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Background The aim of this study was to report our initial experience with the transapical approach to transcatheter
aortic valve implantation (TAVI) at an Australian institution.

Methods All patients with severe, symptomatic aortic stenosis were assessed by our multidisciplinary team. A total of
32 patients received a transapical TAVI using an Edwards SAPIEN prosthesis. Data were prospectively
collected and analysed according to the Valve Academic Research Consortium version 2 guidelines.

Results Intraoperative outcomes included: 100% device success with no conversion to surgical valve replacement,
extracorporeal membrane oxygenation was used electively in 15.6% and emergently in 6.3%, and no valve
migration or malpositioning requiring prosthesis retrieval and re-implantation.
Outcomes at 30 days post-TAVI included: No mortality, 3.1% myocardial infarction, no disabling stroke,
3.1% non-disabling stroke, no transient ischaemic attacks, 6.3% life-threatening bleeding, 15.6% major
bleeding, 3.1% major vascular complications, and 12.5% postoperative acute kidney injury requiring renal
replacement therapy. Mild paravalvular regurgitation was present in 29%, and there was no moderate or
severe regurgitation.
Mean follow-up time was 28.8 ! 12.9 months. Cumulative results included: 9.4% mortality, 6.3% stroke,
6.3% myocardial infarction, and no repeat procedures. At one year postoperation, echocardiography
demonstrated that the mean pressure across the prosthesis was 10.1 ! 1.7 mmHg, and the mean aortic
valve area was 1.4 ! 0.2 cm2.

Conclusion Good short-term outcomes and low or zero mortality are achievable with transapical TAVI at an Australian
institution.
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Introduction
Transcatheter aortic valve implantation (TAVI) has been
rapidly adopted as the primary treatment for severe aortic
stenosis in patients who are not suitable for surgical aortic
valve replacement (SAVR) due to high operative risk. In
these patients TAVI has been shown to be superior to medical
management and able to achieve short-term efficacy compa-
rable to SAVR [1]. Catheterisation of the native valve can be
achieved via a number of approaches, including transfe-
moral (TF), transapical (TA), transaortic and transubclavian.
A TF approach is generally preferred for minimal invasive-
ness, but if contraindicated due to iliofemoral atherosclerosis
or small diameter, a TA approach via mini-thoracotomy may
be considered. In a recent large series, the TA approach was
used in 16.4% of cases, and 28.6% of all SAPIEN XT valves [2].
The aim of this study was to analyse the TA-TAVI out-

comes at a single Australian quaternary referral centre (The
Royal Prince Alfred Hospital, Sydney) during the first phase
of our TAVI program, and to investigate specific difficulties
and management strategies for the TA approach.

Methods

Patient Selection
All patients with severe, symptomatic AS were assessed by
our TAVI multidisciplinary team, which consists of two
TAVI-trained interventional cardiologists (M.N. and M.A.),
one non-TAVI cardiologist, two cardiothoracic surgeons (M.
K.W. and M.P.V.), one cardiac anaesthetist and one geriatri-
cian. We have previously described our efforts to establish
and run a TAVI program [3]. Patients are accepted into the
program on the consensus of all team members that risk of
mortality and morbidity from SAVR is too high, defined as
logistic EuroSCORE >15%, STS score >10%, and the presence
of other complicating factors not represented in classical risk-
scores, such as frailty, liver disease or hostile chest.
Our comprehensive pre-TAVI assessment includes in all

patients a coronary, aortic and iliofemoral angiogram, a
complete CT angiogram of the heart and great vessels, a
complete echocardiographic study, carotid Doppler ultra-
sounds, and respiratory, anaesthetist and geriatric evalua-
tions. Taking into consideration the anatomical and clinical
characteristics, the team considers the most suitable
approach for each patient. The more remarkable character-
istics considered to favour the TA approach include:

1. Severely atherosclerotic, small diameter, or tortuous ilio-
femoral vessels,

2. Heavily calcified or tortuous aorta,
3. Patients requiring support ECMO during the procedure.

Surgical Technique
A combined team, including the cardiothoracic surgeons and
interventional cardiologists, performed all procedures. In all
cases apical access and device delivery were performed by a

cardiothoracic surgeon. The technique used to perform TA-
TAVI using an Edwards SAPIEN (ES) prosthetic valve
(Edwards Lifesciences Inc., Irvine, CA, USA) has been pre-
viously described in detail [4]. Briefly, under general anaes-
thetic, a mini-thoracotomy was made over the left ventricular
apex, usually in the fifth or sixth intercostal space. Exposure
of the apex was achieved with soft tissue retractors and
pericardial stay sutures (Fig. 1). Pledgetted orthogonal mat-
tress sutures large enough to accommodate the largest
Ascendra sheath (33F) were placed through the full thickness
of the left ventricle in a bare area cranial and lateral to the true
apex. Valvuloplasty was performed during epicardial pacing
at 180 beats per minute using an ES 3 cm, 20cc balloon for all
cases. The ES prosthesis was then positioned 1/3 below the
base of the aortic sinuses, ideally such that the valve stent
aligned with the fibrous hinge of the anterior leaflet of the
mitral valve. Once accurate positioning was confirmed using
echocardiography and fluoroscopy, the valve was deployed
under similar pacing. The delivery sheath was removed with
systolic pressure below 100 mmHg, and haemostasis
achieved.

Figure 1 Exposure of the left ventricular apex via mini-
thoracotomy in the 6th intercostal space, using soft tissue
retractors and pericardial stay sutures. Large, pledgetted
orthogonal mattress sutures have been placed in the
ventricle.
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Data Analysis
Approval for the study was granted by the Sydney Local
Health District Ethics Review Committee (RPAH zone). Data
were retrospectively analysed for all TAVI patients since the
inception of the program. When patients received both TF
and TA approaches (for example valve-in-valve procedures)
they were classified on an intention-to-treat basis. All study
endpoints were defined by the Valve Academic Research
Consortium criteria version 2 [5]. This included baseline
patient characteristics, intraoperative results, 30-day clinical
outcomes, echocardiographic evolution, and mid-term fol-
low-up [5]. Statistical analysis was performed using SPSS 22
(SPSS Inc., Chicago, IL). Echocardiographic data were ana-
lysed using a one-way ANOVA with repeated measures with
Bonferroni adjustment for multiple comparisons.

Results

Patient Characteristics
Between December 2009 and July 2013, 100 TAVI procedures
were performed, 32 of which were via the TA approach and
form the study cohort. The mean age of patients undergoing
the TA approach was 81.6 ! 5.8 years old, and 66% were
male. Mean logistic EuroSCORE was 44.26 ! 27.59%. Preop-
erative New York Heart Association (NYHA) functional class
was class III in 16 (50%), and IV in 14 (44%). Baseline char-
acteristics are reported in Table 1.

Intraoperative Outcomes
Procedural details and intraoperative outcomes are reported
in Table 2. Device success, defined as no procedural mortality
and correct positioning of a single device and intended
device performance, was 100%. There were no intraoperative
conversions to SAVR. The first nine patients received an ES
valve, and all subsequent patients received an ES-XT valve.
Veno-arterial extracorporeal membrane oxygenation
(ECMO) was used in seven patients (21.9%). In four
(12.5%) of these it was used electively to provide support
for biventricular heart failure that did not sufficiently
respond to inotropes, unrevascularisable coronary artery
disease, or refractory pulmonary hypertension. In one
patient (3.1%) who had a pseudobicuspid valve it was used
electively to allow for slow deployment of the ES prosthesis
to ensure correct positioning. Veno-arterial ECMO was used
in a further two patients (6.3%) emergently as rescue for
cardiogenic shock. The first patient developed ventricular
fibrillation (VF) after pacing during prosthesis deployment,
and was rapidly placed on ECMO after 10 unsuccessful
attempts at electrical cardioversion. The patient was then
successfully cardioverted pharmacologically and slowly
weaned off ECMO. The second patient experienced VF after
valvuloplasty. They received four unsuccessful attempts at
electrical cardioversion, and then 15 min of cardiac massage
whilst ECMO was initiated. After sinus rhythm returned the
prosthesis was deployed, and then ECMO was slowly

Table 2 Procedural Details.

