access route at 29 US sites. Major clinical events 
at 1 year were adjudicated by an independent clinical events committee, and 
echocardiographic results were analyzed by a core laboratory.

RESULTS: Baseline characteristics included age of 83 years, 42% female, and 
median Society of Thoracic Surgeons score of 8.4%. At the 1-year follow-up, 
survival (all-cause) was 85.6% for all patients, 87.3% in the HR subgroup, and 
82.3% in the inoperable subgroup. Survival free of all-cause and cardiovascular 
mortality in the transfemoral patients from the HR cohort was 87.7% and 
93.3%, respectively. There was no severe paravalvular leak. Moderate 
paravalvular leak (2.7%) was associated with an increase in mortality at 1 year, 
whereas mild paravalvular leak had no significant association with mortality. 
Symptomatic improvement as assessed by the percentage of patients in New 
York Heart Association class III and IV (90.1% to 7.7% at 1 year; P<0.0001) 
and by Kansas City Cardiomyopathy Questionnaire overall summary score 
(improved from 46.9 to 72.4; P<0.0001) was marked. Multivariable predictors 
of 1-year mortality included alternative access, Society of Thoracic Surgeons 
score, and disabling stroke.

CONCLUSIONS: In this large, adjudicated registry of SAPIEN 3 HR and 
inoperable patients, the very low rates of important complications resulted in a 
strikingly low mortality rate at 1 year. Between 30 and 365 days, the incidence 
of moderate paravalvular aortic regurgitation did not increase, and no 
association between mild paravalvular leak and 1-year mortality was observed, 
although a small increase in disabling stroke occurred. These results, which 
likely reflect device iteration and procedural evolution, support the use of 
transcatheter aortic valve replacement as the preferred therapy in HR and 
inoperable patients with aortic stenosis.

CLINICAL TRIAL REGISTRATION: URL: http://www.clinicaltrials.gov. Unique 
identifier: NCT01314313.

One-Year Clinical Outcomes With SAPIEN 3  
Transcatheter Aortic Valve Replacement in  
High-Risk and Inoperable Patients With Severe 
Aortic Stenosis

Howard C. Herrmann, MD
Vinod H. Thourani, MD
Susheel K. Kodali, MD
Raj R. Makkar, MD
Wilson Y. Szeto, MD
Saif Anwaruddin, MD
Nimesh Desai, MD
Scott Lim, MD
S. Chris Malaisrie, MD
Dean J. Kereiakes, MD
Steven Ramee, MD
Kevin L. Greason, MD
Samir Kapadia, MD
Vasilis Babaliaros, MD
Rebecca T. Hahn, MD
Philippe Pibarot, DVM,  

PhD
Neil J. Weissman, MD
Jonathon Leipsic, MD
Brian K. Whisenant, MD
John G. Webb, MD
Michael J. Mack, MD
Martin B. Leon, MD 
For the PARTNER  

Investigators

© 2016 American Heart 
Association, Inc.

Key Words: aortic valve 
◼ aortic valve stenosis ◼ 
transcatheter aortic valve 
replacement

Correspondence to: Howard C. 
Herrmann, MD, 9038 W Gates 
Pavilion, Hospital of the University 
of Pennsylvania, 3400 Spruce St, 
Philadelphia, PA 19104. E-mail 
Howard.herrmann@uphs.upenn.edu

Sources of Funding, see page 138

Herrmann et al

 by guest on A
ugust 19, 2016

http://circ.ahajournals.org/
D

ow
nloaded from

 



Herrmann et al

July 12, 2016 Circulation. 2016;134:130–140. DOI: 10.1161/CIRCULATIONAHA.116.022797134

of patients in New York Heart Association class III and 
IV decreased from 90% at baseline to 13% at 30 days 
(P<0.0001) and further to 8% (P=NS for comparison 
with 30 days) at 1 year (Figure 3). Similar improvements 
were observed in the 6-minute walk test (134±116 m at 
baseline to 179±132 m at 1 year; P<0.0001) and the 
overall summary score of the Kansas City Cardiomyopa-
thy Questionnaire (46.9±22.6 at baseline to 72.4±22.4 
at 1 year; P<0.0001). A new permanent pacemaker was 
required in 13.3% and 16.8% of patients at 30 days and 
1 year, respectively. With the exclusion of patients with 
a baseline pacemaker, the Kaplan–Meier estimated rate 
for a new permanent pacemaker at 1 year was 20.1%. At 
1 year, rehospitalization occurred in 17.1% of patients, 
and a total of 3 patients required surgical aortic valve 
replacement (1 periprocedurally for valve embolization 
and 2 between 30 and 365 days for prosthetic valve 
endocarditis). No patients had structural valve deteriora-
tion or clinical valve thrombosis.

Echocardiographic Outcomes
Baseline echocardiographic data in this study popula-
tion confirmed severe AS with a peak gradient of 76±23 
mm Hg, mean gradient of 45±14 mm Hg, and calculated 
aortic valve area of 0.67±0.17 cm2. Left ventricular ejec-
tion fraction was 56±15%. At 1 year after TAVR, the peak 
and mean gradients decreased to 21±9 and 11±5 mm Hg 
and the aortic valve area increased to 1.67±0.38 cm2, 
with no significant change between 30 days and 1 year. 
Hemodynamic values by valve size are shown in Figure 4.

Aortic regurgitation was evaluated in 374 patients 
at 1 year by the echocardiographic core laboratory. 
Transvalvular aortic regurgitation was mild in 1.3% of 

patients, and no patient had more than mild aortic regur-
gitation. Moderate PVL was present in 2.9% of patients 
at 30 days and 2.7% of patients at 1 year (P=0.86). In a 
paired analysis of 364 patients with evaluable echocar-
diograms at 30 days and 1 year, there was no difference 
in PVL over time. At 1 year, no or trace PVL was pres-
ent in 68.1% of patients, mild PVL was seen in 29.1%, 
moderate PVL was present in 2.7%, and no patient had 
severe PVL. Values are shown in Figure 5. Survival at 1 
year based on the severity of 30-day PVL demonstrated 
no difference between those patients with no/trace and 
those with mild PVL, with a reduced survival in the 16 
patients with moderate PVL (Figure 6).

