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r I Yen years ago, the first studies on subclinical leaflet
thrombosis (SLT) following transcatheter aortic valve
implantation (TAVI) were reported. It was detected as

hypoattenuated leaflet thickening (HALT) with or without

reduced leaflet mobility (hypoattenuation affecting mobility

[HAM]) on post-TAVI cardiac computed tomography (CT)

scans’. A decade and multiple studies later, SLT remains

a clinical conundrum due to its high incidence, dynamic

clinical course, uncertain prognostic impact and challenging

treatment strategies.

Certain subsets of patients, such as those undergoing valve-
in-valve (ViV) TAVI procedures, are at an elevated risk for
developing SLT, which may lead to thromboembolic events
and premature structural valve deterioration (SVD)2. This
concern is accentuated by the expansion of TAVI and ViV
TAVI towards younger patients with longer life expectancies.

In this issue of Eurolntervention, Nagasaka et al present
a timely study evaluating SLT in 117 patients who underwent
ViV TAVI with a balloon-expandable valve (BEV). Four-
dimensional CT, performed 1 month post-implantation,
was used to detect SLT and to evaluate the BEV stent frame
geometry and its relationship with the surrounding aortic
root. Haemodynamic and clinical outcomes were available
for up to 3 years post-procedure. HALT, detected in nearly
1 in 3 patients (31.6%), was associated with an increase in
the composite outcome of all-cause mortality, stroke and
heart failure hospitalisation (odds ratio [OR] 2.31; p=0.04)
at 3-year follow-up. On multivariate analysis, the absence of
oral anticoagulant therapy (OR 3.57; p=0.037) and BEV stent
frame underexpansion (OR 2.46; p=0.18) were shown to be
significant predictors for developing HALT. Importantly, no
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other clinical, anatomical or procedure-related factors were
associated with the development of HALT.

‘ Article, see page e482

Key limitations of this study include the relatively small
sample size as well as the single timepoint used to evaluate
HALT, which is known to have a dynamic temporal course.
Additionally, evaluation of HALT was limited to the BEV
leaflets, potentially underestimating the true prevalence of
thrombosis in the aortic root complex, which may include
supra-, sub- and perivalvular thrombosis. Finally, it should be
noted that the conclusions from this study are only applicable
to the use of BEV for ViV TAVL

Nevertheless, restricting the study to a single transcatheter
aortic valve (TAV) type represents a potential strength, as
HALT outcomes can be influenced by the TAV design. This
allows for a more granular and in-depth analysis of the impact
of TAV design and geometry on HALT. The authors should
be commended for undertaking a comprehensive evaluation
of TAV stent frame expansion and eccentricity across seven
different levels of the BEV stent frame.

Based on this analysis, the authors demonstrated that increased
HALT was observed in the presence of TAV underexpansion,
which is consistent with prior post-TAVI CT studies in native
anatomies®’. Computational modelling and bench studies have
shown how TAV underexpansion can alter blood flow dynamics
and cause turbulent flow within the aortic root. This, in turn,
can lead to reduced washout in the aortic sinuses, consequently
triggering platelet activation and thrombus formation®. TAV
underexpansion can also lead to leaflet pinwheeling, which
has been associated with an increased risk of HALT*’, worse
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valve haemodynamics and, therefore, potentially increased
leaflet stresses and premature SVD. In the recent ACURATE
IDE randomised controlled trial, TAV underexpansion was
associated with a 2-fold increased risk of all-cause mortality
and a 3-fold increased risk of stroke’. Similarly, amongst
bicuspid aortic stenosis patients treated with a BEV, TAV
underexpansion and eccentricity were associated with increased
rates of leaflet thrombosis and all-cause mortality in a study
led by the same research group®. Furthermore, the investigators
demonstrated the reduced prevalence of HALT after ViV TAVI

amongst patients taking oral anticoagulant treatment, which is
consistent with prior studies and existing evidence’.

In conclusion, these data highlight the importance of
recognising and correcting TAV underexpansion, particularly
in certain subsets of patients such as ViV TAVI, where there is
an increased predisposition for developing SLT. Importantly,
correcting valve underexpansion should be considered a key
part of an overall holistic strategy focused on minimising
the occurrence of SLT (Figure 1) and its potential clinical
consequences for patients undergoing ViV TAVIL.

Key considerations for ViV TAVI procedures

1. Preventing coronary obstruction & preserving coronary access

2. Optimising valve haemodynamics & minimising paravalvular leak

3. Minimising risk of subclinical leaflet thrombosis & premature SVD

Preprocedural

v Patient characteristics
= Clinical/anatomical
v Choice of TAV type/design

Intraprocedural

v TAV expansion — postdilatation/fracture
v TAV implant depth
v TAV commissural alignment

Postprocedural

v Echocardiographic follow-up
v CT evaluation, if suspicion of leaflet thrombosis
v Oral anticoagulant therapy (?)

