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Summary

Introduction: The Valve Academic Research Consor-
tium (VARC) consensus document on outcome report-
ing in transcatheter valves has recently been revised. 
We used these VARC-2 standardised endpoint defini-
tions to report transcatheter aortic valve implantation 
(TAVI) outcome at our institution.
Methods: The study included 350 consecutive patients 
undergoing TAVI at the University Hospital Zurich be-
tween May 2008 and November 2012. The Edwards 
SAPIEN (n = 158; 45%), the Medtronic CoreValve (n = 
189, 54%), and the Medtronic Engager (n = 3, 1%) pros-
theses were implanted via either the transfemoral 
(83%) or the transapical (17%) access. Mean follow-up 
was 389 ± 405 days.
Results: Device success within 72 hours was achieved 
in 88% of patients without significant differences be-
tween access sites (p = 0.89) and prosthesis types (p = 
0.24). Device failure was due to procedural mortality in 
12 (3.4%) patients. In survivors, implantation of more 
than one prosthesis or malpositioning of the prosthesis 
was observed in six (1.7%) patients, an increased trans-
valvular pressure gradient >20 mm Hg in four (1.1%) 

patients, and moderate aortic re-
gurgitation in 19 (5.4%) patients, 
respectively. Severe aortic regurgi-
tation was observed in one (0.3%) 
patient. All-cause mortality was 
9.1% at 30 days (12.0% in the first 
half of the patients vs 6.3% in the 
second half; p = 0.07), and 21.2% at 
1 year. The composite endpoint 
“early safety” was met in 67 (19.1%) 
patients at 30 days (23% in the first 
half of the patients vs 15% in the 
second half; p = 0.04). Stroke was 
 observed in 2.9%, life-threatening 
bleeding in 4.6%, vascular compli-
cations in 7.4% and acute renal 
failure in 5.7% of patients. Coro-

nary obstruction was rarely observed (0.9%). Valve-re-
lated dysfunction requiring repeat procedure occurred 
in two (0.6%) patients. With multivariate regression 
analysis, major and life-threatening bleeding within 30 
days (hazard ratio [HR] 4.74, 95% confidence interval 
[CI] 2.03–11.07, p <0.001), chronic obstructive pulmo-
nary disease (HR 3.41, 95% CI 1.71–6.81, p = 0.001), 
and baseline New York Heart Association (NYHA) 
functional class III or IV (HR 3.08, 95% CI 1.18–8.5,  
p = 0.02) were found to be the strongest independent 
predictors of all-cause mortality at total follow-up. 
Conclusion: According to the newly revised VARC-2 
standardised endpoint definitions, device success was 
met in 88% of patients, and the composite endpoint 
“early safety” was reached in 19% of patients. These re-
sults compare very favourably with the international 
experience using this novel technique. Thus, in selected 
patients with severe aortic stenosis TAVI is a valid 
therapeutic option.

Introduction

In individuals above 75 years of age, aortic valve calci-
fication is a common condition with a prevalence of al-
most 40% [1]. Among these, moderate to severe aortic 
stenosis (AS) is observed in 5% [2]. With the growing 
elderly population in Western societies, the prevalence 
of AS will increase further in the near future. For 
symptomatic patients, surgical aortic valve replace-
ment (SAVR) is the standard of care as a result of 
proven long-term efficacy and safety [3, 4]. However, a 
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substantial number of patients is not referred for 
SAVR because of a high operative risk, severe comor-
bidities or advanced age [5–7]. Patients with severe 
symptomatic AS managed conservatively have an ex-
tremely poor prognosis with an average survival of two 
to four years.[5, 7]. In recent years, transcatheter aortic 
valve implantation (TAVI) has extended the therapeu-
tic options in these patients, and has become an estab-
lished alternative to SAVR [8, 9]. In the randomised 
PARTNER trial (Placement of AoRTic traNscathetER 
valve trial), superiority to standard medical therapy in 
nonoperable patients, and noninferiority to open heart 
surgery in high surgical risk patients has been demon-
strated in terms of all-cause and cardiovascular mor-
tality, rehospitalisation and cardiac symptoms [10, 11].  
Favourable clinical and haemodynamic outcomes for 
up to 5 years after successful TAVI have been reported 
in different registries, with survival rates over 70% at 
two years follow-up [12, 13, 14, 15].

For the comparison of devices, implantation tech-
niques and TAVI centers, standardised outcome report-
ing is essential. Hence, in January 2011, the first Valve 
Academic Research Consortium (VARC) definitions 
were published in order to harmonise outcome report-
ing for transcatheter valves [16]. These consensus defi-
nitions have already been widely adopted in clinical 
and research practice. With increasing experience with 
this technique, certain definitions were considered un-
suitable or ambiguous, with need for adaption or exten-
sion [13, 17]. Accordingly, the revised standardized 
endpoint definitions were proposed in October 2012 
[17]. In this consensus manuscript, outcome measures 
and composite endpoints were redefined to make them 
more suitable for present and future needs, in particu-
lar for clinical trials.  

