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Central Message

The hemodynamic changes after TAVR-in-

TAVR are poorly understood. They may

depend on the type of valve previously im-

planted and the incoming TAVR valve, and

may influence late durability and outcome.

See Article page 565.
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Transcatheter aortic valve replacement (TAVR) prostheses’
durability is a very legitimate issue, and it is increasingly
being studied in a prospective fashion.1,2 It is clear that
durability of TAVR prostheses is less of a concern in elderly
patients, patients who are not operative candidates, and
high-risk patients because of the shorter life expectancy
among these patients. Given the expansion of TAVR indica-
tions to intermediate- and low-risk patients with longer life
expectancy, the estimated number of potential candidates
with degenerated TAVR prostheses is anticipated to in-
crease in the future. Histologic analyses3 have shown that
there is a time-dependent TAVR prosthesis degeneration,
including thrombus formation, fibrosis, and calcification.
These changes seem to be related to nonphysiologic hemo-
dynamic characteristics downstream from the TAVR pros-
thesis, including abnormal sinus flow, turbulent stress, and
restricted leaflet motion.4 Given this scenario, the questions
that then arise are as follows: Can a TAVR-in-TAVR pro-
cedure be performed with good early and late results? Do
the abnormal hemodynamic characteristics become accen-
tuated with a TAVR-in-TAVR procedure? In our center
and in many others, a TAVR-in-TAVR approach was tradi-
tionally performed as a bailout during in the early TAVR
experience as a response to intraprocedural problems. The
efficacy of TAVR-in-TAVR has not been extensively inves-
tigated, however, and it thus cannot currently be recommen-
ded as a conventional approach to replace a degenerated
TAVR prosthesis in patients who are operative candidates.

In this issue of the Journal, Hatoum and colleagues5

report the elegant ex vivo study that they performed to
assess the hemodynamic properties of 6 different TAVR-
in-TAVR combinations in an attempt to evaluate the best he-
modynamic performance among the various valve types and
sizes. The selected TAVR-in-TAVR combinations exam-
ined were as follows: the 26-mm older-generation Med-
tronic Evolut (Medtronic, Minneapolis, Minn), and the
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23-mm Edwards Sapien 3 (Edwards Lifesciences Corpora-
tion, Irvine, Calif) as the ‘‘host’’ prostheses and the 23-mm
and 26-mm Evolut and the 23-mm Sapien 3 as the ‘‘guest’’
prostheses. The hemodynamic performance of these combi-
nations was meticulously assessed with a flow-loop heart
pulse simulator under physiologic conditions. The parame-
ters that were examined were as follows: mean transvalvu-
lar pressure gradient; Gorlin equation–derived effective
orifice area; regurgitant fraction; pinwheeling index, as a
marker of localized leaflet tissue bending and poor leaflet
resilience; particle image velocimetry–visualized flow
characteristics through the valve; and, finally Reynolds
shear stress, which correlates with increased flow turbu-
lence and localized platelet activation.
The major conclusion of the article of Hatoum and col-

leagues is that,5 perhaps not surprisingly, there is enhanced
hemodynamic disturbance and increased flow turbulence in
TAVR-in-TAVR relative to single-prosthesis TAVR. Specif-
ically, the findings can be summarized as follows. First, the
Evolut prosthesis as host valve was associated with the
highest effective orifice area and lowest flow velocities. Ha-
toum and colleagues5 postulate that the low radial force and
flexible nitinol frame of the Evolut valve, in combination
with the high radial force of the Sapien 3 guest valve, al-
lowed for additional expansion. Second, regurgitant
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fraction was lower with the Sapien valve as host. Third, the
pinwheeling index (a potential surrogate for accelerated
leaflet failure) was high with the Sapien valve as host, and
increased further with the Sapien-in-Sapien configuration.
Hatoum and colleagues5 suggest that this was due to the
rigid frame of the Sapien host valve and the intra-annular
deployment of the Sapien guest valve, which may have
compromised leaflet mobility of the all-Sapien TAVR-in-
TAVR (vs the supra-annular position of the Evolut valve
leaflets).

Hatoum and colleagues5 attempted to investigate all po-
tential hemodynamic causes for the most common types of
structural and nonstructural TAVR prosthesis degenerative
mechanisms in TAVR-in-TAVR. These include patient-
prosthesis mismatch (by evaluating pressure gradient,
effective orifice area, and particle image velocimetry),
perivalvular leak (by evaluating regurgitant fraction),
restricted leaflet motion, flow turbulence, and risk of
leaflet thrombosis (by evaluating pinwheeling index and
Reynolds shear stress). The results of Hatoum and col-
leagues5 are certainly compelling in suggesting that
certain TAVR-in-TAVR prosthetic combinations are asso-
ciated with unfavorable hemodynamics, poor leaflet
mobility, blood clotting cascade activation, and potentially
quicker prosthetic valve degeneration. The major caveat
here, however, is that any direct causal mechanism be-
tween these in vitro hemodynamic observations and late
prosthetic failure of TAVR-in-TAVR valves remain hypo-
thetical. Moreover, the exclusion of larger-sized prosthe-
ses and the inclusion of some clinically inapplicable
TAVR-in-TAVR combinations may have contaminated
the results, as does the absence of an actually degenerated
host prosthesis with its attendant leaflet calcification or
fibrosis, such as would be the case in the real world. For
the practicing clinician, the major value of the study by
Hatoum and colleagues5 is that it highlights the fact that
patient selection for a TAVR-in-TAVR procedure should
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be based not only on the ‘‘host’’ valve size but also on
the type of the host valve, which in turn may modulate
the potential risk of late failure. These data may help the
clinician to tailor the approach to TAVR-in-TAVR beyond
just annular size considerations.

Will these hemodynamic findings be reproduced in larger
TAVR prosthesis combinations? Will they be similar in
TAVR-–in–TAVR-in-native valve? Is the ‘‘Russian dolls’’
approach a safe and effective option, or is a surgical aortic
valve replacement (which includes removal of native valve
tissue and the failed TAVR prosthesis) preferable in the case
of a late failure of a first TAVR? Is a TAVR-in-TAVR even
indicated at all for patients who are operative candidates?
These questions remain unanswered. Another inevitable
point this article raises is the need for future studies on
the impact of long-term anticoagulation among patients un-
dergoing TAVR-in-TAVR.

Hatoum and colleagues5 are to be congratulated on their
efforts to shed some light on a clinical entity that will only
continue to be more prevalent in the setting of expanding
TAVR indications. Their study highlights the urgent need
for further research in the in vivo and clinical settings.
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