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ABSTRACT

Background Little has been reported about the outcome results from a single-
centre transcatheter aortic valve implantation (TAVI) program using different de-
vices and access routes. Therefore we aimed to evaluate the incidence and predic-
tors of short- and long-term mortality after TAVI with data from our single-centre 
experience.

Methods Between October 2007 and June 2012, 264 consecutive patients 
were included, who had undergone a TAVI by transfemoral route with the 
Medtronic-CoreValve prosthesis (n=147) or by transapical (n=69) or transfemoral 
(n=48) route with the Edwards SAPIEN prosthesis.

Results  Device success was 96.6% and procedural success 93.2% of the 
TAVI procedures. Thirty-day mortality was 11.7% and independently predicted by 
preprocedural hospitalization (odds ratio (OR): 3.08), left ventricular mass index 
(LVMI) (per 100 g/m2, OR: 2.92),  logistic EuroSCORE (per 10%, OR: 1.35), acute 
kidney injury (AKI) stage 1 (OR: 5.69), major vascular access site complication 
(OR: 8.73), major stroke (OR: 12.37), and paravalvular aortic regurgitation (PAR) 
grade ≥2 (OR: 2.85).  The Valve Academic Research Consortium-combined safety 
end point occurred in 16.7% of the patients, and was determined by PAR≥2 (OR: 
2.57) and preprocedural hospitalization (OR: 2.42). Late mortality was predicted by 
PAR≥2 (hazard ratio (HR): 2.77), STS score (HR: 1.11) and AKI (HR: 2.11). 

Conclusions In a single-centre heart team based TAVI program, transfemoral 
and transapical TAVI were performed with high success rates. Preprocedural 
hospitalization, left ventricular mass, EuroSCORE, acute kidney injury, access site 
complications and significant paravalvular aortic regurgitation, are determinants 
for early mortality. Long-term mortality is associated with significant PAR, STS 
and AKI. 
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2.2

Introduction

Transcatheter aortic valve implantation (TAVI) has emerged as a good alterna-
tive treatment option to surgical aortic valve replacement for patients with symp-
tomatic severe aortic valve stenosis who are otherwise left untreated due to their 
high surgical risk.1-8 Currently, two transcatheter valve devices are in postmarket-
ing surveillance in Europe: the self-expandable Medtronic-CoreValve prosthesis 
(Medtronic Inc, Minneapolis, MN, USA) and the balloon-expandable Edwards 
SAPIEN prosthesis (Edwards Lifesciences, Irvine, CA, USA). Recent high patient 
volume studies have shown positive short-term outcome results of TAVI, with pro-
cedural success rates up to 98% and 30-day mortality rates of 5-14%.6, 9-13 All-cause 
mortality within 1 year following TAVI is reported to be around 25%.4, 5, 10, 11 Many 
of these reports, that evaluated the short- en long-term clinical outcome after TAVI, 
focused either only on one type of valve device or on one type of access route.9, 10, 12, 

14 However, the presence of a heart team based TAVI program with the availability 
of two types of valves and different access routes makes it possible to choose the 
most suitable transcatheter aortic valve intervention for an individual patient. Fur-
thermore, short-term procedural success is not only determined by mortality but 
also by other clinical end points, for which recently the Valve Academic Research 
Consortium (VARC) criteria have been developed.15 The incidence and predic-
tors of safety end points after TAVI using these VARC criteria have scarcely been 
described.13, 16 Also, little has been reported about the incidence and predictors of 
mid- en long-term mortality after TAVI, with exclusion of 30-day mortality.10

Therefore the purposes of our study were to evaluate the incidence and predictors 
of mortality and VARC-combined safety end point at 30 days and of late morta-
lity after TAVI procedures which have been performed within a single-centre heart 
team based TAVI program with the availability of different devices and access 
routes.

Methods

Patient population

Between October 2007 and June 2012, 440 patients with severe symptomatic aortic 
valve stenosis were referred to our centre for transcatheter aortic valve implanta-
tion (figure 1). All patients were first discussed in our heart team and a multidis-
ciplinary transcatheter heart valve team consisting of interventional cardiologists, 
cardiac surgeons, imaging cardiologists and anaesthesiologists. In general, patients 
were considered for TAVI if the logistic EuroSCORE exceeded 15%, the age exceed-
ed 80 years and/or at least one of the following comorbidities were present: liver 
cirrhosis, pulmonary insufficiency (forced expiratory volume in 1 second 
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<1 L), previous cardiac surgery, porcelain aorta, history of mediastinal radiother-
apy, severe connective tissue disease with contraindication for surgery, or frailty. 
Exclusion criteria for TAVI were bicuspid or noncalcified aortic valve stenosis, 
recent acute myocardial infarction, significant coronary artery disease without 
revascularization options, a left ventricular ejection fraction of less than 20%, a di-
ameter of the aortic annulus of less than 18 mm or more than 27 mm, recent stroke 
and left ventricular thrombus. 
Patients considered unsuitable for surgical AVR and eligible for TAVI, under-
went a systematic screening program, which included laboratory analysis, 12 lead 
electrocardiography, transthoracic and/or transoesophageal echocardiography, 
coronary angiography, imaging of the aorta and iliac and femoral arteries by either 
angiography or computed tomography, pulmonary function assessment and 
preoperative assessment by the anesthesiologist. After screening, patients were 
re-discussed in the multidisciplinary transcatheter heart valve team. The choice of 
access route (transfemoral versus transapical) was mainly based on the suitability 
of vascular access through the iliac and femoral arteries. Different factors were of 
influence for the choice of valve type (CoreValve versus Edwards), including an-
nulus diameter (< 20 mm: Edwards; > 24 mm: CoreValve), diameter and angle of 
the ascending aorta (> 43 mm or > 45°: Edwards), severe or calcified mitral valve 
disease (Edwards), transapical access (only Edwards) and early experience (be-
fore May 2009: no transapical implantations, before November 2010: no Edwards 
for transfemoral route). During this whole process 176 patients were eventually 
not treated with TAVI: 24 expectative, 30 patients treated with surgical AVR, 93 
rejected for any type of valve intervention and 29 patients died before treatment 
allocation. Of the 440 patients referred, 264 were ultimately accepted to undergo 
TAVI, 195 via transfemoral and 69 through transapical approach. 

