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Aims To evaluate the outcome of transapical aortic valve implantation (TA-AVI) in comparison to conventional surgery.

Methods
and results

One hundred consecutive high-risk patients with symptomatic aortic valve stenosis received TA-AVI using the
Edwards SAPIENTM pericardial xenograft between February 2006 and January 2008. Patient age was 82.7+ 5
years, 77 were females, logistic EuroSCORE predicted risk of mortality was 29.4+13% and Society Thoracic Sur-
geons score risk for mortality was 15.2+ 8.3%. Propensity score analysis was used to identify a control group of
patients that underwent conventional aortic valve replacement (C-AVR). Transapical aortic valve implantation was
performed successfully in 97 patients, whereas three patients required early conversion. There were no new
onset neurological events in the TA-AVI group and early extubation was performed in 82 patients. Echocardiography
revealed good valve function with low transvalvular gradients in all patients. Thirty-day survival was 90+3 vs.
85+ 4% for TA-AVI vs. C-AVR, and 1-year survival was 73+ 4 vs. 69+5% (P ¼ 0.55).

Conclusion Transapical aortic valve implantation is a safe, minimally invasive, and off-pump technique to treat high-risk patients
with aortic stenosis. Results of the initial 100 patients are good and compare favourably to conventional surgery.
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Introduction
Aortic valve replacement (AVR) is a standard and relatively
low-risk procedure indicated in patients with symptomatic aortic
stenosis (AS)1– 2. Good surgical outcome can be expected even
in octogenarians3. However, a substantial number of patients are
not being referred due to an operative risk that is presumed to
be too high4. Such observations of real world clinical practice
underline the need for further improvements, a reduction in the
invasiveness of the procedure, avoidance of a sternotomy, and
elimination of the need for cardioplegic myocardial arrest and car-
diopulmonary bypass. This can be accomplished by transfemoral or
transapical (TA) minimally invasive aortic valve implantation (AVI),

which has been recently introduced into clinical practice with
encouraging early results in high-risk patients5 –9. The aim of this
study was to evaluate the results of the initial 100 patients receiving
TA-AVI and to compare their outcomes to a control group of con-
ventional AVR (C-AVR).

Methods
A total of 102 patients received TA-AVI between February 2006 and
January 2008 at our centre. Two patients with haemodynamic instabil-
ity were excluded from further analysis. The study was approved by
the local Ethics Committee and all patients gave written informed
consent. Patients were considered eligible for TA-AVI in the presence
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of stable symptomatic AS and high surgical risk, defined by age ≥ 75
years and an additive EuroSCORE ≥ 9. Exclusion criteria consisted
of an aortic annulus larger than 24 mm (for TA-AVI patients only),
requirement for concomitant cardiac surgical procedures or preopera-
tive haemodynamic instability.

Only those patients with an aortic annulus diameter ≤24 mm were
eligible for TA-AVI in order to allow for oversizing of the implanted
valve by 2–4 mm. In a previous study performed between December
2004 and August 2005, three patients were treated unsuccessfully at
our centre without the use of an oversizing technique. We therefore
modified our valve sizing protocol and restarted TA-AVI procedures
in February 2006.

Transapical aortic valve implantation was performed in a hybrid
operative theatre by a team of cardiac surgeons and cardiologists
under fluoroscopic and transesophageal echocardiographic control
using the Edwards SAPIENTM transcatheter xenograft. Key steps of
the procedure have been previously outlined in detail.9

Patients older than 75 years of age who underwent isolated C-AVR
using standard surgical techniques served as controls. Propensity
matching was used to select 100 C-AVR patients with a similar risk
profile to TA-AVI patients. Clinical and echocardiographic follow-up
was performed 6 months and 1 year postoperatively and was 100%
complete. Follow-up was truncated for all patients at 1 year.

Statistical analysis
All TA-AVI patients were analysed intent to treat. Propensity matching
was performed in order to derive a comparable group of C-AVR
patients. A total of 777 patients that were 75 years of age or older
underwent isolated C-AVR at our institution between September
1996 and January 2008. Data were taken from the prospective hospi-
tals database. The large cohort of C-AVR patients enabled 1:1 propen-
sity score matching on many variables.

