
P E R S P E C T I V E S

The opinions expressed in this article are not necessarily those of the Editors of EuroIntervention or 
of the European Association of Percutaneous Cardiovascular Interventions.

35

EuroIntervention 2
0
1
8

;14
:3

5
-3

7 �
D

O
I: 10

.4
2

4
4

/E
IJV14

I1
A

6

© Europa Digital & Publishing 2018. All rights reserved.

*Corresponding author: Mount Elizabeth Hospital, 3 Mount Elizabeth, #08-06, Singapore 228510. 
E-mail: paulchiam@heartvascularcentre.com

Transcatheter aortic valve implantation in Asia: the first 
decade

Paul T.L. Chiam*, MBBS, MRCP, FESC

The Heart & Vascular Centre, Mount Elizabeth Hospital, Singapore; Dept of Physiology, YLL School of Medicine, National 
University of Singapore, Singapore 

Last year, the interventional cardiology community commemo-
rated the 15th anniversary of the birth of transcatheter aortic valve 
implantation (TAVI)1. Since European commercial approval was 
granted in 2007, the expansion and uptake of TAVI in Europe has 
been phenomenal2.

In comparison, TAVI only reached the shores of Asia two years 
later, when the procedure was first performed in Singapore in 
February 2009, using the SAPIEN valve (Edwards Lifesciences, 
Irvine, CA, USA)3. Subsequently, CoreValve® (Medtronic, 
Minneapolis, MN, USA) was launched commercially in Malaysia 
in October 2009. Over the next one to two years, TAVI spread 
across the diverse Asian region from Southeast Asia (Singapore, 
Malaysia, Philippines) to Northeast Asia (Hong Kong, South 
Korea, Taiwan).

The adoption of TAVI was initially met with resistance by some 
in the cardiac surgical community. Coupled with the lack of ran-
domised trial data at that time and the prohibitive cost of the valve 
(most countries in Asia do not reimburse the cost of TAVI), its 
take-up was slow. Indeed, early TAVI centres across Asia found it 
challenging to gain a large experience due to the low case volume.

It was only after the publication of randomised trials demon-
strating that TAVI was a treatment option for high and intermedi-
ate surgical risk patients with severe aortic valve stenosis (AS)4-7 
that case numbers began to rise. Another reason for the more rapid 
growth in the past few years is undoubtedly the availability of 
the newer-generation valves in Asia – Evolut™ R (Medtronic) 

in January 2015 and the SAPIEN 3 (Edwards Lifesciences) in 
October 2015. The wider range of valve sizes and the smaller pro-
file delivery sheaths enabled the vast majority of Asian patients 
to be treated via the transfemoral approach despite their smaller 
iliofemoral anatomy8.

The other factor that has contributed to the rapid growth of 
TAVI in Asia in the last five years is the commercial approval 
(with full reimbursement) in Japan in October 2013, resulting 
in the rapid expansion of TAVI centres (≈137 centres at the last 
count). In contrast, there are ≈120 centres performing TAVI 
across the rest of Asia! From ≈1,000 cases across Japan in the 
first year after TAVI approval, ≈5,000 cases were performed in 
2017 (≈40 cases per million inhabitants). Comparatively, the 
corresponding figures for other “higher-volume” countries in 
Asia are: Hong Kong ≈14/million, Singapore ≈16/million, South 
Korea ≈10/million, and Taiwan ≈12/million. Why might there 
be such a disparity in case volume? First, the procedure is fully 
reimbursed in Japan (for eligible high surgical risk patients), 
whereas public funding is minimal and payment is mostly out-
of-pocket in the other Asian countries. The other important but 
often overlooked reason is the demographics of the various 
Asian regions. For example, Japan has the greatest proportion of 
elderly citizens (>65 years) at 27.4%, followed by Hong Kong 
(14.2%), South Korea (13.5%), Taiwan (12.5%), Singapore 
(11.2%) and China (10.8%). In comparison, the corresponding 
figure in a developing country such as India is only 4.9%. It thus 
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becomes apparent why there is a large difference in the case vol-
umes across Asia since most of the TAVI candidates are likely 
to be of advanced age. Also, in socioeconomically less devel-
oped Asian countries, TAVI is simply too costly for patients to 
afford and surgery would be the preferred (lower cost) option. As 
societies in Asian countries mature and age, and their economies 
become more affluent, we can anticipate that TAVI has room for 
tremendous growth.