The aim of this study was to report TAVI experi-
ence of the Zurich University Hospital in accordance 
with the recently revised VARC-2 endpoint definitions. 

Methods

Patients and procedures
The present analysis includes 350 consecutive patients 
undergoing TAVI at the Zurich University Hospital be-
tween May 2008 and November 2012. Indications for 
TAVI included severe symptomatic AS (mean trans-
aortic systolic pressure gradient of ≥40 mm Hg, or an 
aortic valve area of <1.0 cm2 or <0.6 cm2/m2) in individ-
uals not eligible for SAVR because of an increased risk 
of mortality. Preprocedural patient assessment in-
cluded transthoracic (TTE) and transoesophageal echo-
cardiography (TEE), coronary angiography and multis-
lice computed tomography (MSCT). All patients were 
evaluated by a multidisciplinary heart team consisting 
of cardiologists, cardiac surgeons, cardiac anaesthesiol-
ogists and imaging specialists [11]. 

Initially, the procedures were performed in the car-

diac catheterisation laboratory, but since April 2011 all 
procedures were performed in a newly installed hybrid 
operating room. The procedure was performed under 
general anaesthesia with the exception of nine patients 
operated upon with local anaesthesia because of spe-
cific comorbidities. Prior to the implantation of the 
prosthesis, balloon valvuloplasty was performed under 
burst rapid right ventricular pacing.

Outcome reporting according to the VARC-2 
endpoint definitions
Outcome was reported according to the revised VARC-2 
standardised endpoint definitions [17]. These defini-
tions include complication rates and clinical endpoints, 
partially summarised in the composite endpoints de-
vice success and “early safety”. In brief, device success 
is defined as the absence of procedural mortality, cor-
rect positioning of a single prosthetic heart valve into 
the proper anatomical location and intended perfor-
mance of the prosthetic heart valve (no prosthesis-pa-
tient mismatch, mean aortic valve gradient <20 mm Hg 
or peak velocity <3 m/s, and no moderate or severe aor-
tic regurgitation). The composite endpoint “early 
safety” includes all-cause mortality, disabling and non-
disabling stroke, life-threatening bleeding, acute kid-
ney injury stage 2 or 3 including renal replacement 
therapy, coronary artery obstruction requiring inter-
vention, major vascular complications, and valve-re-
lated dysfunction requiring repeat procedure (balloon 
valvuloplasty, TAVI or SAVR) [17]. Data were collected 
retrospectively from baseline and postinterventional 
case records as well as from angiographic and echocar-
diographic findings. The study was approved by the 
 local ethics committee and all patients gave written 
 informed consent.

Statistical analysis
Continuous variables are presented as mean ± stan-
dard deviation (SD). Categorical variables are given as 
numbers and proportions. Normality of distribution 
was assessed with the Shapiro-Wilk test.  Continuous 
variables were tested for differences with the unpaired 
t-test or the Mann-Whitney U-test as appropriate. Cat-
egorical variables were tested for differences with the 
Pearson’s chi-square-test or the Fisher’s exact test as 
appropriate. Time-to-event relations were constructed 
on the basis of all available follow-up data, presented 
as Kaplan-Meier curves. For the Cox model, univariate 
analysis of predictors of the outcome variable (cumula-
tive all-cause mortality) were tested, hazard ratios 
(HR) and 95% confidence intervals (CIs) of baseline 
and procedural characteristics are given. All variables 
with a p-value of <0.05 in univariate analysis were in-
cluded in a multivariate model by the backward Wald 
method to determine independent predictors of the out-
come variable. A two-sided p-value of <0.05 was consid-
ered statistical significant. All statistical analyses 
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were performed with the use of SPSS version 21 (SAS 
Institute Inc, Cary, NC).

Results

Patient characteristics 
In total, 350 consecutive patients with severe symp-
tomatic AS underwent TAVI (mean age, 82.4 ± 7.1 
years; 48.9% male) from May 2008 to November 2012 
at the Zurich University Hospital. Mean systolic pres-
sure gradient was 43 ± 19 mm Hg. Most patients pre-
sented with symptoms of congestive heart failure (n = 
259, 74%), angina (n = 60, 17%), or syncope (n = 31, 9%). 
At baseline, most patients were in NYHA class III or IV 
(n = 253; 72%). Patients were at high surgical risk,  
with a logistic EuroScore >20% in most of them. Pa-
tients who were not at increased surgical risk as esti-
mated by the logistic EuroScore had specific comorbid-
ities or surgical contraindications not incorporated in 
this risk score such as very advanced age >88 years 
(15%; n = 52), porcelain aorta (8%; n = 27) or immuno-
suppressive therapy (7%; n = 23). 

