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Abstract: Transcatheter aortic valve replacement (TAVR) has revolutionized the treatment
of aortic stenosis. As TAVR continues to evolve, precise pre-procedural planning and
imaging have become increasingly critical. While transthoracic echocardiography remains
indispensable for assessing the severity of aortic stenosis, cardiac computed tomography
angiography (CCTA) has emerged as the benchmark imaging modality for pre-procedural
planning for TAVR. CCTA provides detailed anatomical information essential for patient
selection, procedural success, and the mitigation of complications. This review aims
to equip practitioners with the knowledge to effectively integrate CCTA into the TAVR
workflow, ensuring a systematic approach to patient evaluation and procedural planning
while addressing future challenges in the field.

Keywords: transcatheter aortic valve replacement; cardiac computed tomography angiography

1. Introduction
Over the past two decades, transcatheter aortic valve replacement (TAVR) has emerged

as a safe and effective treatment strategy for patients with severe symptomatic aortic valve
diseases across all surgical risk groups [1–4]. Advances in this procedure have underscored
the critical role of pre-procedural imaging in optimizing patient selection, guiding proce-
dural planning, and improving clinical outcomes. While transthoracic echocardiography
remains essential for assessing the severity of aortic stenosis, computed tomography (CT)
has become the gold standard for anatomical evaluation in TAVR planning. Since the early
days of TAVR, CCTA has progressively evolved from an adjunct imaging tool to an indis-
pensable modality, owing to its ability to provide comprehensive anatomical assessments
that enhance procedural safety and outcomes.

Cardiac CT angiography (CCTA) provides vital information for procedural success,
including detailed characterization of the aortic root, coronary ostia height, and vascular
access routes. Additionally, it enables precise fluoroscopic angle selection for valve deploy-
ment and plays a pivotal role in assessing valvular calcification, particularly in complex
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cases such as low-flow, low-gradient aortic stenosis. CCTA is also essential to identify
patients with increased anatomical risk for coronary artery occlusion in valve-in-valve
(ViV) procedures. These capabilities not only enhance procedural accuracy but also reduce
potential complications, reinforcing the essential role of CCTA in contemporary TAVR
workflows. This review examines the integral role of CCTA in TAVR, emphasizing a struc-
tured approach to patient evaluation and procedural planning while addressing future
challenges in the field.

2. Aortic Valve Calcium Score
Precise identification of severe aortic stenosis is essential for determining the ap-

propriate timing and approach to treatment. However, evaluating clinically signifi-
cant aortic stenosis can be challenging, particularly when standard echocardiographic
parameters—such as mean transvalvular gradient, peak aortic velocity, and aortic valve
area—yield discordant findings. These inconsistencies, which may also be observed in inva-
sive hemodynamic assessments, affect approximately 25% of patients, especially those with
reduced left ventricular ejection fraction. A well-established and increasingly recognized
tool for the evaluation of aortic stenosis severity is the aortic valve calcium score, which is
determined using the Agatston method with non-contrast CT. The burden of aortic valve
calcification as assessed by CT has been demonstrated to aid in the stratification of AS
severity in cases where conventional echocardiographic metrics fail to yield a conclusive
diagnosis [5]. According to current guidelines, assessment of the aortic valve calcium
score is advised for patients with suspected severe aortic stenosis who exhibit low-gradient
findings (peak systolic velocity of <4 m/sec, mean gradient of <40 mm Hg) and reduced
stroke volume index (<35 mL/m2). This evaluation is particularly recommended in cases
where left ventricular ejection fraction (LVEF) is reduced to below 50% without evidence of
flow reserve on dobutamine stress echocardiography or when LVEF remains preserved at
≥50%. Specific Agatston unit thresholds for severe AS classification have been established
as follows: value of >3000 for men and value of >1600 for women = highly likely, value of
>2000 for men and value of >1200–1300 for women = likely, and value of <1600 for men
and value of <800 for women = unlikely [6,7].

Several semiautomated CT-based methods are available for quantifying aortic valve
calcification. The Agatston score applies a CT attenuation threshold of ≥130 HU to iden-
tify calcified regions. Each lesion is assigned a weighting factor based on its maximum
attenuation: 1 for 130–199 HU, 2 for 200–299 HU, 3 for 300–399 HU, and 4 for ≥400 HU.
The final Agatston score is derived by multiplying the weighting factor by the lesion area
and summing the values for all calcified regions. Accurate evaluation of aortic valve cal-
cification using CT remains a challenging endeavor, necessitating meticulous delineation
of valvular from non-valvular calcifications. Both leaflet and annular calcifications must
be included while systematically excluding non-valvular calcifications originating from
the left ventricular outflow tract, aortic sinuses, coronary arteries, and mitral annulus. The
standard approach for quantification involves performing measurements on axial CT slices,
ensuring that calcium tracking is conducted in a continuous manner on adjacent axial
images in both cranial and caudal directions. Nevertheless, to enhance visualization and
ensure precise identification of valvular calcium, it is advantageous to assess the aortic
valve in multiple planes, including the aortic annular plane. Despite these complexities,
the reproducibility of aortic valve calcium score measurements is well-documented, with
excellent intraobserver and interobserver agreement reported in the literature [8].

Given the inherent challenges associated with aortic valve calcium quantification,
some investigators have explored the potential utility of reorienting and reconstructing
CT images into a short-axis view of the aortic valve. This approach facilitates improved
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differentiation of valvular from non-valvular calcifications and enables the assessment
of calcium burden on a per-leaflet basis. Although the short-axis view offers distinct
advantages in distinguishing valvular from extravalvular calcifications, it should not be
utilized for definitive interpretation. This is due to the fact that reorientation of CT images
alters the aortic valve calcium score, leading to a systematic reduction in the measured
calcium burden compared to standard axial views [9].

3. Aortic Valve Assessment
Traditionally, the evaluation of aortic valve morphology has been performed using

transthoracic echocardiography. However, CCTA offers complementary anatomical detail,
enhancing the accuracy of preprocedural planning for TAVR. A comprehensive assessment
of the aortic valve encompasses a detailed description of the valve morphology (tricuspid
vs. bicuspid), the number of cusps, their thickness, and the extent of calcification. This
assessment is essential, as (i) outcomes of TAVR in bicuspid aortic stenosis are influenced
by valve morphology [10] and (ii) the transcatheter heart valve (THV) is implanted at the
level of the aortic annulus and cusps, where anatomical characteristics play a key role in
procedural success [11].

The morphology of bicuspid aortic valve is defined based on the presence of a raphe
and the number of commissures, resulting in three broad morphologies: (i) tricommissural,
often termed ’functional’ bicuspid aortic valve (not part of Sievers classification) with a
residual commissure; (ii) bicommissural raphe type (equivalent to Sievers type 1); and
(iii) bicommissural non-raphe type (equivalent to Sievers type 0) [12]. The presence of a
raphe plays a significant role, particularly if the raphe is calcified, as it may impact THV
expansion. Consequently, the degree of raphe calcification should always be analyzed, as
severe calcification is associated with an increased risk of paravalvular regurgitation and
a higher risk of annular injury [13]. Sizing at the level of the raphe in the bicuspid aortic
valve as well as 4 mm above the annulus plane in order to provide a better understanding
of the bicuspid aortic valve morphology may be interesting [14]. The presence or absence
of a third commissure and the intercommissural distance may also affect THV apposition,
further increasing the risk of paravalvular leak [12].

4. Aortic Root Assessment
Aortic Annulus Assessment

The aortic annulus in a tricuspid aortic valve is defined by the nadir of the aortic
cusps. Achieving an accurate assessment of the aortic annular plane necessitates the precise
identification of each of these three points. Given the significant differences in the area
and perimeter of the aortic annulus between systole and diastole [15,16], it is essential
to identify the reconstruction phase with the largest annular dimensions and satisfactory
image quality, as this is crucial for THV sizing. In general, aortic annular dimensions are
larger in mid-systole; however, in cases of inverse annular dynamism associated with septal
hypertrophy, the maximal annular dimensions may occur during diastole. Determining
the annular dimensions and valve morphology can be particularly challenging in patients
with bicuspid aortic valve. In a Sievers type 0 bicuspid aortic valve, the absence of a third
commissure results in only two hinge points for defining the annular plane, complicating
precise annular dimension measurements. The identification of the aortic annular plane
can be performed using different CT techniques [17].

During the pre-procedural diagnostic assessment, a thorough evaluation of annular
and subannular calcifications is essential, including a detailed characterization of calcium
morphology, the number of nodules, their configuration, and their spatial distribution.
Particular attention should be given to large, protruding nodules, as they are associated
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with an increased risk of annular rupture, especially when using balloon-expandable
THVs [18].

5. Coronary Ostial Height and Sinus of Valsalva Assessment
Coronary occlusion, though rare, occurs in approximately 0.66% of TAVR procedures

and is associated with a high 30-day mortality rate (up to 40.9%), even when rescue
revascularization is attempted [19,20]. The risk of coronary obstruction is higher in ViV
TAVR (2.3%) [21]; however, the absolute incidence remains greater in native aortic stenosis
due to the higher procedural volume. This complication arises when the native valve leaflets
are displaced toward the coronary ostia (coronary ostial obstruction), most commonly
affecting the left main coronary artery, or the sinotubular junction (sinus sequestration).
Acute hemodynamic collapse is the predominant clinical presentation, although delayed
onset has also been reported.