To place things in perspective, three years ago in 2015, the cor-
responding TAVI volume figures were already ≈164 TAVI cases 
per million in Germany, ≈39 cases per million in the United 
Kingdom and ≈23 cases per million in Ireland. Thus, the cur-
rent TAVI procedure volume in Japan appears to be similar to 
the European average. This may however change swiftly as the 
case volume in Japan will definitely increase once reimbursement 
approval is obtained for intermediate surgical risk patients.

One of the most striking differences with TAVI patients in Asia 
is the smaller Asian physique as compared to the Western popu-
lation. Chiam et al demonstrated that the iliofemoral dimensions 
were generally smaller in Asians, particularly in females8. The 
OCEAN-TAVI Japanese registry reported that Japanese patients 
had a smaller annulus area, lower coronary ostium heights and 
narrower sinus of Valsalva as compared to a French population9. 
These are important considerations, as the smaller Asian anatomy 
may theoretically increase the risk of vascular access complica-
tions, aortic root injury and coronary occlusion. Smaller valves 
are therefore used more frequently in Asian patients9. As such, the 
need for smaller profile devices is greater in Asian patients to min-
imise vascular complications.

It is our hope that industry partners make future new-gener-
ation (smaller profile) devices available to Asia as soon as they 
become approved to benefit and reduce procedural risks in Asian 
patients. The current model where newer-generation devices are 
made available to Asia months or even years after European/U.S. 
approval should be reconsidered. Economics has been the deter-
mining factor – lower case volume in Asia relegates it to a lower 
priority for newer device introduction – yet it is precisely the 
lower volume centres (with Asian patients who probably have 
a smaller physique) that will have a greater need for these newer 
devices to achieve good outcomes.

Although TAVI in a bicuspid AS was first performed in Asia 
nearly a decade ago10, there has been significant interest recently 
as several reports indicate a high proportion (≈47%) of bicuspid 
valves among Asian TAVI patients, mainly in China11. In fact, 
selected centres in China may arguably now have the largest expe-
rience with TAVI in bicuspid AS. However, informal discussions 
among TAVI operators seem to suggest that ethnic Chinese outside 
of China (Hong Kong, Singapore, Taiwan), do not have a similarly 
high prevalence of bicuspid anatomy. Whether the high incidence 
of bicuspid anatomy in China is due to regional factors (e.g., diet, 
social habits, environment, etc.) or the fact that the TAVI popula-
tion in China is generally younger (and thus more likely to be of 
bicuspid aetiology) remains to be elucidated.

In keeping with the global experience, TAVI has also been 
applied in Asia to other off-label indications such as degenerated 
surgical bioprosthesis (valve-in-valve TAVI)12, pure aortic regurgi-
tation13, and non-calcific AS14. One form of non-calcific AS that 
would be encountered more frequently in Asia than in Western 
nations is that of rheumatic AS.

Although rheumatic heart disease has been declining in inci-
dence over the past few decades, it is still relatively prevalent 
in several developing countries of Asia (e.g., India, Vietnam, 
Indonesia, etc.). There have been several reports of TAVI in rheu-
matic AS and it appears that TAVI is feasible despite a lack of 
leaflet or annular calcification15. In this author’s limited experi-
ence of seven cases of rheumatic AS (using either the SAPIEN or 
CoreValve prostheses), TAVI was successful in all cases with dur-
able results at one year (unpublished data).

Other valves that have been used or are in commercial use in 
Asia include the Lotus™ valve (Boston Scientific, Marlborough, 
MA, USA – now withdrawn), the Symetis ACURATE valve 
(Boston Scientific), the JenaValve (JenaValve Technology GmbH, 
Munich, Germany), and the Portico™ valve (Abbott Vascular, 
Santa Clara, CA, USA), but the numbers have been small. In 
China, none of the commonly used valves has been approved for 
commercial use. Interestingly, several locally developed Chinese 
valves have already undergone trials as mandated by the Chinese 
health authorities, and two have achieved commercial approval 
– the transfemorally delivered self-expanding Venus A-valve 
(Venus Medtech, Hangzhou, China, approved April 2017) and 
the transapically delivered J-Valve™ (JC Medical Technologies, 
Suzhou, China, approved June 2017).