The following three prostheses were used: the 
Medtronic CoreValve (26, 29 and 31 mm; n = 189, 54%), 
the Edwards SAPIEN (23, 26, and 29 mm; n = 158, 

45%), and the Medtronic Engagr (formerly Ventor Em-
bracer; 26 mm; n = 3, 0.8%) prosthesis. The size of the 
prosthesis was selected on the basis of aortic annulus 
dimensions measured in preprocedural MSCT and 
TEE studies. Access was either transfemoral (n = 289, 
83%) or transapical (n = 61, 17%). Mean follow-up was 
389 ± 405 days. Baseline characteristics are sum-
marised in table 1 and procedural characteristics in 
table 2. 

VARC-2 composite endpoints: device success  
and early safety 
Device success within 72 hours was achieved in 88% of 
patients without significant differences between access 
sites (p = 0.89) and prosthesis types (p = 0.24). Device 
failure was due to procedural mortality (within 72 
hours) in 12 (3.4%) patients. In survivors, implantation 
of more than one prosthesis or malpositioning of the 
prosthesis was observed in 6 (1.7%) patients and pros-
thesis valve dysfunction in 24 (6,9%) patients. Pros-
thetic valve dysfunction was due to an increased trans-
valvular pressure gradient >20 mm Hg in 4 (1.1%) 
 patients and due to moderate aortic regurgitation in   
19 (5.4%) patients. Severe aortic regurgitation was ob-
served in one (0.3%) patient. Mean aortic valve gradi-
ent decreased from 43 ± 19 mm Hg at baseline to 10 ± 
3 mm Hg 1 month after valve replacement (p = 0.001), 
and remained stable for up to 3 years of follow-up.

In the whole patient cohort, all-cause mortality 
was 9.1% at 30 days [18]. Causes of death at 30 days 
were cardiovascular in 96.8% (31 of 32) of patients. One 
patient died from a disabling stroke, all other patients 
died of cardiovascular causes according to the VARC-2 
criteria. Stroke was observed in 2.9% of patients, 
life-threatening bleeding in 4.6%, vascular complica-
tions in 7.4% and acute renal failure in 5.7%. Coronary 

Table 1
Baseline characteristics. Results are presented as mean and SD,  
or numbers and percentages.
CABG = coronary artery bypass grafting; COPD = chronic obstructive 
pulmonary disease; LVEF = left ventricular ejection fraction; NT-pro BNP 
= N-terminal pro-brain-natriuretic peptide; NYHA = New York Heart 
Association.

Baseline characteristics  

Age, years 82.4 ± 7.1

Male 171 (49)

Body mass index (kg/m2) 26.3 ± 4.4

Coronary artery disease 203 (58)

Pevious CABG 78 (22)

Previous valve surgery 19 (5)

Diabetes mellitus 83 (24)

Hypertension 266 (76)

Atrial fibrillation 103 (29)

Previous pacemaker 38 (11)

COPD 69 (20)

Peripheral vascular disease 81 (23)

Cerebrovascular disease 80 (23)

Pulmonary hypertension >60 mmHg 44 (13)

Porcelain aorta 27 (8)

NYHA class III and IV 95 (27)

Log Euroscore (%) 22.1 ± 13.8

Creatinine (μmol/L) 115 ± 69

NT-proBNP (ng/L) 5257 ± 8470

LVEF (%) 55±13

Aortic valve gradient (echo; mmHg) 43 ± 19

Aortic valve area (cm2) 0.72 ± 0.19

Table 2
Procedural characteristics. Results are presented as numbers  
and percentages.

Procedural characteristics  

Access site  

transapical  61 (17)

transfemoral 289 (83)

Valve type  

Edwards SAPIEN 158 (45)

Medtronic CoreValve 189 (54)

Engager   3 (1)

Prosthesis size  

23 mm  73 (21)

26 mm 153 (43)

29 mm 104 (30)

31 mm  20 (6)

Type of anesthesia  

general anesthesia 341 (97)

local anesthesia   9 (3)
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obstruction was rarely observed (0.9%). Valve-related 
dysfunction requiring a repeat procedure occurred in 
two (0.6%) patients. The combined endpoint “early 
safety” at 30 days was met in 67 (19.1%) patients  
(fig. 1).

Myocardial infarction not due to coronary obstruc-
tion was observed in 2.0% of patients at 30 days, and 
was periprocedural in 1.4%. Conversion to open heart 
surgery and unplanned use of cardiopulmonary bypass 
was rare (1.7% and 2.3%, respectively). Cardiac tam-
ponade occurred in 2.3% of patients, and was due to an-
nulus rupture in 0.6%. TAVI-related complications are 
summarised in table 3. 