Multivariable Analysis
Two separate multivariable analyses were performed. 
In the first one using baseline patient characteristics, 
including HR versus inoperable and access approach 
(transfemoral versus transapical/transaortic), indepen-
dent predictors of all-cause mortality were major stroke 
(hazard ratio, 10.33; 95% confidence interval, 4.62–
23.09; P<0.0001) and use of alternative access (haz-
ard ratio, 2.06; 95% confidence interval, 1.26–3.36; 
P=0.0039). In a second landmark analysis from 30 days 
examining the effect of early procedural complications, 
moderate PVL was also an independent predictor of all-
cause mortality at 1 year (hazard ratio, 3.75; 95% confi-
dence interval, 1.57–8.96; P=0.0029).

DISCUSSION
This is the first report of adjudicated registry data in a 
large cohort of HR and inoperable patients with severe 

Table 3. Outcomes at 1 Year (Kaplan–Meier Estimates, as Treated)

Combined, % (n) HR, % (n) Inoperable, % (n) P Value

All-cause mortality 14.4 (82) 12.7 (48) 17.7 (34) 0.14

  TF 12.3 (59) 10.7 (34) 15.7 (25) 0.17

  TA/TAo 25.3 (23) 23.7 (14) 28.4 (9) 0.54

Cardiovascular mortality 8.1 (45) 7.4 (27) 9.6 (18) 0.38

  TF 6.7 (31) 6.1 (19) 7.8 (12) 0.57

  TA/TAo 16.2 (14) 14.4 (8) 19.4 (6) 0.44

All stroke 4.3 (23) 5.6 (20) 1.8 (3) 0.03

Major (disabling) stroke 2.4 (13) 3.0 (11) 1.3 (2) 0.16

Repeat hospitalization 17.1 (96) 15.6 (57) 19.9 (39) 0.13

Total AR moderate or greater 2.6 (10) 1.2 (3) 5.5 (7) 0.02

All-cause mortality and stroke 17.2 (98) 16.4 (62) 18.8 (36) 0.60

All-cause mortality, stroke, AR 
moderate or greater

20.6 (108) 19.0 (65) 23.7 (43) 0.19

New PPM 16.8 (96) 14.5 (54) 21.3 (42) 0.02

AR indicates aortic regurgitation; HR, high risk; PPM, permanent pacemaker; TA, transapical; TAo, transaortic; and TF, transfemoral.
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BACKGROUND
Previous trials have shown that among high-risk patients with aortic stenosis, survival 
rates are similar with transcatheter aortic-valve replacement (TAVR) and surgical aortic-
valve replacement. We evaluated the two procedures in a randomized trial involving 
intermediate-risk patients.
METHODS
We randomly assigned 2032 intermediate-risk patients with severe aortic stenosis, at 57 
centers, to undergo either TAVR or surgical replacement. The primary end point was death 
from any cause or disabling stroke at 2 years. The primary hypothesis was that TAVR would 
not be inferior to surgical replacement. Before randomization, patients were entered into 
one of two cohorts on the basis of clinical and imaging findings; 76.3% of the patients were 
included in the transfemoral-access cohort and 23.7% in the transthoracic-access cohort.
RESULTS
The rate of death from any cause or disabling stroke was similar in the TAVR group and 
the surgery group (P = 0.001 for noninferiority). At 2 years, the Kaplan–Meier event rates 
were 19.3% in the TAVR group and 21.1% in the surgery group (hazard ratio in the TAVR 
group, 0.89; 95% confidence interval [CI], 0.73 to 1.09; P = 0.25). In the transfemoral-
access cohort, TAVR resulted in a lower rate of death or disabling stroke than surgery 
(hazard ratio, 0.79; 95% CI, 0.62 to 1.00; P = 0.05), whereas in the transthoracic-access 
cohort, outcomes were similar in the two groups. TAVR resulted in larger aortic-valve 
areas than did surgery and also resulted in lower rates of acute kidney injury, severe bleed-
ing, and new-onset atrial fibrillation; surgery resulted in fewer major vascular complica-
tions and less paravalvular aortic regurgitation.
CONCLUSIONS
In intermediate-risk patients, TAVR was similar to surgical aortic-valve replacement with 
respect to the primary end point of death or disabling stroke. (Funded by Edwards Life-
sciences; PARTNER 2 ClinicalTrials.gov number, NCT01314313.)
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trial groups are presented in Table S7 in the 
Supplementary Appendix. Treatment assignment 
to TAVR or surgery was not a significant predic-
tor of mortality. The time-dependent effects of 
disabling stroke, life-threatening bleeding, acute 
kidney injury, and major vascular complication 
were all significantly associated with a higher 
risk of death over the period of 2 years in both 
the TAVR group and the surgery group (P<0.001 
for all comparisons).

 Other Clinical End Points
At 30 days, major vascular complications were 
more frequent in the TAVR group than in the 
surgery group (7.9% vs. 5.0%, P = 0.008) (Table 2). 
However, several other complications were less 
frequent in the TAVR group than in the surgery 
group, including life-threatening bleeding (10.4% 
vs. 43.4%, P<0.001), acute kidney injury (1.3% vs. 
3.1%, P = 0.006), and new-onset atrial fibrillation 
(9.1% vs. 26.4%, P<0.001). The percentage of pa-

Figure 1. Time-to-Event Curves for the Primary Composite End Point.

The insets show the same data on an enlarged y axis. TAVR denotes transcatheter aortic-valve replacement.
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Figure 1. Choice of TAVR Versus Surgical AVR in the Patient With Severe Symptomatic AS 

 

AS indicates aortic stenosis; AVR, aortic valve replacement; and TAVR, transcatheter aortic valve replacement. 