Total patients n = 32

Prosthesis details

Edwards SAPIEN prosthesis 9 (28.1)

Edwards SAPIEN-XT prosthesis 23 (71.9)

23 mm prosthesis 17 (53.1)

26 mm prosthesis 10 (31.3)

29 mm prosthesis 5 (15.6)

Intraoperative outcomes

Conversion to open procedure 0 (0.0)

Valve migration or malpositioning 0 (0.0)

Elective ECMO support 5 (15.6)

Emergent ECMO rescue 2 (6.3)

Ventricular fibrillation post pacing 4 (12.5)

Coronary ostia obstruction 0 (0.0)

All figures presented as n (%). ECMO, extracorporeal membrane

oxygenation.

Table 1 Preoperative Patient Characteristics.

Patients n = 32

Age (yrs) 81.6 ! 5.8

Male 21 (66)

Height (cm) 165.8 ! 56.4

Weight (kg) 70.6 ! 20.1

Body mass index (kg/m2) 25.3 ! 10.4

NYHA class III 16 (50)

NYHA class IV 14 (44)

Moderate-severe lung disease 7 (22)

History of smoking 24 (75)

Hypertension 30 (94)

Hyperlipidaemia 15 (47)

Diabetes mellitus 3 (9)

Previous myocardial infarction 15 (47)

Previous CABG 11 (34)

Previous PCI 8 (25)

Previous valve surgery 0 (0)

Previous balloon aortic valvuloplasty 5 (16)

Cerebrovascular disease 14 (44)

Peripheral vascular disease 15 (47)

Renal insufficiency1 16 (50)

Patients on dialysis 4 (13)

Atrial fibrillation 9 (28)

Logistic EuroSCORE, % 44.3 ! 27.6

Figures presented as n (%) or mean ! standard deviation as appropriate.

NYHA, New York Heart Association; CABG, coronary artery bypass graft;

PCI, percutaneous coronary intervention.
1Defined as creatinine >100 mmol/L.
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weaned. In total, four (12.5%) patients developed VF imme-
diately post-pacing. In addition to the two already men-
tioned, a third patient was successfully cardioverted after
a single shock, and a fourth patient was already on elective
low-flow ECMO support so experienced no circulatory arrest
until electrical cardioversion. There was one (3.1%) major
vascular complication that occurred due to difficulty achiev-
ing haemostasis after decannulating the left ventricular apex,
and the patient required additional purse-string sutures and
FloSeal (Baxter Healthcare, Deerfield, IL). No patients sus-
tained septal perforation or damage to the mitral valve
apparatus.

30-Day Postoperative Outcomes
Outcomes for the 30-day postoperative period are reported in
Table 3. Survival was 100%. Mean hospital length of stay
(HLOS) was 9.0 ! 7.2 days. There were no disabling strokes,

and no transient ischaemic attacks. There was one (3.1%)
non-disabling stroke: the patient had a self-terminating
30 s tonic–clonic seizure on postoperative day 8, most likely
due to a cardioembolic infarct secondary to sick sinus syn-
drome. The patient received a dual chamber permanent
pacemaker (PPM), and did not have any persistent neuro-
logical defects. Peri-procedural myocardial infarction
occurred in one (3.1%) patient, who had a troponin T rise
and dynamic ECG changes. There were no spontaneous MIs
in the 30-day postoperative period. Life-threatening bleeding
occurred in two patients (6.3%). The first patient was the
already mentioned major vascular complication, who devel-
oped cardiac tamponade on postoperative day 1 that
required a return to the operating theatre for subxiphisternal
drainage. The second patient experienced right ventricular
perforation secondary to the temporary pacing wire, and
underwent pericardiocentesis and then a return to the oper-
ating theatre for repair. According to VARC2 criteria major
bleeding occurred in a further five (15.6%) patients who
received >4 units of red cells, and minor bleeding in seven
(21.9%) who received >2 units. These patients did not require
reoperation for haemostasis. Stage 3 acute kidney injury
(AKI) requiring renal replacement therapy occurred in four
(12.5%) patients, two of which had preoperative renal insuf-
ficiency (creatinine >110 mmol/L).
Echocardiography within the 30-day postoperative period

