
Singapore Med J 2017; 58(9): 543-550 
doi: 10.11622/smedj.2016128

Original  Art ic le

543

1National University Heart Centre, Singapore

Correspondence: Asst Prof Edgar Tay, Senior Consultant, National University Heart Centre, 1E Kent Ridge Road, NUHS Tower Block, Level 9, Singapore 119228. 
edgar_tay@nuhs.edu.sg

INTRODUCTION
Despite the poor prognosis associated with severe aortic stenosis 
(AS), it has been found that a significant number of Asian patients 
would still refuse conventional open-heart surgery.(1) The reasons for 
refusing surgery despite favourable outcomes remain undetermined. 
We speculate that the less-invasive transcatheter aortic valve 
implantation (TAVI) may be rapidly adopted in this population.

The landmark PARTNER trial found that TAVI was effective 
in reducing mortality and rehospitalisation, and improved 
symptoms, with preservation of valvular function, for up to five 
years.(2) However, questions regarding the clinical outcomes 
of TAVI in an Asian population have yet to be adequately 
addressed. Demographic studies in Singapore have revealed 
unique characteristics of patients suffering from severe AS that 
may be applicable to the wider Asian population. The size of 
Asian patients’ aortic annulus tends to be smaller than that 
reported in other parts of the world. This would have implications 
for the selection of device sizes appropriate for this population, 

as well as the clinical outcomes of the TAVI procedure.(1) This 
study represents the first systematic prospective study in Asia to 
evaluate the mid-term outcomes of TAVI in an Asian population. 
It utilises the Valve Academic Research Consortium-2 (VARC-2) 
consensus definition for outcomes,(3) which allows for adequate 
comparison against other published studies.

METHODS
Between 2010 and 2015, patients who presented at a major 
academic medical centre in Singapore with severe symptomatic 
AS and were deemed by the heart team to be with high surgical risk 
or inoperable but eligible for TAVI were recruited consecutively 
into this prospective registry. The logistic EuroSCORE (European 
System for Cardiac Operative Risk Evaluation) and the Society 
of Thoracic Surgeons’ Predicted Risk of Mortality score were 
recorded and used as general risk assessment tools. The final 
consensus to undergo the TAVI procedure was made by the heart 
team, comprising two experienced interventional cardiologists, 
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two cardiac surgeons, imaging cardiologists and radiologists. 
The diagnosis of AS was made according to American College 
of Cardiology guidelines.(4)

The clinical and demographic characteristics of patients 
were obtained from electronic medical records. Baseline 
characteristics were presented as frequencies and percentages 
for categorical variables and mean ± standard deviation for 
continuous variables. Important baseline measurements were 
extracted from the hospital’s echocardiographic and radiological 
web database. Echocardiographic measurements of the severity of 
AS and valve function were performed as recommended by the 
VARC-2 guidelines. Measurements of the computed tomography 
(CT) annular dimension were performed as per previously 
published techniques.(5) This study received ethics approval from 
the institutional review board. All patients gave their written 
consent for the study.

The valves used were as follows: 49 SAPIEN XT (Edwards 
Lifesciences, Irvine, CA, USA), two CoreValve (Medtronic Inc, 
Minneapolis, MN, USA), two CoreValve Evolut™ R (Medtronic 
Inc), one Lotus™ Valve System (Boston Scientific, Natick, MA, 
USA), two Engager™ aortic valve bioprostheses (Medtronic 
Inc), one SAPIEN 3 valve (Edwards Lifesciences Inc) and two 
JenaValve (JenaValve Technologies GmbH, Munich, Germany). 
The same heart team reviewed all 59 patients and came to a 
consensus regarding the appropriate valve type and size, with 
the help of CT-guided annular sizing, for each individual patient. 
CT assessments were done by two dedicated CT radiologists. 
Transfemoral (TF), transapical and transaortic techniques were 
performed as previously described.(6-8) We adopted a ‘TF first’ 
approach and only used the transapical route if the TF technique 
was found to be unsuitable for the patient. There was only one 
case of transaortic TAVI. The first eight cases were done in the 
cardiac catheterisation laboratory, and subsequent cases were 
done in a hybrid operating room. Follow-up assessments of the 
prosthetic valve and left ventricular parameters were obtained 
from serial echocardiography.

