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Paravalvular leaks (PVLs) have been a major critique against
transcatheter aortic valve replacement (TAVR) since its
inception. Substantial research has been produced over the
past decade, aiming to understand PVLs in terms of causes,
predictors, impact on outcomes and potential solutions.

Impact of PVL on clinical outcomes

PVLs are not benign. Moderate-to-severe PVL after TAVR
has been associated with a 3-fold increase in early mortality,
and a 2.3-fold increase in mortality at 1 year (1). This
correlation has been reproduced by most meta-analyses and
registries regarding moderate and severe PVLs, although data
regarding mild PVLs is conflicting (2-5). A plausible theory
suggests that patients with baseline pure stenosis without
insufficiency are less likely to tolerate PVL, even if mild, due
to smaller and stiffer ventricles. Large leaks may lead to heart
failure, while smaller leaks predispose to endocarditis or
hemolysis, with the latter conferring poor prognosis, even if
insufficient to cause significant anemia. Moreover, even mild
PVL following TAVR was associated with increased all-cause
mortality, compared to no/trace PVL (3).

Imaging for PVL

Given such impact on outcomes, accurate assessment of
PVL is necessary. The jet should be analyzed in terms of
number, location, direction, course and quantification.
Unfortunately, PVLs are often multiple, eccentric and
serpiginous, which makes quantification very challenging.
Three-dimensional TEE has been shown to be superior to
both TTE and two-dimensional TEE. Limitations related
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to acoustic shadowing can be mitigated by using multiple
windows and combining TTE and TEE. Nonetheless,
echocardiography lacks consensus in PVL quantification,
partly related to prevalence of multiple jets, garden-hosing,
and jet eccentricity. Angiographic contrast jet visualization
and grading after transcatheter heart valve (THV)
deployment is difficult to standardize. A useful and reliable
angiographic tool is the aortic regurgitation index (ARI)—
the ratio of difference between aortic and ventricular
pressures in end-diastole, and systolic blood pressure. This
has been validated with index <25 correlating to severe
PVL and predicting 1-year mortality (6). After TAVR,
cardiac magnetic resonance (CMR) has emerged as an
excellent tool for PVL assessment, especially with multiple
jets. Using phase contrast velocity mapping, total PVL can
be quantified accurately, although arrhythmias can be a
limitation. This has been shown to be superior to and more
reproducible than echocardiography. Cardiac computerized
tomography (CT) has not been shown to have benefit over
echocardiography in PVL assessment. With the above,
it should be emphasized that the key to accurate PVL
assessment is multi-modality imaging.

Reduction in TAVR-related PVL

A significant impact on mortality together with challenges
in accurate assessment led to PVLs being regarded
as TAVR’s Achilles heel. More recent data however,
suggests this perception may be outdated. Within the
pivotal randomized trials in the United States, there were
moderate-to-severe PVLs at 30 days in 9% of patients
reported in 2014, but only 3% reported in 2019, both
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using self-expanding valves. For balloon-expandable valves,
moderate-to-severe PVLs at 30 days had 12% reported in
2011, while <1% reported in 2019 (7-10). This multiple-
fold decrease in PVL rates over less than a decade is a
multifactorial success. Valve designers have addressed PVLs
with newer valve versions supplemented with an exterior
inflow skirt that enhances left ventricular outflow tract
(LVOT) apposition. An increased understanding of PVLs
in terms of risk factors and management has also affected
decisions related to choice of technique and prosthesis.

Risk factors for PVL

The ability to predict PVLs should lead to prevention and
better management. This includes a “big picture” assessment
of the patients’ overall status, to what extent PVL is tolerated
and whether surgical aortic valve replacement (SAVR)
may be an option to avoid PVL altogether. Several factors
increase risk of PVL following TAVR:

% Under-sizing and/or suboptimal TAVR prosthesis

positioning.

% Steeper aorta-to-LVOT angle may lead to shallow
THYV implantation in relation to the non-coronary
cusp.

% Significant calcifications of leaflets, annulus or
LVOT, especially when bulky or asymmetric.

% Prominent ellipticity of the AV annulus.

% Males, New York Heart Association class IV and a

native aortic valve.

% The use of older-generation TAVR.

In the great majority of cases, moderate-to-severe PVL
should not be tolerated, and if this were difficult to avoid
using TAVR, SAVR should be undertaken. The choice
of THV should be tailored to the patient’s anatomic
characteristics, including the risk of PVL. In instances
whereby PVL is predicted, some advocate pre-dilation,
although its value in reducing PVL is questionable, and the
risks related to rapid pacing and stroke may be significant.
The use of newer-generation valves with incorporated
“outer sealing skirt” reduces PVL rates (e.g., Evolut Pro,
Lotus Edge, Sapien 3). Oversizing the THV by 1mm or
10% of annular area as measured by CT has been shown to
reduce moderate-to-severe PVLs. Retrievable THV allow
for optimal positioning and should decrease malposition-
related PVLs or coronary complications.

Addressing PVL and technological advances

Intraoperatively, multimodality imaging should be used,
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and persistence should be practiced with PVL detection and
jet analysis. If uncertain, ARI should be calculated (DBP
— LVEDP)/SBP. Leaks can be addressed by repeat post-
TAVR balloon dilation if incomplete expansion is suspected.
Aggressive dilation, however, can result in catastrophic
root rupture, and should be performed with caution. A
malposition-related PVL can be addressed by deploying a
valve-in-valve, with a properly positioned second valve. If
a significant single and large PVL persists, transcatheter
closure devices may be considered. Although none of these
devices has been approved for this specific indication,
they have been used with promising success. The Amplatz
vascular plug (St. Jude Medical, St Paul, MN) is the most
commonly used in the United States and is recapturable
after deployment. In a meta-analysis of transcatheter PVL
closure after SAVR’s, the procedure was successful in 84%
of patients and there was improvement in functional status
or anemia in 71% (11).

The perception that moderate-to-severe PVL is the
Achilles heel of TAVR may no longer be accurate. Presently,
moderate-to-severe PVL is better understood, anticipated
and managed, which has resulted in rates not significantly
different to that of SAVR (7). The question remains of the
real impact of mild PVLs on long-term outcomes, especially
with the approval of TAVR in low-risk patients. Mild PVLs
continue to be higher in TAVR, as compared to SAVR. In
a young healthy patient with many decades ahead to live, a
mild PVL will likely not be acceptable.
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