demonstrated that intended prosthesis performance was
achieved in 32 (100%) patients. None or trivial (grade 0 or
1) aortic regurgitation (AR) was present in 71.0%, mild (grade
2) AR in 29%, and moderate (grade 3) and severe (grade 4)
AR in none (Fig. 2). The mean pressure across the prosthesis
was 9.6 ! 2.8 mmHg and the mean aortic valve area was 1.7
! 0.4 mm2 (Fig. 3).

Follow-up Outcomes
The mean follow-up time for all patients was 28.8 ! 12.9
months. Cumulative outcomes included: three (9.4%) mortal-
ities in total, which were all cardiovascular in nature, two
(6.3%) neurological events, two (6.3%) myocardial infarc-
tions, no prosthesis thrombosis or endocarditis, no structural
valve degeneration, and no repeat procedures. The one

Table 3 30-Day Postoperative Outcomes.

Total patients n = 32

Mortality

All-cause 0 (0.0)

Cardiovascular cause 0 (0.0)

Myocardial infarction

Peri-procedural (<72 h) 1 (3.1)

Spontaneous (>72 h) 0 (0.0)

Stroke

Disabling 0 (0.0)

Non-disabling 1 (3.1)

Transient ischaemic attack 0 (0.0)

Bleeding

Life-threatening 2 (6.3)

Major 5 (15.6)

Minor 7 (21.9)

Acute kidney injury

Acute kidney injury requiring RRT 4 (12.5)

Vascular complications

Major 1 (3.1)

Minor 0 (0.0)

Other complications

Need for permanent pacemaker 4 (12.5)

Postoperative atrial fibrillation 6 (18.8)

Prosthetic valve thrombosis 0 (0.0)

Prosthetic valve endocarditis 0 (0.0)

Composite endpoints

Intended prosthesis performance1 32 (100.0)

Devise success1 32 (100.0)

Early safety1 25 (78.1)

All figures presented as n (%). RRT, renal replacement therapy.
1Defined according to VARC2 criteria.

Figure 2 Proportion of patients with paravalvular regur-
gitation pre-TAVI, and 30 days and 1 year post-TAVI.
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additional neurological event occurred at 1.4 months post-
TAVI, and was secondary to poor cardiac output through
bilaterally severely stenosed carotid arteries, with CT angio-
gram confirming no haemorrhagic or embolic event.
At approximately one year postoperation (mean 12.6 ! 1.8

months) out of 22 available patients (two mortalities occurred
in <1 year, and eight TAVIs were performed in the last year),
21 (95.5%) were NYHA functional class I, and one (4.5%) was
class II. Echocardiography at this time point demonstrated
that the proportion of patients with AR had remained
unchanged, the mean pressure across the prosthesis was
10.1 ! 1.7 mmHg, and the mean aortic valve area was 1.4
! 0.2 cm2 (Fig. 3).

Discussion
Since the inception of our TAVI program in 2009, 32 TA cases
have been performed at our institution, which represents a
large proportion in a TF-first approach to TAVI. We have
demonstrated that the TA approach can achieve acceptable
short-term outcomes in an Australian context, and thus
should be considered an important component of TAVI.
In the 30-day postoperative period of this series there were