The propensity score represented the probability of a patient being
assigned to the case group given the covariables of that patient. It was
calculated for each patient using a logistic regression model which
included the following variables: age, gender, body mass index, logistic
EuroSCORE, left ventricular ejection fraction, NYHA functional class,
urgency of the procedure (elective vs. urgent, where urgent means
therapy during the same hospital stay), chronic obstructive pulmonary
disease (use of bronchodilators or steroids due to lung disease), pre-
vious myocardial infarction, syncope, congestive heart failure, hyperli-
pedaemia, arterial hypertension, pulmonary hypertension (systolic
pulmonary pressure .60mmHg), diabetes, smoking, previous cardiac
surgery, peripheral vascular disease, stroke/transitory ischaemic
attack, renal dysfunction (serum creatinine . 200 mmol/L), and liver
dysfunction (hepatitis, cirrhosis and/or cholinesterasis .1000 U/L).
Matching was performed by selecting a patient randomly from the
case group and looking for a partner in the control group who had
the nearest logit-transformed propensity score10,11. Balance of match-
ing variables was assessed by formal statistical comparison (Kolmo-
gorov–Smirnov test for continuous variables and Fishers exact test
for categorical variables). P-values .0.05 were considered as evidence
for balance of the quantity.

Categorical outcomes are displayed as proportions throughout the
manuscript and were compared with x2 or Fisher’s exact test for
unpaired samples and with McNemar test or exact binomial test for
comparison of matched samples. Continuous outcomes are displayed
as mean+ standard deviation throughout the manuscript and were
compared with Mann–Whitney U test for unpaired samples or Wil-
coxon signed rank test for matched samples, respectively. Survival ana-
lyses were performed using the Kaplan–Meier method. Comparison of
survival curves was performed with Cox regression stratified on

matched pairs. We additionally adjusted our analysis with respect
to time of treatment using regression techniques and propensity.
A probability of P , 0.05 was considered significant. All calculations
were performed using the statistical software package R (version
2.7.0, www.r-project.org).12 Exact logistic regression has been
performed with LogXact-8 (Cytel, Inc.).

Results

Transapical aortic valve implantation
perioperative results
Patient details including the incidence of specific risk factors are
displayed in Table 1. Additional risk factors present in the
TA-AVI cohort were peripheral vascular disease in 33%, history
of preoperative stroke in 21%, and previous cardiac surgery in
22% of the patients. Vital capacity was 79+25% and forced
expiratory capacity within 1 s was 91+43% of normal in these
patients.

Transapical aortic valve implantation was successfully performed
in 97 patients, three patients required conversion to full sternotomy
due to secondary aortic root dissection after selective coronary
artery imaging, left main stem occlusion, and proximal valve dislo-
cation in the presence of eccentric calcification causing severe
mitral regurgitation (one patient each). Two of the converted
patients were discharged alive from the hospital. Two rethoraco-
tomies were required: one for diffuse chest wall bleeding in a
patient who was on preoperative Plavixw therapy and one for a sec-
ondary apical tear 6 h postoperatively treated by additional suturing
during femoral cardiopulmonary bypass (CPB) support. The mean
implanted valve size was 25.3+1.3 mm. A total of 75 patients
received a 26 mm valve and 25 patients a 23 mm valve. The aortic
annulus measured 22.7+ 1.3 mm leading to an oversizing of
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Table 1 Patient characteristics and risk factors for the
transapical (TA-AVI) and the conventional (C-AVR)
groups

TA-AVI C-AVR

n 100 100

Age 82.7+5 82.4+4

Female 77 70

NYHA 3.2+0.4 3.1+0.6

LVEF (%) 54.0+15 56.3+18

Logistic EuroScore (%) 29+13 30+13

STS score 15.2+8.3 n/a

COPD 27 30

Hypercholesterolaemia 35 41

Arterial hypertension 86 85

Diabetes 40 37

Smoking 25 19

Renal insufficiency 14 17

The control group was generated by means of propensity score analysis. All
statistical comparisons between groups are not significant. TA-AVI, transapical
aortic valve implantation; NYHA, New York Heart Association functional class;
STS, Society Thoracic Surgeons.
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2.6 mm. Mean duration of fluoroscopy was 419+ 248 s and a total
of 101+92 mL of contrast medium was required.