Referred for TAVI
n = 440 

Expectative
n = 24 

Surgical AVR 
n = 30 

Accepted to 
undergo TAVI 

n = 264 

Rejected
n = 93 

Died before 
treatment allocation

n = 29 

Suitable iliac and 
femoral arteries for

access

Iliac and femoral 
arteries not suitable 

for access 

Transfemoral  
approach

Transapical
approach

TF-AVI CoreValve 
n = 147 

TF-AVI Edwards 
n = 48 

TA-AVI Edwards 
n = 69 

Figure 1: Flow-chart 
of treatment allocation 
in our single-centre 
transcatheter aortic 
valve implantation 
program 
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2.2

Device and procedure description

Design characteristics of the self-expandable Medtronic-CoreValve and balloon-
expandable Edwards SAPIEN bioprosthesis as well as the procedural characteris-
tics of transfemoral (TF-AVI)) and transapical (TA-AVI) TAVI have been described 
in detail in previous reports.2, 7, 17 Briefly, the Edwards SAPIEN valve is a biological 
heart valve manufactured with bovine pericardial tissue that is mounted into a 
balloon-expandable stent. The valve is available in 23 and 26 mm for annulus sizes 
ranging from 18 to 24.5 mm and can be implanted by transfemoral or transapical 
approach. The CoreValve prosthesis consists of a tri-leaflet bioprosthetic porcine 
pericardial tissue valve, which is sutured into a self-expanding nitinol frame. We 
used the third generation 18 French device, for which two different sizes are avai-
lable accommodating annulus dimensions from 20 to 27 mm. Patients receiving a 
CoreValve prosthesis were pretreated with aspirin and clopidogrel and after the 
procedure with life-long aspirin daily and clopidogrel daily for 3 to 6 months. In 
patients who received an Edwards prosthesis, pretreatment and life-long treatment 
after TAVI with aspirin were applied. In the early experience (67 patients) TF-AVI 
was performed under general anesthesia and afterwards only under local ane-
sthesia accompanied by mild sedation if necessary. All TA-AVI procedures were 
performed under general anesthesia. In all of the TAVI procedures, deployment of 
the prostheses in the aortic annulus was preceded by pre-dilatation with a balloon 
of the native aortic valve. Post-dilatation of the prosthesis after deployment was 
considered, in case of moderate to severe paravalvular regurgitation. Implantation 
of a second prosthesis was considered in case of a suboptimal position of the first 
prosthesis with or without moderate to severe paravalvular regurgitation.