All study outcomes were defined according to the VARC-2 
recommendations.(3) The primary outcome of the study was 
the two-year survival rate of patients who underwent TAVI. 
Secondary outcomes included all-cause mortality, myocardial 
infarction, stroke, bleeding complications, acute kidney injury 
(AKI), conduction disturbances and arrhythmias, other TAVI-
related complications, and prosthetic valve dysfunction. The latter 
included severe prosthesis-patient mismatch (PPM), which was 
defined as transcatheter valve effective orifice area < 0.65 cm2/m2, 
as well as paravalvular leak (PVL). These secondary outcomes 
were analysed within a 30-day period. Rehospitalisation rates 
and symptom status, determined by New York Heart Association 
(NYHA) class, were recorded at one year of follow-up.

Composite outcomes, as described by the VARC-2 criteria, 
were also assessed. Device success was defined as the absence 
of procedural death, the correct placement of the prosthetic heart 
valve into the correct anatomical site, the performance of the 
prosthetic heart valve as measured by the PPM, mean aortic valve 
gradient < 20 mmHg or peak velocity < 3 m/s, and the absence 

of moderate or severe PVL. Early safety at 30 days was defined as 
all-cause mortality, all strokes or life-threatening bleeding, Stage 2 
or 3 AKI, major vascular complications, coronary artery obstruction 
or valve dysfunction requiring repeated procedure. Clinical 
efficacy after 30 days was based on all-cause mortality, all strokes, 
rehospitalisation for valve-related problems, exacerbated congestive 
heart failure or valve-related dysfunction (aortic mean valve gradient 
≥ 20 mmHg, aortic valve area (AVA) ≤ 0.9–1.1 cm2 and/or moderate 
or severe PVL). Time-related valve safety was determined by 
structural valve deterioration, thromboembolic events, prosthetic 
valve endocarditis or thrombosis.(3)

The recruitment period for this study was from November 
2010 to July 2015. Prospective follow-up was done during clinic 
visits, and follow-up ended on 13 August 2015. This gave a 
minimum follow-up time of one month and a maximum of five 
years. Due to the variability of the follow-up period among the 
patients, only 59, 57 and 43 patients were followed up at 30 days, 
one year and two years, respectively. All participants remained in 
contact until their death or the end of the study period.

Box and whisker plots were applied to compare patients’ 
mean pressure gradient (MPG, in mmHg) and AVA (in cm2) at 
baseline, 30 days and two years. Kaplan-Meier curves were 
constructed to examine time to mortality for all patients. The log 
rank test was used to ascertain whether there was a significant 
difference between those with logistic EuroSCORE ≤ 20% and 
> 20%. Next, Cox proportional hazards regression analyses 
were performed to ascertain how the identified predictors could 
explain cardiovascular-related and all-cause mortality at two 
years. A graphical approach and global test were used to assess 
the validity of the proportional hazards assumption. All statistical 
tests were conducted at a 10% level of significance, considering the 
relatively small sample size, and analysed with Stata/MP version 14 
(StataCorp, College Station, TX, USA) and SAS version 9.3.

RESULTS
A total of 59 patients were recruited for this study. Their mean 
age was 76.8 ± 8.7 years, mean body surface area (BSA) was 
1.6 ± 0.2 m2, and 36 (61.0%) patients were male. The patients 
selected for the study had a high burden of coronary artery disease, 
peripheral arterial disease, chronic kidney disease, diabetes mellitus 
and hypertension. The mean logistic EuroSCORE was 18.7% ± 
15.3%, which was equivalent to most registry data. The percentages 
of patients with NYHA Class II, III and IV were 18.6%, 52.5% and 
28.8%, respectively. The mean AVA was 0.70 ± 0.19 cm2 and 
MPG was 45.0 ± 16.3 mmHg at baseline. The CT mean annulus 
area was 422.6 ± 119.6 mm2 and mean annulus perimeter was 
72.9 ± 11.1 mm (Table I). In all, 40 (67.8%) TAVI cases were done 
via TF access, 18 (30.5%) via transapical access and 1 (1.7%) via 
transaortic access. 30 (50.8%) patients were implanted with 26-mm 
prosthetic valves, 21 (35.6%) with 23-mm valves, 6 (10.2%) with 
29-mm valves, and the remaining two patients with 27-mm and 
31-mm valves each (Table I).