New left bundle-branch block was observed in 
21.1% of patients at 30 days follow-up, with increased 
incidence after implantation of the Medtronic Core 
Valve prosthesis (28.2%) compared with the Edwards 
SAPIEN prosthesis (12.0%; p = 0.001). Permanent 
pacemaker implantation within 30 days was needed in 
18.9% of patients, with an increased need after implan-
tation of the Medtronic CoreValve prosthesis (25.5%) 
compared with the Edwards SAPIEN prosthesis 
(10.8%; p = 0.004).

Procedural learning curve 
Device success at 72 hours was 84% in the first 175 pa-
tients, and 91% in the second (p = 0.02). All-cause mor-
tality was 9.1% at 30 days (12% in the first half of the 
patients and 6.3% in the second half; p = 0.07).[18] Ma-
jor vascular complications and acute kidney injury de-
creased from 9.7% to 5.1% (p = 0.29), and from 6.9% to 
4.6% (p = 0.36), respectively, without reaching statisti-
cal significance. Overall, the combined endpoint “early 
safety” at 30 days was met in 19.1% of participants. Of 
note, “early safety” decreased significantly from 23% in 
the first 175 patients to 15% in the second (p = 0.04). 
The need for permanent pacemaker implantation 
within 30 days was 22.3% in the first half of patients 
and 15.4% in the second half (p = 0.10). 

Symptomatic improvement
At baseline, 4% (n = 14) of patients were in NYHA class 
I, 24% (n = 83) in NYHA class II, 53% (n = 187) in 
NYHA class III and 19% (n = 66) in NYHA class IV.  At 
30 days, 1 year, and 2 years follow-up, most patients 
were in NYHA class I and II (p <0.001 vs baseline;  
fig. 2). Nine percent of patients required rehospialisa-
tion because of congestive heart failure or other 
valve-related complications within the first year after 
TAVI. Up to 1 year after the procedure, 61/106 (58%) 
patients were living independently at home.

Overall survival
The Kaplan-Meier survival analysis is depicted in  
fig. 3. Survival was 79% at 1 year, 69% at 2 years, and 
53% at 3 years. Most deaths were observed within the 
first 6 months after the procedure. In our patient co-
hort, no significant survival differences were observed 
between prosthesis types (p = 0.23), access sites (p = 
0.07), gender (p = 0.27) and presence or absence of cor-
onary artery disease (p = 0.39). 

Figure 1
The combined endpoint “early safety” at 30 days.
AKI = acute kidney injury.

Figure 2
Symptoms at baseline and after transcathetheter aortic valve implanta-
tion (TAVI).
NYHA = New York Heart Association.Table 3

TAVI-related complications. CPB = cardiopulmonary bypass;  
TAV = transcatheter aortic valve.

TAVI-related complications  

Myocardial infarction 
periprocedural

7 (2.0) 
5 (1.4)

Conversion to open surgery 6 (1.7)

Unplanned use of CPB 8 (2.3)

Cardiac tamponade 8 (2.3)

Annulus rupture 2 (0.6)

Endocarditis 0 (0)

Valve thrombosis 3 (0.9)

Valve malpositioning 8 (2.3)

TAV-in-TAV deployment 2 (0.6)
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Predictors of all-cause mortality 

In a univariate Cox regression analysis, predictors of 
all-cause mortality in descending order of HR were ma-
jor vascular complications (HR 4.17, 95% CI 2.33–7.49, 
p <0.001), major and life-threatening bleeding within 
30 days (HR 3.86, 95% CI 2.15–6.93, p <0.001), baseline 
NYHA class III or IV symptoms (HR 2.64, 95% CI 1.36–
5.15, p = 0.004), chronic obstructive pulmonary disease 
(HR 1.92, 95% CI 1.17–3.16, p = 0.01), atrial fibrillation 
(HR 1,74, 95% CI 1.10–2.76, p = 0.02), baseline creati-
nine levels (HR 1.01, 95% CI 1.00—1.01, p <0.001) and 
baseline N-terminal pro brain natriuretic peptide (NT-
proBNP) (HR 1.00, 95% CI 1.00–1.00, p = 0.001).

In a multivariate Cox regression analysis, major 
and life-threatening bleeding within 30 days (HR 4.74, 
95% CI 2.03–11.07, p <0.001), chronic obstructive pul-
monary disease (HR 3.41, 95% CI 1.71–6.81, p <0.001) 
and NYHA class III or IV at baseline (HR 3.08, 95% CI 
1.18–8.05, p = 0.02) were the strongest independent 
predictors of all-cause mortality. Further predictors in-

Figure 3
Kaplan-Meier survival curve. Overall survival in the whole  
patient cohort. 

Table 4
Cox regression analysis of all-cause mortality.
CABG = coronary artery bypass grafting; LBBB = left bundle-branch block; LVEF = left ventricular ejection fraction; NYHA = New York Heart Association. 