Data collection and end point definitions

All data were prospectively collected and entered in a dedicated database, which 
included baseline clinical, laboratory, echocardiographic, computed tomography, 
and angiographic data, as well as procedural and clinical follow-up data. Prepro-
cedural hospitalization was defined as at least 1 week hospitalization of the patient 
directly prior to TAVI due to severe symptomatic disease. Left ventricular mass 
(LVM) was calculated from end-diastolic left ventricular internal dimension, inter-
ventricular septal thickness and posterior LV wall dimension, using the corrected 
formula from Devereux and colleagues.18 Grading of (para)valvular aortic regur-
gitation (PAR) was performed semiquantitatively based on jet width in the left 
ventricular outflow tract. Clinical follow-up data were obtained from all patients 
until hospital discharge or in-hospital death, and included procedural and postpro-
cedural major adverse events and laboratory, electrocardiographic and echocardio-
graphic findings. 
Follow-up of the patients was documented at a median of 14 months (interquartile 
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range: 4 to 22 months). Six months follow-up was available in 75% and one year 
follow-up in 50% of the patients. Death and the cause of death at any time during 
the follow-up period were recorded. 
For the clinical end point definitions, the criteria of the Valve Academic Research 
Consortium were used.15 Device success was defined as stable device placement 
and function as assessed by angiography and echocardiography. Procedural suc-
cess was defined as device success in the absence of major adverse cardiovascular 
and cerebral events (MACCEs) during the first 48 hours after device implantation. 
Cardiovascular mortality was defined as death due to a proximate cardiac cause. 
Periprocedural myocardial infarction (MI) was defined as ischemic symptoms or 
signs combined with elevated cardiac biomarkers (peak value > 10 times the up-
per reference limit or a peak value > 5 times the upper reference limit with new 
pathologic Q waves in at least 2 contiguous leads) within 72 hours after the index 
procedure. Stroke was defined as rapid onset of a neurologic deficit of ≥ 24 hours 
of duration, necessitating therapeutic intervention or documentation of a new 
intracranial defect using neuroimaging. 
Major stroke was defined as cerebrovascular events with a modified Rankin score 
≥ 2 and a National Institutes of Health Stroke Scale score ≥ 3. Bleeding events were 
assessed as life threatening or disabling (1) in case of bleeding into a critical area or 
organ, (2) bleeding causing hypovolemic shock or requiring vasopressors or sur-
gery, or (3) with an overt source of bleeding with a decrease in hemoglobin level ≥ 
5 g/dL or packed red blood cells transfusion ≥4 U. Major bleeding was considered 
in the setting of overt bleeding associated with a decrease in the hemoglobin level 
of at least 3.0 g/dL. Major vascular access site complications (VASC) included 
access-related vascular injuries leading to death, need for blood transfusions (≥4 
U), percutaneous or surgical intervention, or irreversible end-organ damage. Minor 
vascular complications were recorded in case of failure of percutaneous access 
site closure resulting in interventional or surgical correction. Acute kidney injury 
(AKI) was defined according to the modified Risk, Injury, Failure, Loss, End-stage 
(RIFLE) classification.19 
Major adverse cardiovascular and cerebral event (MACCE) was defined as the 
composite of all-cause death, major stroke, and MI. The VARC-combined safety 
end point refers to the occurrence of either one of the following events up to 30 
days postprocedure: all-cause mortality, major stroke, life-threatening or disabling 
bleeding, acute kidney injury stage 3, periprocedural MI, and repeat procedure 
for valve-related dysfunction (surgical or interventional therapy).13 Other device 
related end points were the peri- and postprocedural occurrence of third degree 
atrioventricular block requiring permanent pacemaker implantation, new left bun-
dle branch block and grade 2 or more (para)valvular aortic regurgitation (PAR≥2). 



Outcome after transcatheter aortic valve implantation

51

2.2

Statistical methods

Continuous variables are presented as mean and standard deviation (SD) or as 
median and interquartile range (IQR), where appropriate. Differences of a continu-
ous variable between three treatment groups (Medtronic-CoreValve transfemoral, 
Edwards SAPIEN transapical and Edwards SAPIEN transfemoral) were analyzed 
using analysis of variance or Kruskal-Wallis test, where appropriate. Categorical 
variables are expressed as numbers and percentages and were compared between 
three independent groups using the χ2 test. Univariate and multivariate logistic 
regression analysis were performed to identify independent predictors for 30-day 
mortality and VARC-combined safety end point, which were expressed as Odds 
Ratio (OR) and 95% confidence interval (CI). All variables of tables 1, 2 and 3 were 
included for univariate analysis of predictors for 30-day mortality, except for de-
vice success, acute procedure success, all-cause mortality, cardiovascular mortality, 
MACCE, life threatening bleeding, admission and VARC-combined end point. For 
analysis of predictors of VARC-combined safety end point all variables from table 
1 were included, from table 2 all variables except for device success and acute pro-
cedure success and from table 3 only permanent pacemaker implantation, new left 
bundle branch block (LBBB) and paravalvular aortic regurgitation ≥ 2. A Cox mul-
tivariate analysis including all variables with p value < 0.2 in the Cox univariate 
analysis was used to determine the predictive factors of cumulative late mortality 
(occurring from 30 days and on), which were expressed as hazard ratio (HR) and 
95% CI. Survival rates up to 30 days and 2 years were presented as Kaplan-Meier 
curves, and the log-rank test was used for comparison between the patients treated 
with the transfemoral versus transapical approach. A predictive score for 30-day 
mortality was developed, which was based on the variables that were identified 
as independent predictors for 30-day mortality with logistic regression analysis. 
Receiver-operating characteristic analysis was performed for an exploratory evalu-
ation of the best cut-off point of this score to predict 30-day mortality. Sensitivity 
and specificity were derived using this cut-off value. Statistical significance was 
defined as P<0.05. Statistical analysis was performed using GraphPadPrism ver-
sion 5.00 and the statistical software PASW Statistics 18 for Windows (SPSS Inc., 
Chicago, IL). 

Results

Pre- and periprocedural characteristics

A total of 264 patients who underwent TAVI were included in the study, of whom 
147 were treated with the Medtronic-CoreValve device (146 transfemoral and 1 
transsubclavian) and 69 with a transapical approach and 48 with a transfemoral 
approach using the Edwards SAPIEN device. Baseline characteristics of the total 
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patient population and per treatment group are shown in table 1. The Edwards 
transapical group was younger (p=0.01), had significantly more male patients 
(p=0.026), more hypercholesterolemia (p=0.022), more prior myocardial infarction 
(p=0.037) and CABG (p<0.001) and peripheral arterial disease (p<0.001), but less 
atrial fibrillation (p=0.032) and less preprocedural hospitalization (p=0.03) com-
pared with the other treatment groups. The Edwards transfemoral group had a 
significantly lower aortic valve annulus diameter compared with the other groups 
(p=0.002). 