Femoral CPB was used intentionally in 10 patients at the beginning
of our series. Subsequent patients received only femoral wires as
preparation for emergency CPB cannulation, if required9. Secondary
CPB was required in 10 patients due to conversion to full sternot-
omy as described above (three patients), for suturing of the apex
(two patients—one during the operation and one during a rethora-
cotomy), for temporary reperfusion secondary to haemodynamic
instability (four patients—two of who required additional coronary
artery stenting) and for valve in a valve implantation due to upside
down positioning of the initial prosthesis (one patient). All but one
of the patients treated with CPB were weaned successfully. One
patient required extracorporal membrane oxygenation support
for 2 days and was weaned successfully thereafter.

Patients were intubated postoperatively for a median of 5 h. A
total of 89 patients were extubated within the first 24 postopera-
tive hours. Renal function was preserved (creatinine level
,1.7 mg/dL with adequate diuresis) in 88 patients postoperatively.
Twelve patients required temporary haemofiltration. The mean
preoperative creatinine level was 2.8+1.7 mg/dL in these patients
and five of them had been on chronic haemodialysis preopera-
tively. None of the patients had clinical evidence of a new onset
stroke in the perioperative period.

Preoperatively, 11 of the 100 patients had a pacemaker. Of the
remaining 89 patients, nine (10.1%) required new onset pacemaker
implantation, all due to high-grade atrioventricular block, four of
them with delayed (1–5 days) onset. Laboratory evaluation
revealed no significant increase in myocardial enzymes (CK-MB)
immediately and 24 h postoperatively in all patients, with the
exception of the one patient suffering left main stem occlusion
who required subsequent coronary artery bypass grafting. At 30
days, 10 patients died after TA-AVI due to the following causes:
respiratory dysfunction (n ¼ 3), abdominal complications (n ¼ 3),
low-cardiac output syndrome (n ¼ 2), sudden death (n ¼ 1), and
other (n ¼ 1).

Transapical aortic valve implantation
follow-up results
During follow-up, another 18 of the remaining 90 patients (20%)
died, all except one with good valve function at most recent echo-
cardiographic examination. This patient with a porcelain aorta and
moderate paravalvular leak at discharge was readmitted with
severe paravalvular leakage 6 weeks postoperatively. After

unsuccessful redilatation of the valved stent, the patient underwent
aortic root replacement via conventional surgery. She recovered
and was discharged, but subsequently died suddenly on postopera-
tive day 71 for unknown reasons. Follow-up mortality in TA-AVI
patients occurred at a mean of 119+ 73 (range 48–280) days
after valve implantation. Outcome after TA-AVI in relation to pre-
operative risk profile is displayed in Table 2. Patients are grouped
according to increasing logistic EuroSCORE, whereas Society
Thoracic Surgeons Score is supplied for comparisons.

Preoperatively New York Heart Association (NYHA) class was
III (76) or IV (24). At 3–6 months follow-up, NYHA class was I for
7.8%, II for 56.3%, and III for 35.9% of the patients and all but seven
patients had improved by at least one NYHA class. No patient
remained in NYHA class IV during follow-up. At 1-year follow-up,
NYHA class was I for 8.8%, II for 47.1%, and III for 44.1% of the
patients.

Echocardiography revealed good valve function with low trans-
valvular gradients in all patients early postoperatively (Table 3).
Ventricular function was stable with a slight increase in left ventri-
cular ejection fraction at follow-up examinations. Paravalvular
leakage was present in 48 patients, which was trivial to mild in
all but three patients. There were no clinical signs of haemolysis
in any of the patients postoperatively. A summary of echocardio-
graphic results is given in Table 3.

Transapical aortic valve implantation vs.
conventional aortic valve replacement
patients
Patient characteristics of the control group receiving C-AVR are
given in Table 1. The prevalence of all preoperative risk factors
was similar between the two patient groups. Postoperative out-
comes were also similar as shown in Table 4, with the exception
of a higher proportion of patients that were managed without
any stay in the ICU and a lower rate of new neurological events
in the TA-AVI group. Survival was 90+3% at 30 days, 75+4%
at 6 months, and 73+ 4% at 1 year in the TA-AVI group. Compari-
sons between TA-AVI group and control population revealed no
significant differences for 30-day survival [odds ratio ¼ 0.46, 95%
CI (0.14; 1.30), P ¼ 0.17 for the unadjusted analysis and odds
ratio ¼ 0.32, 95% CI (0.03; 3.38), P ¼ 0.34 for the analysis adjusted
for time of treatment and propensity] and overall survival [unad-
justed: hazard ratio ¼ 0.83, 95% CI (0.46; 1.51), P ¼ 0.55; adjusted:
hazard ratio ¼ 1.00, 95% CI (0.29; 3.47), P ¼ 1.00]. Kaplan–Meier
survival curves are displayed in Figure 1.
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Table 2 Outcome after transapical aortic valve implantation in relation to the preoperative risk profile