Survival rates after TAVI were 93.2%, 86.0% and 79.1% at 
30 days, one year and two years follow-up, respectively. There were 
a total of nine deaths, all of which were cardiovascular-related; 
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logistic EuroSCORE > 20% had significantly lower survival rates 
compared to those with logistic EuroSCORE ≤ 20% (p = 0.0105). 
The most frequent TAVI complication was AKI within 30 days, 
and patients with AKI had significantly higher two-year all-cause 
mortality rates compared to those without (hazard ratio [HR] 
5.3320, 90% confidence interval [CI] 1.6023–17.7439; p = 0.022).

The Cox model identified logistic EuroSCORE and estimated 
glomerular filtration rate (eGFR) as the significant univariate 
predictors of two-year all-cause mortality (Table III). Other 
predictors, such as chronic kidney disease, age, male gender, 
severe PPM and non-TF approach, showed some evidence of 
increased two-year all-cause mortality risk, although they were 
not statistically significant. Multivariate Cox regression analysis, 
performed with published predictors, namely non-TF TAVI, age, 
gender, eGFR and severe PPM, identified non-TF TAVI as the only 
significant predictor of cardiovascular-related mortality at two 
years (HR 14.64, 90% CI 2.75–77.88; p = 0.008), after adjusting 
for all other predictors (Table III). There were no identifiable 
significant predictors for all-cause mortality at two years.

Prior to the TAVI procedure, 18.6% of the patients had NYHA 
Class II symptoms, while the remaining 81.3% had Class III 

Table I. Baseline patient characteristics and procedural data (n = 59).

Baseline Mean ± SD/No. (%)

Characteristic

Age (yr) 76.8 ± 8.7

Male gender 36 (61.0)

STS score (%) 6.9 ± 5.8

Logistic EuroSCORE (%) 18.7 ± 15.3

Height (cm) 157.7 ± 10.7

Weight (kg) 61.3 ± 11.9

Body surface area (m2) 1.6 ± 0.2

Body mass index (kg/m2) 24.9 ± 4.3

NYHA functional class

II 11 (18.6)

III 31 (52.5)

IV 17 (28.8)

Coronary artery disease 41 (69.5)

Previous CABG 8 (13.6)

Previous PCI 21 (35.6)

Previous valve surgery 3 (5.1)

Cerebral vascular disease 3 (5.1)

Peripheral arterial disease 16 (27.1)

Chronic pulmonary disease 15 (25.4)

Diabetes mellitus 28 (47.5)

Hypertension 42 (71.2)

Hyperlipidaemia 40 (67.8)

eGFR 53.6 ± 25.0

Chronic kidney disease 44 (74.6)

Pulmonary hypertension 11 (18.6)

Echocardiographic data

Aortic valve area (cm2) 0.70 ± 0.19

Mean pressure gradient (mmHg) 45.0 ± 16.3

Baseline Mean ± SD/No. (%)

Bicuspid aortic valve 3 (5.1)

LVEF (%) 50.8 ± 16.5

Aortic regurgitation*

None 10 (17.2)

Trivial 7 (12.1)

Mild 26 (44.8)

Moderate 11 (19.0)

Severe 4 (6.9)

MDCT data

Maximum annulus diameter (mm) 25.6 ± 2.5

Minimum annulus diameter (mm) 20.9 ± 2.4

Annulus area (mm2) 422.6 ± 119.6

Annulus perimeter (mm) 72.9 ± 11.1

Procedural data

Implantation approach

Transfemoral access 40 (67.8)

Transapical access 18 (30.5)

Transaortic access 1 (1.7)

Procedure room

Cath lab 8 (13.6)

Hybrid room 51 (86.4)

General anaesthesia 59 (100)

Valve size (mm)

23 21 (35.6)

26 30 (50.8)

27 1 (1.7)

29 6 (10.2)

31 1 (1.7)

