
© AME Publishing Company. J Thorac Dis 2017;9(6):1432-1436 | https://dx.doi.org/10.21037/jtd.2017.05.67

The field of transcatheter aortic valve replacement (TAVR) 
is rapidly evolving, with major refinements in technology, 
procedural techniques, and patient selection. Initially, 
TAVR was shown to improve survival in inoperable 
patients compared with medical treatment or balloon 
valvuloplasty (1) and to be non-inferior to surgical aortic 
valve replacement (SAVR) in high-risk patients with severe, 
symptomatic aortic valve stenosis (2,3). In the meta-
analysis by Carnero-Alcázar et al., early and late outcomes 
and hemodynamic performance of TAVR versus SAVR in 
intermediate to high-risk patients are compared (4).

Based on pooled data from more than 10,000 patients, 
Carnero-Alcázar et al. demonstrate that early and late 
mortality are similar with TAVR and SAVR in intermediate 
and high-risk patients (4). This is in alignment with another 
meta-analysis including 3,806 participants who are randomly 
assigned to undergo TAVR or SAVR, showing that the 
transcatheter approach was associated with a significant 13% 
reduction in all-cause mortality after 2 years of follow-up (5).

In the large randomized controlled trials, TAVR has 
indeed been shown to be non-inferior or even superior to 
SAVR with respect to all-cause mortality in patients at high 
surgical risk (2,3). In patients at intermediate risk, TAVR 
has been reported non-inferior to SAVR regarding death 
from any cause or disabling stroke—as recently published 
in the New England Journal of Medicine in two independent 
clinical trials [PARTNER-2 (6) and SURTAVI (7)].  
In the transfemoral cohort of the PARTNER-2 trial, 

TAVR even resulted in a lower rate of death or disabling 
stroke than surgery (6). In addition, the first randomized 
trial comparing TAVR and SAVR in all-comer patients 
(NOTION) indicated that these findings also apply to 
patients at even lower surgical risk (8). Figure 1 gives an 
overview of all-cause mortality rates reported for the 
different randomized controlled trials comparing TAVR 
and SAVR (6-12). Clearly, long-term follow-up data are 
needed for the lower risk patient populations; however, it 
will just be a matter of time before these data will become 
available (clinicaltrials.gov: NCT02825134—NOTION-2, 
NCT02675114—PARTNER-3, NCT02701283—TAVR-
low risk).

Concerning early or long-term stroke risk, the pooled 
analysis by Carnero-Alcázar et al. representing 15,375 patients 
demonstrated no statistically significant difference among 
patients assigned to TAVR versus SAVR (4). In order to 
further reduce the risk of peri-procedural stroke in TAVR, 
several cerebral protection devices are currently under 
investigation. Although the use of a cerebral protection 
device reduced the frequency of ischemic cerebral lesions 
in the CLEAN-TAVI randomized clinical trial (13), larger 
studies are needed to assess the effect of cerebral protection 
device use on neurological and cognitive function after 
TAVR. Another important observation in this context is the 
possible association of subclinical leaflet thrombosis and 
increased rates of neurological events (14,15). Subclinical 
leaflet thrombosis has recently been reported to occur 
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frequently in bioprosthetic aortic valves, more commonly in 
transcatheter than in surgical valves (15). Anticoagulation, 
but not dual antiplatelet therapy, is effective in prevention 
or treatment of subclinical leaflet thrombosis (14,15). 
Despite excellent outcomes after TAVR with the new-
generation valves, prevention and treatment of subclinical 
leaflet thrombosis might offer a potential opportunity for 
further improvement in clinical outcomes. Two ongoing 
randomized controlled trials are specifically investigating 
which anti-thrombotic strategy might be best following 
TAVR (clinicaltrials.gov: NCT02556203—GALILEO, 
NCT02664649—ATLANTIS). Finally, another important 
observation is that most studies report a lower rate of new-
onset atrial fibrillation in the TAVR group as compared to 

the SAVR group (6-12); whether this may be associated with 
a lower stroke risk at medium term follow-up for TAVR 
patients still has to be determined. In addition, a number of 
other procedural complications such as acute kidney injury 
and major bleeding are only half as common after TAVR 
than SAVR (4). However, to justify expansion of TAVR into 
low-risk patients who can undergo SAVR with excellent 
outcome, the transcatheter technology needs to address 
some of its own initial shortcomings.

Moderate or severe paravalvular leakage (PVL) was 
initially reported in 10% to 15% of patients treated 
with TAVR (1,2) and has been associated with increased 
mortality. However, more accurate sizing of the aortic 
annulus based on cardiac computed tomography (CT) 

Figure	1	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

1	year	 	 	 		2	year					 	 																										5	year	

TAVR	(4.9%)	

SAVR	(7.5%)	
NOTION1	

PARTNER	II3	

CoreValve	US	
Pivotal	Trial4	

PARTNER	IA5	

CoreValve	Extreme		
Risk	US	Trial6	

PARTNER	IB7	

Ex
tr
em

e	
ris

k	
Hi

gh
	ri

sk
	

Lo
w

/I
M

	ri
sk

	

TAVR	(12.3%)	

SAVR	(12.9%)	

TAVR	(8.0%)	

SAVR	(9.8%)	

TAVR	(16.7%)	

SAVR	(18.0%)	

TAVR	(14.1%)	

SAVR	(18.9%)	

TAVR	(24.2%)	

SAVR	(26.8%)	

TAVR	(22.2%)	

SAVR	(28.6%)	