no disabling strokes, a 3.1% rate of non-disabling stroke, and
no TIAs. This rate is lower than the TA-TAVI group of the
PARTNER trial cohort B, which at 30 days found a 7.0%
incidence of major stroke, 1.0% incidence of minor stroke,
and no TIAs [6], but closer to the rate of 2.7 ! 1.4% for the ES
valves using the TA approach found in a recent meta-analy-
sis [7]. This meta-analysis also found that the incidence of
stroke was lowest using the TA approach, compared to the
TF/TS approach with a Medtronic CoreValve (3.1 ! 2.2%)
and the TF/TS approach with a ES valve (4.2 ! 2.2%). This
could be due in part to the more direct antegrade route to the
aortic valve in the TA approach, which avoids manipulation
of the aortic arch and potential dislodgement and embolisa-
tion of aortic atheroma. In addition, patients that undergo the
TA approach are those who have TF contraindications:

severely atherosclerotic peripheral vessels, small diameter
ilio-femoral vessel, porcelain, tortuous aorta or transverse
arch. These patients would reasonably be considered to have
an inherently higher baseline risk of embolism and thus
postoperative neurologic events. This bias was demonstrated
in our own centre (mean logistic EuroSCORE of 44.3 ! 27.6%
for TA vs. 27.9 ! 17.7% for TF) and also demonstrated in the
PARTNER trial, SOURCE and SOURCE-XT registries [8].
The similarity in clinical outcomes demonstrated in the large
trials between TF and TA approaches suggest that the TA
approach is a safe and perhaps an underutilised option.
In the period between 30 days and one year there was one

additional non-disabling stroke, which was due to bilateral
carotid stenosis and not a thromboembolic event. This differs
from other studies where patients were at increased risk of
thromboembolic stroke beyond the peri-procedural period,
hypothesised to be due to: stagnant flow in the blind niches
between the prosthesis and the native calcified cusps and
consequently micro-thrombus or platelet aggregate emboli-
sation, the high risk nature of TAVI patients, and that the
ideal antiplatelet or anticoagulation regimen is still unclear
[9]. In the current study all patients were discharged on dual
anti-platelet therapy, unless warfarinised for other reasons.
The difference may also be due to our small population of
patients.
In this series the rates of life-threatening bleeding, major

bleeding and minor bleeding were 6.3%, 15.6% and 21.9%,
respectively. The rate of life-threatening bleeding was similar
to other large TA series [10,11]. One of the two life-threaten-
ing cases was due to difficult ventricular haemostasis (also
classed as a major vascular complication), which demon-
strates one of the significant risks associated with the TA
approach. Experience in managing this complication is
essential. In order to minimise apical catastrophes we took
a number of precautions including: cannulating the ventricle
using the Seldinger technique in a region of myocardium
cranial and lateral to the true apex to avoid puncture of the
left anterior descending artery or ventricular rupture; placing
large pledgetted orthogonal mattress sutures across the full

Figure 3 (A) Echocardiographic measurements of mean pressure across the aortic valve pre-TAVI, and 30 days and 1 year
post-TAVI. (B) Echocardiographic measurements of aortic valve area pre-TAVI, and 30 days and 1 year post-TAVI. Mean
shown above the column.
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thickness of the ventricular wall, the use of FloSeal when
appropriate, and decannulation using rapid ventricular pac-
ing to decrease the cardiac output and systemic blood
pressure.
AKI is a severe complication of TAVI because it is associ-

ated with higher mortality and longer intensive care stay
[12]. In this series the incidence of postoperative stage 3 AKI
requiring renal replacement therapy was 12.5%, which is
within the range that is reported in literature of 12–28% [13].
Preoperative chronic renal insufficiency is a known inde-
pendent risk factor for the development of postoperative
AKI, and was present in 50% of our patients that developed
this complication [13]. Contrast medium is also a risk factor
due to its nephrotoxic effect, and is traditionally used during
three stages; during initial imaging of the aortic annulus and
root, during valve placement to ensure precise positioning,
and post-implantation to assess valve function and ensure
no obstruction of the coronary ostia. It is possible to omit
some or all of these steps, however this increases the risk of
imprecise positioning [12]. As such we attempted to mini-
mise the amount of contrast medium used, however did not
omit any steps. Reduction of blood pressure to below
100 mmHg during decannulation of the apex to aid in ven-
tricular haemostasis can also result in a short period of
hypoperfusion of the kidneys and thus increases the risk
of AKI.
At our institution veno-arterial ECMO was used electively