*Data calculated based on 58 patients. CABG: coronary artery bypass graft; eGFR: estimated glomerular filtration rate; EuroSCORE: European System for Cardiac 
Operative Risk Evaluation; LVEF: left ventricular ejection fraction; MDCT: multidetector computer tomography; NYHA: New York Heart Association; PCI: percutaneous 
coronary intervention; SD: standard deviation; STS: Society of Thoracic Surgeons

four of them were within the first 30 days. The most common 
cause of cardiovascular-related deaths was congestive cardiac 
failure. All-cause mortality rates for TF TAVI patients at 30 days, 
one year and two years were 2.5%, 7.5% and 14.8%, respectively, 
versus 15.8%, 29.4% and 31.3%, respectively, for non-TF TAVI 
patients (Table II).

At 30 days post TAVI, stroke occurred in 1.7% of patients, 
myocardial infarction in 1.7%, life-threatening bleeding in 5.1%, 
major bleeding in 3.4%, AKI in 25.0% (of which 42.9% were Stage 1, 
14.3% Stage 2 and 42.9% Stage 3), major vascular complications 
in 5.1%, and new permanent pacemaker implantations in 6.8% of 
patients. There were two cases of pericardial tamponade. 29.3% 
of TAVI patients were rehospitalised within one year, with about 
half being cardiovascular-related rehospitalisations. Composite 
outcomes were also measured according to VARC-2 definitions; 
we recorded rates of device success of 93.2%, early safety (at 
30 days) of 79.7%, clinical efficacy (after 30 days) of 66.1% and 
time-related valve safety of 84.7% (Table II).

The Kaplan-Meier survival curves for the entire study 
population and that separated by the logistic EuroSCORE (≤ 20% 
vs. > 20%) are displayed in Figs. 1a & b, respectively. Patients with 
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or IV symptoms. At the one-year follow-up, there was significant 
improvement in symptoms, with about 84.0% of patients returning 
to NYHA Class I and the rest in Class II (Fig. 2).

With regard to valve function, the risk of severe PPM was 
14.3%. At 30 days, the risks of moderate and severe PVL were 
3.6% and 0%, respectively. At the two-year follow-up, 22.7% 
of patients were found to have moderate PVL. The durability of 
the bioprosthetic valve performance confirms that AVA and MPG 
remained stable throughout the two-year follow-up (Fig. 3). AVA 
at baseline, 30 days and two years was 0.70 ± 0.19 cm2, 1.57 ± 
0.48 cm2, 1.62 ± 0.49 cm2, respectively. MPG at baseline, 30 days 

and two years was 45.0 ± 16.3 mmHg, 10.9 ± 4.5 mmHg and 
10.8 ± 5.0 mmHg, respectively. Only one patient underwent 
surgical aortic valve replacement (SAVR) for endocarditis six 
months after the initial TAVI.

The TAVI experience was divided into two parts: first half (FH, 
Patients 1–30) and second half (SH, Patients 31–59), according 
to the chronological procedural dates. The patient-selection 
process appeared to be constant throughout, with the mean 
logistic EuroSCORE showing no change between FH (18.7%) 

Table II. Primary, secondary and composite outcomes after TAVI.

Outcome No. (%)

TF
(n = 40)

Non‑TF
(n = 19)

Total
(n = 59)

Primary (all‑cause 
mortality)*

 At 30 days 1/40 (2.5) 3/19 (15.8) 4/59 (6.8)

 At 1 yr 3/40 (7.5) 5/17 (29.4) 8/57 (14.0)

 At 2 yr 4/27 (14.8) 5/16 (31.3) 9/43 (20.9)

Secondary (30 days)

Stroke 1/59 (1.7)

Myocardial infarction 1/59 (1.7)

All bleeding 6/59 (10.2)

Life-threatening bleeding 3/59 (5.1)

Major bleeding 2/59 (3.4)

Minor bleeding 1/59 (1.7)

All acute kidney injury 14/56 (25.0)

Stage 1 6/14 (42.9)

Stage 2 2/14 (14.3)

Stage 3 6/14 (42.9)

Major vascular complication 3/59 (5.1)

New permanent pacemaker implantation 4/59 (6.8)