Cox Regression Analysis of All-Cause Mortality

Univariate Analysis                                         Multivariate Analysis

Variable HR 95% Cl P-value HR 95% Cl P-value

Use of Medtronic CoreValve prosthesis 1.36 0.85–2.18 0.20     

Transapical access 1.54 0.93–2.55 0.1    

Age (>80 years) 1.16 0.71–1.91 0.55    

Female sex 0.84 0.67–1.06 0.13    

Diabetes mellitus 1.17 0.69–1.97 0.56    

Hypertension 1.43 0.80–2.56 0.23    

Atrial fibrillation 1.74 1.10–2.76 0.02* 1.41 0.75–2.65 0.29

Chronic obstructive pulmonary disease 1.92 1.17–3.16 0.01* 3.41 1.71–6.81 0.001*

Peripheral vascular disease 1.20 0.73–1.98 0.46     

Cerebrovascular disease 0.91 0.54–1.52 0.72    

Coronary artery disease 1.34 0.82–2.18 0.23    

Previous CABG 1.03 0.60–1.74 0.93    

Previous valve surgery 0.72 0.23–2.28 0.57    

LogEuroSCORE (>20%) 1.15 0.65–2.03 0.63    

NYHA class III/IV 2.64 1.36–5.15 0.004* 3.08 1.18–8.05 0.02*

NT-proBNP (pg/ml) 1.00 1.00–1.00 <0.001* 1.00 1.00–1.00 0.03*

Creatinine (μmol/l) 1.01 1.00–1.01 <0.001* 1.00 1.00–1.01 0.02*

LVEF (<35%) 1.84 0.98–3.44 0.06    

Moderate to severe aortic regurgitation 1.26 0.73–2.18 0.41    

Major/life-threatening bleeding 
(30 days)

3.86 2.15–6.93 <0.001* 4.74 2.03–11.07 <0.001* 

Major vascular complications (30 days) 4.17 2.33–7.49 <0.001* 0.75 0.22–2.53 0.64

New permanent pacemaker 0.77 0.43–1.40 0.40     

New LBBB 1.51 0.89–2.55 0.12    

su
rv

iv
al

follow-up (days)
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cluded increased NT-proBNP (HR 1.00, 95% CI 1.00–
1.00, p = 0.03), and creatinine levels (HR 1.00, 95% CI 
1.00–1.01, p = 0.02). Uni- and multivariate predictors 
of all-cause mortality at total follow-up are sum-
marised in table 4.

Discussion

This study reports the Zurich University Hospital 
TAVI experience in accordance with the revised 
VARC-2 standardised endpoint definitions. During the 
past 5 years, TAVI was performed with favourable clin-
ical outcome as assessed using VARC-2. Indeed, the 
composite endpoint “device success” was met in 88%, 
and the composite endpoint “early safety” occurred in 
19% of patients.

Device success was high without any differences 
between access sites or prosthesis types. The difference 
from previously reported success rates of up to 97% in 
other registries is explained by the fact that the 
VARC-2 standardised endpoint definitions for the first 
time include absence of procedural mortality within 72 
hours [17, 19, 20]. 

Complication rates observed in the patient cohort 
treated at the Zurich University Hospital are compara-
ble to previously reported ones [13, 21]. Mortality in 
the whole patient cohort was 9.1% at 30 days without 
any differences between access sites or prosthesis 
types. Indeed, 30-day mortality rates ranging from 
5.4% to 12.7% have been reported, with a marked de-
crease over time with the growing experience of opera-
tors, centres and the field at large [20, 22, 23]. The sur-
vival rates in our patient cohort are comparable to 
other registries, with the majority of deaths occurring 
within the first 3 months after the procedure [14, 24]. 
In the United Kingdom TAVI Registry survival was 
92.9% at 30 days and 73.7% at 2 years [19]. Subgroup 
analyses in TAVI patients have demonstrated that a 
worse survival was observed in nontransfemorally 
treated patients, which may at least in part be ex-
plained by the more adverse risk profile in those pa-
tients, including peripheral artery disease among other 
problems [17]. Causes of death were cardiovascular in 
most patients; in accordance with the VARC-2 criteria, 
death of unknown cause and death caused by noncoro-
nary vascular conditions including stroke are classified 
cardiovascular [17]. Stroke rates of 2.9% are compara-
ble to rates in other registries. Indeed, mostly silent 
cerebrovascular events after TAVI are a major concern. 
In a magnetic resonance imaging study, cerebral de-
fects were reported in over 80% of TAVI patients [25]. 
These findings underline the importance of stroke pre-
vention and support the development of novel embo-
lism protection devices in the context of TAVI. In our 
patient cohort, new left bundle-branch block was ob-
served in 21% of patients, with an increased incidence 
with the Medtronic CoreValve prosthesis as compared 

with the Edwards SAPIEN prosthesis. This difference 
has been attributed to the longer prosthesis skirt of the 
device comprising the conduction system; however, 
compression of the left ventricular outflow tract by the 
dilatory balloon has also been debated [26, 27, 28]. In 
previous reports, the incidence of TAVI-induced left 
bundle-branch block varies considerably with inci-
dences between 7% and 83% [26, 27, 29, 30]. 