Assessing the risk of coronary occlusion requires a comprehensive evaluation of the
spatial relationship between the native aortic leaflets, the coronary arteries, the sinotubular
junction, and the dimensions of the intended THV. CCTA is the gold standard for pre-
procedural risk assessment. Low coronary ostial height (<12 mm) and a sinus of Valsalva
diameter of <30 mm are recognized as risk factors (Figure 1); however, these measurements
lack absolute specificity and should not be interpreted in isolation. Instead, coronary ostial
height should be considered in the broader context of annular dimensions, overall aortic
root anatomy, and the anticipated THV size. A novel CT-based multivariate prediction
model, which can be routinely implemented in clinical practice, has been developed to
further assess the risk of coronary artery obstruction following TAVR in patients with
native aortic stenosis. This model, which incorporates cusp height exceeding coronary
ostial height, a virtual valve-to-coronary (VTC) distance of ≤4 mm, or a culprit leaflet
calcium volume >600 mm3, has demonstrated strong predictive performance in identifying
patients at risk of this complication [22].
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6. CT Fluoroscopic Angulation
In the context of TAVR procedural planning, identifying a coplanar fluoroscopic view

of the aortic valve is recommended, typically achieved through CCTA. Traditionally, the
three-cusp view has been employed, in which the three aortic cusps are aligned, with
the right coronary cusp positioned centrally between the non-coronary and left coronary
cusps [23]. However, the left/right cusp overlap view, which involves a coplanar projection
overlapping the right and left coronary cusps, has gained increasing favor, particularly for
the deployment of self-expanding THVs [24,25]. This approach offers several advantages
for self-expanding devices, including minimization of catheter parallax, reduction of the
distance between the non-coronary and left coronary cusps, improved visualization of
the membranous septum, and enhanced precision in implantation depth and positioning.
Although it has been mostly studied for self-expanding valves where pacemaker rate was
particularly an issue, it also allows a more precise positioning for balloon-expandable
valves. In addition, if the identified fluoroscopic projections require cranial or caudal
angulations exceeding 35◦, alternative angulations should be considered due to the physical
constraints of the C-arm. Of note, it is important to recognize that CT-predicted angulations
remain valid only if the patient’s chest position during CT acquisition is replicated during
the procedure.

7. Conduction Abnormalities
Severe calcification within the sub-annular landing zone may lead to compression

and injury of the conduction system by the THV, potentially resulting in atrioventricular
block and necessitating pacemaker implantation [26,27]. A lower implantation depth of the
THV has been consistently associated with an increased risk of left bundle branch block,
irrespective of whether a balloon-expandable or self-expanding prosthesis is used [28,29].
Notably, optimizing implantation depth during TAVR has been shown to significantly
reduce both mortality rates and the need for permanent pacemaker placement. Furthermore,
a short membranous septum, defined as being of a length of less than 8 mm, has been
identified as a predictor of conduction disturbances following TAVR [30]. The length of
the membranous septum can be accurately assessed in the coronal plane, specifically at its
longest measurement between the annular level and the muscular septum.

8. THV Sizing
CCTA remains the non-invasive imaging gold standard for annular sizing and THV

selection. In clinical practice, self-expanding valves are typically sized based on annular
perimeter measurements, whereas balloon-expandable valves are primarily sized according
to annular area. Sizing methodologies relying on manually measured short- and long-axis
diameters have demonstrated lower reproducibility and are now considered outdated [31].

Annular oversizing is determined using the following formula: oversizing [%] = (THV
nominal measurement/annular measurement −1) × 100. However, it is crucial to recog-
nize that the calculated oversizing percentage is highly dependent on the specific annular
measurement used [32]. In the case of a perfectly circular annulus, area-based oversizing is
approximately twice the perimeter-based oversizing, regardless of whether the measure-
ment is derived from area-based or perimeter-based diameters. However, in non-circular
annular geometries, oversizing based on the perimeter-derived diameter tends to be lower
than that based on the area-derived diameter. Importantly, excessive oversizing, particu-
larly beyond 20%, is associated with an increased risk of aortic annular rupture [33].

Beyond annular sizing, CCTA plays a crucial role in TAVR by providing precise mea-
surements of annular dimensions and detailed assessment of annular and subannular
calcifications. When calcifications extend into the lumen, they significantly elevate the
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risk of annular rupture and paravalvular regurgitation. In particular, calcifications pro-
truding into the landing zone beneath the non-coronary cusp have been strongly linked
to annular injury, with this risk further exacerbated in the presence of aggressive annular
oversizing [34].

9. Valve-in-Valve TAVR
The CCTA assessment for ViV TAVR procedures should adhere to the same acquisition

CT protocol as standard TAVR. Identifying the implanted prosthetic heart valve is essential
for evaluating the feasibility of ViV TAVR and optimizing procedural planning. The
manufacturer, model, and size of the previously implanted valve can typically be retrieved
from the original operative report. However, if this information is not available in the
patient’s medical records, CT imaging can assist in estimating the valve type [35]. Reference
charts are available to approximate valve sizes, though they may not cover the full spectrum
of THVs or previously implanted surgical heart valves (SHV) [35–37]. Performing ViV
TAVR presents unique pre-procedural challenges, as prosthetic valves can be surgical
(stented, sutureless, or stentless) or transcatheter, each with distinct characteristics that may
require a tailored approach to optimize outcomes.

9.1. TAVR in SHV

In stented or sutureless surgical heart valves (SHVs), the bioprosthetic leaflets remain
open after THV implantation, creating a cylindrical structure that may impede blood flow
through the struts of the new valve. If the displaced bioprosthetic leaflets extend above the
coronary ostia, assessing the aortic sinus dimensions becomes essential to ensure adequate
coronary perfusion.

A proposed method for evaluating this risk of coronary obstruction after ViV TAVR in
SHV is the virtual THV-to-coronary (VTC) distance (Figure 2), which estimates the distance
between the new THV frame and the coronary ostia. A VTC distance of <4 mm is a strong
independent predictor of coronary obstruction in ViV TAVR [21]. Compared to native valve
TAVR, the risk of coronary obstruction is 3- to 4-fold higher in ViV cases, with the VIVID
Registry initially reporting an incidence of 3.5%. However, this may be underestimated due
to incomplete obstruction or patent bypass grafts mitigating the effect. For cases with a high
risk of coronary obstruction due to a small VTC distance, leaflet modification techniques
like BASILICA (Bioprosthetic Aortic Scallop Intentional Laceration to prevent Iatrogenic
Coronary Artery obstruction) can be used to lacerate the interfering SHV leaflet before
TAVR [38].

Another major concern in TAVR within SHVs is the risk of coronary obstruction due
to sinus of Valsalva sequestration. If the displaced bioprosthetic leaflets extend above
the sinotubular junction (STJ) and come into close proximity or direct contact with it,
coronary flow may be compromised following THV implantation. A narrow virtual THV-
to-sinotubular junction (VTSTJ) distance (<2 mm) has been associated with an increased risk
of sinus sequestration, likely due to reduced diastolic filling of the sinuses of Valsalva [39,40].
The same CT-based method used for VTC distance assessment is employed to estimate
VTSTJ distance.

Despite meticulous pre-procedural CT assessment, some data suggest that there is a
consistent underestimation of VTC and VTSTJ distances when comparing pre-procedural
virtual measurements to post-procedural TAVR CT findings [41]. This discrepancy is often
attributed to routine THV conical underexpansion of the THV stent frame with flaring
toward the outflow.

Of note, in patients with stented or sutureless SHVs with radiopaque scaffolds, a
non-contrast CT scan may be sufficient to evaluate the risk of coronary obstruction, as the
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coronary ostia can often be identified based on the surrounding epicardial fat. However, in
cases involving stentless SHVs, the assessment should follow the same approach as for na-
tive aortic stenosis. This requires a standard TAVR CT protocol with contrast enhancement,
including the measurement and documentation of sinus dimensions and coronary heights,
as previously described for native aortic stenosis.
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Figure 2. Pre-ViV TAVR CT work-up with two examples of THV simulation. (A) Volume rendered
images showing an SHV (Trifecta, St Jude, 21 mm). (B) According to the Valve-in-Valve app, the VTC-
to-LM (black star) distance after simulating a 23-mm simulated THV is measured at 2 mm. (C) Volume
rendered images showing an SHV (Perimount, Magna Ease 3300 TFX, 21 mm). (D) According to the
Valve-in-Valve app, the VTC-to-LM (black star) distance after simulating a 23 mm simulated THV
is measured at 6.5 mm. LM: left main; SHV: surgical heart valve; TAVR: transcatheter aortic valve
replacement; THV: transcatheter heart valve; VTC: valve-to-coronary distance; ViV: valve-in-valve.

