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How to assess aortic stenosis using computed
tomography: current and emerging tools

Simona B. Botezatu'?*, Marc R. Dweck®

Abstract

Aortic stenosis (AS) is the most common valvular heart disease characterized by progressive calcific degeneration of the aortic
valve leaflets, ultimately leading to severe left ventricular (LV) outflow obstruction. Accurate assessment of AS severity is critical
for appropriate clinical decision-making. While echocardiography remains the cornerstone of AS evaluation, it can yield discordant
results in around a quarter of patients often leading to diagnostic uncertainty. In patients with discordant echocardiography, non-
contrast computed tomography aortic valve calcium scoring (CT-AVC) has emerged as a powerful adjunctive modality that offers load-
independent, highly reproducible quantification of valvular calcification and a complementary assessment of AS severity. In addition,
contrast-enhanced computed tomography (CT) has become the gold standard for preprocedural assessment in transcatheter aortic
valve implantation (TAVI) patients, providing a comprehensive anatomical visualization of the cardiovascular system which is essential
for optimal planning. It allows for precise measurement of the aortic annulus, identification of coronary artery origins, assessment of
peripheral vascular access, and evaluation of the aortic root and ascending aorta. This detailed anatomical assessment facilitates
accurate prosthesis sizing and selection, reducing the risk of complications such as paravalvular leak and coronary artery obstruction.
Advanced CT imaging techniques are being developed to further advance the assessment of patients with AS. In particular, contrast-
enhanced CT techniques allow for the quantification of both fibrotic and calcific aortic valve thickening, while CT-derived strain imaging
and extracellular volume (ECV) quantification provide a better assessment of the myocardial remodeling response (Figure 1).
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Rezumat

Stenoza aortica (SA) este cea mai prevalenta valvulopatie, ce se caracterizeaza prin calcificarea progresiva a valvei aortice si care
conduce in cele din urma la obstructionarea severa a tractului de ejectie al ventriculului stang. Evaluarea precisa a severitatii SA
este esentiala pentru managementul clinic adecvat. Desi ecocardiografia rdmane tehnica imagistica de baza pentru evaluarea SA,
aceasta poate oferi rezultate discordante la aproximativ un sfert dintre pacienti, ceea ce duce frecvent la probleme de diagnostic.
La pacientii cu rezultate ecocardiografice discordante, scorul de calciu al valvei aortice prin tomografie computerizata nativa (CT-
AVC) a devenit o metoda complementara valoroasa, oferind o cuantificare reproductibila si independenta de sarcina a calcificarilor
valvulare, precum si o evaluare complementara a severitatii SA. In plus, tomografia computerizata cu substantd de contrast a
devenit standardul de aur pentru evaluarea preprocedurala a pacientilor cu indicatie de implantare percutana a valvei aortice
(TAVI), oferind o vizualizare anatomica detaliata a sistemului cardiovascular, esentiald pentru planificarea optima a interventiei.
Prin masurarea precisa a inelului aortic, identificarea originii arterelor coronare, evaluarea accesului vascular periferic, a radacinii
aortice si a aortei ascendente, faciliteaza alegerea corecta a dimensiunii si tipului de proteza, reducand riscul de complicatii, cum ar
fi regurgitarea paravalvulara sau obstructionarea arterelor coronare. Tehnici avansate de imagistica CT sunt in curs de dezvoltare
pentru imbunatatirea suplimentara a evaluarii pacientilor cu SA. Actual, prin dezvoltarea tehnicilor CT cu contrast se poate cuantifica
atat ingrosarea fibrotica, cat si cea calcifica a valvei aortice, in timp ce imagistica de strain si cuantificarea volumului extracelular
derivate din CT permit o evaluare mai precisa a remodelarii miocardice la pacientii cu SA.

Cuvinte cheie
stenoza aortica, tomografie computerizata, scor de calciu, scor fibrocalcific

Computed tomography aortic valve calcium
scoring

To help in the assessment of patients with discordant
echocardiography, aortic valve calcium scoring using multidetector
computed tomography (CT-AVC) has emerged as a valuable tool
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in the assessment of AS severity and has been validated against
histological findings.!"!