7. Mitral Regurgitation 

7.2. Stages of Chronic MR 
In chronic secondary MR, the mitral valve leaflets and chords usually are normal (Table 2 in this focused 

update; Table 16 from the 2014 VHD guideline). Instead, MR is associated with severe LV dysfunction due to 

coronary artery disease (ischemic chronic secondary MR) or idiopathic myocardial disease (nonischemic 

chronic secondary MR). The abnormal and dilated left ventricle causes papillary muscle displacement, which in 

turn results in leaflet tethering with associated annular dilation that prevents adequate leaflet coaptation. There 

are instances in which both primary and secondary MR are present. The best therapy for chronic secondary MR 

is not clear because MR is only 1 component of the disease, with clinical outcomes also related to severe LV 

systolic dysfunction, coronary disease, idiopathic myocardial disease, or other diseases affecting the heart 

muscle. Thus, restoration of mitral valve competence is not curative. The optimal criteria for defining severe 

secondary MR have been controversial. In patients with secondary MR, some data suggest that, compared with 

primary MR, adverse outcomes are associated with a smaller calculated effective regurgitant orifice, possibly 

because of the fact that a smaller regurgitant volume may still represent a large regurgitant fraction in the 

presence of compromised LV systolic function (and low total stroke volume) added to the effects of elevated 

filling pressures. In addition, severity of secondary MR may increase over time because of the associated 

progressive LV systolic dysfunction and dysfunction due to adverse remodeling of the left ventricle. Finally, 

Doppler methods for calculations of effective regurgitant orifice area by the flow convergence method may 

underestimate severity because of the crescentic shape of the regurgitant orifice, and multiple parameters must 

be used to determine the severity of MR (67,68). Even so, on the basis of the criteria used for determination of 
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Special Report

Guidelines for Percutaneous Transluminal
Coronary Angioplasty

A Report of the American College of Cardiology/American
Heart Association Task Force on Assessment of Diagnostic
and Therapeutic Cardiovascular Procedures (Subcommittee

on Percutaneous Transluminal Coronary Angioplasty)
Subcommittee Members

Thomas J. Ryan, MD, FACC, Chairman; David P. Faxon, MD, FACC;
Rolf M. Gunnar, MD, FACC; J. Ward Kennedy, MD, FACC;

Spencer B. King IlI, MD, FACC; Floyd D. Loop, MD, FACC; Kirk L. Peterson, MD, FACC;
T. Joseph Reeves, MD, FACC; David 0. Williams, MD, FACC;
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Charles Fisch, MD, FACC, Chairman; Roman W. DeSanctis, MD, FACC;
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Sylvan Lee Weinberg, MD, FACC

Preamble
It is becoming more apparent each day that

despite a strong national commitment to excellence
in health care, the resources and personnel are
finite. It is, therefore, appropriate that the medical
profession examine the impact of developing tech-
nology on the practice and cost of medical care.
Such analysis, carefully conducted, could poten-
tially impact on the cost of medical care without
diminishing the effectiveness of that care.
To this end, the American College of Cardiology

and the American Heart Association in 1980 estab-
lished a Task Force on Assessment of Diagnostic
and Therapeutic Cardiovascular Procedures with
the following charge:

The Task Force of the American College of Cardiol-
ogy and the American Heart Association shall define
the role of specific noninvasive and invasive proce-
dures in the diagnosis and management of cardiovas-
cular disease.
The Task Force shall address, when appropriate, the

contribution, uniqueness, sensitivity, specificity, indi-
cations, contraindications and cost-effectiveness of such
specific procedures.
The Task Force shall include a Chairman and four

members, two representatives from the American Heart
Association and two representatives from the Ameri-
can College of Cardiology. The Task Force may select
ad hoc members as needed upon the approval of the
Presidents of both organizations. Recommendations of
the Task Force are forwarded to the President of each
organization.
The members of the Task Force are: Roman W.

DeSanctis, MD; Harold T. Dodge, MD; T. Joseph
Reeves, MD; Sylvan Lee Weinberg, MD; and
Charles Fisch, MD; Chairman.
The Subcommittee on Percutaneous Translumi-

nal Coronary Angioplasty was chaired by Thomas
J. Ryan, MD; and the members included the follow-
ing: David P. Faxon, MD; Rolf M. Gunnar, MD; J.
Ward Kennedy, MD; Spencer B. King III, MD;
Floyd D. Loop, MD; Kirk L. Peterson, MD; T.
Joseph Reeves, MD; David 0. Williams, MD; and
William L. Winters Jr., MD.

This document was reviewed by the officers and
other responsible individuals of the two organiza-
tions and received final approval in March 1988. It
is being published simultaneously in Circulation
and Journal ofthe American College ofCardiology.
The potential impact of this document on the prac-
tice of cardiology and some of its unavoidable
shortcomings are clearly set out in the introduction.

Charles Fisch, MD, FACC

Request for reprints should be directed to the. Office of
Scientific Affairs, American Heart Association, 7320 Greenville
Ave., Dallas, TX 75231.

Circulation Vol. 78, No. 2, August 1988.
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of 402 patients with multivessel disease.'9 In
these studies restenosis with subsequent hospi-
talization for redilation was not considered a
cardiac event but viewed as an integral part of
the strategy of angioplasty.
Comparison with bypass surgery. Whereas

angioplasty now is applied successfully to
patients with multivessel coronary artery
disease,'32.2 it must be viewed in comparison
with coronary bypass surgery. The operative
mortality rate for patients undergoing elective
bypass surgery has steadily fallen and now
approximates 2% in most centers.2' Although it
is recognized that >50% of bypass grafts will
occlude after 10 years,22 internal mammary artery
bypass grafts may provide a superior conduit
with improved long-term patency. Indeed, recent
studies23 suggest that a patency rate of >90% at
10 years can be achieved. The long-term clinical
benefit of bypass surgery is well defined, with a
survival rate of 82% at 8 years for double vessel
disease and 79% for triple vessel disease as
reported from the Coronary Artery Surgery
Study.24 Symptomatic improvement can be
expected in 70% and asymptomatic status in
50% after 5 years. For patients who have
received an internal mammary artery graft to
the left anterior descending coronary artery,
with or without associated vein grafts, there is
evidence of both improved survival and a reduc-
tion in major cardiac events after 10 years of
follow-up compared with findings in patients
who received vein grafts only.23

Inherent differences exist between angioplasty
and bypass surgery. When successful, the for-
mer is less traumatic, less costly, and requires a
shorter hospital stay than the latter. However,
bypass surgery is applicable to a wider group of
patients because dilation of longstanding total
occlusions and diffuse disease is often not pos-
sible with angioplasty. Angioplasty, in certain
instances, leaves patients with incomplete rev-
ascularization, which understandably is a more
common phenomenon with increasing severity
of disease. 14,25 There are those26 who advocate a
strategy of "intentional" incomplete revascula-
rization in some patients with multivessel dis-
ease, and they report follow-up data suggesting
that these patients are no more symptomatic
than are individuals who have complete reva-
scularization. Other reports2527 on the long-
term follow-up of patients with multivessel dis-
ease indicate that those who have incomplete
revascularization after angioplasty are more
symptomatic than are those who have complete
revascularization.