 

Table 1: Baseline clinical characteristics (n=264) 

 Total  CoreValve 
transfemoral  

Edwards 
transapical 

 Edwards 
transfemoral 

 

 (n = 264)  (n = 147)  (n = 69)  (n = 48)  
P-value 

Patient data                  
Age, yrs 80.4 ± 7.5  80.8 ± 7.7  78.8 ± 6.6  81.7 ± 7.8  0.01 
BMI, kg/m2 27.8 ± 5.6  27.9 ± 5.7  26.9 ± 5.3  29.0 ± 5.9  0.10 
Male gender 110 ( 41.7 )  59 ( 40.1 )  37 ( 53.6 )  14 ( 29.2 )  0.026 
Clinical history                  

Hypertension 127 ( 48.1 ) 74 ( 50.3 )  32 ( 46.4 )  21 ( 43.8 )  0.69 
Diabetes 75 ( 28.4 ) 43 ( 29.3 )  19 ( 27.5 )  13 ( 27.1 )  0.94 
Hypercholesterolemia 51 ( 19.3 ) 20 ( 13.6 )   20 ( 29.0 )  11 ( 22.9 )  0.022 
Prior myocardial 

infarction 61 ( 23.1 ) 33 ( 22.4 )  22 ( 31.9 )  6 ( 12.5 )  0.037 

Prior PCI 83 ( 31.4 ) 50 ( 34.0 )  24 ( 34.8 )  9 ( 18.8 )  0.11 
Prior CABG 50 ( 18.9 ) 20 ( 13.6 )  26 ( 37.7 )  4 ( 8.3 )  <0.001 
Prior stroke 32 ( 12.1 ) 15 ( 10.2 )  11 ( 15.9 )  6 ( 12.5 )  0.48 
Peripheral arterial disease 79 ( 29.9 ) 29 ( 19.7 )  43 ( 62.3 )  7 ( 14.6 )  <0.001 
COPD 80 ( 30.3 ) 47 ( 32.0 )  23 ( 33.3 )  10 ( 20.8 )  0.28 
Renal insufficiency 104 ( 39.4 ) 60 ( 40.8 )  22 ( 31.9 )  22 ( 45.8 )  0.27 
Liver cirrhosis 3 ( 1.1 ) 1 ( 0.7 )  1 ( 1.4 )  1 ( 2.1 )  0.7 
Prior neoplasia 65 ( 24.6 ) 37 ( 25.2 )  15 ( 21.7 )  13 ( 27.1 )  0.78 
Atrial fibrillation 63 ( 23.9 ) 45 ( 30.6 )  10 ( 14.5 )  8 ( 16.7 )  0.015 
Prior pacemaker 21 ( 8.0 ) 14 ( 9.5 )  4 ( 5.8 )  3 ( 6.3 )  0.57 

NYHA class ≥ 3 180 ( 68.2 ) 101 ( 68.7 )  46 ( 66.7 )  33 ( 68.8 )  0.95 
Preprocedural 
hospitalization 58 ( 22.0 )  35 ( 23.8 )  8 ( 11.6 )  15 ( 31.3 )  0.03 

Logistic EuroSCORE 20 ± 13.4  18.8 ± 12.6  23.6 ± 15.4  18.3 ± 11.6  0.11 
STS score 6.4 ± 4.7  6.0 ± 3.7  6.6 ± 5.5  7.1 ± 6.0  0.65 
                  

Preprocedural variables                  
LVEF ≤ 40% 54 ( 20.5 )  36 ( 24.5 )  11 ( 15.9 )  7 ( 14.6 )  0.19 
LVMI, g/m2 151.4 ± 45.4  151.2 ± 44.2  150.1 ± 38.9  154.0 ± 57.2  0.92 
AVA, cm2 0.77 ± 0.21  0.76 ± 0.22  0.81 ± 0.19  0.76 ± 0.20  0.26 
Indexed EOA, cm2/m2 0.42 ± 0.12  0.41 ± 0.12  0.43 ± 0.11  0.41 ± 0.13  0.28 
AVPG max, mmHg 73 ± 23  75 ± 23  69 ± 20  76 ± 25  0.12 
AVPG mean, mmHg 47 ± 15  48 ± 16  44 ± 13  49 ± 17  0.11 
Annulus diameter, mm 21.2 ± 1.7  21.2 ± 1.7  21.6 ± 1.7  20.5 ± 1.3  0.002 
AR grade ≥ 2 47 ( 17.8 )  27 ( 18.4 )  14 ( 20.3 )  6 ( 12.5 )  0.54 
MR grade ≥ 3  29 ( 11.0 )  12 ( 8.2 )  8 ( 11.6 )  9 ( 18.8 )  0.12 
TR grade ≥ 2 71 ( 26.9 )  41 ( 27.9 )  17 ( 24.6 )  13 ( 27.1 )  0.88 
PAP, mmHg 42 ± 11  42 ± 12  42 ± 10  44 ± 10  0.51 
                  