CT-AVC should be performed using non-contrast,
electrocardiogram-gated scans with appropriate settings (slice
thickness of 3 mm, 120 kV, 60%—-80% RR interval) to ensure
accurate measurement. The Agatston method is recommended for
quantifying calcium burden. This involves calculating a calcium score
based on the area and density of calcified lesions, similar to the well-
established approach for assessing coronary calcium scores. To
accurately assess AVC, calcifications in the left ventricular outflow
tract (LVOT), aorta, mitral annulus, and coronary arteries should be
carefully excluded from the measurement.?!
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Figure 1 - Role of computed tomography in aortic stenosis (AS) assessment. AVA, aortic valve area; TAVI, transcatheter aortic valve implantation.

Emerging techniques

e Fibrocalcific scoring
e Strain imaging
e Extracellular volume
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It has been observed that women with severe AS have
significantly lower Agatston scores compared to men, despite similar
echocardiographic severity and symptom burden.®! Histological
analyses confirmed that this discrepancy reflects differences in
calcification biology rather than patient size, imaging artifacts or
measurement error. As a result, sex-specific CT-AVC thresholds
have been adopted to improve diagnostic accuracy for identifying
severe AS: 22,000 Agatston units (AU) for men and 21,200 AU for
women.* These findings underscore the importance of personalized
imaging criteria in the evaluation of AS.

Valve morphology also plays a significant role in the
pathophysiology and imaging interpretation of AS. A study by Ye Z.
et al. revealed a notable difference when comparing CT-AVC in male
patients with bicuspid aortic valves (BAV) versus tricuspid aortic
valves (TAV). These results suggest that current CT-AVC thresholds,
which are largely based on tricuspid morphology, may not be
appropriate for BAV patients. The study concludes that sex-specific
and morphology-specific thresholds may be different from those
currently recommended when assessing AS severity in patients with
BAV, therefore, new studies should be conducted to address these
diagnostic needs.?!

Doris MK et al. evaluated the utility of CT-AVC in tracking the
natural progression of AS over time. The study demonstrated that
annual changes in CT-AVC were more precisely detected than
traditional echocardiographic parameters such as peak aortic jet
velocity, mean gradient, and aortic valve area (AVA). Importantly, the
superior reproducibility of CT-AVC compared to echocardiographic
parameters allows for more accurate detection of subtle progression
in calcification, suggesting that CT-AVC may serve not only as
a diagnostic tool but also as a disease-monitoring marker in both
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clinical practice and research settings.

While CT-AVC is primarily used to confirm severe AS, consistent
evidence indicates that it also carries important prognostic
implications.”? In a retrospective study by Ye Z. et al., when
compared to the low AVC group, both sub-severe and severe AVC
groups exhibited higher risk for all-cause mortality under medical
surveillance, even after adjusting for echocardiographic AS severity
and coronary artery calcium score, with similar risk between sub-
severe and severe AVC groups. These findings suggest that high
calcium burden, even in the absence of hemodynamically severe
disease, may reflect a more aggressive phenotype of AS and could
be used to identify high-risk patients who may benefit from earlier
intervention.®!

Role of contrast-enhanced computed
tomography (CT) in TAVI planning

Contrast-enhanced CT has become the gold standard for pre-
procedural assessment in transcatheter aortic valve implantation
(TAVI) patients due to its accuracy in evaluating the anatomy of the
cardiovascular system. These include precise sizing of the aortic
annulus, assessment of leaflet and root morphology, the height of
the coronary ostia above the annulus, and the extent of aortic valve
calcification—all of which are critical for selecting the appropriate
valve type and size (Figure 2). Additionally, CT facilitates the
evaluation of peripheral vasculature to determine the most suitable
access route, reducing the risk of vascular complications (Figure 3).1%
The consensus document on “Computed Tomography Imaging
in the Context of Transcatheter Aortic Valve Implantation (TAVI)/
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Figure 2 - Computed tomography (CT) aortic root examination in a patient with aortic stenosis (AS) before transcatheter aortic valve implantation (TAVI).
(A) Non-contrast CT showing intensely calcified aortic valve (calcium score 5888 AU); Contrast CT multiplanar reformatted images (during systolic
phase 33 %) showing measurements of (B) the aortic annulus perimeter (87.1 mm) and diameters (maximum/ minimum/mean 29.8/25.3/27.5 mm), (C)
the sinuses of Valsalva diameters (32.4/35.1/35.0 mm), (D) the sinotubular junction height (21.9 mm), (E) the right coronary height (15.6 mm), and (F)