It is essential to acknowledge the limitations of relying solely on two-dimensional
anatomical measurements, such as VTC or VTSTJ, which do not fully account for the com-
plex three-dimensional interaction between the THV and native cardiac structures or their
combined effect on coronary blood flow dynamics. CT-guided computational modeling
offers a promising approach to refine risk assessment, enabling a more personalized and
precise evaluation that enhances patient selection and procedural planning in transcatheter
interventions [42].

9.2. TAVR in TAVR

The same proposed CT method for assessing the risk of coronary obstruction and sinus
sequestration by estimating the VTC and VTSTJ distances, respectively, should be applied
in redo-TAVR cases. However, a crucial aspect of planning for redo-TAVR is understanding
the interaction between the existing THV, the coronary ostia, and the sinotubular junction,
particularly when implanting a second THV. It is essential to distinguish between two key
concepts: neoskirt and functional neoskirt.

The term neoskirt refers to the newly formed tubular structure created when the
leaflets of the original THV are displaced upward by the implantation of a second THV.
The height of this structure depends on the specific combination of THVs used and can
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vary considerably. The shortest neoskirt is typically achieved when the index THV is a
balloon-expandable valve since the neoskirt will generally never extend beyond the top
of its relatively short frame unless the second THV is implanted very high. In contrast,
performing redo-TAVR inside a self-expanding platform can result in the neoskirt extending
largely above the coronary ostia and even beyond the STJ. Recognizing these variations is
essential for optimizing redo-TAVR planning and procedural outcomes [43,44].

The functional neoskirt is the most clinically relevant, as it represents the portion
of the neoskirt extending above the annular plane, which is directly influenced by the
implantation depth of the original THV. While the total neoskirt height remains constant
for a given THV combination, a deeper implantation of the initial valve results in a shorter
functional neoskirt. This distinction highlights the importance of precise depth control
during THV deployment to optimize functional neoskirt height and improve procedural
outcomes in redo-TAVR.

Assessing functional neoskirt height in relation to coronary ostia positioning enables a
straightforward evaluation using CCTA simulation to determine whether the risk plane
extends above the coronary arteries. If the predicted neoskirt height remains below the
coronary level, the likelihood of coronary obstruction is low. Leaflet modification tech-
niques, such as BASILICA, may serve as mitigation strategies; however, their success
depends on proper commissural alignment of the index valve. The lower efficacy of the
BASILICA procedure may arise in two specific scenarios: (i) in cases of significant coro-
nary eccentricity, where leaflet splay does not occur directly in front of the coronary ostia,
potentially compromising coronary protection, and (ii) when performing BASILICA in
a previously implanted THV that is misaligned with the native coronary arteries, which
may reduce the effectiveness of the procedure in preserving coronary perfusion. Emerging
THV technologies incorporating alignment markers and taking into consideration coronary
artery anatomical variability and intercoronary angle may help standardize commissural
alignment in the future.

10. Vascular Access
CCTA plays a crucial role in pre-procedural planning for TAVR or ViV TAVR, particu-

larly in assessing vascular access. The iliofemoral arteries are the preferred access route,
necessitating a thorough evaluation of vessel caliber, calcification pattern, and tortuosity.
Key factors include the minimal luminal diameter, the presence of horseshoe calcifications,
and the suitability of the common femoral artery puncture site, as these may impact arterial
access and closure device deployment. Of note, in heavily calcified vessels, blooming
artifacts and partial volume averaging can lead to an overestimation of plaque burden
and an underestimation of the true luminal diameter [45]. Additionally, CCTA can detect
high-risk vascular features, such as dissection and complex atheroma, not only in the
iliofemoral arteries but also in the aorta, which may influence procedural strategy and
outcomes [46]. Of note, given the continuous evolution of delivery systems, it is difficult to
provide references to specific current devices and vessel diameter requirements. However,
intravascular lithotripsy has made it possible to perform TAVR in patients with severely
calcified iliofemoral disease and adequate calcium distribution [47].

When transfemoral access is unsuitable, alternative routes, such as trans-subclavian,
trans-axillary, or trans-carotid approaches, may be considered, each with specific anatomic
and procedural considerations [48,49]. If these options are not feasible, transcaval access can
serve as an alternative in selected expert centers [50,51]. This technique involves delivering
the TAVR system into the abdominal aorta via the femoral vein through the inferior vena
cava. Therefore, a meticulous evaluation of the aortic wall for calcification-free windows is
essential to ensure safe passage from the inferior vena cava into the abdominal aorta.
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11. Post-TAVR CT Assessment
The current body of evidence supporting the use of post-TAVR cardiac CT remains

limited, aside from its established role in the pre-procedural assessment for ViV TAVR.
At present, the primary recognized indication is the evaluation of clinical suspicion of
leaflet thrombosis. However, emerging data suggest a broader utility, supporting its
role in identifying post-procedural complications, detecting valve underexpansion and
diagnosing patient-prosthesis mismatch, assessing structural valve degeneration, and
evaluating coronary access.

12. Hypoattenuating Leaflet Thickening
Leaflet thrombosis in transcatheter aortic valve replacement (TAVR) is characterized by

hypoattenuated leaflet thickening (HALT) and restricted leaflet motion, both of which can
be identified on post-TAVR CCTA. The reported prevalence of CT-defined HALT following
TAVR ranges from 10% to 31%, reflecting its dynamic nature, with onset and resolution oc-
curring along variable timelines [52–55]. This variability contributes to ongoing uncertainty
regarding its clinical implications. Longitudinal analyses of serial post-TAVR CCTA scans
have demonstrated substantial heterogeneity in the trajectory of HALT, with a significant
proportion of patients exhibiting spontaneous resolution within one year, while others
develop HALT despite no evidence of it at 30-day follow-up.

HALT is identified by the presence of localized leaflet thickening, typically exhibiting
a meniscal pattern that is most prominent at the leaflet base and extends toward the tip
of the leaflet, particularly on the aortic side (Figure 3). The assessment of HALT severity
follows a semiquantitative approach, incorporating both the number of affected leaflets
and the degree of thickening. This thickening is stratified into four discrete categories: none
and <25%, 25–50%, 50–75%, and >75% involvement [17]. In cases where HALT is detected,
a subsequent semiquantitative analysis is performed to assess the presence of reduced
leaflet motion, which is visually graded based on the extent of systolic opening restriction.
Isolated reduced leaflet motion in the absence of discernible thickening on CCTA is an
infrequent finding and should be interpreted with utmost caution to mitigate the potential
for unnecessary treatment.
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Figure 3. Example of hypoattenuated leaflet thickening in a balloon-expandable device. CT ap-
pearance of a THV on CT: (A) short axis and (B) double oblique transverse plane on a heavily
calcified aortic valve (aortic calcification: black stars) with subclinical leaflet thrombosis (red arrow-
heads), characterized by hypoattenuated leaflet thickening (grade II). CT: computed tomography;
THV: transcatheter heart valve.
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The clinical significance of subclinical HALT remains incompletely defined, with
existing observational data suggesting a potential association with increased rates of
all-cause mortality, cardiovascular death, ischemic stroke, and heart failure-related
hospitalizations [56,57]. Additionally, concerns have been raised regarding the long-term
implications of HALT and restricted leaflet motion on THV durability, particularly in
relation to the accelerated development of structural valve degeneration. While anticoag-
ulation therapy has demonstrated effectiveness in both the prevention and resolution of
subclinical HALT, randomized clinical trials have underscored the associated risks, notably
an increased incidence of major bleeding and all-cause mortality, without a significant re-
duction in stroke events compared to findings for patients managed solely with antiplatelet
therapy [58–60]. As a result, routine post-TAVR CCTA screening for subclinical HALT is
not currently recommended in clinical practice. Instead, targeted CCTA evaluation is
reserved for patients presenting with progressive or unexpectedly elevated transvalvular
gradients on echocardiography or those exhibiting clinical or imaging findings suggestive
of acute thromboembolic events. Further research is warranted to refine clinical decision-
making regarding the optimal management of HALT, particularly in cases where extensive
leaflet involvement or severe motion restriction is observed, to determine whether a more
aggressive therapeutic strategy is justified.

