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CENTRAL MESSAGE

Thrombosis of transcatheter
aortic valve replacements may be
at least partially explained by he-
modynamic stasis in the neosi-
nuses between the implant and
its host tissue.
Manuel K. Rausch, PhD,a and Tom C. Nguyen, MDb

Transcatheter aortic valve replacement (TAVR) is
becoming the interventionalist’s weapon of choice in the
battle against aortic valve stenosis. This is especially true
as its indications are being expanded to also include low-
risk patients.1 As early challenges of TAVR have been
largely mitigated through operator experience, better imag-
ing, and continuous valve improvements, another challenge
has taken the center stage: thrombus formation in the so-
called “neosinuses” that are created between the TAVR
and the perivalvular host tissue.2,3 Although some observa-
tional and early studies have suggested that blood flow dy-
namics in the neosinuses may have a causative role in
thrombosis, no direct experimental evidence has been
reported.

In this issue of the Journal, Trusty and colleagues4 set out
to fill this knowledge gap and test whether thrombus volume
in the neosinuses of TAVR patients is related to stasis within
the same.4 To this end, they made use of their extensive
experience in in vitro modeling of heart valves and designed
an elegant yet simple experiment. They first identified pa-
tients who had undergone TAVR with available computed
tomography (CT) data and echocardiography-based data
on cardiac output, both collected within 12 months of
From the aDepartment of Aerospace Engineering and Engineering Mechanics and

Department of Biomedical Engineering, Oden Institute of Computational Engi-

neering and Sciences, University of Texas at Austin, Austin, Tex; and bDepartment

of Cardiothoracic and Vascular Surgery, McGovern Medical School, University of

Texas Health Science Center at Houston, Houston, Tex.

Disclosures: Drs Rausch and Nguyen serve as consultants for Edwards Lifesciences.

The Journal policy requires editors and reviewers to disclose conflicts of interest and

to decline handling or reviewing manuscripts for which they may have a conflict of

interest. The editors and reviewers of this article have no conflicts of interest.

Received for publication Nov 13, 2020; revisions received Nov 13, 2020; accepted for

publication Nov 16, 2020.

Address for reprints: Manuel K. Rausch, PhD, Department of Aerospace Engineering

and Engineering Mechanics and Department of Biomedical Engineering, Univer-

sity of Texas at Austin, 2617 Wichita St, Austin, TX 78712 (E-mail: manuel.

rausch@utexas.edu).

J Thorac Cardiovasc Surg 2020;-:1-2

0022-5223/$36.00

Copyright � 2020 by The American Association for Thoracic Surgery

https://doi.org/10.1016/j.jtcvs.2020.11.054

The Journal of Thoracic and C
the intervention. Valve-in-valve recipients were excluded.
Based on CT data, they 3D-printed patient-specific aortic
root geometries and implanted either SAPIEN 3s (size 26
or 29) or CoreValve Evolut Rs (size 26) into the root geom-
etries, ensuring that in vitro implantation parameters, such
as valve type, size, height, and tilt, matched the parameters
from patients. They next tuned valvular flow in their well-
established left heart simulator to match patient-specific
cardiac output. They also included coronary flow, but those
values were based on literature reports and thus were not pa-
tient-specific.
To quantify the degree of stasis within the neosinus re-

gions of their in vitro models, they injected dye and quanti-
fied its washout time. In short, they found a convincing
correlation between washout time and thrombus volume
measurements from CT images.
This is an outstanding contribution to our understanding

of neosinus thrombosis in TAVR recipients. Its significance
stems from its clear and strong evidence that explains, at
least in part, why thrombi form within the neosinuses.
That is, it convincingly suggests flow stagnation, one of
Virchow’s 3 fundamental prothrombotic factors leading to
this clinically important presentation. Its impact is broad-
ened by further suggesting the use of CT-based washout
time estimation for intraprocedural guidance and as a deci-
sion metric for prophylactic anticoagulation therapy. It also
provides direct device placement and design recommenda-
tions, highlighting SAPIEN 3 stent height and cusp angle as
correlates to washout time and thus thrombus volume.
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If we had to identify a potential shortcoming of this
work, we suggest that a detailed flow visualization could
have provided further mechanistic insight into the geo-
metric or fluid dynamic causes of stasis, and that a com-
parison with stasis in the neosinuses of surgical valves
could have expanded our understanding of TAVR as their
replacements.

Naturally, this work is also subject to some limitations.
Among them, we highlight their use of a rigid substrate as
opposed to a flexible one; use of a blood analog, which likely
altered local hemodynamics; and use of non–subject-spe-
cific coronary flow. Finally, this work provides yet another
gentle reminder that we are still learning about TAVR and
2 The Journal of Thoracic and Cardiovascular Surger
should consider this uncertainty when choosing TAVR
over surgical options, especially in lower-risk patients.
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