the left coronary height (15.0 mm).
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Figure 3 - Vascular access assessment for transcatheter aortic valve implantation (TAVI) using computed tomography (CT) angiography. Multiplanar
reformatted CT images demonstrating the assessment of iliofemoral access in a patient undergoing TAVI—axial and oblique views (left) and centerline
image processing (middle and right) of the left external iliac artery allow assessment of dimensions, calcifications, and angulation critical for evaluating

the feasibility and safety of transfemoral access.
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Transcatheter Aortic Valve Replacement (TAVR)” also highlights
CT’s value in providing co-planar fluoroscopic angle prediction in
advance of the procedure and identifying patients at risk of procedural
complications, such as coronary obstruction or annular rupture. By
standardizing imaging protocols and reinforcing the recommendation
on multidisciplinary collaboration, Blanke and colleagues underscore
CT’s central role in enhancing both procedural safety and long-
term outcomes in TAVI patients.””? Post-TAVI, CT imaging is utilized
to monitor for complications such as leaflet degeneration, valve
thrombosis, and prosthetic valve dysfunction, enabling timely
intervention and management.l'

By enabling accurate measurements and predicting potential
complications, CT contributes significantly to improving the safety,
success, and outcomes of TAVI procedures.

Discrepancies with echocardiography and
the potential Role of CT in AVA assessment

Discrepancies between Doppler echocardiography and CT in
the assessment of AVA are well documented. ['"213 Several studies
have demonstrated that CT, whether through direct planimetry or a
hybrid approach combining CT and echocardiography, tends to yield
systematically higher AVA values. This has led to the proposal of a
revised threshold of <1.2 cm? for severe AS when assessed by CT.
M4 While sensitive, this threshold has been shown to lack specificity
for severe AS in some studies, emphasizing that larger CT-derived
AVA cutoffs may improve diagnostic accuracy. [%

Although planimetry using CT offers a direct and seemingly
straightforward method for AVA estimation, it still has several
limitations affecting its accuracy and reproducibility. The reliability
of manual tracing in CT planimetry is highly dependent on image
quality, operator expertise, and the technical capabilities of the
imaging system. Anatomically, the aortic valve orifice is not always
a single, flat plane, which can introduce errors if the measurement
is not performed at the narrowest part of the funnel-shaped opening
or if the imaging plane is misaligned. Temporal limitations may also
contribute to inaccuracy, as AVA is typically measured at a single
time point (peak systole), failing to account for dynamic changes in
valve opening throughout systole. Motion artifacts, particularly during
rapid valve movement, may blur the valve margins, and severe
calcification can lead to blooming artifacts that obscure the orifice or
falsely narrow it. I8

To address the limitations associated with the geometric
assessment of the LVOT by echocardiography which typically
assumes a circular LVOT and derives its area from a single diameter,
a hybrid approach has been proposed using CT direct planimetric
LVOT area in combination with echocardiographic hemodynamic
data. However, studies have shown that this approach does
not improve AVA-gradient relationship in cases with discordant
echocardiographic findings. ' Choe et al. found that factors such
as larger body surface area (BSA), larger AVA on echocardiography,
tricuspid valve morphology, and annulus area normalized to the
BSA were significantly associated with AVA discordance between
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echocardiography and CT. Their findings suggest that a combined
imaging strategy of CT and echocardiography for grading severe AS
may be helpful in these patients. [

Zeb et al. emphasized that although CT cannot replace flow-
based assessments, its value lies in its ability to quantify calcification
burden, leaflet anatomy, and annular dimensions, features that
can help adjudicate AS severity in ambiguous or discordant
cases. " Taken together, these findings support a multimodality
approach, with CT serving as a valuable method, particularly when
echocardiographic data are inconclusive or technically limited.