13. THV Underexpansion
Suboptimal expansion of THVs is a frequently observed phenomenon following TAVR,

with some studies reporting its occurrence in up to 90% of patients receiving balloon-
expandable prostheses [57]. This incomplete expansion can have significant hemodynamic
and structural consequences, including paravalvular regurgitation, increased transvalvular
gradients, and abnormal leaflet motion—commonly referred to as “pin-wheeling”—which
has been hypothesized to contribute to excessive leaflet stress. Furthermore, although
controversial, underexpansion has been implicated in the development of HALT and is
considered a potential precursor to THV dysfunction, with the possibility of accelerating
structural valve degeneration and compromising long-term prosthesis durability [57,61–63].
Since TAVR has emerged as the predominant therapeutic approach for patients with aortic
stenosis across various risk profiles, the early identification and management of THV under-
expansion could be of utmost importance to optimize procedural and long-term outcomes.
CCTA remains the gold standard imaging modality for post-TAVR assessment of THV
expansion, providing detailed insights into stent frame geometry and leaflet configuration.
In cases where significant underexpansion is detected, post-TAVR valvuloplasty has been
shown to be an effective intervention to improve valve expansion and hemodynamic per-
formance [64]. Of note, contrast administration is not needed to assess THV expansion. A
non-contrast full cardiac cycle CT with thin-slice reconstruction (0.5 mm) is recommended
for accurately evaluating THV stent frame geometry. Figure 4 illustrates an example of a
THV exhibiting suboptimal expansion following TAVR.
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reformatted images showing one example of an underexpanded THV (Sapien Ultra 20 mm) after
TAVI. Short-axis images aligned across the three different levels (A: Inflow; b: Mid-THV; C: Outflow)
showing the different degree of THV expansion.
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14. Structural Valve Degeneration
Structural valve degeneration is characterized by alterations in the THV architecture,

encompassing leaflet thickening, calcification, tears, structural disruptions, or pannus
formation. These pathological changes can result in valvular dysfunction, manifesting as
stenosis and/or intra-valvular regurgitation. CCTA provides critical diagnostic insights into
the etiology of THV dysfunction by differentiating between thrombus and pannus. Pannus
typically appears as a circumferential, hypodense tissue located on the ventricular side of
the bioprosthetic valve (Figure 5), whereas thrombus is more commonly found on the aortic
side. Additionally, pannus exhibits higher attenuation on CCTA compared to thrombus,
aiding in accurate characterization and guiding appropriate management strategies [65]. A
non-contrast CCTA can be used to identify the presence of leaflet micro-calcifications as an
early sign of THV degeneration.

J. Clin. Med. 2025, 14, x FOR PEER REVIEW  15  of  21 
 

 

14. Structural Valve Degeneration 

Structural valve degeneration is characterized by alterations in the THV architecture, 

encompassing  leaflet  thickening,  calcification,  tears,  structural  disruptions,  or  pannus 

formation. These pathological changes can result in valvular dysfunction, manifesting as 

stenosis and/or  intra-valvular regurgitation. CCTA provides critical diagnostic  insights 

into the etiology of THV dysfunction by differentiating between thrombus and pannus. 

Pannus typically appears as a circumferential, hypodense tissue located on the ventricular 

side of the bioprosthetic valve (Figure 5), whereas thrombus is more commonly found on 

the aortic side. Additionally, pannus exhibits higher attenuation on CCTA compared to 

thrombus,  aiding  in  accurate  characterization  and  guiding  appropriate management 

strategies [65]. A non-contrast CCTA can be used to identify the presence of leaflet micro-

calcifications as an early sign of THV degeneration. 

 

Figure 5. Example of THV pannus. Example of THV pannus (A) short axis and (B) double oblique 

transverse  plane  showing  a  circular  circumferential  hypodense  tissue  (red  arrowheads)  on  the 

ventricular  side  at  the  inflow  of  the  THV  suggestive  of  pannus  formation.  CT:  computed 

tomography; THV:  transcatheter  heart  valve. CT  showing  a  circular  circumferential  hypodense 

tissue (red arrowheads) on the ventricular side at the inflow of the THV (black arrows) suggestive 

of pannus formation. CT: computed tomography; THV: transcatheter heart valve. 

15. Patient–Prosthesis Mismatch 

Patient–prosthesis mismatch  occurs when  the  effective  orifice  area  of  a  THV  is 

disproportionately  small  relative  to  the  patient’s  body  size,  leading  to  hemodynamic 

obstruction despite  structurally normal valve  function. Patient–prosthesis mismatch  is 

associated  with  persistently  elevated  transvalvular  pressure  gradients,  which  may 

negatively  impact  long-term  hemodynamics  and  clinical  outcomes. As PPM does  not 

result  from  intrinsic  prosthetic  dysfunction,  distinguishing  it  from  structural  valve 

deterioration is essential. Post-TAVR CCTA is a valuable imaging modality for assessing 

leaflet morphology and motion while aiding  in  the exclusion of pathological causes of 

increased  gradients,  such  as  THV  underexpansion,  bioprosthetic  leaflet  degeneration, 

thrombus, pannus formation, or, more rarely, endocarditis. 

16. Coronary Access 

As TAVR is increasingly performed in younger patients with longer life expectancies, 

the  likelihood of encountering clinically significant coronary artery disease necessitating 

percutaneous  coronary  intervention over  time  is  expected  to  rise. However, post-TAVR 

coronary  access may  be  technically  challenging  due  to  interactions  between  the  THV 

Figure 5. Example of THV pannus. Example of THV pannus (A) short axis and (B) double oblique
transverse plane showing a circular circumferential hypodense tissue (red arrowheads) on the ventric-
ular side at the inflow of the THV suggestive of pannus formation. CT: computed tomography; THV:
transcatheter heart valve. CT showing a circular circumferential hypodense tissue (red arrowheads)
on the ventricular side at the inflow of the THV (black arrows) suggestive of pannus formation. CT:
computed tomography; THV: transcatheter heart valve.

15. Patient–Prosthesis Mismatch
Patient–prosthesis mismatch occurs when the effective orifice area of a THV is dispro-

portionately small relative to the patient’s body size, leading to hemodynamic obstruction
despite structurally normal valve function. Patient–prosthesis mismatch is associated
with persistently elevated transvalvular pressure gradients, which may negatively impact
long-term hemodynamics and clinical outcomes. As PPM does not result from intrinsic
prosthetic dysfunction, distinguishing it from structural valve deterioration is essential.
Post-TAVR CCTA is a valuable imaging modality for assessing leaflet morphology and
motion while aiding in the exclusion of pathological causes of increased gradients, such as
THV underexpansion, bioprosthetic leaflet degeneration, thrombus, pannus formation, or,
more rarely, endocarditis.

16. Coronary Access
As TAVR is increasingly performed in younger patients with longer life expectancies,

the likelihood of encountering clinically significant coronary artery disease necessitating
percutaneous coronary intervention over time is expected to rise. However, post-TAVR
coronary access may be technically challenging due to interactions between the THV struc-
ture and the coronary ostia. The complexity of selective coronary cannulation is influenced
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by multiple anatomical factors, including the position of the commissural posts, the design
and extent of the sealing skirt, and the configuration of the stent frame [66–68]. These
challenges are particularly pronounced in patients receiving self-expanding supra-annular
THVs, as compared to intra-annular THVs with shorter frames. The structural characteris-
tics of supra-annular THVs—such as an extended stent frame that may project beyond the
sinotubular junction, reduced inter-strut spacing due to smaller stent cells, a more elevated
leaflet position, and an asymmetric sealing skirt—can contribute to partial or complete
obstruction of the coronary ostia, thereby complicating coronary reaccess [43,69,70].

CCTA plays a critical role in the post-TAVR evaluation of coronary accessibility by
identifying anatomical risk factors that may predict procedural difficulties. A key initial
assessment involves determining whether the THV frame extends above the coronary ostia
or sinotubular junction, as a VTC or VTSTJ distance of less than 2 mm has been associated
with an increased risk of impaired coronary engagement. Additionally, an overlap between
the THV sealing skirt and the coronary ostia is considered a significant predictor of diffi-
cult coronary reaccess. Another important factor is the spatial relationship between the
commissural posts of the THV and the coronary ostia, as commissural misalignment may
further hinder catheter manipulation. Multiplanar reconstructions of post-TAVR CCTA
enable precise evaluation of commissural alignment, facilitating the creation of a short-axis
THV view for anatomical assessment. Severe coronary overlap is defined when a THV
commissure is positioned within 0–20◦ of the center of coronary ostium, whereas severe
commissural misalignment is characterized by a deviation of more than 45◦ from the native
commissure alignment [71].

17. Limitations
Despite its critical role in TAVR planning, CCTA has certain limitations that must be

considered in clinical practice. One of the primary concerns is contrast-induced nephropa-
thy, particularly in patients with pre-existing renal insufficiency. The use of iodinated
contrast agents in CCTA poses a risk of worsening renal function, necessitating careful
patient selection and optimization strategies such as pre-procedural hydration. Addition-
ally, radiation exposure remains a consideration, although advancements in CT technology,
including iterative reconstruction algorithms and dose reduction protocols, have signifi-
cantly mitigated this risk. Furthermore, CCTA provides limited hemodynamic information
compared to echocardiography and invasive hemodynamic assessment, making it less suit-
able for functional evaluation of aortic stenosis severity. Understanding these limitations is
essential for optimizing the use of CCTA in TAVR workflows and ensuring its appropriate
integration into patient evaluation and procedural planning.

18. Conclusions
CCTA plays a pivotal role in both the pre- and post-operative evaluation of patients

undergoing TAVR. It has become the gold standard imaging modality for pre-procedural
planning in native aortic stenosis as well as in ViV TAVR cases. Post-procedurally, CCTA
remains essential for patient follow-up, allowing for the evaluation of THV expansion and
coronary access and the detection of potential complications such as HALT, and structural
valve degeneration.
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Abbreviations

CCTA cardiac computed tomography angiography
HALT hypoattenuating leaflet thickening
SHV surgical heart valve
TAVR transcatheter aortic valve replacement
THV transcatheter heart valve
ViV valve-in-valve
VTC virtual THV-to-coronary distance
VTSTJ virtual THV-to-sinotubular junction distance

References
1. Popma, J.J.; Deeb, G.M.; Yakubov, S.J.; Mumtaz, M.; Gada, H.; O’Hair, D.; Bajwa, T.; Heiser, J.C.; Merhi, W.; Kleiman, N.S.; et al.

