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EDITORIAL

Paravalvular Regurgitation Following Transcatheter Aortic Valve Replacement: Is it
Still an Issue in 2018?
Philippe Pibarot, DVM, PhD, FACC

Department of Cardiology, Institut Universitaire de Cardiologie et de Pneumologie de Québec, Laval University, Québec City, Québec, Canada

Paravalvular regurgitation is considered the main Achilles’ heel
of transcatheter aortic valve replacement (TAVR). With the first
generation of transcatheter heart valves (THVs), moderate/
severe paravalvular regurgitation (PVR) occurred in 12–23% of
patients and was associated with a 2–3-fold increase in
mortality.1–4 The new generation of THVs harbors new features
aimed at improving the sealing between the stent and the native
aortic annulus. This modification in the valve design, along with
optimization of valve sizing and positioning, has contributed to
a dramatic reduction in the incidence of moderate/severe PVR
(1–6%) compared to the previous generation of THVs. In this
issue of the Structural Heart, Sannino et al5 report the results of
an elegant study that analyzed the data of 911 patients under-
going TAVR in two sites and in whom PVR was graded using
a 3-grade scheme: mild, moderate, and severe using the follow-
ingDoppler-echocardiographic parameters: (1) number of jet(s),
(2) jet path visible along the stent, (3) circumferential extent of
PVR, (4) aortic regurgitation index (measured by echocardio-
graphy, (5) jet density at continuous-wave Doppler, and (6)
pressure half-time (PHT) (Figure 1). The main findings of this
study5 are: (1)moderate/severe PVR occurred in 3.9% of patients
and was more frequent with self-expanding versus balloon-
expandable and larger versus smaller THVs, (2) neither PVR
grade nor the six parameters mentioned above were associated
with an increased risk of 1-year mortality, and (3) re-
intervention for PVR closure occurred in 1.8% of patients and
was associated with a 7.6-fold increase in mortality.

Doppler-echocardiographic parameters to grade PVR

In the present study, Sannino et al.5 utilized six Doppler-echo
parameters that have been previously proposed to assess the
severity of PVR (Figure 1).3,6–8 Each of these parameters, how-
ever, has important limitations and should not be used, in
isolation, to grade PVR severity. This is the reason why the
American Society of Echocardiography and Valve Academic
Research Consortium recommend the use of a multi-
parameter integrative approach to grade the severity of PVR7,8

and this is what the authors applied in the present study.5 One of
the most frequently used and reported parameters of PVR sever-
ity is the circumferential extent of the PVR jet(s). However, this
parameter may overestimate the severity of PVR in the case of
eccentric jets and it does not account for the width of the jet(s).

Hence, a wide jet with limited circumferential extent may actu-
ally correspond to worse PVR severity than a thin jet with larger
extent. Some investigators suggested that the AR index is more
robust than the PVR circumferential extent because it is primar-
ily based on hemodynamics and less dependent on imaging.6

The AR index is usually measured invasively by left heart cathe-
terization. However, in the present study,5 Sannino et al esti-
mated the AR index by Doppler-echocardiography: the LV end-
diastolic pressure was estimated by applying the Bernoulli for-
mula to the end-diastolic velocity of the AR flow velocity signal
obtained by continuous-wave Doppler. However, the AR index
and the PHT are highly influenced by the LV compliance and
diastolic dysfunction as well as the aortic compliance. A non-
specific elevation of the LV end-diastolic pressure related to
advanced LV diastolic dysfunction (as often encountered in
patients with severe AS) or a reduced aortic compliance (as
often observed in elderly patients) may result in false positive
AR index or PHT. In their portfolio of Doppler-echo metrics of
PVR, Sannino et al. did not include the width of the PVR jet(s) at
their origin.5 In our experience, the width of the PVR jet at its
origin examined in multiple imaging views and planes is prob-
ably the most valuable parameter to assess the severity of PVR.3

In summary, none of the available Doppler-echo parameters
are optimal and one should thus not rely on a single parameter to
grade the severity of PVR. A multi-parameter strategy integrat-
ing all parameters is a reasonable but nevertheless imperfect
approach. If the echo grading is inconclusive, uncertain, or
discordant with the symptomatic status, one should consider
other imaging modalities such as transesophageal echocardio-
graphy (TEE) that allows better visualization of PVR jets and
cardiac magnetic resonance (CMR) imaging that allows quanti-
tation of AR volume and fraction (Figure 1).