In our patient cohort, the strongest independent 
predictors of all-cause mortality were chronic obstruc-
tive pulmonary disease, NYHA class III or IV symp-
toms at baseline, and major or life-threatening bleed-
ing within the first 30 days after TAVI. Major and 
life-threatening bleeding has clearly been associated 
with an increased mortality at 30 days, as well as 
during 3 years of follow-up [10, 15, 31]. Chronic ob-
structive pulmonary disease and NYHA functional 
class III or IV symptoms have previously been identi-
fied as strong independent predictors of mortality in 
multivariate models, as were reduced left ventricular 
ejection fraction or the presence of significant aortic re-
gurgitation  [12, 19, 32]. Impaired renal function, new 
left bundle-branch block and the use of transapical ac-
cess were further predictors of mortality after TAVI in 
most studies [15, 19, 30, 32]. In our patient cohort, 
these results could not be confirmed, which might be 
largely owing to the retrospective nature of the registry 
and the smaller number of patients included compared 
with multicentre registries. Interestingly, in contrast to 
patients undergoing SAVR, previous cardiac surgery 
does not seem to influence survival after TAVI. Indeed, 
consistent with our results, both previous coronary ar-
tery bypass grafting (CABG) and previous SAVR were 
not identified as mortality predictors after TAVI [19, 
24, 30, 33]. In the Transcatheter Valve Treatment Sen-
tinel Pilot Registry, advanced age predicted higher 
mortality in a multivariate analysis [21]. However, in 
accordance with our patient cohort, other registries 
failed to show this association [19, 24, 33]. These find-
ings underline the observation that additional comor-
bidities rather than mere age itself determine long-
term survival in those patients [15]. 

In line with worldwide TAVI experience, we ob-
served a learning curve with this technique since its in-
troduction at our institution in May 2008. The com-
bined endpoints device success and “early safety”, in-
cluding most important complications after TAVI, were 
significantly reduced in the second half of patients 
compared with the first half. Thirty-day-mortality, ma-
jor vascular complications, the need for new permanent 
pacemaker implantation, as well as acute kidney in-
jury following TAVI, tended to be lower in the second 
half of the patients, albeit without reaching statistical 
significance. Learning curves in transcatheter valve 
implantation have been investigated in detail at other 
centres [34, 35]. Gurvitch et al showed a clear reduction 
in 30-day mortality from 13.3% in the first half of the 
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patients to 5.9% in the second half [35]. Trends in TAVI 
outcome including significant reductions in major vas-
cular complications, life-threatening bleedings and 
acute kidney injury, as well as improved 1-year sur-
viva, have recently also been demonstrated by the 
PRAGMATIC Plus initiative [36]. These impressive re-
sults demonstrate that both operator and centre expe-
rience, as well as constant device optimisation, impor-
tantly affect outcome after TAVI. Furthermore, next 
generation prosthesis designs already on the horizon 
may address unresolved issues such as aortic regurgi-
tation or conduction disturbances in near future.

VARC standardised endpoint definitions intro-
duced into research practice in January 2011 have es-
tablished a novel standard in outcome reporting, 
thereby improving comparison of complications with 
transcatheter valves. The revised version includes 
some changes in outcome definitions and composite 
endpoints including device success, clinical efficacy and 
time-related valve safety [17]. These endpoint defini-
tions warrant a concise and systemic analysis of out-
come measures in this high-risk patient population, 
and might further strengthen a standardised reporting 
of complications. 

Limitations of this study are its retrospective na-
ture and the relatively small number of patients, which 
might affect the validity of the regression analysis. 
However, this registry defines characteristics and out-
comes in a real-world patient population treated with 
TAVI in Switzerland.  

In conclusion, our data confirm the safety and fea-
sibility of TAVI in an elderly high-risk patient popula-
tion. Reporting TAVI-outcome according to the newly 
revised VARC-2 standardized definitions, device suc-
cess is met in 88% of patients, and the composite end-
point “early safety” is observed in 19% of patients.

References

 1 Stewart BF, Siscovick D, Lind BK, Gardin JM, Gottdiener JS, Smith 
VE, et al. Clinical factors associated with calcific aortic valve disease. 
Cardiovascular Health. Study. J  Am Coll Cardiol. 1997;29:630–634.

 2 Lindroos M, Kupari M, Heikkila J, Tilvis R. Prevalence of aortic valve 
abnormalities in the elderly: an echocardiographic study of a random 
population sample. J Am Coll Cardiol. 1993;21:1220–5.