Restenosis. Angioplasty outcome is also com-
plicated by restenosis, the phenomenon of renar-
rowing of the dilated arterial segment within 8
months of the procedure. Symptomatic resten-
osis occurs in 20 to 25% of patients, whereas

angiographic studies suggest that the rate of
restenosis is as frequent as 30 to 35%28,29 and
may be as high as 45% for lesions at the origin of
the left anterior descending artery. Preliminary
studies in patients with multivessel disease sug-
gest that restenosis may also be more frequent as
more lesions are dilated.30 Experience indicates
that restenosis can be managed very successfully
by repeat angioplasty3'; however, the procedure
exposes the patient to additional morbidity, mor-
tality, and cost. Nevertheless, angioplasty is ini-
tially less expensive and inherently less invasive
than is bypass surgery and is a more attractive
alternative to many patients because a rapid
return to normal functional status is possible.

C. Contraindications to Angioplasty
In general, the contraindications to angio-

plasty include all of the relative contraindica-
tions enumerated for the performance of coro-
nary angiography as outlined in the guidelines of
an earlier ACC/AHA report.2 Before undertak-
ing angioplasty it is imperative that the patient
clearly understand the procedure, its potential
complications, and the alternatives of medical
therapy or bypass surgery. Additionally, the
importance of a relative contraindication to angio-
plasty will vary with the symptomatic state as
well as the general medical condition of the
individual patient. Certain risks may be appro-
priate in severely symptomatic individuals who,
for example, are not candidates for bypass sur-
gery, whereas these risks would be inadvisable
for an asymptomatic or mildly symptomatic
individual. With this caveat the following are
enumerated as generally accepted contraindica-
tions to the performance of angioplasty:
1. Absolute contraindications:

a) There is no significant obstructing lesion.
b) Multivessel disease with severe diffuse

atherosclerosis is present for which an
alternative form of revascularization would
be unequivocally more efficacious.

c) There is a significant obstruction (>50%)
in the left main coronary artery and this
main segment is not protected by at least
one completely patent bypass graft to the
left anterior descending or left circumflex
artery.

d) There is no formal cardiac surgical pro-
gram within the institution.

2. Relative contraindications:
a) A coagulopathy is present: Conditions

associated with bleeding abnormalities or
hypercoaguable states may be associated,
respectively, with unacceptable risks of
serious bleeding or thrombotic occlusion
of a recently dilated vessel.

b) There is no clinical evidence for sponta-
neous or inducible myocardial ischemia.

c) In multivessel angioplasty, the patient's
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condition is such that coronary occlusion
resulting from any one dilation could result
in cardiogenic shock. This group of
patients is characterized, for example, by
patients who have large areas of myocar-
dial dysfunction as a result of previous
myocardial infarction and who have arter-
ies with high grade lesions whose acute
occlusion would result in cumulative dam-
age equal to approximately 40 to 50% of
the total myocardium.

d) The anticipated success rate of dilation is
low (for example, chronic total occlusions
>3 months old or subtotal lesions exceed-
ing 20 mm in length).

e) The lesion under consideration is a border-
line stenotic lesion (usually <60% sten-
osis). Such lesions should not be dilated
because of the demonstrated risk of a reste-
notic lesion at the same site of even greater
severity. In some instances, objective evi-
dence of myocardial ischemia related to
the lesion can change the designation from
a "borderline" to a "significant" lesion
that would be appropriate for dilation.

f) Variant or vasospastic angina is present in
patients with <60% stenoses.

g) The lesion under consideration is in a
noninfarct-related artery in patients with
multivessel disease who are undergoing
cardiac catheterization during the acute
phase of myocardial infarction.

In addition to these generally accepted rela-
tive contraindications, there are other condi-
tions in which clinicians have considerable res-
ervation about the risk/benefit ratio of
angioplasty. Over and above a fundamental risk
of mortality and morbidity there is the added
dimension of risk of failure of the procedure as
a result of early closure as well as a substantial
risk of restenosis. These risks are viewed as a
continuum and it is their aggregate weight that
should ultimately determine whether a specific
procedure should or should not be undertaken
(see section IIIF).

D. Risks Associated With Angioplasty
Because coronary angioplasty requires visual-

ization of the coronary anatomy as well as sys-
temic arterial and venous access, patients under-
going the procedure are at risk for the same
potential complications that are known to be asso-
ciated with diagnostic cardiac catheterization.
Included are arterial or venous obstructions, ves-
sel perforations, bleeding, hypersensitivity reac-
tions, and infection. Myocardial infarction, stroke,
and death can also occur as a result of cardiac
catheterization but are infrequent.

Specific complications can occur that are
directly related to the coronary angioplasty pro-
cedure. Balloon inflation results in localized

trauma to the coronary artery wall; the net result
is usually atheroma fracture and arterial expan-
sion that produce an increase in the luminal area
available for blood transport. At times, balloon
inflation or guide wire or catheter manipulation
can cause more extensive arterial wall damage
with medial dissection and the creation of an
occlusive intimal flap. Thrombus formation also
may occur at the dilation site. Either of these two
latter consequences can exacerbate coronary nar-
rowing and result in progression to abrupt total
coronary artery occlusion. In the absence of a
well developed collateral circulation, acute cor-
onary occlusion usually results in severe myocar-
dial ischemia and myocardial infarction that, if
extensive or in the setting of preexisting impaired
left ventricular systolic function, may cause hemo-
dynamic collapse and death. The most recent data
in the National Heart, Lung, and Blood Institute
Registry (derived from very experienced centers)
indicate that the procedure is still associated with
a 1% in-hospital mortality rate and an incidence
rate of nonfatal myocardial infarction of approxi-
mately 4%, although the need for emergency
bypass surgery has decreased to about 3.5%.13 In
a recent study,32- investigators reported a death
rate of0.2% for patients undergoing elective angio-
plasty at two experienced centers.

If coronary occlusion should occcur, recross-
ing the occluded segment and repeating balloon
inflation, inserting a perfusion catheter or using
thrombolytic or vasodilator agents can, on occa-
sion, reestablish coronary artery patency and
relieve ischemia. Prolonged maneuvers to this
end are discouraged because emergency surgi-
cal revascularization may be delayed. The use
of intraaortic balloon counterpulsation in the
setting of acute coronary occlusion may reduce
the magnitude of ischemia and augment sys-
temic perfusion. When needed, surgical reva-
scularization should be undertaken immediately
because of known time limitations on preserving
ischemic myocardium. The probability of myo-
cardial infarction is high and mortality is
increased when coronary artery surgery is under-
taken on an emergency basis; reports33-35 indi-
cate a 25 to 40% incidence rate of nonfatal new
Q wave infarctions among patients undergoing
emergency surgery after failed angioplasty.