Values are n (%) or mean ± SD. BMI, body mass index; PCI, percutaneous coronary intervention; CABG, coronary artery 
bypass graft; COPD, chronic obstructive pulmonary disease; NYHA, New York Heart Association; STS, society of thoracic 
surgeons; LVEF, left ventricular ejection fraction; LVMI, left ventricular mass index; EOA, effective orifice area; AVPG, aortic 
valve pressure gradient; AR, aortic regurgitation; MR, mitral regurgitation; TR, mitral regurgitation, PAP, pulmonary artery 
pressure. 
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Procedural characteristics are shown in table 2. In the Medtronic-CoreValve group, 
2 patients received a bioprosthesis using a surgical access (one with femoral access 
and one through subclavian access) and 6 patients received a second bioprosthesis 
during the index procedure (valve-in-series), with implantation of the second valve 
inside the first prosthesis in three patients and implantation of a second prosthesis 
after retrieval of the first prosthesis in the other three patients. 
In the transapical Edwards SAPIEN group a prosthesis was implanted in a patient 
who had a previous surgical aortic valve bioprosthesis (valve-in-valve). Device 
success was 96.6% and acute procedural success 93.2%, which were not significant-
ly different between the three treatment groups. The contrast use was significantly 
lower in the transapical group (p<0.001), but procedural duration significantly 
higher compared with the Medtronic-CoreValve transfemoral treatment group 
(p<0.001). 

 

Table 2: Procedural characteristics  (n=264) 

 Total  CoreValve 
transfemoral 

 Edwards 
transapical 

 Edwards 
transfemoral 

 

 (n = 264)  (n = 147)  (n = 69)  (n = 48)  
P-value 

General anesthesia 136 ( 51.5 )  67 ( 45.6 )  69 ( 100.0 )  0 ( 0.0 )  <0.001 
Surgical access 71 ( 26.9 )  2 ( 1.4 )  69 ( 100.0 )  0 ( 0.0 )  <0.001 
Concomitant PCI 2 ( 0.8 )  2 ( 1.4 )  0 ( 0.0 )  0 ( 0.0 )  0.45 
Large prosthesis used 110 ( 41.7 )  44 ( 29.9 )  47 ( 68.1 )  19 ( 39.6  <0.001 
Valve-in-valve 1 ( 0.4 )  0 ( 0.0 )  1 ( 1.4 )  0 ( 0.0 )  0.24 
Valve-in-series 6 ( 2.3 )  6 ( 4.1 )  0 ( 0.0 )  0 ( 0.0 )  0.087 
Post-dilatation 10 ( 3.8 )  6 ( 4.1 )  3 ( 4.3 )  1 ( 2.1 )  0.79 
Contrast, mL 139 ± 59  151 ± 65  109 ± 50  141 ± 43  <0.001 
Procedure time, min 91 ± 32  85 ± 30  106 ± 28  100 ± 39  <0.001 
Device success 255 ( 96.6 )  141 ( 95.9 )  67 ( 97.1 )  47 ( 97.9 )  0.77 
Acute procedure 
success 246 ( 93.2 )  135 ( 91.8 )  64 ( 92.8 )  47 ( 97.9 )  0.34 
                  

Clinical outcome within 30 days after the procedure is shown in table 3. All-cause 
mortality at 30 days was 11.7% of which 9.1% was cardiovascular, which was 
caused by low cardiac output (n=10), stroke (n=4), cardiogenic shock (n=3), hemor-
rhagic shock (n=3), sudden cardiac arrest (n=2), ventricular fibrillation (n=1) and 
cardiac tamponade (n=1). Non-cardiovascular mortality was the result of aspira-
tion pneumonia (n=3), sepsis (n=3) and exacerbation COPD (n=1). Both 30-day 
all-cause mortality and cardiovascular mortality were not statistically significantly 
different between the three treatment groups. Myocardial infarction (p=0.003) and 
major bleeding (p=0.014) occurred significantly more in the transapical group, 
while minor vascular access site complications (p=0.049), permanent pacemaker 
implantation (p=0.012) and new LBBB (p<0.001) occurred more in the Medtronic-
CoreValve transfemoral group compared with the other two groups. Cumulative 
30-day mortality of all the patients and the transfemoral versus transapical treat-
ment group is shown in figure 2. The incidence of VARC-combined safety end 
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point was 16.7% in the total patient population, with a significantly lower inci-
dence in the Edwards SAPIEN transfemoral group (p=0.036). 