 3 Brown JM, O’Brien SM, Wu C, Sikora JA, Griffith BP, Gammie JS. Iso-
lated aortic valve replacement in North America comprising 108,687 
patients in 10 years: changes in risks, valve types, and outcomes in the 
Society of Thoracic Surgeons National Database. J Thorac Cardiovasc 
Surg. 2009;137:82–90.

 4 Varadarajan P, Kapoor N, Bansal RC, Pai RG. Survival in elderly pa-
tients with severe aortic stenosis is dramatically improved by aortic 
valve replacement: Results from a cohort of 277 patients aged > or =80 
years. Eur J Cardiothorac Surg. 2006;30:722–7.

 5 Iung B, Cachier A, Baron G, Messika-Zeitoun D, DelahayeF, Tornos P, 
et al. Decision-making in elderly patients with severe aortic stenosis: 
why are so many denied surgery? Eur Heart J. 2005;26:2714–20.

 6 Bouma BJ, van Den Brink RB, van Der Meulen JH, Verheul HA, Cher-
iex EC, Hamer HP, et al. To operate or not on elderly patients with aor-
tic stenosis: the decision and its consequences Heart. 1999;82:143–8.

 7 Bach DS, Cimino N, Deeb GM. Unoperated patients with severe aortic 
stenosis. J Am Coll Cardiol. 2007;50:2018–9.

 8 Webb JG, Chandavimol M, Thompson CR, Ricci DR, Carere RG, Munt 
BI, et al. Percutaneous aortic valve implantation retrograde from the 
femoral artery. Circulation. 2006;113:842–50.

 9 Cribier A, Eltchaninoff H, Tron C. [First human transcatheter implan-
tation of an aortic valve prosthesis in a case of severe calcific aortic ste-
nosis.] Ann Cardiol Angeiol. 2003;52:173–5. French.

10 Kodali SK, Williams MR, Smith CR, Svensson LG, Webb JG, Makkar 
RR, et al. Two-year outcomes after transcatheter or surgical aortic-valve 
replacement. New Engl J Med. 2012;366:1686–95.

11 Makkar RR, Fontana GP, Jilaihawi H, Kapadia S, Pichard AD, Douglas 
PS, et al. Transcatheter aortic-valve replacement for inoperable severe 
aortic stenosis. New Engl J Med. 2012;366:1696–704.

12 Toggweiler S, Humphries KH, Lee M, Binder RK, Moss RR, Freeman 
M, et al. 5-year outcome after transcatheter aortic valve implantation. 
J Am Coll Cardiol. 2013;61:413–9.

13 Genereux P, Head SJ, Van Mieghem NM, Kodali S, Kirtane AJ, Xu K, 
et al. Clinical outcomes after transcatheter aortic valve replacement 
using valve academic research consortium definitions: a weighted me-
ta-analysis of 3,519 patients from 16 studies. J Am Coll Cardiol. 
2012;59:2317–26.

14 Bleiziffer S, Mazzitelli D, Opitz A, Hettich I, Ruge H, Piazza N, et al. 
Beyond the short-term: clinical outcome and valve performance 2 years 
after transcatheter aortic valve implantation in 227 patients. J Thorac 
Cardiovasc Surg. 2012;143:310–7.

15 Ussia GP, Barbanti M, Petronio AS, Tarantini G, Ettori F, Colombo A, 
et al. Transcatheter aortic valve implantation: 3-year outcomes of 
self-expanding CoreValve prosthesis. Eur Heart J. 2012;33:969–76.

16 Leon MB, Piazza N, Nikolsky E, Blackstone EH, Cutlip DE, Kappetein 
AP, et al. Standardized endpoint definitions for transcatheter aortic 
valve implantation clinical trials: a consensus report from the Valve Ac-
ademic Research Consortium. Eur Heart J. 2011;32:205–17.

17 Kappetein AP, Head SJ, Genereux P, Piazza N, van Mieghem NM, Black-
stone EH, et al. Updated standardized endpoint definitions for tran-
scatheter aortic valve implantation: the Valve Academic Research Con-
sortium-2 consensus document. Eur Heart J. 2012;33:2403–18.

18 Stähli BE, Tasnady H, Lüscher TF, Gebhard C, Mikulicic F, Erhart L, 
et al. Early and Late Mortality in Patients Undergoing Transcatheter 
Aortic Valve Implantation (TAVI): Comparison of the Novel EuroScore 
II with Established Risk Scores. Cardiology. Forthcoming 2013.

19 Moat NE, Ludman P, de Belder MA, Bridgewater B, Cunningham AD, 
Young CP, et al. Long-term outcomes after transcatheter aortic valve 
implantation in high-risk patients with severe aortic stenosis: the U.K. 
TAVI (United Kingdom Transcatheter Aortic Valve Implantation) Reg-
istry. J Am Coll Cardiol. 2011;58:2130–8.