Other infrequent complications unique to cor-
onary angioplasty include intracoronary embo-
lization of atherosclerotic or thrombotic mate-
rial, coronary perforation, laceration, or rupture
of a coronary artery with subsequent hemoperi-
cardium and tamponade.

E. Needfor Surgical Backup
An experienced cardiovascular surgical team

should be available within the institution* for
emergency surgery for all angioplasty proce-
dures. The Subcommittee feels strongly that
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Recommendations for PCI With and Without
On-Site Cardiac Surgery (Table 11)

Class I
1. Patients undergoing elective PCI in facilities with
on-site cardiac surgery. (Level of Evidence: B)

2. Patients undergoing primary PCI in facilities with
on-site cardiac surgery. (Level of Evidence: B)

Class IIb
1. Patients undergoing primary PCI in facilities with-
out on-site cardiac surgery, but with a proven plan

for rapid access (within 1 h) to a cardiac surgery
operating room in a nearby facility with appropriate
hemodynamic support capability for transfer. The
procedure should be limited to patients with ST-
segment elevation MI or new LBBB on ECG, and
done in a timely fashion (balloon inflation within
90 ! 30 min of admission) by persons skilled in the
procedure (>75 PCIs/year) and only at facilities
performing a minimum of 36 primary PCI proce-
dures per year. (Level of Evidence: B)

Class III
1. Patients undergoing elective PCI in facilities without
on-site cardiac surgery. (Level of Evidence: C)

2. Patients undergoing primary PCI in facilities with-
out on-site cardiac surgery and without a proven plan
for rapid access (within 1 h) to a cardiac surgery
operating room in a nearby facility with appropriate
hemodynamic support capability for transfer or when
performed by lower skilled operators (<75 PCIs/year)
in a facility performing <36 primary PCI procedures
per year. (Level of Evidence: C)

V. Indications
A broad spectrum of clinical presentations exists wherein
patients may be considered candidates for PCI, ranging from
asymptomatic to severely symptomatic or unstable, with
variable degrees of jeopardized myocardium. Each time that
a patient is considered for revascularization, the potential risk
and benefits of the particular procedure under consideration
must be weighed against alternative therapies.
The initial simplicity and associated low morbidity of PCI

as compared to surgical therapy is always attractive, but the
patient and family must understand the limitations inherent in

TABLE 10. Patient Selection for Angioplasty and Emergency
Aortocoronary Bypass at Hospitals Without On-Site
Cardiac Surgery

Avoid intervention in hemodynamically stable patients with:

● Significant (!60%) stenosis of an unprotected left main (LM) coronary
artery upstream from an acute occlusion in the left coronary system that
might be disrupted by the angioplasty catheter

● Extremely long or angulated infarct-related lesions with TIMI grade 3 flow

● Infarct-related lesions with TIMI grade 3 flow in stable patients with
3-vessel disease

● Infarct-related lesions of small or secondary vessels

● Lesions in other than the infarct artery

Transfer for emergent aortocoronary bypass surgery patients with:

● High-grade residual left main or multivessel coronary disease and clinical
or hemodynamic instability

—After angioplasty or occluded vessels

—Preferably with intraaortic balloon pump support

Adapted with permission from Wharton TP Jr, McNamara NS, Fedele FA,
Jacobs MI, Gladstone AR, Funk EJ. Primary angioplasty for the treatment of
acute myocardial infarction: experience at two community hospitals without
cardiac surgery. J Am Coll Cardiol 1999;33:1257–65.

TABLE 11. Recommendations For PCI With and Without On-Site Cardiac Surgery

With On-Site Cardiac Surgery Without On-Site Cardiac Surgery

Elective PCI Class I Class III

Patients undergoing elective PCI in facilities with on-site
cardiac surgery.

Patients undergoing elective PCI in facilities without on-site cardiac surgery.

(Level of Evidence: B) (Level of Evidence: C)

Primary PCI Class I Class IIb

Patients undergoing primary PCI in facilities with on-site
cardiac surgery.
(Level of Evidence: B)

Patients undergoing primary PCI in facilities without on-site cardiac surgery,
but with a proven plan for rapid access (within 1 h) to a cardiac surgery
operating room in a nearby facility with appropriate hemodynamic support
capability for transfer. The procedure should be limited to patients with
ST-segment elevation MI or new LBBB on ECG, and done in a timely fashion
(balloon inflation within 90 ! 30 min of admission) by persons skilled in the
procedure (!75 PCIs/year) and only at facilities performing a minimum of 36
primary PCI procedures per year.

(Level of Evidence: B)

Class III

Patients undergoing primary PCI in facilities without on-site cardiac surgery
and without a proven plan for rapid access (within 1 h) to a cardiac surgery
operating room in a nearby facility with appropriate hemodynamic support
capability for transfer.

(Level of Evidence: C)

ECG " electrocardiography; LBBB " left bundle-branch block; MI " myocardial infarction; PCI " percutaneous coronary intervention.
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the 1993 Guidelines for Percutaneous Transluminal Coronary Angioplasty)

Endorsed by the Society for Cardiac Angiography and Interventions
Committee Members

Sidney C. Smith, Jr, MD, FACC, Chair; James T. Dove, MD, FACC; Alice K. Jacobs, MD, FACC;
J. Ward Kennedy, MD, MACC; Dean Kereiakes, MD, FACC; Morton J. Kern, MD, FACC;

Richard E. Kuntz, MD, FACC; Jeffery J. Popma, MD, FACC;
Hartzell V. Schaff, MD, FACC; David O. Williams, MD, FACC
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David P. Faxon, MD, FACC; Valentin Fuster, MD, PhD, FACC; Timothy J. Gardner, MD, FACC;
Gabriel Gregoratos, MD, FACC; Richard O. Russell, MD, FACC; Sidney C. Smith, Jr, MD, FACC