TAVR	(33.9%)	

SAVR	(35.0%)	

TAVR	(67.8%)	

SAVR	(62.4%)	

TAVR	(24.3%)	

Med	(41.5%)	

TAVR	(30.7%)	

Med	(50.8%)	

TAVR	(36.5%)	

Med	(56.4%)	

TAVR	(43.0%)	

Med	(68.0%)	

TAVR	(71.8%)	

Med	(93.6%)	

Mortality	(%)	 	 					Mortality	(%)		 																																	Mortality	(%)	

N/A	

N/A	

N/A	

N/A	

Figure	1.	All-cause	mortality	rates	in	different	randomized	controlled	TAVR	trials	

Mortality	 rates	 at	 1	 year,	 2	 years,	 and	 5	 years	 of	 follow-up	 for	 the	 different	 treatment	 groups,	 as	 reported	 in	 different	 randomized	
controlled	 TAVR	trials	–	based	on	Kaplan	Meier	 analysis.	 IM,	 intermediate;	Med,	standard	medical	 treatment;	SAVR,	 surgical	aortic	valve	
treatment;	TAVR,	transcatheter	aortic	valve	replacement.	
	

TAVR	(6.7%)	

SAVR	(6.8%)	
SURTAVI2	

TAVR	(11.4%)	

SAVR	(11.6%)	

N/A	

N/A	

N/A	

Figure 1 All-cause mortality rates in different randomized controlled TAVR trials. Mortality rates at 1 year, 2 years, and 5 years of follow-up  
for the different treatment groups, as reported in different randomized controlled TAVR trials—based on Kaplan Meier analysis. IM, 
intermediate; Med, standard medical treatment; SAVR, surgical aortic valve treatment; TAVR, transcatheter aortic valve replacement.
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imaging—instead of transesophageal echocardiography 
(TEE) imaging—resulted in better PVL outcomes over the 
past few years. In addition, newer generation transcatheter 
heart valves have an outer skirt or adaptive seal, and some 
systems are even retrievable to optimize the implantation 
position. These improvements have resulted in low single-
digit moderate-to-severe PVL rates in the latest TAVR 
studies (3,16,17).

Due to the proximity between the transcatheter valve 
frame extending into the left ventricular outflow tract 
and the conduction system, heart block with need for 
permanent pacemaker implantation has been frequent after 
TAVR. Although new permanent pacemaker implantation 
adds to the risk of procedural complications and overall 
cost, it protects against unexpected death, probably due to 
the inherent risk of complete heart block among patients 
with severe aortic stenosis (18). Longer-term follow-up 
studies will have to investigate the impact of this permanent 
pacemaker implantation/use on left ventricular function, 
risk for device-related infection, and quality of life. The 
appreciation of the importance of higher prostheses 
implantation, as well as introduction of re-positional TAVR 
systems have lowered the need for permanent pacemaker to 
10% to 15% for most systems (4).

Recently, some concern was raised about potential poor 
long-term durability of TAVR bioprostheses. Combined data 
from early adopting TAVR centres in Rouen and Vancouver 
presented by Dvir et al. at EuroPCR 2016 suggested relatively 

high rates of structural degeneration of first-generation 
TAVR devices implanted 5 to 14 years ago, particularly in 
subjects with renal failure (19). Amongst 378 high-risk elderly 
patients with a median survival time of 51 months, structural 
valve degeneration—defined as at least moderate aortic 
regurgitation AND/OR mean gradient >20 mmHg which 
was not present within 30 days of the index procedure—was 
present in 35 subjects (9.3%). However, these preliminary 
data were criticized because of several methodological 
concerns. First of all, only echocardiographic findings were 
used to define valve degeneration, which is in contrast with 
the “need for re-intervention” used as definition for surgical 
valve degeneration. Another important limitation was the 
small number of subjects still at risk beyond 5 years (n<100), 
causing a failure to appreciate the hazards at long-term 
in a reliable way (20). Clearly, the only way to get reliable 
long-term durability data is to introduce the therapy into 
younger patients, preferably in randomized clinical trials 
against SAVR. Importantly, robust long-term follow-up data 
comparing TAVR and SAVR do not reveal any difference in 
valve performance and durability at present—and this with 
even 5-year echocardiographic follow-up data (10,12).

Finally, it will be important to investigate the impact 
of TAVR versus SAVR on patient satisfaction and health 
economics in future studies. Due to the ageing overall 
population in Europe, North America and Asia, we should be 
prepared for an exponentially growing demand for aortic valve 
replacement within the next decade(s) (Figure 2) (21). The 

Figure 2 Estimated TAVR volume worldwide—based on Credit Suisse TAVI Comment, January 8th 2015. EU, European union; ROW, 
rest of the world; USA, United States of America.
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TAVR technology—with its ability to replace a diseased 
aortic valve in a true minimalistic approach and with a 
minimum of hospitalization length—could be the ideal 
technology to answer this demand.

In conclusion, the rapid expansion of TAVR has 
been based upon robust clinical evidence derived from 
randomized controlled trials and large-scale national and 
international registries—in many nations, the volume of 
TAVR now exceeds SAVR. Trials in younger and low-
risk patients are ongoing. However, continued follow-up 
of existing research populations as well as further study of 
the TAVR technology in challenging conditions—such as 
bicuspid aortic valves, pure native aortic valve regurgitation, 
valve-in-valve, etc.—will be needed to further establish the 
TAVR technology as the default treatment option for most 
patients with severe aortic stenosis.
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