New-onset atrial fibrillation 1/59 (1.7)

New-onset left bundle branch block 5/58 (8.6)

Other TAVI-related complications 3/59 (5.1)

Repeated procedure for valve-related dysfunction 1/58 (1.7)

Severe prosthesis-patient mismatch 8/56 (14.3)

Paravalvular leak

None 16/56 (28.6)

Trivial 9/56 (16.1)

Mild 29/56 (51.8)

Moderate 2/56 (3.6)

Severe 0

All-cause rehospitalisation (within 1 yr) 17/58 (29.3)

Cardiovascular-related 8/17 (47.1)

Non-cardiovascular-related 9/17 (52.9)

Composite

Device success 55/59 (93.2)

Early safety (at 30 days) 47/59 (79.7)

Clinical efficacy (after 30 days) 39/59 (66.1)

Time-related valve safety 50/59 (84.7)

*Values are calculated based on available patient data. NYHA: New York Heart 
Association; TAVI: transcathether aortic valve implantation; TF: transfemoral

Fig. 1 Kaplan-Meier survival curves show (a) two-year survival and overall 
survival for all patients; and (b) two-year survival based on the logistic 
EuroSCORE and overall survival by logistic EuroSCORE > 20 and ≤ 20. 
CI: confidence interval
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Fig. 2 Graph shows the New York Heart Association (NYHA) symptom 
classes throughout the one-year follow-up. All patients were observed at 
baseline and at one year, and classified according to NYHA Class I, II, III or IV.
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Table III. Predictors of two‑year mortality.

Parameter Hazard ratio (90% CI) p‑value

Univariate predictor (all‑cause)

Logistic EuroSCORE 1.0667 (1.0354–1.0989) < 0.001

eGFR 0.9699 (0.9454–0.9949) 0.048

Chronic kidney disease 1.7971 (0.3019–10.6965) 0.589

Age 1.0528 (0.9695–1.1432) 0.305

Male gender 1.1089 (0.3319–3.7055) 0.888

Severe prosthesis-patient mismatch 2.1080 (0.5318–8.3559) 0.373

Acute kidney injury 5.3320 (1.6023–17.7439) 0.022

Delivery approach (non-transfemoral) 2.7982 (0.8722–8.9773) 0.147

Multivariate predictor (cardiovascular‑related)

Age 1.30 (1.03–1.63) 0.063

Female gender 0.70 (0.11–46.27) 0.888

eGFR 1.05 (0.97–1.13) 0.353

Severe prosthesis-patient mismatch 7.65 (0.09–688.40) 0.457

Non-transfemoral procedure 14.64 (2.75–77.88) 0.008

Multivariate predictor (all‑cause)

Age 4.42 (1.09–17.97) 0.082

Female gender 1.09 (0.99–1.19) 0.127

eGFR 0.48 (0.75–3.05) 0.513

Severe prosthesis-patient mismatch 0.98 (0.95–1.01) 0.269

Non-transfemoral procedure 2.24 (0.35–14.36) 0.476

CI: confidence interval; eGFR: estimated glomerular filtration rate; EuroSCORE: European System for Cardiac Operative Risk Evaluation

and SH (18.6%). We also found no significant improvement in 
30-day all-cause mortality rates between the two groups. When 
assessing the composite outcomes in FH with those in SH, clinical 
efficacy improved from 60.0% to 72.4% (p = 0.314), early safety 
improved from 73.3% to 86.2% (p = 0.219), and time-related 
valve safety improved slightly from 83.3% to 86.2% (p = 0.759); 
although some improvement was observed, the results were not 
statistically significant.

DISCUSSION
We postulated that the TAVI procedure presents certain unique 
challenges in an Asian population for a number of reasons. 
Firstly, iliofemoral vessel sizes are likely to be smaller in the Asian 
population due to the smaller Asian physique. Moreover, a lower 
BSA is an independent predictor of vessel size and tortuosity, 
which would have implications for TF TAVI patients (i.e. more 
vascular complications).(9) Secondly, a Japanese study found that 
their patients had smaller annulus dimensions on multidetector 
CT as compared with their European counterparts,(10) with 
implications for prosthesis-patient interactions. We also 
hypothesised that other factors, such as smaller left ventricular 
cavity size and increased frailty in Asian populations, may affect 
the clinical outcomes of TAVI. Currently, mid-term outcomes of 
TAVI on Asian patients have not been reported in any published 
clinical study. Therefore, we conducted this study to evaluate 
the mid-term safety and efficacy of the TAVI procedure using the 
newly revised VARC-2 criteria, comparing our results with those 
from well-established Western studies.