 

Table 3: 30 days clinical outcome (n=264) 

 Total  CoreValve 
transfemoral  

Edwards 
transapical 

 Edwards 
transfemoral 

 

 (n = 264)  (n = 147)  (n = 69)  (n = 48)  
P-value 

All-cause mortality 31 ( 11.7 )  20 ( 13.6 )  9 ( 13.0 )  2 ( 4.2 )  0.2 
Cardiovascular mortality 24 ( 9.1 )  14 ( 9.5 )  9 ( 13.0 )  1 ( 2.1 )  0.12 
MACCE 37 ( 14.0 )  23 ( 15.6 )  12 ( 17.4 )  2 ( 4.2 )  0.089 
Myocardial infarction 4 ( 1.5 )  0 ( 0.0 )  4 ( 5.8 )  0 ( 0.0 )  0.003 
Stroke 13 ( 4.9 )  11 ( 7.5 )  1 ( 1.4 )  1 ( 2.1 )  0.097 

Major stroke 7 ( 2.7 )  7 ( 4.8 )  0 ( 0.0 )  0 ( 0.0 )  0.057 
Minor stroke 6 ( 2.3 )  3 ( 2.0 )  1 ( 1.4 )  0 ( 0.0 )  0.84 

Bleeding                  
Life threatening bleeding 15 ( 5.7 )  9 ( 6.1 )  6 ( 8.7 )  0 ( 0.0 )  0.128 
Major bleeding 47 ( 17.8 )  22 ( 15.0 )  20 ( 29.0 )  5 ( 10.4 )  0.014 

Vascular access 
complication 30 ( 11.4 )  22 ( 15.0 )  6 ( 8.7 )  2 ( 4.2 )  0.088 

Major 13 ( 4.9 )  8 ( 5.4 )  4 ( 5.8 )  1 ( 2.1 )  0.6 
Minor 18 ( 6.8 )  15 ( 10.2 )  2 ( 2.9 )  1 ( 2.1 )  0.049 

Acute kidney injury                  
Stage 1 49 ( 18.6 )  28 ( 19.0 )  16 ( 23.2 )  5 ( 10.4 )  0.21 
Stage 2 9 ( 3.4 )  6 ( 4.1 )   2 ( 2.9 )  1 ( 2.1 )  0.77 
Stage 3 2 ( 0.8 )  2 ( 1.4 )  0 ( 0.0 )  0 ( 0.0 )  0.45 

Cardiac conduction 
disorders                  

Permanent PM 
implantation 28 ( 10.6 )  23 ( 15.6 )  3 ( 4.3 )  2 ( 4.2 )  0.012 

New LBBB 71 / 204  57 / 109  10 / 55  4 / 40  <0.001 
Paravalvular AR ≥ 2 62 ( 23.5 )  43 ( 29.3 )  10 ( 14.5 )  9 ( 18.8 )  0.042 
Admission, days 12 ± 10  12 ± 8  15 ± 13  10 ± 11  0.016 
VARC-combined end point 44 ( 16.7 )  28 ( 19.0 )  14 ( 20.3 )  2 ( 4.2 )  0.036 
                  

Values are n (%) or mean ± SD. MACCE, major adverse cardiac and cerebral events; PM, pacemaker; LBBB, left bundle branch 
block; VARC, Valve Academic Research Consortium. 

      








 



  















 








 







 




Figure 2: Cumulative 
30-day mortality of all 
TAVI patients, and ac-
cording to the approach 
of TAVI: transfemoral 
versus transapical. 
Log-rank test for com-
parison between TF and 
TA: p=0.78.
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Predictors of 30-day outcome 

Univariate analysis revealed that 30-day mortality was associated with a lower 
body mass index, male gender, atrial fibrillation, preprocedural hospitalization, a 
higher logistic EuroSCORE, a higher Society of Thoracic Surgeons (STS) risk score, 
left ventricular ejection fraction (LEVF) ≤40%, a higher LVMI, a lower mean aortic 
valve pressure gradient (AVPG) and major stroke, major VASC, AKI stage 1, 2 and 
3 and PAR≥2. Multivariate analysis identified preprocedural hospitalization (Odds 
ratio (OR): 3.08; 95% CI: 1.26-7.54), LVMI (per 100 g/m2, OR: 2.92; 95% CI: 1.16-
7.38), logistic EuroSCORE (per 10%, OR: 1.35; 95% CI: 1.03-1.80), AKI stage 1 (OR: 
5.69; 95% CI: 2.32-13.91), major VASC (OR: 8.73; 95% CI: 2.14-35.61), major stroke 
(OR: 12.37; 95% CI: 2.03-75.47) and PAR≥2 (OR: 2.85; 95% CI: 1.11-7.27) as indepen-
dent predictors for 30-day mortality after TAVI. The independent predictors of 30-
day mortality divided into preprocedural and postprocedural variables are shown 
in tables 4A and 4B, respectively. 