Figure 1. Key considerations for ViV TAVI procedures. The risk management of subclinical leaflet thrombosis following ViV
TAVI is multifactorial. CT: computed tomography; SVD: structural valve deterioration; TAV: transcatheter aortic valve;
TAVI: transcatheter aortic valve implantation; ViV: valve-in-valve

Eurolntervention 2025;21:¢447-¢449  Ole De Backer et al.



Authors’ affiliation
The Heart Center, Rigshospitalet, Copenhagen, Denmark

Conflict of interest statement

A. Khokhar received speaker fees from Abbott and Boston
Scientific. O. De Backer received institutional research grants and
consulting fees from Abbott, Boston Scientific, and Medtronic.

References

1. Makkar RR, Fontana G, Jilathawi H, Chakravarty T, Kofoed KE De
Backer O, Asch FM, Ruiz CE, Olsen NT, Trento A, Friedman J, Berman D,
Cheng W, Kashif M, Jelnin V, Kliger CA, Guo H, Pichard AD, Weissman NJ,
Kapadia S, Manasse E, Bhatt DL, Leon MB, Sendergaard L. Possible
Subclinical Leaflet Thrombosis in Bioprosthetic Aortic Valves. N Engl |
Med. 2015;373:2015-24.

2. Del Trigo M, Mufoz-Garcia AJ, Wijeysundera HC, Nombela-Franco L,
Cheema AN, Gutierrez E, Serra V, Kefer ], Amat-Santos IJ, Benitez LM,
Mewa ], Jiménez-Quevedo P, Alnasser S, Garcia Del Blanco B, Dager A,
Abdul-Jawad Altisent O, Puri R, Campelo-Parada F, Dahou A, Paradis JM,
Dumont E, Pibarot P, Rodés-Cabau J. Incidence, Timing, and Predictors of
Valve Hemodynamic Deterioration After Transcatheter Aortic Valve
Replacement: Multicenter Registry. | Am Coll Cardiol. 2016;67:644-55.

3. Nagasaka T, Patel V, Suruga K, Guo Y, Koren O, Shechter A, Friedman M,
Patel D, Chakravarty T, Cheng W, Gupta A, Ishii H, Jilathawi H,
Nakamura M, Makkar RR. Prognostic implications and predictive factors
of subclinical leaflet thrombosis following valve-in-valve transcatheter aor-
tic valve implantation. Eurolntervention. 2025;21:e482-92.

(4]

o

~

-]

©

SLT after ViV TAVI

. Fuchs A, De Backer O, Brooks M, de Knegt MC, Bieliauskas G,

Yamamoto M, Yanagisawa R, Hayashida K, Sendergaard L, Kofoed KF.
Subclinical leaflet thickening and stent frame geometry in self-expanding
transcatheter heart valves. Eurolntervention. 2017;13:¢1067-75.

. Fukui M, Bapat VN, Garcia S, Dworak MW, Hashimoto G, Sato H,

Gossl M, Enriquez-Sarano M, Lesser JR, Cavalcante JL, Sorajja P.
Deformation of Transcatheter Aortic Valve Prostheses: Implications for
Hypoattenuating Leaflet Thickening and Clinical Outcomes. Circulation.
2022;146:480-93.

. Khodaee F, Barakat M, Abbasi M, Dvir D, Azadani AN. Incomplete expan-

sion of transcatheter aortic valves is associated with propensity for valve
thrombosis. Interact Cardiovasc Thorac Surg. 2020;30:39-46.

. Reardon M]. One-year Outcomes of ACURATE neo2 vs Approved TAVR

Devices in All-risk patients with Severe AS: the ACURATE IDE Trial. TCT
2024. 30 October 2024. Washington, D.C., USA.

. Nagasaka T, Patel V, Shechter A, Suruga K, Koren O, Chakravarty T,

Cheng W, Ishii H, Jilaihawi H, Nakamura M, Makkar RR. Impact of
Balloon-Expandable TAVR Valve Deformation and Calcium Distribution
on Outcomes in Bicuspid Aortic Valve. JACC Cardiovasc Interv.
2024;17:2023-37.

. De Backer O, Dangas GD, Jilaihawi H, Leipsic JA, Terkelsen CJ, Makkar R,

Kini AS, Veien KT, Abdel-Wahab M, Kim WK, Balan P, Van Mieghem N,
Mathiassen ON, Jeger RV, Arnold M, Mehran R, Guimardes AHC,
Norgaard BL, Kofoed KF, Blanke P, Windecker S, Sendergaard L;
GALILEO-4D Investigators. Reduced Leaflet Motion after Transcatheter
Aortic-Valve Replacement. N Engl ] Med. 2020;382:130-9.

Eurolntervention 2025:21:¢447-2¢449 « Ole De Backer et al.

e



