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In patients with symptomatic severe aortic stenosis, transcatheter aortic valve re-
placement (TAVR) has been demonstrated to reduce risk of mortality and stroke 
for up to 2 years as compared with surgical aortic valve replacement (SAVR).1 

TAVR is associated with reduced risk of bleeding complications, acute kidney injury, 
and onset of atrial fibrillation. However, the risks of pacemaker implantation and 
major vascular complications are higher with TAVR than SAVR. These are important 
considerations for the heart team when selecting the appropriate treatment for 
patients with symptomatic severe aortic stenosis. In patients with low operative 
risk, who are generally younger and in whom SAVR is associated with excellent 
outcomes, other factors need to be taken into consideration as well when decid-
ing on treatment.

One of those factors in younger patients is the higher frequency of bicuspid aortic 
valve stenosis, a condition that traditionally has been excluded from randomized clin-
ical trials. In the Society of Thoracic Surgeons/American College of Cardiology Trans-
catheter Valve Therapy Registry, of 170 959 eligible TAVR procedures, 3.2% were 
performed in patients with bicuspid aortic valve.2 A modestly higher incidence of 
moderate and severe paravalvular regurgitation after TAVR has been reported with 
bicuspid aortic valve as compared with tricuspid aortic valve anatomy (2.7% versus 
2.1%; P=0.006). Among patients with tricuspid aortic valve stenosis, residual para-
valvular regurgitation remains more common after TAVR than SAVR. Advances in 
transcatheter valve technology have resulted in reduced incidence of moderate and 
severe paravalvular regurgitation. In PARTNER 3 (Placement of Aortic Transcatheter 
Valve Trial) using the SAPIEN 3 valve (Edwards Lifesciences, Irvine, CA),3 there were 
no differences between TAVR and SAVR in rates of moderate and severe paravalvular 
regurgitation (0.8% and 0% at 30 days, respectively), although mild paravalvular 
regurgitation was observed more frequently in TAVR than in SAVR (28.8% versus 
2.9%; P<0.001). In contrast to previous studies, the presence of mild paravalvular 
regurgitation was not associated with increased all-cause mortality. However, the ef-
fect of mild paravalvular regurgitation on long-term outcomes needs to be defined 
carefully, and long-term data on progression of regurgitation will be important.

The development of conduction abnormalities and need for permanent pace-
maker implantation are additional important factors that should be considered in 
patients with low surgical risk. The association between permanent pacemaker 
implantation after TAVR and all-cause death at 1 year remains controversial.4 The 
development of pacemaker-induced left ventricular systolic dysfunction or lead-
induced severe tricuspid regurgitation and right heart failure have been described. 
Both tricuspid regurgitation and right heart failure have been associated with poor 
prognosis after TAVR and SAVR.5,6
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Another question relates to the durability of trans-
catheter aortic valves. The life expectancy of patients 
with low surgical risk is longer than that of patients with 
inoperable disease or high or intermediate operative 
risk. Long-term durability assessment from earlier trials 
was confounded by a high competing hazard of death. 
PARTNER 3 and the Evolut Low Risk Trial include the 
use of sequential echocardiograms and postprocedural 
computed tomography to monitor the hemodynamic 
performance and structural integrity of transcatheter 
and surgical valves over 10 years of follow-up.3,7 These 
data will be extremely important given that patients 
with low surgical risk constitute ≈50% of all patients 
with aortic stenosis.8 In the meantime, comprehensive 
information on hemodynamic performance of trans-
catheter and surgical valve bioprostheses as well as left 
and right ventricular function at short-term and mid-
term follow-up is important.