  

   

    
 

     






  
  
  






  

   

 

 

    

     






  
  
  





    

Table 4A: Multivariate predictor analysis for 30-day mortality: preprocedural variables

Table 4B: Multivariate predictor analysis for 30-day mortality: peri- and postprocedural variables

For VARC-combined safety endpoint, univariate analysis showed an association 
with a lower body mass index, NYHA class ≥ 3, preprocedural hospitalization, a 
higher logistic EuroSCORE, a higher STS risk score, LVEF≤40%, a higher LVMI, 
more MR grade ≥ 3, general anesthesia and PAR≥2. With multivariate analysis 
PAR≥2 (OR: 2.57; 95% CI: 1.20-5.50) and preprocedural hospitalization OR: 2.42; 
95% CI: 1.11-5.26) were identified as the only independent predictor for VARC-
combined safety end point (table 5).
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Table 5: Multivariate predictor analysis for 30-day VARC-combined safety end point

Predictors of long-term mortality

Of the 233 patients that were alive after 30 days, 54 died during follow-up (cumu-
lative late mortality: 23%). Cumulative late mortality of all the patients is shown 
in figure 3.  Univariate Cox regression analysis revealed that late mortality was 
associated with diabetes, prior myocardial infarction, renal insufficiency, atrial 
fibrillation, NYHA class ≥ 3 at baseline, a higher logistic EuroSCORE and STS risk 
score, LVEF≤40%, a higher LVMI, a higher AVPG, tricuspid regurgitation grade ≥2, 
AKI stage 1 and paravalvular AR≥2. 

    








  
   

 








 







 




Figure 3: Cumulative 
late mortality up to 2 
years of all TAVI pa-
tients. Log-rank test for 
comparison between 
TF and TA: p=0.94 
(curves not shown).

Table 6 shows the independent predictors of cumulative late mortality, which are 
PAR≥2 (Hazard ratio (HR): 2.77; 95% CI: 1.40-5.50), STS score (HR: 1.11; 95% CI: 
1.03-1.19) and AKI stage 1 (HR: 2.11; 95% CI: 1.03-4.32).

  

    

 

   

     





  
  
  





Table 6: Multivariate Cox regression analysis for late mortality
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Predictive score for 30-day mortality 

Based on the independent predictors and individual β1 coefficients of these 
variables found with multivariate logistic regression, a formula was developed to 
calculate a prognostic score for 30-day mortality. The model was further simplified 
to a more practical formula: 
Risk score = 2×(Major stroke + Major VASC + AKI stage 1) + Preprocedural hospi-
talization + PAR≥2 + EuroSCORE/30 + LVMI/100. 
The receiver-operator-curve (figure 4) shows that 4.25 as the optimal cut-off value 
to predict 30-day mortality with a sensitivity of 70.4% and a specificity of 85.9%. 

30 day mortality
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Figure 4: Receiver-operating character-
istic curve of the predictive score for 
30-day mortality. The optimal value of 
this score for prediction of outcome is 
4.25 (arrow) with a sensitivity of 70.4% 
and a specificity of 85.9%. 

Discussion

This study describes the short- and long-term clinical outcome of transcatheter aor-
tic valve implantations performed as part of a single-centre heart team based TAVI 
program, with the availability of two different valve types and different access 
routes. Device and procedural success rates of the TAVI procedures were high. 
Mortality at 30 days was 11.7% and predicted by preprocedural hospitalization, left 
ventricular mass index, logistic EuroSCORE, acute kidney injury, major vascular 
access site complication, major stroke and paravalvular aortic regurgitation grade 
≥2. The VARC-combined safety end point occurred in 16.7% of the patients and 
was independently predicted by paravalvular aortic regurgitation grade ≥2 and 
preprocedural hospitalization. Cumulative late mortality that occurred from 30 
days and on was 23%, which was predicted by PAR≥2, STS score and AKI. 
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Early outcome compared with previous studies

The 30-day mortality rate of 11.7% is comparable with that reported in previous 
studies.6, 9-13 Mortality rates after TAVI vary from centre to centre, which depends 
on the TAVI experience and patient selection of the individual centre. As is the 
case in previous studies, our mortality rate is lower than the estimated surgical 
risk according to the calculated EuroSCORE. In general, EuroSCORE tends to 
overestimate the mortality risk of surgical aortic valve replacement and to a larger 
extent that of TAVI. However, we found EuroSCORE to be one of the independent 
predictors for 30-day mortality, which indicates that there is a correlation between 
this score and mortality risk after TAVI. We failed to find an independent associa-
tion between the STS risk score and early mortality after TAVI.

Predictors of early outcome

In our study, early mortality is determined by several baseline patient characteris-
tics and periprocedural complications. Preprocedural hospitalization was found to 
be a strong independent predictor for both 30-day mortality and VARC-combined 
end point. Patients who were hospitalized for at least one week directly prior to 
TAVI were often admitted because of severely symptomatic aortic valve stenosis. 
These patients were in a much worse clinical condition compared with patients 
who awaited TAVI at home and were admitted one day before the procedure. 
Periprocedural problems, especially hemodynamic instability, probably have a 
higher impact on frail patients compared with physically healthy patients. This has 
also been demonstrated in a previous study, that showed that a lower preproce-
dural Karnofsky score was predictive for both mortality and major adverse events 
following TAVI.9