n STS (%) ESlog (%) 30-Day mortality 1-Year mortality

Total 100 15.2+8 29.6+13 10 18

ESlog ≤20 32 11.2+5 16.4+3 6.3%2 13.3%4

20 , ESlog ≤ 30 32 13.6+8 25.9+3 6.3%2 16.7%5

30 , ESlog ≤ 50 27 19.1+8 40+6 11.1%3 29.2%7

ESlog ≥ 50 9 23.4+10 58+6 33.3%3 33.3%2

STS, Society of Thoracic Surgeons. ESlog, logistic EuroScore.
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Discussion
Transcatheter AVI has become a clinical reality for the minimally
invasive treatment of AS in high-risk patients. Our initial results
in 100 patients treated transapically are acceptable, particularly
when considering the overall high-risk profile of the patients and
when comparing to early feasibility results5– 8 as well as to
results of recently published series.13– 18 We strongly believe
that a team approach involving the expertise of cardiac surgeons,
cardiologists, and cardiac anaesthetists—which is strongly sup-
ported by a recent consensus statement19—was important for
the relatively good outcome in high-risk patients in this study.

Comparative trials
At present, no prospectively randomized trials comparing trans-
catheter techniques to C-AVR are available. Our study is again a
retrospective analysis underlying the limitation of a non-random
selection of treatment arms. This source of bias is reduced as far
as possible by our propensity score matching which comprised a
large set of possible confounding variables. We were thus able
to collect evidence that TA-AVI in the initial 100 high-risk patients
was as good as C-AVR. Therefore, we can conclude that TA-AVI
can be performed safely when performed under optimal imaging
by an expert team. Whether further advancements in transcath-
eter techniques will lead to outcomes that are even better than
conventional surgery remains to be seen.

Stroke risk
The initial goals of TA-AVI therapy have been achieved in the
present study: safety, feasibility, capacity to be performed
through a minimally invasive approach, and capability to avoid ster-
notomy and use of CPB. In addition, an acceptably low morbidity
with an extremely low stroke risk has been demonstrated. The

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

Table 3 Echocardiographic results at predischarge,
6-months, and 1-year follow-up in transapical aortic
valve implantation patients

Post-OP 6 Months 1 Year

Vmax (m/s) 1.9+0.4 1.9+0.5 2+0.4

Pmax (mmHg) 15+7 16+7 17+7

LVEF (%) 56+13 59+12 58+12

AI (grade) 0.5+0.5 0.6+0.5 0.7+0.5

TA-AVI, transapical aortic valve implantation; Vmax, maximum transvalvular
velocity; Pmax, maximum transvalvular pressure gradient; LVEF, left ventricular
ejection fraction; AI, aortic insufficiency.

Figure 1 Survival analysis for the 100 patients receiving transapical aortic valve implantation (TA-AVI) compared with a propensity matched
control group (C-AVR). No significant differences in survival up to 1 year were found.

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

Table 4 Comparison of patient outcomes for
transapical aortic valve implantation vs. conventional
aortic valve replacement surgery

TA-AVI C-AVR P-value

n 100 100

Respiratory support (h) 93+194 118+275 0.6

PACU* 58 5 ,0.0001

Temporary neurological
event**

3 6 0.4

Stroke – 2 0.5

The control group was generated by means of propensity score analysis. PACU,
postanaesthetic care unit—patients not managed in intensive care unit.
aAvailable for only 25 control patients (see text).
bPostoperative seizure or delirium.

TA-AVI 100 1401
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article/31/11/1398/590461 by U
.S. D

epartm
ent of Justice user on 16 August 2022



low stroke rate may be due to the antegrade TA approach with
minimal manipulation of the ascending aorta and aortic arch. The
ascending aorta and arch have a high burden of atherosclerosis
in elderly, high-risk patients, increasing their risk of stroke during
conventional aortic surgery.20 As stroke is a devastating compli-
cation associated with a significantly increased risk of perioperative
morbidity, mortality, and resource utilization, the observed very
low stroke rate is an important observation.