Transcatheter Aortic-Valve Replacement with a Self-Expanding Valve in Low-Risk Patients. N. Engl. J. Med. 2019, 380, 1706–1715.
[CrossRef] [PubMed]

2. Mack, M.J.; Leon, M.B.; Thourani, V.H.; Makkar, R.; Kodali, S.K.; Russo, M.; Kapadia, S.R.; Malaisrie, S.C.; Cohen, D.J.;
Pibarot, P.; et al. Transcatheter Aortic-Valve Replacement with a Balloon-Expandable Valve in Low-Risk Patients. N. Engl. J. Med.
2019, 380, 1695–1705. [CrossRef] [PubMed]

3. Leon, M.B.; Smith, C.R.; Mack, M.J.; Makkar, R.R.; Svensson, L.G.; Kodali, S.K.; Thourani, V.H.; Tuzcu, E.M.; Miller, D.C.;
Herrmann, H.C.; et al. Transcatheter or Surgical Aortic-Valve Replacement in Intermediate-Risk Patients. N. Engl. J. Med. 2016,
374, 1609–1620. [CrossRef] [PubMed]

4. Smith, C.R.; Leon, M.B.; Mack, M.J.; Miller, D.C.; Moses, J.W.; Svensson, L.G.; Tuzcu, E.M.; Webb, J.G.; Fontana, G.P.;
Makkar, R.R.; et al. Transcatheter versus surgical aortic-valve replacement in high-risk patients. N. Engl. J. Med. 2011,
364, 2187–2198. [CrossRef]

5. Clavel, M.A.; Pibarot, P.; Messika-Zeitoun, D.; Capoulade, R.; Malouf, J.; Aggarval, S.; Araoz, P.A.; Michelena, H.I.; Cueff, C.;
Larose, E.; et al. Impact of aortic valve calcification, as measured by MDCT, on survival in patients with aortic stenosis: Results of
an international registry study. J. Am. Coll. Cardiol. 2014, 64, 1202–1213. [CrossRef]

6. Otto, C.M.; Nishimura, R.A.; Bonow, R.O.; Carabello, B.A.; Erwin, J.P., 3rd; Gentile, F.; Jneid, H.; Krieger, E.V.; Mack, M.;
McLeod, C.; et al. 2020 ACC/AHA Guideline for the Management of Patients With Valvular Heart Disease: A Report of the
American College of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. Circulation 2021,
143, e72–e227. [CrossRef]

7. Vahanian, A.; Beyersdorf, F.; Praz, F.; Milojevic, M.; Baldus, S.; Bauersachs, J.; Capodanno, D.; Conradi, L.; De Bonis, M.; De Paulis,
R.; et al. 2021 ESC/EACTS Guidelines for the management of valvular heart disease. Eur Heart J 2022, 43, 561–632. [CrossRef]

8. Aggarwal, S.R.; Clavel, M.A.; Messika-Zeitoun, D.; Cueff, C.; Malouf, J.; Araoz, P.A.; Mankad, R.; Michelena, H.; Vahanian, A.;
Enriquez-Sarano, M. Sex differences in aortic valve calcification measured by multidetector computed tomography in aortic
stenosis. Circ. Cardiovasc. Imaging 2013, 6, 40–47. [CrossRef]

9. Pawade, T.; Sheth, T.; Guzzetti, E.; Dweck, M.R.; Clavel, M.A. Why and How to Measure Aortic Valve Calcification in Patients
With Aortic Stenosis. JACC Cardiovasc. Imaging 2019, 12, 1835–1848. [CrossRef]

10. Yoon, S.H.; Kim, W.K.; Dhoble, A.; Milhorini Pio, S.; Babaliaros, V.; Jilaihawi, H.; Pilgrim, T.; De Backer, O.; Bleiziffer, S.; Vincent,
F.; et al. Bicuspid Aortic Valve Morphology and Outcomes After Transcatheter Aortic Valve Replacement. J. Am. Coll. Cardiol.
2020, 76, 1018–1030. [CrossRef]

11. Buellesfeld, L.; Stortecky, S.; Heg, D.; Gloekler, S.; Meier, B.; Wenaweser, P.; Windecker, S. Extent and distribution of calcification
of both the aortic annulus and the left ventricular outflow tract predict aortic regurgitation after transcatheter aortic valve
replacement. EuroIntervention 2014, 10, 732–738. [CrossRef] [PubMed]

12. Jilaihawi, H.; Chen, M.; Webb, J.; Himbert, D.; Ruiz, C.E.; Rodes-Cabau, J.; Pache, G.; Colombo, A.; Nickenig, G.; Lee, M.; et al. A
Bicuspid Aortic Valve Imaging Classification for the TAVR Era. JACC Cardiovasc. Imaging 2016, 9, 1145–1158. [CrossRef] [PubMed]

13. Yoon, S.H.; Bleiziffer, S.; De Backer, O.; Delgado, V.; Arai, T.; Ziegelmueller, J.; Barbanti, M.; Sharma, R.; Perlman, G.Y.; Khalique,
O.K.; et al. Outcomes in Transcatheter Aortic Valve Replacement for Bicuspid Versus Tricuspid Aortic Valve Stenosis. J. Am. Coll.
Cardiol. 2017, 69, 2579–2589. [CrossRef] [PubMed]

https://doi.org/10.1056/NEJMoa1816885
https://www.ncbi.nlm.nih.gov/pubmed/30883053
https://doi.org/10.1056/NEJMoa1814052
https://www.ncbi.nlm.nih.gov/pubmed/30883058
https://doi.org/10.1056/NEJMoa1514616
https://www.ncbi.nlm.nih.gov/pubmed/27040324
https://doi.org/10.1056/NEJMoa1103510
https://doi.org/10.1016/j.jacc.2014.05.066
https://doi.org/10.1161/CIR.0000000000000923
https://doi.org/10.1093/eurheartj/ehab395
https://doi.org/10.1161/CIRCIMAGING.112.980052
https://doi.org/10.1016/j.jcmg.2019.01.045
https://doi.org/10.1016/j.jacc.2020.07.005
https://doi.org/10.4244/EIJV10I6A126
https://www.ncbi.nlm.nih.gov/pubmed/25330505
https://doi.org/10.1016/j.jcmg.2015.12.022
https://www.ncbi.nlm.nih.gov/pubmed/27372022
https://doi.org/10.1016/j.jacc.2017.03.017
https://www.ncbi.nlm.nih.gov/pubmed/28330793


J. Clin. Med. 2025, 14, 2474 15 of 18

14. Tchetche, D.; de Biase, C.; van Gils, L.; Parma, R.; Ochala, A.; Lefevre, T.; Hovasse, T.; De Backer, O.; Sondergaard, L.;
Bleiziffer, S.; et al. Bicuspid Aortic Valve Anatomy and Relationship With Devices: The BAVARD Multicenter Registry. Circ.
Cardiovasc. Interv. 2019, 12, e007107. [CrossRef]

15. Murphy, D.T.; Blanke, P.; Alaamri, S.; Naoum, C.; Rubinshtein, R.; Pache, G.; Precious, B.; Berger, A.; Raju, R.; Dvir, D.; et al.
Dynamism of the aortic annulus: Effect of diastolic versus systolic CT annular measurements on device selection in transcatheter
aortic valve replacement (TAVR). J. Cardiovasc. Comput. Tomogr. 2016, 10, 37–43. [CrossRef]

16. Sucha, D.; Tuncay, V.; Prakken, N.H.; Leiner, T.; van Ooijen, P.M.; Oudkerk, M.; Budde, R.P. Does the aortic annulus undergo
conformational change throughout the cardiac cycle? A systematic review. Eur. Heart J. Cardiovasc. Imaging 2015, 16, 1307–1317.
[CrossRef]

17. Blanke, P.; Weir-McCall, J.R.; Achenbach, S.; Delgado, V.; Hausleiter, J.; Jilaihawi, H.; Marwan, M.; Norgaard, B.L.; Piazza,
N.; Schoenhagen, P.; et al. Computed Tomography Imaging in the Context of Transcatheter Aortic Valve Implantation
(TAVI)/Transcatheter Aortic Valve Replacement (TAVR): An Expert Consensus Document of the Society of Cardiovascular
Computed Tomography. JACC Cardiovasc. Imaging 2019, 12, 1–24. [CrossRef]

18. Ewe, S.H.; Ng, A.C.; Schuijf, J.D.; van der Kley, F.; Colli, A.; Palmen, M.; de Weger, A.; Marsan, N.A.; Holman, E.R.; de Roos,
A.; et al. Location and severity of aortic valve calcium and implications for aortic regurgitation after transcatheter aortic valve
implantation. Am. J. Cardiol. 2011, 108, 1470–1477. [CrossRef]