One other device that has been used recently in Asia is the 
Sentinel™ cerebral protection device (Claret Medical, Santa 
Rosa, CA, USA) to reduce cerebral emboli to the brain during 
TAVI. It was introduced in 2017 and early experience is cur-
rently limited to only two centres (one in Hong Kong, the other in 
Singapore). Although trial data appear promising16, its uptake in 
Asia remains uncertain. Scepticism among physicians, additional 
cost (to an already very expensive procedure) and challenges in 
logistic support and physician training may limit its use and mar-
ket penetration.

As TAVI (and in parallel, other forms of transcatheter valve ther-
apy such as the MitraClip® [Abbott Vascular]) becomes increasingly 
established and widespread in Asia, several dedicated valve meet-
ings and courses have been developed and are now organised on 
a regular basis (e.g., PCR Tokyo Valves, CIT-PCR China Valves, 
China [Hangzhou] Valves, AP Valves, etc.). These serve to pro-
vide a forum for educating cardiologists and cardiac surgeons inter-
ested in catheter-based valve therapy and also act as a platform to 
learn from one another’s experience about unique Asian perspec-
tives in TAVI. Publications of the TAVI experience in Asians have 
increased in recent years with most of the contributions coming 
from the Japanese OCEAN-TAVI registry. Further research may yet 
uncover other unique characteristics of TAVI in Asians and there 
are now several national registries tracking TAVI procedures in 
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various Asian countries. The Asian Pacific Society of Interventional 
Cardiology (APSIC) has a similar initiative where information will 
be collected from many countries across Asia to produce a data set 
that will be pan-Asian and not limited to a specific ethnic group.

TAVI has come a long way in Asia since its slow start a dec-
ade ago. From a few centres in the initial years, TAVI is now per-
formed in approximately 260 centres throughout Northeast Asia, 
Southeast Asia and the Indian subcontinent. As the experience in 
Asia grows, and as the population in Asia continues to “grey”, 
TAVI is poised to grow rapidly in the near future. As most Asian 
countries (apart from Japan) are unlikely ever to receive full reim-
bursement for TAVI procedures, the device cost would be the 
major determining factor for the expansion and uptake of the pro-
cedure. If the cost of the valve could be reduced and priced simi-
larly to European benchmarks (currently, valves in Asia are priced 
at a significant premium), it may not be far-fetched to envisage 
a future scenario where the number of TAVI procedures in Asia 
surpasses that in Europe.

Conflict of interest statement
Paul T.L. Chiam is a consultant/proctor for Medtronic CoreValve.

References
	 1.	 Cribier A. Commemorating the 15-year anniversary of TAVI: 
insights into the early stages of development, from concept to 
human application, and perspectives. EuroIntervention. 2017;13: 
29-37.
	 2.	 Ludman PF, Van Domburg R. The scientific value of TAVI 
surveys: insights and perspectives from European centres and 
European patients. EuroIntervention. 2016;12:823-6.
	 3.	 Chiam PT, Koh TH, Chao VT, Lee CY, See Tho VY, Tan SY, 
Lim ST, Hwang NC, Sin YK, Chua YL. Percutaneous transcatheter 
aortic valve replacement: first transfemoral implant in Asia. 
Singapore Med J. 2009;50:534-7.
	 4.	 Smith CR, Leon MB, Mack MJ, Miller DC, Moses JW, 
Svensson LG, Tuzcu EM, Webb JG, Fontana GP, Makkar RR, 
Williams M, Dewey T, Kapadia S, Babaliaros V, Thourani VH, 
Corso P, Pichard AD, Bavaria JE, Herrmann HC, Akin JJ, 
Anderson WN, Wang D, Pocock SJ; PARTNER Trial Investigators. 
Transcatheter versus surgical aortic-valve replacement in high-risk 
patients. N Engl J Med. 2011;364:2187-98.
	 5.	 Adams DH, Popma JJ, Reardon MJ, Yakubov SJ, Coselli JS, 
Deeb GM, Gleason TG, Buchbinder M, Hermiller J Jr, Kleiman NS, 
Chetcuti S, Heiser J, Merhi W, Zorn G, Tadros P, Robinson N, 
Petrossian G, Hughes GC, Harrison JK, Conte J, Maini B, 
Mumtaz M, Chenoweth S, Oh JK; U.S. CoreValve Clinical 
Investigators. Transcatheter aortic-valve replacement with a self-
expanding prosthesis. N Engl J Med. 2014;370:1790-8.
	 6.	 Leon MB, Smith CR, Mack MJ, Makkar RR, Svensson LG, 
Kodali SK, Thourani VH, Tuzcu EM, Miller DC, Herrmann HC, 
Doshi D, Cohen DJ, Pichard AD, Kapadia S, Dewey T, Babaliaros V, 
Szeto WY, Williams MR, Kereiakes D, Zajarias A, Greason KL, 