Fig. 3 Graphs show the echocardiographic data of all patients: (a) mean 
pressure gradient at baseline, 30 days and two years; and (b) aortic valve 
area at baseline, 30 days and two years.
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We found that the mean BSA of our cohort was generally 
smaller than that in most European studies. The PARTNER trial 
reported that patients with a higher BSA had significantly higher 
rates of PPM.(11) In line with that finding, the present study had 
relatively lower rates of severe PPM (14.3%) as compared with the 
PARTNER trial (19.7%), given the higher mean BSA in the latter.(11) 
Moreover, patients in the PARTNER trial who did not have PPM 
had higher rates of post-procedural PVL.(11) In contrast, our patients 
had lower rates of moderate or severe post-implant PVL at 30 days 
than patients in the PARTNER trial (3.6% vs. 9.1%, respectively).(12)

This study reported a lower mean baseline logistic EuroSCORE 
(18.7%) than most of the other published registries (mean logistic 
EuroSCORE > 20%). The SOURCE XT registry, a European 
multicentre trial, reported a mean logistic EuroSCORE of 20.4% 
± 12.4%.(13) It is important, however, to note that the logistic 
EuroSCORE was established as a risk assessment tool for open 
cardiac surgery. Therefore, some studies have indicated that it 
may not be very reliable when used alone to assess risk for TAVI 
patients; furthermore, its use has not been validated in Asian 
patients.(14-16) Despite the lower mean logistic EuroSCORE, our 
study showed a higher burden of disease comorbidities compared 
to the SOURCE XT registry,(13) especially in the incidence rates of 
coronary artery disease (69.5% vs. 44.2%), peripheral vascular 
disease (27.1% vs. 21.2%) and chronic kidney disease (74.6% vs. 
28.9%). Thus, the results of this study must be interpreted with 
the context that our selected patients were at high risk.

In terms of primary outcome, the present study had comparable 
mortality rates as those reported by the SOURCE XT registry 
(Table IV).(13) The following is a comparison of all-cause mortality 
rates between the present study and the SOURCE XT registry – 
30-day all-cause mortality rates: 6.8% vs. 6.3%; 30-day all-cause 
mortality rates in TF TAVI group: 2.5% vs. 4.2%; 30-day all-cause 
mortality rates in non-TF TAVI group: 15.8% vs. 15.0%; one-year 
all-cause mortality rates: 14.0% vs. 19.4%; one-year all-cause 
mortality rates in TF TAVI group: 7.5% vs. 15.0%; one-year all-
cause mortality rates in non-TF TAVI group: 29.4% vs. 27.1%.(13) 
The present study’s lower one-year all-cause mortality rates for 
the TF TAVI group emphasised the importance of patient selection 
because of the considerable mortality risk within the first year, 
despite a successful procedure. The present registry also had 
similar findings as other real-world, all-comers registries (30-day 
mortality rates: FRANCE II registry 9.7%, German Aortic Valve 
Registry [GARY] transvascular TAVI 5.6%, GARY transapical TAVI 

9.0%; one-year mortality rates: FRANCE II registry 24.0%, GARY 
transvascular TAVI 20.7%, GARY transapical TAVI 28.0%).(17,18) 
Interestingly, the two-year all-cause mortality rate in the present 
study was 20.9%, which is one of the lowest observed for any TAVI 
trial in the real-world setting. This is comparable to a United States 
multicentre pivotal trial of 797 patients, which also used CoreValve 
self-expanding transcatheter bioprotheses, although it reported a 
slightly higher two-year all-cause mortality rate of 22.2%.(19)