19. Ribeiro, H.B.; Nombela-Franco, L.; Urena, M.; Mok, M.; Pasian, S.; Doyle, D.; DeLarochelliere, R.; Cote, M.; Laflamme, L.;
DeLarochelliere, H.; et al. Coronary obstruction following transcatheter aortic valve implantation: A systematic review. JACC
Cardiovasc. Interv. 2013, 6, 452–461. [CrossRef]

20. Ribeiro, H.B.; Webb, J.G.; Makkar, R.R.; Cohen, M.G.; Kapadia, S.R.; Kodali, S.; Tamburino, C.; Barbanti, M.; Chakravarty, T.;
Jilaihawi, H.; et al. Predictive factors, management, and clinical outcomes of coronary obstruction following transcatheter aortic
valve implantation: Insights from a large multicenter registry. J. Am. Coll. Cardiol. 2013, 62, 1552–1562. [CrossRef]

21. Ribeiro, H.B.; Rodes-Cabau, J.; Blanke, P.; Leipsic, J.; Kwan Park, J.; Bapat, V.; Makkar, R.; Simonato, M.; Barbanti, M.;
Schofer, J.; et al. Incidence, predictors, and clinical outcomes of coronary obstruction following transcatheter aortic valve replace-
ment for degenerative bioprosthetic surgical valves: Insights from the VIVID registry. Eur. Heart J. 2018, 39, 687–695. [CrossRef]
[PubMed]

22. Khan, J.M.; Kamioka, N.; Lisko, J.C.; Perdoncin, E.; Zhang, C.; Maini, A.; Chen, M.; Li, Y.; Ludwig, S.; Westermann, D.; et al.
Coronary Obstruction From TAVR in Native Aortic Stenosis: Development and Validation of Multivariate Prediction Model.
JACC Cardiovasc. Interv. 2023, 16, 415–425. [CrossRef] [PubMed]

23. Ben-Shoshan, J.; Alosaimi, H.; Lauzier, P.T.; Pighi, M.; Talmor-Barkan, Y.; Overtchouk, P.; Martucci, G.; Spaziano, M.; Finkelstein,
A.; Gada, H.; et al. Double S-Curve Versus Cusp-Overlap Technique: Defining the Optimal Fluoroscopic Projection for TAVR
With a Self-Expanding Device. JACC Cardiovasc. Interv. 2021, 14, 185–194. [CrossRef] [PubMed]

24. Akodad, M.; Blanke, P.; Nestelberger, T.; Alosail, A.; Chatfield, A.G.; Chuang, M.A.; Leipsic, J.A.; Tzimas, G.; Lounes, Y.;
Meier, D.; et al. Hybrid Approach Using the Cusp-Overlap Technique for Transcatheter Aortic Valve Replacement With a
Balloon-Expandable Valve. JACC Cardiovasc. Interv. 2022, 15, 2387–2395. [CrossRef]

25. Tang, G.H.L.; Zaid, S.; Michev, I.; Ahmad, H.; Kaple, R.; Undemir, C.; Cohen, M.; Lansman, S.L. “Cusp-Overlap” View Simplifies
Fluoroscopy-Guided Implantation of Self-Expanding Valve in Transcatheter Aortic Valve Replacement. JACC Cardiovasc. Interv.
2018, 11, 1663–1665. [CrossRef]

26. Maeno, Y.; Abramowitz, Y.; Kawamori, H.; Kazuno, Y.; Kubo, S.; Takahashi, N.; Mangat, G.; Okuyama, K.; Kashif, M.; Chakravarty,
T.; et al. A Highly Predictive Risk Model for Pacemaker Implantation After TAVR. JACC Cardiovasc. Imaging 2017, 10, 1139–1147.
[CrossRef]

27. Fujita, B.; Kutting, M.; Seiffert, M.; Scholtz, S.; Egron, S.; Prashovikj, E.; Borgermann, J.; Schafer, T.; Scholtz, W.; Preuss, R.; et al.
Calcium distribution patterns of the aortic valve as a risk factor for the need of permanent pacemaker implantation after
transcatheter aortic valve implantation. Eur. Heart J. Cardiovasc. Imaging 2016, 17, 1385–1393. [CrossRef]

28. Franzoni, I.; Latib, A.; Maisano, F.; Costopoulos, C.; Testa, L.; Figini, F.; Giannini, F.; Basavarajaiah, S.; Mussardo, M.;
Slavich, M.; et al. Comparison of incidence and predictors of left bundle branch block after transcatheter aortic valve implantation
using the CoreValve versus the Edwards valve. Am. J. Cardiol. 2013, 112, 554–559. [CrossRef]

29. Urena, M.; Mok, M.; Serra, V.; Dumont, E.; Nombela-Franco, L.; DeLarochelliere, R.; Doyle, D.; Igual, A.; Larose, E.; Amat-Santos,
I.; et al. Predictive factors and long-term clinical consequences of persistent left bundle branch block following transcatheter
aortic valve implantation with a balloon-expandable valve. J. Am. Coll. Cardiol. 2012, 60, 1743–1752. [CrossRef]

30. Sinning, J.M.; Petronio, A.S.; Van Mieghem, N.; Zucchelli, G.; Nickenig, G.; Bekeredjian, R.; Bosmans, J.; Bedogni, F.; Branny, M.;
Stangl, K.; et al. Relation Between Clinical Best Practices and 6-Month Outcomes After Transcatheter Aortic Valve Implantation
With CoreValve (from the ADVANCE II Study). Am. J. Cardiol. 2017, 119, 84–90. [CrossRef]

https://doi.org/10.1161/CIRCINTERVENTIONS.118.007107
https://doi.org/10.1016/j.jcct.2015.07.008
https://doi.org/10.1093/ehjci/jev210
https://doi.org/10.1016/j.jcmg.2018.12.003
https://doi.org/10.1016/j.amjcard.2011.07.007
https://doi.org/10.1016/j.jcin.2012.11.014
https://doi.org/10.1016/j.jacc.2013.07.040
https://doi.org/10.1093/eurheartj/ehx455
https://www.ncbi.nlm.nih.gov/pubmed/29020413
https://doi.org/10.1016/j.jcin.2022.11.018
https://www.ncbi.nlm.nih.gov/pubmed/36858660
https://doi.org/10.1016/j.jcin.2020.10.033
https://www.ncbi.nlm.nih.gov/pubmed/33478635
https://doi.org/10.1016/j.jcin.2022.10.035
https://doi.org/10.1016/j.jcin.2018.03.018
https://doi.org/10.1016/j.jcmg.2016.11.020
https://doi.org/10.1093/ehjci/jev343
https://doi.org/10.1016/j.amjcard.2013.04.026
https://doi.org/10.1016/j.jacc.2012.07.035
https://doi.org/10.1016/j.amjcard.2016.09.016


J. Clin. Med. 2025, 14, 2474 16 of 18

31. Gurvitch, R.; Webb, J.G.; Yuan, R.; Johnson, M.; Hague, C.; Willson, A.B.; Toggweiler, S.; Wood, D.A.; Ye, J.; Moss, R.; et al. Aortic
annulus diameter determination by multidetector computed tomography: Reproducibility, applicability, and implications for
transcatheter aortic valve implantation. JACC Cardiovasc. Interv. 2011, 4, 1235–1245. [CrossRef] [PubMed]

32. Blanke, P.; Willson, A.B.; Webb, J.G.; Achenbach, S.; Piazza, N.; Min, J.K.; Pache, G.; Leipsic, J. Oversizing in transcatheter
aortic valve replacement, a commonly used term but a poorly understood one: Dependency on definition and geometrical
measurements. J. Cardiovasc. Comput. Tomogr. 2014, 8, 67–76. [CrossRef] [PubMed]

33. Barbanti, M.; Yang, T.H.; Rodes Cabau, J.; Tamburino, C.; Wood, D.A.; Jilaihawi, H.; Blanke, P.; Makkar, R.R.; Latib, A.; Colombo,
A.; et al. Anatomical and procedural features associated with aortic root rupture during balloon-expandable transcatheter aortic
valve replacement. Circulation 2013, 128, 244–253. [CrossRef] [PubMed]

34. Hansson, N.C.; Norgaard, B.L.; Barbanti, M.; Nielsen, N.E.; Yang, T.H.; Tamburino, C.; Dvir, D.; Jilaihawi, H.; Blanke, P.; Makkar,
R.R.; et al. The impact of calcium volume and distribution in aortic root injury related to balloon-expandable transcatheter aortic
valve replacement. J. Cardiovasc. Comput. Tomogr. 2015, 9, 382–392. [CrossRef]

35. Sucha, D.; Daans, C.G.; Symersky, P.; Planken, R.N.; Mali, W.P.; van Herwerden, L.A.; Budde, R.P. Reliability, Agreement, and
Presentation of a Reference Standard for Assessing Implanted Heart Valve Sizes by Multidetector-Row Computed Tomography.
Am. J. Cardiol. 2015, 116, 112–120. [CrossRef]