I. Introduction
The American College of Cardiology/American Heart Asso-
ciation (ACC/AHA) Task Force on Practice Guidelines was
formed to gather information and make recommendations
about appropriate use of technology for the diagnosis and
treatment of patients with cardiovascular disease. Percutane-
ous coronary interventions (PCI) are an important group of
technologies in this regard. Although initially limited to
PTCA, and termed percutaneous transluminal coronary an-
gioplasty (PTCA), PCI now includes other new techniques
capable of relieving coronary narrowing. Accordingly, in this
document, rotational atherectomy, directional atherectomy,
extraction atherectomy, laser angioplasty, implantation of
intracoronary stents and other catheter devices for treating
coronary atherosclerosis are considered components of PCI.
In this context PTCA will be used to refer to those studies
using primarily PTCA while PCI will refer to the broader
group of percutaneous techniques. These new technologies
have impacted the effectiveness and safety profile initially

established for PTCA. Moreover, important advances have
occurred in the use of adjunctive medical therapies such as
glycoprotein (GP) IIb/IIIa receptor blockers. In addition,
since publication of the previous Guidelines in 1993, greater
experience in the performance of PCI in patients with acute
coronary syndromes and in community hospital settings has
been gained. In view of these developments, further review
and revision of the guidelines is warranted. This document
reflects the opinion of the third ACC/AHA committee
charged with revising the guidelines for PTCA to include the
broader group of technologies now termed PCI.
Several issues relevant to the Committee’s process and the

interpretation of the Guidelines have been noted previously
and are worthy of restatement. First, PCI is a technique that
has been continually refined and modified; hence continued,
periodic Guideline revision is anticipated. Second, these
guidelines are to be viewed as broad recommendations to aid
in the appropriate application of PCI. Under unique circum-
stances, exceptions may exist. These Guidelines are intended

When citing this document, the American College of Cardiology and the American Heart Association would appreciate the following citation format: Smith
SC Jr, Dove JT, Jacobs AK, Kennedy JW, Kereiakes D, Kern MJ, Kuntz RE, Popma JJ, Schaff HV, Williams DO. ACC/AHA guidelines for percutaneous
coronary intervention: executive summary and recommendations: a report of the American College of Cardiology/American Heart Association Task Force on
Practice Guidelines (Committee to Revise the 1993 Guidelines for Percutaneous Transluminal Coronary Angioplasty). Circulation. 2001;103:3019–3041.
This statement has been co-published in the June 2001 issue of the Journal of the American College of Cardiology.
A single reprint of this document is available by calling 800-242-8721 (US only) or by writing the American Heart Assosiation, Public Information, 7272

Greenville Ave, Dallas, TX 75231-4596. Ask for reprint No. 71-0205. This document and the companion full-text guideline (reprint no. 71-0206) are available
on the ACC Web site at www.acc.org and the AHA Web site at www.americanheart.org. To purchase additional reprints (specify version): up to 999 copies,
call 800-611-6083 (US only) or fax 413-665-2671; 1000 or more copies, call 214-706-1466, fax 214-691-6342; or e-mail: pubauth@heart.org
(Circulation 2001;103:3019-3041.)
© 2001 American Heart Association, Inc.
Circulation is available at http://www.circulationaha.org
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Update the 2001 Guidelines for Percutaneous Coronary Intervention)
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The American College of Cardiology/American Heart
Association/Society for Cardiovascular Angiography
and Interventions (ACC/AHA/SCAI) 2005 Guideline

Update for Percutaneous Coronary Intervention (PCI) contains
changes in the recommendations, along with supporting text. For

the purpose of comparison, this summary contains a list of the
updated recommendations (middle column) alongside a list of
the 2001 recommendations (left column), with each set accom-
panied by a comment (right column) that provides the rationale
for the changes, additions, or deletions (see Table 1). References

*Official SCAI representative.
†Former Task Force Member during this writing effort.
Acknowledgment: The ACC and AHA recognize Dr J. Ward Kennedy for his dedicated service on developing ACC/AHA guidelines for PTCA and

PCI since their inception in 1986 and for his counsel and advice in the preparation of this guideline.
This document was approved by the American College of Cardiology Foundation Board of Trustees in September 2005, by the American Heart Association Science

Advisory and Coordinating Committee in September 2005, and by the Society for Cardiovascular Angiography and Interventions in September 2005.
The ACC/AHA Task Force on Practice Guidelines makes every effort to avoid any actual or potential conflicts of interest that might arise as a result of an outside

relationship or personal interest of a member of the writing panel. Specifically, all members of the writing panel are asked to provide disclosure statements of all such
relationships that might be perceived as real or potential conflicts of interest. These statements are reviewed by the parent task force, reported orally to all members of
the writing panel at the first meeting, and updated as changes occur. The relationship with industry information for writing committee members, as well as peer reviewers
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2001 Recommendation 2005 New or Revised Recommendation Comments

2. PCI done by low-volume operators
(fewer than 75) at high-volume centers
(more than 400). Note: Ideally
operators with an annual procedure
volume less than 75 should only work
at institutions with an activity level of
more than 600 procedures/year.*
(Level of Evidence: C)
*Operators who perform fewer than 75
procedures per year should develop a
defined mentoring relationship with a
highly experienced operator who has
an annual procedural volume of at
least 150 procedures per year.

2. It is reasonable that low-volume operators (fewer than 75
PCI procedures per year) perform PCI at high-volume centers
(more than 400 PCI procedures per year) with on-site cardiac
surgery. Ideally, operators with an annual procedure volume
less than 75 should only work at institutions with an activity
level of more than 600 procedures per year. Operators who
perform fewer than 75 procedures per year should develop a
defined mentoring relationship with a highly experienced
operator who has an annual procedural volume of at least 150
procedures per year. (Level of Evidence: B)

Wording has been changed to comply with current
recommended phasing. Level of evidence has been
changed to B based on accumulated published
evidence (15).

Class IIb Class IIb

None The benefit of primary PCI for STEMI patients eligible for
fibrinolysis when performed by an operator who performs
fewer than 75 procedures per year (or fewer than 11 PCIs for
STEMI per year) is not well established. (Level of Evidence: C)

This recommendation has been added to address the
issue of low-volume operators performing primary PCI.
It reflects the relative lack of evidence supporting a
benefit of primary PCI for low-volume operators.

Class III Class III

PCI done by low-volume operators
(fewer than 75) at low-volume
centers (200–400). Note: An
institution with a volume of fewer
than 200 procedures/year, unless
in a region that is underserved
because of geography, should
carefully consider whether it should
continue to offer service.* (Level of
Evidence: C)
*Operators who perform fewer than
75 procedures per year should
develop a defined mentoring
relationship with a highly
experienced operator who has an
annual procedural volume of at
least 150 procedures per year.