Despite concerns related to the higher possibility of smaller-
built Asian patients experiencing more frequent vascular 
or arrhythmic complications compared to patients of other 
ethnicities, we found that this was not the case for our patients. 
Ongoing studies have shown that smaller arterial diameters and 
a reduced difference in arterial and sheath diameters, together 
with extensive arterial wall calcification, can lead to a significantly 
increased risk of vascular complications.(20) In the present study, 
the rate of major vascular complications within 30 days of TAVI 
was 5.1% as compared to the 6.5% reported in the SOURCE XT 
registry.(13) Following TAVI, the rate of permanent pacemaker 
implantation in our patients (those without prior permanent 
pacemakers implantation) was lower than that reported in the 
PARTNER trial and the SOURCE XT registry (6.8%, 8.8% and 
9.5%, respectively).(21) These findings are in agreement with data 
on second-generation balloon expandable platforms. However, 
it is important to highlight that self-expanding valves generally 
have higher pacemaker complications than balloon expandable 
systems; moreover, the significant difference in mean ages 
reported for each study is likely to contribute to the difference 
in rate of conduction disease. Nevertheless, our findings are 
promising with regard to the future implications of TAVI in 
Asian patients, as complications such as cardiac conduction 
disturbances can lead to longer hospital stays and higher rates 
of mortality.(21)

The present study reported a cardiovascular-related 
rehospitalisation rate within one year of 13.8%, which is deemed 
reasonable when compared to data from other studies. Moreover, 
we found significant improvement in patient symptoms, as 
determined by conventional NYHA classifications. Given these 
findings, it is reasonable to hypothesise that TAVI could be a 
potentially cost-effective therapy in Asians. This provides a strong 
impetus for conducting formal cost-effectiveness analyses in the 
near future, so as to guide health ministries to consider increasing 
funding for this therapy.

Table IV. Comparison of outcomes of transcatheter aortic valve implantation in the present study with those of the SOURCE XT registry 
and CoreValve trial.(13,19)

Study/No. of patients/Publication year All survival (%) At 30 days (%)

30‑day 1‑yr 2‑yr Moderate/
severe PVL 

Major vascular complication

Registry data

Present study/59/2015 93.2 86.0 79.1 3.6 5.1

SOURCE XT/2,688/2015(13) 93.7 80.6 – 5.3 6.5

RCT data

CoreValve/391/2015(19) – 85.8 77.8 9.0 5.9

PVL: paravalvular leak; RCT: randomised controlled trial
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Composite outcomes were measured according to 
VARC-2 definitions in this study. Généreux et al,(22) who performed 
a meta-analysis of 3,519 patients from 16 studies, reported a 
92.1% device success rate (according to previous VARC criteria), 
while the present trial found a device success rate of 93.2%. The 
PREVAIL trial in Japan, which showed a device success rate of 
91.9%, concluded that this rate was adequate to deem TAVI 
an effective treatment for Japanese patients;(23) however, it is 
noteworthy that the study defined device success less strictly than 
the VARC-2 criteria. We acknowledge that the VARC-2 criteria 
for assessment of device success can be challenging to attain in 
cohorts that underwent valve-in-valve procedures (although our 
study also involved non-valve-in-valve procedures), or cohorts 
with small body mass index. In addition, the meta-analysis 
reported an early safety rate (at 30 days) of 32.7%,(23) as compared 
to the 79.7% reported in the present study. Ikeda et al(24) proposed 
that this composite endpoint, although important, may introduce 
‘background noise’, as it consists of acute complications (such 
as stroke and AKI) that may reflect the presence of multiple 
comorbidities in these high-risk patients despite a perfectly 
functioning valve. Furthermore, the present study found that 
clinical efficacy (after 30 days) was 66.1% and time-related valve 
safety was 84.7%; these two composite outcomes have rarely been 
reported previously. We speculate that the former endpoint may 
vary greatly among studies, as one of its components involves 
the occurrence of hospital readmission, a variable that may be 
subject to bias due to different hospital systems and thresholds 
for rehospitalisation in each country. Overall, we considered our 
composite rates acceptable in comparison with those reported 
by our Asian and European counterparts, especially since they 
were obtained based on the more stringent VARC-2 definitions.