36. Anastasius, M.; Godoy, M.; Weir-McCall, J.R.; Bapat, V.; Sathananthan, J.; Hensey, M.; Sellers, S.L.; Cheung, A.; Ye, J.; Wood,
D.A.; et al. Reference dimensions of stented surgical aortic bioprostheses for valve size determination. EuroIntervention 2020,
16, e502–e506. [CrossRef]

37. Bapat, V.N.; Attia, R.; Thomas, M. Effect of valve design on the stent internal diameter of a bioprosthetic valve: A concept of true
internal diameter and its implications for the valve-in-valve procedure. JACC Cardiovasc. Interv. 2014, 7, 115–127. [CrossRef]

38. Khan, J.M.; Babaliaros, V.C.; Greenbaum, A.B.; Spies, C.; Daniels, D.; Depta, J.P.; Oldemeyer, J.B.; Whisenant, B.; McCabe, J.M.;
Muhammad, K.I.; et al. Preventing Coronary Obstruction During Transcatheter Aortic Valve Replacement: Results From the
Multicenter International BASILICA Registry. JACC Cardiovasc. Interv. 2021, 14, 941–948. [CrossRef]

39. Ochiai, T.; Oakley, L.; Sekhon, N.; Komatsu, I.; Flint, N.; Kaewkes, D.; Yoon, S.H.; Raschpichler, M.; Patel, V.; Tiwana, R.; et al. Risk
of Coronary Obstruction Due to Sinus Sequestration in Redo Transcatheter Aortic Valve Replacement. JACC Cardiovasc. Interv.
2020, 13, 2617–2627. [CrossRef]

40. Jabbour, R.J.; Tanaka, A.; Finkelstein, A.; Mack, M.; Tamburino, C.; Van Mieghem, N.; de Backer, O.; Testa, L.; Gatto, P.;
Purita, P.; et al. Delayed Coronary Obstruction After Transcatheter Aortic Valve Replacement. J. Am. Coll. Cardiol. 2018,
71, 1513–1524. [CrossRef]

41. Tzimas, G.; Akodad, M.; Meier, D.; Duchscherer, J.; Kalk, K.; Everett, R.J.; Haidari, O.; Chuang, M.A.; Sellers, S.L.; Dvir, D.; et al.
Predicted vs Observed Valve to Coronary Distance in Valve-in-Valve TAVR: A Computed Tomography Study. JACC Cardiovasc.
Interv. 2023, 16, 2021–2030. [CrossRef] [PubMed]

42. Heitkemper, M.; Hatoum, H.; Azimian, A.; Yeats, B.; Dollery, J.; Whitson, B.; Rushing, G.; Crestanello, J.; Lilly, S.M.; Dasi,
L.P. Modeling risk of coronary obstruction during transcatheter aortic valve replacement. J. Thorac. Cardiovasc. Surg. 2020,
159, 829–838.e3. [CrossRef] [PubMed]

43. Meier, D.; Akodad, M.; Landes, U.; Barlow, A.M.; Chatfield, A.G.; Lai, A.; Tzimas, G.; Tang, G.H.L.; Puehler, T.; Lutter, G.; et al.
Coronary Access Following Redo TAVR: Impact of THV Design, Implant Technique, and Cell Misalignment. JACC Cardiovasc.
Interv. 2022, 15, 1519–1531. [CrossRef] [PubMed]

44. Akodad, M.; Sellers, S.; Gulsin, G.S.; Tzimas, G.; Landes, U.; Chatfield, A.G.; Chuang, A.; Meier, D.; Leipsic, J.; Blanke, P.; et al.
Leaflet and Neoskirt Height in Transcatheter Heart Valves: Implications for Repeat Procedures and Coronary Access. JACC
Cardiovasc. Interv. 2021, 14, 2298–2300. [CrossRef]

45. Barrett, J.F.; Keat, N. Artifacts in CT: Recognition and avoidance. Radiographics 2004, 24, 1679–1691. [CrossRef]
46. Bonnet, M.; Maxo, L.; Lohse, T.; Mangin, L.; Courand, P.Y.; Ricard, C.; Bouali, A.; Boussel, L.; Aktaa, S.; Ali, N.; et al. Association

Between Aortic Wall Thrombus and Thromboembolic Events After Transfemoral Transcatheter Aortic Valve Replacement. JACC
Cardiovasc. Interv. 2024, 17, 1680–1690. [CrossRef]

47. Sawaya, F.J.; Bajoras, V.; Vanhaverbeke, M.; Wang, C.; Bieliauskas, G.; Sondergaard, L.; De Backer, O. Intravascular Lithotripsy-
Assisted Transfemoral TAVI: The Copenhagen Experience and Literature Review. Front. Cardiovasc. Med. 2021, 8, 739750.
[CrossRef]

48. Abellan, C.; Antiochos, P.; Fournier, S.; Skali, H.; Shah, P.; Maurizi, N.; Eeckhout, E.; Roguelov, C.; Monney, P.; Tzimas, G.; et al.
Extrathoracic Against Intrathoracic Vascular Accesses for Transcatheter Aortic Valve Replacement: A Systematic Review With
Meta-Analysis. Am. J. Cardiol. 2023, 203, 473–483. [CrossRef]

49. Wee, I.J.Y.; Stonier, T.; Harrison, M.; Choong, A. Transcarotid transcatheter aortic valve implantation: A systematic review. J.
Cardiol. 2018, 71, 525–533. [CrossRef]

https://doi.org/10.1016/j.jcin.2011.07.014
https://www.ncbi.nlm.nih.gov/pubmed/22115665
https://doi.org/10.1016/j.jcct.2013.12.020
https://www.ncbi.nlm.nih.gov/pubmed/24582045
https://doi.org/10.1161/CIRCULATIONAHA.113.002947
https://www.ncbi.nlm.nih.gov/pubmed/23748467
https://doi.org/10.1016/j.jcct.2015.04.002
https://doi.org/10.1016/j.amjcard.2015.03.048
https://doi.org/10.4244/EIJ-D-19-00921
https://doi.org/10.1016/j.jcin.2013.10.012
https://doi.org/10.1016/j.jcin.2021.02.035
https://doi.org/10.1016/j.jcin.2020.09.022
https://doi.org/10.1016/j.jacc.2018.01.066
https://doi.org/10.1016/j.jcin.2023.05.038
https://www.ncbi.nlm.nih.gov/pubmed/37480892
https://doi.org/10.1016/j.jtcvs.2019.04.091
https://www.ncbi.nlm.nih.gov/pubmed/31230808
https://doi.org/10.1016/j.jcin.2022.05.005
https://www.ncbi.nlm.nih.gov/pubmed/35926919
https://doi.org/10.1016/j.jcin.2021.07.034
https://doi.org/10.1148/rg.246045065
https://doi.org/10.1016/j.jcin.2024.05.033
https://doi.org/10.3389/fcvm.2021.739750
https://doi.org/10.1016/j.amjcard.2023.07.091
https://doi.org/10.1016/j.jjcc.2018.01.010


J. Clin. Med. 2025, 14, 2474 17 of 18

50. Salihu, A.; Ferlay, C.; Kirsch, M.; Shah, P.B.; Skali, H.; Fournier, S.; Meier, D.; Muller, O.; Hugelshofer, S.; Skalidis, I.; et al.
Outcomes and Safety of Transcaval Transcatheter Aortic Valve Replacement: A Systematic Review and Meta-analysis. Can. J.
Cardiol. 2024, 40, 2054–2062. [CrossRef]

51. Antiochos, P.; Kirsch, M.; Monney, P.; Tzimas, G.; Meier, D.; Fournier, S.; Ferlay, C.; Nowacka, A.; Rancati, V.; Abellan, C.; et al.
Transcaval versus Supra-Aortic Vascular Accesses for Transcatheter Aortic Valve Replacement: A Systematic Review with
Meta-Analysis. J. Clin. Med. 2024, 13, 455. [CrossRef]

52. Makkar, R.R.; Blanke, P.; Leipsic, J.; Thourani, V.; Chakravarty, T.; Brown, D.; Trento, A.; Guyton, R.; Babaliaros, V.; Williams,
M.; et al. Subclinical Leaflet Thrombosis in Transcatheter and Surgical Bioprosthetic Valves: PARTNER 3 Cardiac Computed
Tomography Substudy. J. Am. Coll. Cardiol. 2020, 75, 3003–3015. [CrossRef] [PubMed]

53. Blanke, P.; Leipsic, J.A.; Popma, J.J.; Yakubov, S.J.; Deeb, G.M.; Gada, H.; Mumtaz, M.; Ramlawi, B.; Kleiman, N.S.; Sorajja, P.; et al.
Bioprosthetic Aortic Valve Leaflet Thickening in the Evolut Low Risk Sub-Study. J. Am. Coll. Cardiol. 2020, 75, 2430–2442.
[CrossRef] [PubMed]

54. Chakravarty, T.; Sondergaard, L.; Friedman, J.; De Backer, O.; Berman, D.; Kofoed, K.F.; Jilaihawi, H.; Shiota, T.; Abramowitz, Y.;
Jorgensen, T.H.; et al. Subclinical leaflet thrombosis in surgical and transcatheter bioprosthetic aortic valves: An observational
study. Lancet 2017, 389, 2383–2392. [CrossRef]