It is not recommended that elective PCI be performed by
low-volume operators (fewer than 75 procedures per year) at
low-volume centers (200 to 400) with or without on-site
cardiac surgery. An institution with a volume of fewer than
200 procedures per year, unless in a region that is
underserved because of geography, should carefully consider
whether it should continue to offer this service. (Level of
Evidence: B)

Wording has been changed to reflect current preferred
phrasing. Level of evidence changed to B on the basis
of published data indicating poorer outcomes at
low-volume centers (15).

4.3. Role of On-Site Cardiac Surgical Back-up

Class I Class I

1. Patients undergoing elective PCI in
facilities with on-site cardiac surgery.
(Level of Evidence: B)

1. Elective PCI should be performed by operators with
acceptable annual volume (at least 75 procedures per year) at
high-volume centers (more than 400 procedures annually) that
provide immediately available on-site emergency cardiac
surgical services. (Level of Evidence: B)

Phrasing has been changed to reflect current
terminology and volume criteria; otherwise, no
significant changes.

2. Patients undergoing primary PCI in
facilities with on-site cardiac surgery.
(Level of Evidence: B)

2. Primary PCI for patients with STEMI should be performed in
facilities with on-site cardiac surgery. (Level of Evidence: B)

Phrasing has been changed to reflect current
terminology and to be consistent with the ACC/AHA
Guidelines for the Management of Patients With
ST-Elevation Myocardial Infarction.

Class III Class III

Patients undergoing elective PCI in
facilities without on-site cardiac
surgery. (Level of Evidence: C)

Elective PCI should not be performed at institutions that do not
provide on-site cardiac surgery.* (Level of Evidence: C)
*Several centers have reported satisfactory results based on
careful case selection with well-defined arrangements for
immediate transfer to a surgical program (18–28). A small, but
real fraction of patients undergoing elective PCI will experience a
life-threatening complication that could be managed with the
immediate on-site availability of cardiac surgical support but
cannot be managed effectively by urgent transfer. Wennberg et al.
found higher mortality in the Medicare database for patients
undergoing elective PCI in institutions without onsite cardiac
surgery (29). These recommendations may be subject to revision
as clinical data and experience increase.

Phrasing has been changed to reflect current
terminology. As with many dynamic areas in
interventional cardiology, these recommendations may
be subject to revision as clinical data and experience
increase.
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4.6. Statin Treatment: Recommendation

CLASS IIa
1. Administration of a high-dose statin is reasonable before PCI to

reduce the risk of periprocedural MI. (Level of Evidence: A for
statin-naïve patients [290–296]; Level of Evidence: B for those on
chronic statin therapy [297])

See Online Data Supplement 19 for additional data regarding
preprocedural statin treatment.

Statins have long-term benefits in patients with CAD
(343,344) and ACS (345,346). The benefits of statins in
ACS begin early, before substantial lipid lowering has
occurred (345,347), suggesting pleiotropic effects of statins.
These might include anti-inflammatory effects, improve-
ment of endothelial function, decrease of oxidative stress, or
inhibition of thrombogenic responses (348). Statins were
beneficial when pretreatment was started from 7 days to just
before PCI (290–297).

4.7. Bleeding Risk: Recommendation

CLASS I
1. All patients should be evaluated for risk of bleeding before PCI.

(Level of Evidence: C)

Periprocedural bleeding is now recognized as a major risk
factor for subsequent mortality (265,266). Bleeding may
lead to mortality directly (because of the bleeding event) or
through ischemic complications that occur when antiplate-
let or anticoagulant agents are withdrawn in response to the
bleeding. Bleeding may also be a marker of comorbidities
associated with worse prognosis (e.g., occult cancer). The
risk of bleeding is associated with a number of patient
factors (e.g., advanced age, low body mass index, CKD,
baseline anemia), as well as the degree of platelet and
thrombin inhibition, vascular access site, and sheath size
(267–269). The overall approach to PCI should be individ-
ualized to minimize both ischemic and bleeding risks.

Measures to minimize the risks of bleeding complications
are discussed in several sections of this guideline. These
include use of anticoagulation regimens associated with a
lower risk of bleeding, weight-based dosing of heparin and
other agents, use of activated clotting times to guide
unfractionated heparin (UFH) dosing, avoidance of excess
anticoagulation (349), dosing adjustments in patients with
CKD (e.g., eptifibatide, tirofiban, bivalirudin) (350), use of
radial artery access site (255), and avoidance of femoral vein
cannulation when possible. Vascular closure devices have
not been clearly demonstrated to decrease bleeding compli-
cations and are discussed in detail in Section 5.11.

4.8. PCI in Hospitals Without On-Site Surgical Backup:
Recommendations

CLASS IIa
1. Primary PCI is reasonable in hospitals without on-site cardiac

surgery, provided that appropriate planning for program develop-
ment has been accomplished (351,352). (Level of Evidence: B)

CLASS IIb
1. Elective PCI might be considered in hospitals without on-site cardiac

surgery, provided that appropriate planning for program develop-
ment has been accomplished and rigorous clinical and angiographic
criteria are used for proper patient selection (352–354). (Level of
Evidence: B)

CLASS III: HARM
1. Primary or elective PCI should not be performed in hospitals without

on-site cardiac surgery capabilities without a proven plan for rapid
transport to a cardiac surgery operating room in a nearby hospital or
without appropriate hemodynamic support capability for transfer.
(Level of Evidence: C)

See Online Data Supplement 20 for additional data regarding
hospitals without on-site surgical backup.

Primary and elective PCI can be performed at hospitals
without on-site cardiac surgical backup with a high success
rate, low in-hospital mortality rate, and low rate for emergency
CABG (351,353,354). The best outcomes for patients with
STEMI are achieved at hospitals with 24/7 access to primary
PCI (355). Criteria for the performance of PCI without
on-site surgical backup have been proposed in an SCAI expert
consensus document (352). Consideration of elective PCI
without on-site cardiac surgical backup is thought to be
appropriate only when performed by experienced operators
with complication rates and outcomes equivalent or superior to
national benchmarks. Accurate assessment of complication
rates and patient outcomes via a regional or national data
registry, so that outcomes can be compared with established
benchmarks, is an important quality control component of any
PCI program. Desires for personal or institutional financial
gain, prestige, market share, or other similar motives are not
appropriate considerations for initiation of PCI programs
without on-site cardiac surgery. It is only appropriate to
consider initiation of a PCI program without on-site cardiac
surgical backup if this program will clearly fill a void in the
healthcare needs of the community. Competition with another
PCI program in the same geographic area, particularly an
established program with surgical backup, may not be in the
best interests of the community.