In terms of the haemodynamic performance of the valves, 
the SOURCE XT registry reported stable valvular function for a 
period of one year.(13) Our study extended this finding and showed 
promising results over a two-year period, with significant and 
sustained improvements in MPG and AVA. Unfortunately, our 
sample size was too small to analyse the performance of each 
valve type and size used.

The multivariate prediction model in the present study showed 
that non-TF access was a significant predictor of cardiovascular-
related mortality at the two-year follow-up. Similarly, the 
PARTNER trial and SOURCE XT registry reported that the non-TF 
approach had one of the highest HRs for one-year mortality. The 
PARTNER trial proposed that the significant difference between TF 
and non-TF TAVI could be due to the higher logistic EuroSCORE 
and higher incidence of peripheral disease in their non-TF TAVI 
group.(25) We found that patients who had a logistic EuroSCORE 
> 20% had a significantly higher mortality rate than those whose 
score was ≤ 20%. Although the logistic EuroSCORE should not be 
used in isolation for TAVI risk assessment, it is plausible that a high 
logistic EuroSCORE of > 20% represents too high a risk for Asian 
patients undergoing TAVI. In order to improve patient screening 
and approach selection, we emphasise the need to develop a 
reliable TAVI-specific risk-assessment algorithm that encompasses 
the important baseline risk factors reported in the literature.

Previous reports have also suggested procedural experience 
as an independent predictor of procedural success and 30-day 
mortality.(26) Although our study showed some improvement in 
early safety, clinical efficacy and time-related valve safety in the 
later cases (i.e. SH patients) of TAVI performed, the results were 
not statistically significant. This was probably due to the study’s 
small sample size.

In high-risk patients, TAVI and SAVR lead to better outcomes 
as compared to medical management alone. The PARTNER trial 
showed that TAVI, in contrast to medical management, resulted in 
early and sustained improvements in transaortic MPG and AVA, 
which were associated with improvements in left ventricular 
systolic function and left ventricular mass reduction. Decisions 
regarding choice of treatment, however, should always be made 
in the context of a heart valve multidisciplinary team.(27)

Overall, this study has demonstrated that TAVI provides good 
mid-term outcome data and symptomatic improvement, with 
comparable procedural complication rates, for Asian patients. 
With the ongoing development of smaller TF-TAVI delivery 
sheaths, the risk of vascular complications may be further 
reduced. The increased use of three-dimensional CT measurement 
of aortic annulus, together with enhanced delivery systems 
that allow for repositioning of the valve for optimised valve 
placement, and the development of novel TAVI valves (such as 
SAPIEN 3) with special sealing cuffs and skirts, may also reduce 
the risk of PVL.(28) In the SAPIEN 3 observational study, which 
recruited intermediate-risk patients, the propensity score analysis 
demonstrated that TAVI was superior to SAVR in the primary 
composite outcomes of mortality, strokes and moderate or severe 
aortic regurgitation. This is encouraging, as it suggests that TAVI 
may also be a suitable alternative for intermediate-risk patients.(29)

The main limitation of this study is its small sample size 
that provided low statistical power. Moreover, as this was not a 
randomised controlled trial, we were unable to conclude whether 
TF access or non-TF access was safer. Similarly, we could not 
determine if TAVI was preferred over SAVR, in terms of safety 
and efficacy, among our patients. There was also no independent 
clinical events committee to measure the outcomes of the study. 
In addition, no echocardiography core laboratory was used in 
the study; thus, all echocardiographic data was site-reported, 
which may increase the risk of measurement bias. Furthermore, it 
was challenging to assess the severity of PVL using transthoracic 
echocardiography. Lastly, although TAVI is a less invasive 
treatment for severe AS, no quality-of-life data was obtained. 
Nevertheless, we did use the conventional NYHA classification 
to monitor improvement in symptoms.

In conclusion, mid-term survival outcomes in Asian patients 
undergoing TAVI are reassuring and comparable with well-
established European and North American studies. There are, 
however, unique clinical differences between Asian and Western 
populations. Multiple Western studies have also proposed that 
TAVI, in comparison with SAVR, is more cost-effective in high-risk 
or inoperable patients,(30) and future trials are needed to determine 
if this holds true for the Asian population.
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