for haemodynamic support from the beginning of the pro-
cedure in 15.6% of patients, and emergently for rescue in
6.3%. Our usage is comparatively high due to our usage
guidelines which include: cardiac index of 1.8–2, central
venous pressure of 20–30 mmHg, systolic pressure of 50–
70 mmHg, and moderate right ventricular dysfunction on
echocardiography. These guidelines have allowed us to pro-
vide better support during the procedure, and to avoid any
periods of circulatory arrest should the patient experience VF
after rapid ventricular pacing. All patients are offered only
temporary support and do not leave the operating theatre
whilst still on ECMO, since long term ECMO in the intensive
care unit is inappropriate in the elderly and high risk popu-
lation undergoing TAVI. In our experience, treating high-risk
TA patients as cardiac surgical patients from an anaesthetic
viewpoint is important.
Postoperative AF is most often a transient and self-limiting

event, but can still impact length of stay, risk of stroke, and
mortality even after conversion to sinus rhythm [14]. In this
series the incidence of new postoperative AF was 18.8%,
which is consistent with the 11.5–27.5% reported by other
large TA series [10,11]. Most episodes of AF occur on post-
operative day 3 [15], so Holter monitoring extended beyond
this. The rate of AF after TA-TAVI is still significantly lower
than the 50% reported after SAVR, which is most likely due to
less tissue trauma from the minithoracotomy compared to a
sternotomy [16].
The close anatomical proximity of the aortic valve to the

atrioventricular conducting system means the procedure
may result in conduction abnormalities. The incidence of

new PPM insertion at 30 days in this series was 12.5%, which
is slightly higher than 7.4–8.5% for the ES valve reported by
the UK and European SOURCE registries [17,18]. Others
have found that conduction abnormalities with the ES valve
decrease with time and did not require PPMs [19]. Variability
in rates reported in literature could be due to differences in
hospital requirements for PPM insertion, including restric-
tions on how long temporary pacemakers can remain in
place.
Echocardiographic follow-up demonstrated acceptable

early haemodynamic performance. At approximately one
year postoperation the mean pressure across the prosthesis
had remained around 10 mmHg and the mean aortic valve
area around 1.4 cm2 (Fig. 3). No patients required reoperation
during the entire follow-up period for valve dysfunction.
Toggweiler and colleagues have reported the longest fol-
low-up of ES valves to date, which at five years demonstrated
excellent performance [20]. These results are encouraging
and have the potential to significantly alter the way in which
SAVR is planned with the possibility of future valve-in-valve
procedures. Postoperative echocardiography in this series
also demonstrated that mild regurgitation was present in
29%, and there was no moderate or severe regurgitation
(Fig. 2). This is significant since moderate to severe para-
valvular leak has been shown to predict earlier mortality,
although the link between mortality mild leak is less clear
[21]. Paravalvular leak is a problem inherent to all devices
currently used in Australia, however future devices are being
developed with technology to reduce this [21]. Important to
minimising the risk of paravalvular leak is correct position-
ing of the prosthesis and optimal sizing, which was aided in
the latter part of our series by a DynaCT C-arm (Siemens Inc.,
Erlangen, Germany) in a hybrid operating lab.

Limitations
This study has a number of limitations. There was a small
sample size, observational study design, and this represents
a single institution experience. Surgeon learning curves of up
to 150 cases have been described, however with their experi-
ence and a proctor/mentoring program we believe this can
be reduced [11]. Nonetheless, it is an important factor when
considering clinical outcomes since experience lowers pro-
cedure times, fluoroscopy and contrast medium use, and
decreases complication rate. There was also a limited fol-
low-up length of time.

Conclusions
Our results demonstrate that excellent outcomes and low or
zero mortality are achievable with the TA approach at an
Australian institution, even during a learning curve. Experi-
ence in vascular haemostasis is essential for this approach as
this can present a difficult component. ECMO is a useful
method of providing temporary cardiorespiratory support
for very high-risk TAVI patients in elective and emergent
settings.
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