Tables 5 and 6 list the SCAI expert consensus document
requirements for PCI programs without on-site surgical
backup. Table 7 gives the requirements for primary PCI and
emergency CABG at hospitals without on-site cardiac
surgery, and Table 8 lists the requirements for patient and
lesion selection and backup strategy for nonemergency PCI
(352).

5. Procedural Considerations

5.1. Vascular Access: Recommendation

CLASS IIa
1. The use of radial artery access can be useful to decrease access site

complications (255,260,356–362). (Level of Evidence: A)

See Online Data Supplement 21 for additional data regarding
radial access.
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4.6. Statin Treatment: Recommendation

CLASS IIa
1. Administration of a high-dose statin is reasonable before PCI to

reduce the risk of periprocedural MI. (Level of Evidence: A for
statin-naïve patients [290–296]; Level of Evidence: B for those on
chronic statin therapy [297])

See Online Data Supplement 19 for additional data regarding
preprocedural statin treatment.

Statins have long-term benefits in patients with CAD
(343,344) and ACS (345,346). The benefits of statins in
ACS begin early, before substantial lipid lowering has
occurred (345,347), suggesting pleiotropic effects of statins.
These might include anti-inflammatory effects, improve-
ment of endothelial function, decrease of oxidative stress, or
inhibition of thrombogenic responses (348). Statins were
beneficial when pretreatment was started from 7 days to just
before PCI (290–297).

4.7. Bleeding Risk: Recommendation

CLASS I
1. All patients should be evaluated for risk of bleeding before PCI.

(Level of Evidence: C)

Periprocedural bleeding is now recognized as a major risk
factor for subsequent mortality (265,266). Bleeding may
lead to mortality directly (because of the bleeding event) or
through ischemic complications that occur when antiplate-
let or anticoagulant agents are withdrawn in response to the
bleeding. Bleeding may also be a marker of comorbidities
associated with worse prognosis (e.g., occult cancer). The
risk of bleeding is associated with a number of patient
factors (e.g., advanced age, low body mass index, CKD,
baseline anemia), as well as the degree of platelet and
thrombin inhibition, vascular access site, and sheath size
(267–269). The overall approach to PCI should be individ-
ualized to minimize both ischemic and bleeding risks.

Measures to minimize the risks of bleeding complications
are discussed in several sections of this guideline. These
include use of anticoagulation regimens associated with a
lower risk of bleeding, weight-based dosing of heparin and
other agents, use of activated clotting times to guide
unfractionated heparin (UFH) dosing, avoidance of excess
anticoagulation (349), dosing adjustments in patients with
CKD (e.g., eptifibatide, tirofiban, bivalirudin) (350), use of
radial artery access site (255), and avoidance of femoral vein
cannulation when possible. Vascular closure devices have
not been clearly demonstrated to decrease bleeding compli-
cations and are discussed in detail in Section 5.11.

4.8. PCI in Hospitals Without On-Site Surgical Backup:
Recommendations

CLASS IIa
1. Primary PCI is reasonable in hospitals without on-site cardiac

surgery, provided that appropriate planning for program develop-
ment has been accomplished (351,352). (Level of Evidence: B)

CLASS IIb
1. Elective PCI might be considered in hospitals without on-site cardiac

surgery, provided that appropriate planning for program develop-
ment has been accomplished and rigorous clinical and angiographic
criteria are used for proper patient selection (352–354). (Level of
Evidence: B)

CLASS III: HARM
1. Primary or elective PCI should not be performed in hospitals without

on-site cardiac surgery capabilities without a proven plan for rapid
transport to a cardiac surgery operating room in a nearby hospital or
without appropriate hemodynamic support capability for transfer.
(Level of Evidence: C)

See Online Data Supplement 20 for additional data regarding
hospitals without on-site surgical backup.

Primary and elective PCI can be performed at hospitals
without on-site cardiac surgical backup with a high success
rate, low in-hospital mortality rate, and low rate for emergency
CABG (351,353,354). The best outcomes for patients with
STEMI are achieved at hospitals with 24/7 access to primary
PCI (355). Criteria for the performance of PCI without
on-site surgical backup have been proposed in an SCAI expert
consensus document (352). Consideration of elective PCI
without on-site cardiac surgical backup is thought to be
appropriate only when performed by experienced operators
with complication rates and outcomes equivalent or superior to
national benchmarks. Accurate assessment of complication
rates and patient outcomes via a regional or national data
registry, so that outcomes can be compared with established
benchmarks, is an important quality control component of any
PCI program. Desires for personal or institutional financial
gain, prestige, market share, or other similar motives are not
appropriate considerations for initiation of PCI programs
without on-site cardiac surgery. It is only appropriate to
consider initiation of a PCI program without on-site cardiac
surgical backup if this program will clearly fill a void in the
healthcare needs of the community. Competition with another
PCI program in the same geographic area, particularly an
established program with surgical backup, may not be in the
best interests of the community.

Tables 5 and 6 list the SCAI expert consensus document
requirements for PCI programs without on-site surgical
backup. Table 7 gives the requirements for primary PCI and
emergency CABG at hospitals without on-site cardiac
surgery, and Table 8 lists the requirements for patient and
lesion selection and backup strategy for nonemergency PCI
(352).

5. Procedural Considerations

5.1. Vascular Access: Recommendation

CLASS IIa
1. The use of radial artery access can be useful to decrease access site

complications (255,260,356–362). (Level of Evidence: A)

See Online Data Supplement 21 for additional data regarding
radial access.
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• Equipe multidisciplinaire 

• Heart Team 

• Expertise valvulaire 

• Opérateurs entrainés, haut volume interventionnel 

• Evaluation du risque opératoire 

• Evaluation du risque de conversion chirurgical 

TAVI sans CEC : Pistes



• Patients avec une contre indication chirurgicale 

• Patients avec un risque faible d’embolisation de 
prothèse  

• Patients avec un risque faible de fuite aortique post 
implantation 

• Patients avec un risque faible d’occlusion coronaire 

• Réduction du risque de perforation du VD : 
Stimulation VG : Easy TAVI 

TAVI sans CEC 
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