Risk assessment
Preoperative risk assessment can be difficult in patients with mul-
tiple comorbidities. We used the EuroSCORE to obtain risk
quantification in the current study, despite knowing that operat-
ive risk may be overestimated with this scoring system in higher
risk subgroups. In addition, the high-risk profile of our TA-AVI
patients was confirmed using the STS risk score.21 Using both
of these scoring systems, together with clinical judgement, clini-
cians may be able to target patients that may benefit most
from the new transcatheter minimally invasive procedures
while directing patients with lower risk profiles, even if they
are in their 80 or 90, to a conventional surgical approach. Use
of the logistic EuroSCORE, however, may still be helpful to
differentiate between high-risk and very high-risk patients and it
may be an indicator for potential longer-term outcome as
shown in Table 2.

Valve positioning
Causes of death in TA-AVI patients and the lack of significant
cardiac enzyme release indicate that risk of coronary artery
obstruction was low with this procedure. We may therefore con-
clude that valve positioning can be performed safely when good
imaging techniques are used. Furthermore, the risk of subsequent
valve dislocation can be assumed to be minimal, as we did not
observe this event in any patient and as no reports of such
events have occurred to date in the world-wide experience.
However, further improvements in imaging, such as the use of peri-
operative rotational angiography to render a three-dimensional
reconstruction of aortic root anatomy and then online overlay
(Dyna CT, Siemens, Inc., Erlangen, Germany) or additional compu-
terized lines to depict the landmarks for exact valve positioning,
may prove to be helpful in the near future.

Transapical access
The TA access was secured safely in all but one patient. Suffi-
ciently deep bites when positioning the apical purse-string
suture are essential, especially in presence of very soft tissue.
Cardiac rhythm may be of some concern with a 10% rate of pace-
maker implantations, most certainly due to calcifications that are
squeezed into the peri-annular space during valve implantation.
We therefore suggest that TA-AVI patients are monitored with
telemetry for 1 week after their procedure. Differences in the
frequency of postoperative postanaesthetic care unit (PACU)
treatment between the two groups were due to a more frequent
off-pump treatment together with shorter operative duration
in the TA-AVI patients and due to the availability of the PACU
unit.

Mortality and morbidity
Mortality during follow-up in the TA-AVI group was in general
related to patient comorbidities, underscoring the overall risk
profile of these patients. It has been our observation that patients
with severe respiratory dysfunction are of particular concern. In
contrast, neither low ejection fraction nor pulmonary hypertension
was associated with a worse outcome in this series. More specific
assessment of respiratory dysfunction may be warranted in high-
risk patients with AS, particularly as it can be difficult to differen-
tiate between dyspnoea due to AS or due to underlying pulmonary
disease. Performing a thoracotomy may be an influencing factor
for the observed poor outcomes in patients with respiratory
dysfunction. However, we were able to extubate most such
patients early after their procedure. Echocardiography revealed
good valve function with low transvalvular gradients and low trans-
valvular blood flow velocities in all TA-AVI patients (Table 3).
Paravalvular incompetence was frequent but usually of minor
degree without any clinically relevant consequences such as
heart failure or haemolysis.

Future aspects
Future aspects for transcatheter valve implantation should focus on
a further reduction of paravalvular leakage by second generation
stent designs, by increasing the size of available prostheses or by
simply adding a cuff to existing stents. Future systems should also
address mechanisms to reposition a device which has already
been deployed, in cases of malposition or embolization.

Study limitations
The main limitation of the present study is its retrospective design
comparing the new technique of TA-AVI vs. data from C-AVR
patients that were identified through our hospital registry. The
hospital registry data, however, were acquired in a prospective
manner. A prospectively randomized clinical trial would be the
best method for comparing these two groups of patients. At
present, however, no randomized clinical trial data is available.
We therefore believe that our propensity matching study, which
resulted in two patient groups with very similar risk profiles, may
provide some valuable information. Although control patients
underwent their procedures over a longer time period than
TA-AVI patients, time of treatment had no discernible effect on
our results when it was included as a covariable.

Summary
Current results of minimally invasive off-pump TA-AVI in high-risk
patients are promising. TA-AVI in the initial 100 patients was
proven to be as good as C-AVR by means of propensity score
analysis. The overall survival and functional quality of life of these
patients is good.
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