A higher left ventricular mass index was identified as an important independent 
predictor for 30-day mortality, which to our knowledge has never been reported in 
the setting of TAVI. In line with our finding, left ventricular hypertrophy is shown 
to be associated with postoperative mortality and morbidity after aortic valve sur-
gery for aortic valve stenosis and regurgitation.20-23 Potential mechanisms that can 
explain the increased mortality risk of patients with excessive left ventricular hy-
pertrophy are contractile impairment and diastolic dysfunction of the left ventricle 
which can result in heart failure 24-27 and abnormalities in coronary flow reserve.28 
Acute kidney injury is a serious complication after TAVI and shown to be predic-
tive for early mortality.29-31 The cardio-renal syndrome which leads to a vicious 
circle of cardiac and renal failure is the proposed mechanism of the relationship 
between AKI and mortality. 
Significant paravalvular aortic regurgitation has been identified as predictor for in-
hospital mortality in an earlier report.32 Especially in non-compliant hypertrophic 
left ventricles, which most of the patients have developed as result of their chronic 
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aortic valve stenosis, moderate to severe aortic valve regurgitation can result in a 
low cardiac output syndrome and eventually death. 
As expected and in line with previous studies,10, 14 early mortality after TAVI was 
also independently predicted by periprocedural complications, such as major vas-
cular access site complication and major stroke, which can result in hemodynamic 
instability, prolonged procedural duration and hospitalization and risk for infec-
tion.

Predictors of late outcome

Late mortality was defined in this study as mortality occurring from 30 days after 
TAVI and further. Independent predictors for late mortality found in our study 
were grade 2 or more paravalvular aortic regurgitation, STS score and acute kidney 
injury. Significant PAR and acute kidney injury were found as determinants of late 
mortality in previous studies.11, 30, 31 While not being independently predictive for 
early mortality and clinical outcome, STS score is shown to be predictive for late 
mortality after TAVI. The combination of the different preprocedural factors, that 
is needed to calculate the STS score, is probably an important determinant of late 
mortality.

Transfemoral versus transapical approach

In our heart team based TAVI program, the majority of our patients were treated 
transfemorally because in most of the cases this least invasive approach was the 
first choice and the transapical route the alternative choice in case of severe periph-
eral arterial disease. Furthermore, the transapical approach was not yet available 
during our early experience (before May 2009). Our study did not show a signifi-
cant difference in 30-day mortality, VARC-combined safety end point and in late 
mortality between patients treated with the TF versus the TA approach. This is 
consistent with the results reported by a recently published study.10 Generally, pa-
tients who have been treated by TA approach have a higher risk profile compared 
with TF-AVI patients.10, 12 Except for a lower age, more prior myocardial infarction, 
peripheral arterial disease and CABG in our TA-AVI group, no other risk factors 
were significantly different between both groups, in particular not the EuroSCORE 
and STS score. Other studies have shown a higher mortality or adverse event rate 
in patients treated with TA-AVI compared with TF-AVI.12, 13 Randomized studies 
in the future are needed to exactly compare the outcome results of TF-AVI versus 
TA-AVI procedures in two treatment arms that are comparable in patient charac-
teristics and risk factors. 

Clinical implications

Several risk factors for early and late mortality have been identified in our study. 
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reprocedural factors that have been identified as predictors for adverse outcome 
after TAVI should be taken into account for the risk assessment as part of patient 
selection for TAVI. For example, patients in our study who were hospitalized prior 
to TAVI had a 22% risk of 30-day mortality, while the mortality risk was only 9% 
for patients who were not hospitalized. Some peri-procedural complications in-
crease the risk of early mortality and should be avoided where possible, especially 
in patients with already an increased risk based on their baseline profile. We devel-
oped a formula in which the different independent predictors for 30-day mortality 
were incorporated to calculate a prognostic score. Patients with a score above the 
cut-off value of 4.25 (positive test) had a probability of almost 40% to die within 30 
days while patients with a negative test had a probability of only 4%. Interestingly, 
the risk model reveals that the vast majority of the patients (80%) were treated suc-
cessfully with TAVI at a very low risk for early mortality (4%).

Limitations

An important limitation of this study is that predictor analysis was performed with 
data obtained from a single centre, including those from both the early and late 
experience procedures. The outcome results and predictors highly depend on the 
selection process, the availability of different devices and approaches and the pro-
cedural learning curve, which all differ between centres. Therefore, it remains the 
question whether our results will also be found in other single centre experiences. 
Larger multi-centre studies are needed to confirm our findings. Another limita-
tion is that the follow-up of our study was still ungoing, with 50% of the patients 
lacking one year follow-up and relatively little follow-up events, which may have 
affected the late survival predictor analysis. Finally, preprocedural hospitalization 
was chosen in our study as the reflection of a poor preprocedural clinical condi-
tion of the patient. Application of frailty scores may be a better way to assess the 
functional status of the patient. However, these scores have not yet been validated 
in large prospective TAVI studies. 

Conclusion

In a single-centre comprehensive transcatheter aortic valve implantation program, 
using different devices and approaches, TAVI was performed with high success 
rates. Poor preprocedural status, left ventricular hypertrophy, EuroSCORE, acute 
kidney injury, major access site complications, stroke and significant paravalvular 
aortic regurgitation are predictors of adverse early outcome. Late mortality is as-
sociated with significant valvular aortic regurgitation, STS score and acute kidney 
injury. Preprocedural risk factors of early and late mortality should be taken into 
consideration in the selection process for TAVI.
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