In this issue of Circulation, the echocardiographic 
substudy of PARTNER 3 including patients with low sur-
gical risk by Pibarot and coworkers9 shows that valve 
hemodynamics, mean transvalvular gradient, effec-
tive aortic valve area, and patient–prosthesis mismatch 
were comparable between TAVR and SAVR at 30-day 
and 1-year follow-up. However, TAVR was associated 
with lower valvulo-arterial impedance (indicating lower 
left ventricular afterload) and greater reduction in left 
ventricular hypertrophy when compared with SAVR at 1 
year. Changes in valvulo-arterial impedance after TAVR 
or SAVR have not been studied extensively, and its asso-
ciation with clinical outcomes is controversial. Whereas 
high valvulo-arterial impedance at baseline has been as-
sociated with increased risk of all-cause mortality after 
TAVR,10 high valvulo-arterial impedance after TAVR has 
not been similarly associated with a higher mortality.11 
Valvulo-arterial impedance has not been demonstrat-
ed to change acutely after TAVR, probably related to 
its dependence on both the valvular and the vascular 
components of the left ventricular afterload, which are 
competitively influenced by the treatment.12 Instead, 
other measures of vascular function have shown that 
the vascular tree becomes stiffer after TAVR with rise in 
continuous and pulsatile vascular load and blood pres-
sure requiring antihypertensive treatment escalation. 
Increased valvulo-arterial impedance partly reflects the 
vascular behavior, and one could hypothesize that sus-
tained high valvulo-arterial impedance could reduce the 
benefits of aortic valve replacement. This needs to be 
elucidated in longer-term follow-up studies.

The present article also provides information on right 
ventricular function and presence of tricuspid regurgi-
tation,9 factors that have been associated with worse 
outcomes among patients with severe aortic stenosis.13 
Whereas right ventricular systolic function remained 
unchanged after TAVR, it decreased after SAVR and 
remained significantly worse at 1-year follow-up as 

compared with TAVR. The percentage of patients with 
tricuspid annular plane systolic excursion (TAPSE) <16 
mm was significantly higher after SAVR as compared 
with TAVR (51% versus 14%; P<0.001). The percent-
age of patients with moderate and severe tricuspid re-
gurgitation was significantly higher after SAVR versus 
TAVR (5.5% versus 1.7%; P<0.001). A higher prob-
ability of impaired right ventricular function after SAVR 
as compared with TAVR has been described.5 However, 
most of the included patients had intermediate or high 
operative risk and may have had additional comorbidi-
ties that could influence right ventricular systolic func-
tion. In patients undergoing TAVR, particularly with 
balloon-expandable valves, in which rapid pacing is es-
sential to valve implant, postprocedure right ventricular 
dysfunction has been described,14 but this was believed 
to be transient, a finding that appears to be confirmed 
by the current study.9 Coisne et al15 reported impaired 
TAPSE in 617 patients undergoing SAVR immediately 
after the intervention. At 1 year of follow-up, signifi-
cant but incomplete recovery of TAPSE was observed, 
which is concordant with the findings of the current 
study.9 TAPSE after SAVR was not associated with the 
occurrence of cardiovascular death, cardiac hospitaliza-
tion, acute heart failure, or stroke.15 This could indicate 
that after the pericardium is opened, changes in right 
ventricular geometry may invalidate the measurement 
of TAPSE as a measure of right ventricular function, 
or alternatively that the magnitude of the recovery in 
TAPSE after SAVR is sufficient to prevent major car-
diovascular events. Three-dimensional modalities such 
as three-dimensional transthoracic echocardiography 
and cardiovascular magnetic resonance imaging are 
not influenced by geometric assumptions and may 
be more appropriate modalities than TAPSE to assess 
right ventricular function. Potential differences in the 
evolution of prevalent versus incident right ventricu-
lar dysfunction after aortic valve replacement and its 
effect on long-term outcomes have remained largely 
unexplored and are important questions that may help 
in decision making.

Pibarot et al9 showed that both high valvulo-arterial 
impedance and low TAPSE at 30 days were indepen-
dently associated with increased risk of the composite 
end point of mortality, stroke, and rehospitalization at 
1 year in both arms. Whether the present echocardio-
graphic findings at 30-day and 1-year follow-up remain 
associated with outcomes at 2-year follow-up and be-
yond needs to be analyzed.

Imaging data are important in understanding how 
TAVR and SAVR improve the clinical outcomes of pa-
tients with severe aortic stenosis and helping to refine 
the indications for these therapies. Long-term follow-
up will confirm whether the observed differences with 
regard to short-term and intermediate-term imaging 
findings are relevant to clinical outcomes, and whether 
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they should be factored into decision-making when 
choosing the appropriate therapy for patients with se-
vere aortic stenosis.
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