Association between PVR severity and outcomes

The vast majority of previous studies, trials, and meta-analyses
reported a strong association between moderate/severe PVR and
increased risk in mortality with hazard ratios ranging between 2.0
and 3.0.1–3 Some studies even reported an association between
mild PVR and mortality (hazard ratio 1.2–1.8).1–4 The lack of
association between moderate/severe PVR and mortality reported
in the present study is thus very intriguing.5 One potential expla-
nation, rightfully proposed by the authors, is the very low
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incidence (3.9%) of moderate/severe PVR in this study. When
a given complication does not exist or is rare, its impact on out-
comes is absent or minimal. However, in the PARTNER 2–
SAPIEN 3 registry3, moderate/severe PVR was associated with
a 2.4-fold increase in 1-year mortality, although its incidence
(3.5%) was similar to that of the present study.5 These discrepan-
cies in the results between the SAPIEN 3 registry3 versus the
present study.5 may be related to the following differences in the
study design and methods: (1) Prospective vs. retrospective study,
(2) adjudication of PVR in corelab versus site reported, and (3)
inclusion of PVR jet width versus AR index among the echo
metrics of PVR severity.Hence the differences between the present
study5 versus the previous ones aremerely related to differences in
themethods to grade the severity of PVR rather than to differences
in the impact of PVR on outcomes. Furthermore, even if moder-
ate/severe PVR, per se, was not associatedwith increasedmortality
in the present study,5 reintervention formoderate/severe PVRwas
associated with amarked increase in the risk ofmortality.5 Finally,

Sannino et al. only assessed the impact of PVR on mortality; they
did not examine the association between PVR and other major
outcomes such as heart failure rehospitalization. The results of the
present study5 should thus not lead to the conclusion that moder-
ate/severe PVR has become benign in the contemporary era.
A true moderate/severe PVR has a significant and important
impact on outcomes and every effort should be made to avoid
this and to eventually correct complications (Figure 1).

Clinical implications

Nowadays, the vast majority of patients have their TAVR per-
formed under conscious sedation and TEE is no longer used to
monitor the procedure and assess hemodynamic results immedi-
ately after valve deployment. Hence, if at least mild PVR is sus-
pected by the initial imaging or hemodynamic assessment
(angiography, transthoracic echocardiography [TTE], invasive
AR index), additional and more comprehensive imaging

Figure 1. Proposed algorithm for the assessment and management of PVR following TAVR.
Note. *More attention and weight should be put on these parameters to grade the severity of PVR. AR, aortic regurgitation; CMR, cardiac magnetic resonance
imaging; PVR, paravalvular regurgitation; TEE, transesophageal echocardiography; TTE, transthoracic echocardiography; TAVR, transcatheter aortic valve replacement.

32 P. PIBAROT: EDITORIAL STRUCTURAL HEART



assessment with TEE should be performed to corroborate PVR
severity (Figure 1). Blood biomarkers such the closure time with
adenosine diphosphate (CTADP), a surrogate marker for the Von
Willebrand factor, may also be used to alert the proceduralist
about the presence of significant PVR after THV deployment.9

Corrective procedures such as balloon post-dilation, or implanting
a second valve, should be considered in caseswithmoderate/severe
PVR.When the PVR is considered mild or mild-to-moderate, the
decision to perform corrective procedures is based on the assess-
ment of the ratio of vulnerability factors to PVR (no pre-existent
native aortic regurgitation, small LV cavity with reduced compli-
ance) versus risk factors for complications (i.e. annulus injury,
coronary obstruction, stroke) with these procedures (Figure 1).
After the procedure, PVR should be first assessed by TTE using
amulti-parameter approach.7,8 Additional imaging including TEE
or CMR should be considered in the following situations: (1)
patients with moderate/severe PVR, and (2) patients with mild
PVR and persistent or recurring heart failure symptoms. If these
additional imaging modalities confirm the presence of clinically
and hemodynamically significant PVR, the corrective procedures
mentioned above may be considered.

Conclusion

With the improvement in THV design, sizing, and implanta-
tion techniques, PVR is less and less an issue in 2018.
However, moderate/severe PVR still occurs in up to 5% of
patients in the current TAVR era, and when it occurs it is
associated with increased risk of mortality and rehospitaliza-
tion. The compelling data reported by Sannino et al are
encouraging because they demonstrate that nowadays in the
real life practice, it is possible to achieve very low rates of
moderate/severe PVR and valve reintervention. However, the
absence of association between moderate/severe PVR and
mortality observed in this study should not be used as an
argument to lower the guard against PVR. We should pursue
our effort to prevent moderate/severe and even mild PVR.
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