55. Hansson, N.C.; Grove, E.L.; Andersen, H.R.; Leipsic, J.; Mathiassen, O.N.; Jensen, J.M.; Jensen, K.T.; Blanke, P.; Leetmaa, T.; Tang,
M.; et al. Transcatheter Aortic Valve Thrombosis: Incidence, Predisposing Factors, and Clinical Implications. J. Am. Coll. Cardiol.
2016, 68, 2059–2069. [CrossRef] [PubMed]

56. Garcia, S.; Fukui, M.; Dworak, M.W.; Okeson, B.K.; Garberich, R.; Hashimoto, G.; Sato, H.; Cavalcante, J.L.; Bapat, V.N.;
Lesser, J.; et al. Clinical Impact of Hypoattenuating Leaflet Thickening After Transcatheter Aortic Valve Replacement. Circ.
Cardiovasc. Interv. 2022, 15, e011480. [CrossRef]

57. Fukui, M.; Bapat, V.N.; Garcia, S.; Dworak, M.W.; Hashimoto, G.; Sato, H.; Gossl, M.; Enriquez-Sarano, M.; Lesser, J.R.; Cavalcante,
J.L.; et al. Deformation of Transcatheter Aortic Valve Prostheses: Implications for Hypoattenuating Leaflet Thickening and
Clinical Outcomes. Circulation 2022, 146, 480–493. [CrossRef]

58. Collet, J.P.; Van Belle, E.; Thiele, H.; Berti, S.; Lhermusier, T.; Manigold, T.; Neumann, F.J.; Gilard, M.; Attias, D.; Beygui, F.; et al.
Apixaban vs. standard of care after transcatheter aortic valve implantation: The ATLANTIS trial. Eur. Heart J. 2022, 43, 2783–2797.
[CrossRef]

59. De Backer, O.; Dangas, G.D.; Jilaihawi, H.; Leipsic, J.A.; Terkelsen, C.J.; Makkar, R.; Kini, A.S.; Veien, K.T.; Abdel-Wahab, M.; Kim,
W.K.; et al. Reduced Leaflet Motion after Transcatheter Aortic-Valve Replacement. N. Engl. J. Med. 2020, 382, 130–139. [CrossRef]

60. Dangas, G.D.; Tijssen, J.G.P.; Wohrle, J.; Sondergaard, L.; Gilard, M.; Mollmann, H.; Makkar, R.R.; Herrmann, H.C.; Giustino,
G.; Baldus, S.; et al. A Controlled Trial of Rivaroxaban after Transcatheter Aortic-Valve Replacement. N. Engl. J. Med. 2020,
382, 120–129. [CrossRef]

61. Khodaee, F.; Barakat, M.; Abbasi, M.; Dvir, D.; Azadani, A.N. Incomplete expansion of transcatheter aortic valves is associated
with propensity for valve thrombosis. Interact. Cardiovasc. Thorac. Surg. 2020, 30, 39–46. [CrossRef] [PubMed]

62. Martin, C.; Sun, W. Transcatheter Valve Underexpansion Limits Leaflet Durability: Implications for Valve-in-Valve Procedures.
Ann. Biomed. Eng. 2017, 45, 394–404. [CrossRef] [PubMed]

63. Fuchs, A.; De Backer, O.; Brooks, M.; de Knegt, M.C.; Bieliauskas, G.; Yamamoto, M.; Yanagisawa, R.; Hayashida, K.; Sonder-
gaard, L.; Kofoed, K.F. Subclinical leaflet thickening and stent frame geometry in self-expanding transcatheter heart valves.
EuroIntervention 2017, 13, e1067–e1075. [CrossRef] [PubMed]

64. Akodad, M.; Blanke, P.; Chuang, M.A.; Duchscherer, J.; Sellers, S.L.; Chatfield, A.G.; Gulsin, G.G.; Lauck, S.; Leipsic, J.A.;
Meier, D.; et al. Late Balloon Valvuloplasty for Transcatheter Heart Valve Dysfunction. J. Am. Coll. Cardiol. 2022, 79, 1340–1351.
[CrossRef]

65. Teshima, H.; Hayashida, N.; Fukunaga, S.; Tayama, E.; Kawara, T.; Aoyagi, S.; Uchida, M. Usefulness of a multidetector-row
computed tomography scanner for detecting pannus formation. Ann. Thorac. Surg. 2004, 77, 523–526. [CrossRef]

66. Rogers, T.; Greenspun, B.C.; Weissman, G.; Torguson, R.; Craig, P.; Shults, C.; Gordon, P.; Ehsan, A.; Wilson, S.R.;
Goncalves, J.; et al. Feasibility of Coronary Access and Aortic Valve Reintervention in Low-Risk TAVR Patients. JACC Car-
diovasc. Interv. 2020, 13, 726–735. [CrossRef]

67. Ochiai, T.; Chakravarty, T.; Yoon, S.H.; Kaewkes, D.; Flint, N.; Patel, V.; Mahani, S.; Tiwana, R.; Sekhon, N.; Nakamura, M.; et al.
Coronary Access After TAVR. JACC Cardiovasc. Interv. 2020, 13, 693–705. [CrossRef]

68. Abdelghani, M.; Landt, M.; Traboulsi, H.; Becker, B.; Richardt, G. Coronary Access After TAVR With a Self-Expanding Bioprosthe-
sis: Insights From Computed Tomography. JACC Cardiovasc. Interv. 2020, 13, 709–722. [CrossRef]

69. Nai Fovino, L.; Scotti, A.; Massussi, M.; Fabris, T.; Cardaioli, F.; Rodino, G.; Matsuda, Y.; Frigo, F.; Fraccaro, C.; Tarantini, G.
Incidence and feasibility of coronary access after transcatheter aortic valve replacement. Catheter. Cardiovasc. Interv. 2020,
96, E535–E541. [CrossRef]

https://doi.org/10.1016/j.cjca.2024.05.016
https://doi.org/10.3390/jcm13020455
https://doi.org/10.1016/j.jacc.2020.04.043
https://www.ncbi.nlm.nih.gov/pubmed/32553252
https://doi.org/10.1016/j.jacc.2020.03.022
https://www.ncbi.nlm.nih.gov/pubmed/32234463
https://doi.org/10.1016/S0140-6736(17)30757-2
https://doi.org/10.1016/j.jacc.2016.08.010
https://www.ncbi.nlm.nih.gov/pubmed/27580689
https://doi.org/10.1161/CIRCINTERVENTIONS.121.011480
https://doi.org/10.1161/CIRCULATIONAHA.121.058339
https://doi.org/10.1093/eurheartj/ehac242
https://doi.org/10.1056/NEJMoa1911426
https://doi.org/10.1056/NEJMoa1911425
https://doi.org/10.1093/icvts/ivz213
https://www.ncbi.nlm.nih.gov/pubmed/31873743
https://doi.org/10.1007/s10439-016-1738-8
https://www.ncbi.nlm.nih.gov/pubmed/27734178
https://doi.org/10.4244/EIJ-D-17-00373
https://www.ncbi.nlm.nih.gov/pubmed/28741579
https://doi.org/10.1016/j.jacc.2022.01.041
https://doi.org/10.1016/S0003-4975(03)01531-5
https://doi.org/10.1016/j.jcin.2020.01.202
https://doi.org/10.1016/j.jcin.2020.01.216
https://doi.org/10.1016/j.jcin.2020.01.229
https://doi.org/10.1002/ccd.28720


J. Clin. Med. 2025, 14, 2474 18 of 18

70. Barbanti, M.; Costa, G.; Picci, A.; Criscione, E.; Reddavid, C.; Valvo, R.; Todaro, D.; Deste, W.; Condorelli, A.; Scalia, M.; et al.
Coronary Cannulation After Transcatheter Aortic Valve Replacement: The RE-ACCESS Study. JACC Cardiovasc. Interv. 2020,
13, 2542–2555. [CrossRef]

71. Tang, G.H.L.; Amat-Santos, I.J.; De Backer, O.; Avvedimento, M.; Redondo, A.; Barbanti, M.; Costa, G.; Tchetche, D.; Eltchaninoff,
H.; Kim, W.K.; et al. Rationale, Definitions, Techniques, and Outcomes of Commissural Alignment in TAVR: From the ALIGN-
TAVR Consortium. JACC Cardiovasc. Interv. 2022, 15, 1497–1518. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.jcin.2020.07.006
https://doi.org/10.1016/j.jcin.2022.06.001

	Introduction 
	Aortic Valve Calcium Score 
	Aortic Valve Assessment 
	Aortic Root Assessment 
	Coronary Ostial Height and Sinus of Valsalva Assessment 
	CT Fluoroscopic Angulation 
	Conduction Abnormalities 
	THV Sizing 
	Valve-in-Valve TAVR 
	TAVR in SHV 
	TAVR in TAVR 

	Vascular Access 
	Post-TAVR CT Assessment 
	Hypoattenuating Leaflet Thickening 
	THV Underexpansion 
	Structural Valve Degeneration 
	Patient–Prosthesis Mismatch 
	Coronary Access 
	Limitations 
	Conclusions 
	References