20 Eltchaninoff H, Prat A, Gilard M, Leguerrierv, Blanchard D, Fournial 
G, et al. Transcatheter aortic valve implantation: early results of the 
FRANCE (FRench Aortic National CoreValve and Edwards) registry. 
Eur Heart J. 2011;32(2):191–7.

21 Di Mario C, Eltchaninoff H, Moat N, Goicolea J, Ussia GE, Kala P, et al. 
The 2011-12 pilot European Sentinel Registry of Transcatheter Aortic 
Valve Implantation: in-hospital results in 4,571 patients. EuroInter-
vention. 2013;8(12):1362–71.

22 Tamburino C, Capodanno D, Ramondo A, Petronio AS, Ettori F, Santoro 
G, et al. Incidence and predictors of early and late mortality after tran-
scatheter aortic valve implantation in 663 patients with severe aortic 
stenosis. Circulation. 2011;123:299–308.

23 Zahn R, Gerckens U, Grube E, Linke A, Sievert H, Eggebrecht H, et al. 
Transcatheter aortic valve implantation: first results from a multi-cen-
tre real-world registry. Eur Heart J. 2011;32(2):198–204.

24 Unbehaun A, Pasic M, Drews T, Dreysse S, Kukucka M, Hetzer R, et al. 
Analysis of survival in 300 high-risk patients up to 2.5 years after tran-
sapical aortic valve implantation. Ann Thorac Surg. 2011;92:1315–23.

25 Kahlert P, Knipp SC, Schlamann M, Thielmann M, Al-Rashid F, Weber 
M, et al. Silent and apparent cerebral ischemia after percutaneous 
transfemoral aortic valve implantation: a diffusion-weighted magnetic 
resonance imaging study. Circulation. 2010;121:870–8.

26 Nuis RJ, Van Mieghem NM, Schultz CJ, Tzikas A, Van der Boon RM, 
Maugenest AM, et al. Timing and potential mechanisms of new conduc-
tion abnormalities during the implantation of the Medtronic CoreValve 
System in patients with aortic stenosis. Eur Heart J. 2011;32:2067–74.



Cardiovascular Medicine 2013;16(9):235–242 242

Original article

27 Piazza N, Onuma Y, Jesserun E, Kint PP, Maugenest AM, Anderson RH, 
et al. Early and persistent intraventricular conduction abnormalities 
and requirements for pacemaking after percutaneous replacement of 
the aortic valve. JACC Cardiovasc Interv. 2008;1:310–6.

28 Khawaja MZ, Rajani R, Cook A, Khavandi A, Moynagh A, Chowdhary 
S, et al. Permanent pacemaker insertion after CoreValve transcatheter 
aortic valve implantation: incidence and contributing factors (the UK 
CoreValve Collaborative). Circulation. 2011;123:951–60.

29 Roten L, Wenaweser P, Delacretaz E, Hellige G, Stortecky S, Tanner H, 
et al. Incidence and predictors of atrioventricular conduction impair-
ment after transcatheter aortic valve implantation. Am J Cardiol. 
2010;106:1473–80.

30 Houthuizen P, Van Garsse LA, Poels TT, de Jaegere P, van der Boon RM, 
Swinkels BM, et al. Left bundle-branch block induced by transcatheter 
aortic valve implantation increases risk of death. Circulation. 
2012;126:720–8.

31 Pilgrim T, Stortecky S, Luterbacher F, Windecker S, Wenaweser P. Tran-
scatheter aortic valve implantation and bleeding: incidence, predictors 
and prognosis. J Thromb Thrombolysis. 2013;35(4):456–62.

32 Gilard M, Eltchaninoff H, Iung B, Donzeau-Gouge P, Chevreul K, Faja-
det J, et al. Registry of transcatheter aortic-valve implantation in high-
risk patients. New Engl J Med. 2012;366:1705–15.

33 Seiffert M, Schnabel R, Conradi L, Diemert P, Schirmer J, Koschyk D, 
et al. Predictors and outcomes after transcatheter aortic valve implan-
tation using different approaches according to the valve academic re-
search consortium definitions. Catheter Cardiovasc Interv. 2012. doi: 
10.1002/ccd.24751. [Epub ahead of print]

34 Kempfert J, Rastan A, Holzhey D, Linke A, Schuler G, van Linden A, et 
al. Transapical aortic valve implantation: analysis of risk factors and 
learning experience in 299 patients. Circulation. 2011;124;S124–9.

35 Gurvitch R, Tay EL, Wijesinghe N, Ye J, Nietlispach F, Wood DA, et al. 
Transcatheter aortic valve implantation: lessons from the learning 
curve of the first 270 high-risk patients. Catheter Cardiovasc Interv. 
2011;78:977–84.

36 Van Mieghem NM, Chieffo A, Dumonteil N, Tchetche D, van der Boon 
RM, Buchanan GL, et al. Trends in outcome after transfemoral tran-
scatheter aortic valve implantation. Am Heart J. 2013;165:183–92.