Whisenant BK, Hodson RW, Moses JW, Trento A, Brown DL, 
Fearon WF, Pibarot P, Hahn RT, Jaber WA, Anderson WN, Alu MC, 
Webb JG; PARTNER 2 Investigators. Transcatheter or Surgical 
Aortic-Valve Replacement in Intermediate-Risk Patients. N Engl J 
Med. 2016;374:1609-20.
	 7.	 Reardon MJ, Van Mieghem NM, Popma JJ, Kleiman NS, 
Sondergaard L, Mumtaz M, Adams DH, Deeb GM, Maini B, 
Gada H, Chetcuti S, Gleason T, Heiser J, Lange R, Merhi W, Oh JK, 
Olsen PS, Piazza N, Williams M, Windecker S, Yakubov SJ, 
Grube E, Makkar R, Lee JS, Conte J, Vang E, Nguyen H, Chang Y, 
Mugglin AS, Serruys PW, Kappetein AP; SURTAVI Investigators. 
Surgical or Transcatheter Aortic-Valve Replacement in Intermedi-
ate-Risk Patients. N Engl J Med. 2017;376:1321-31.
	 8.	 Chiam PT, Koh AS, Ewe SH, Sin YK, Chao VT, Ng CK, 
Lee CY, Lim YP, Su JW, Lim SL, Tan TE, Lim CH, Tan SY, Lim ST, 
Chua TS, Koh TH, Chua YL. Iliofemoral anatomy among Asians: 
implications for transcatheter aortic valve implantation. Int J 
Cardiol. 2013;167:1373-9.
	 9.	 Watanabe Y, Morice MC, Kozuma K, Yamamoto M, 
Kawashima H, Yashima F, Inohara T, Bouvier E, Arai T, Fukuda K, 
Lefevre T, Hayashida K. Comparison of aortic annulus dimensions 
between Japanese and European patients undergoing transcatheter 
aortic valve implantation as determined by multi-detector com-
puted tomography: results from the OCEAN-TAVI (Optimised 
transCathEter vAlvular interveNtion) registry and a European sin-
gle-centre cohort. AsiaIntervention. 2016;2:49-56.
	 10.	 Chiam PT, Chao VT, Tan SY, Koh TH, Lee CY, Tho VY, 
Sin YK, Chua YL. Percutaneous transcatheter heart valve implanta-
tion in a bicuspid aortic valve. JACC Cardiovasc Interv. 2010;3: 
559-61.
	 11.	 Jilaihawi H, Wu Y, Yang Y, Xu L, Chen M, Wang J, Kong X, 
Zhang R, Wang M, Lv B, Wang W, Xu B, Makkar RR, Sievert H, 
Gao R. Morphological characteristics of severe aortic stenosis in 
China: imaging corelab observations from the first Chinese trans-
catheter aortic valve trial. Catheter Cardiovasc Interv. 2015;85 
Suppl 1:752-61.
	 12.	 Chiam PT, Ewe SH, Soon JL, Ho KW, Sin YK, Tan SY, 
Lim ST, Koh TH, Chua YL. Percutaneous transcatheter aortic valve 
implantation for degenerated surgical bioprostheses: the first case 
series in Asia with one-year follow-up. Singapore Med J. 
2016;57:401-5.
	 13.	 Chiam PT, Ewe SH, Chua YL, Lim YT. First transcatheter 
aortic valve implantation for severe pure aortic regurgitation in 
Asia. Singapore Med J. 2014;55:103-5.
	 14.	 Krupa J, Chiam PT, Chua YL, Ewe SH. Feasibility of trans-
catheter aortic valve implantation in systemic lupus erythematosus 
associated non-calcific aortic stenosis. Eur Heart J. 2014;35:1624.
	 15.	 Chiam PT. Transcatheter aortic valve implantation in rheu-
matic aortic stenosis. AsiaIntervention. 2018;4:11-3.
	 16.	 Giustino G, Sorrentino S, Mehran R, Faggioni M, Dangas G. 
Cerebral Embolic Protection During TAVR: A Clinical Event Meta-
Analysis. J Am Coll Cardiol. 2017;69:465-6.