Emerging techniques and future directions

1. Fibrocalcific scoring in AS

While traditional imaging modalities primarily assess calcific
deposits, recent advancements in contrast-enhanced CT have
enabled comprehensive evaluation of both calcific and non-calcific
(fibrotic) components of the aortic valve. The quantification of
these components provides a more complete understanding of
AS pathophysiology and may enhance diagnostic and prognostic
accuracy. Fibrocalcific scoring has demonstrated that females
demonstrate more fibrosis relative to calcification in their stenotic
valve than males, indicating important sex-differences in the
pathophysiology of this condition.l'7 A larger study analyzing
symptomatic patients with AS who underwent CT angiography for
TAVI planning between 2015 and 2022 revealed the existence of
phenotypic differences in CT angiography valve tissue composition
in AS, with females and low-gradient AS showing a proportionally
more fibrotic phenotype.['®

A study conducted in 136 patients with AS using Gaussian-
mixture modeling to analyze CT attenuation distributions, enabling
the differentiation and quantification of calcific and non-calcific
volumes in the aortic valve, showed that the aortic valve fibrocalcific
volume correlated not only with baseline disease severity but also
with disease progression over time.'® The study by Grodecki
K. et al. provided histologic validation of CT-derived fibrocalcific
measurements. Aortic valve samples from 29 patients were
analyzed, and the results revealed excellent agreement between CT
and histologic assessments, with intraclass correlation coefficients
exceeding 0.90 for both fibrotic and calcific tissue volumes. This
underscores the reliability of CT imaging in accurately capturing the
complex tissue composition of the aortic valve.?”

Integrating fibrocalcific scoring into clinical practice offers several
advantages. First, it provides a comprehensive assessment of valve
pathology, encompassing both calcific and fibrotic components.
Second, it enhances the accuracy of AS severity grading, particularly
in cases where echocardiographic findings are discordant. Third, it
serves as a valuable prognostic tool, identifying patients at higher
risk for disease progression and adverse outcomes. Despite the
promising results, several challenges remain in the widespread
adoption of fibrocalcific scoring. Standardization of imaging protocols
and software tools is essential to ensure consistent and reproducible
measurements across different clinical settings. Additionally, defining
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threshold values for fibrocalcific volume that correlate with specific
disease stages will further enhance the clinical applicability of this
method. Further research is needed to validate these findings in
larger and more diverse populations, while also investigating how
fibrocalcific volume can be incorporated into risk stratification models
and therapeutic decision-making algorithms.2"

2. CT-derived strain imaging in AS

Cardiac CT has expanded beyond anatomical evaluation to
include functional imaging through the assessment of myocardial
strain, offering a promising adjunct to echocardiography in AS.
While echocardiographic speckle-tracking remains the clinical
standard for strain measurement, recent advances in algorithms and
postprocessing technology have enabled accurate quantification
of left ventricular (LV) and left atrial (LA) strain using computed
tomography feature tracking (CT-FT). Although both speckle-
tracking and feature-tracking techniques are employed to evaluate
myocardial deformation throughout the cardiac cycle, they differ in
their underlying tracking methodologies. Speckle-tracking analyses
the naturally occurring speckle pattern in the myocardium, allowing
for detailed assessment of intramyocardial motion. While feature-
tracking can also capture myocardial deformation, it primarily relies
on following distinct anatomical landmarks, such as the endocardial
border, across the cardiac cycle. This fundamental difference—
particularly the limited tracking of intramyocardial features in feature-
tracking—accounts for the variability observed between the two
methods.?

Several studies have demonstrated strong agreement between
CT-derived strain and echocardiographic metrics, in both LV and
LA strain measurements.?*?4 This establishes CT as a feasible
and reliable alternative, particularly in patients with suboptimal
echocardiographic windows or in those already undergoing CT for
TAVI planning.

A study by Marwan et al. assessing the changes in CT-derived
LV strain parameters before and after TAVI in patients with AS,
demonstrated significant improvements in CT-derived parameters
of global myocardial strain on short-term follow-up.s! A systematic
review and meta-analysis found that impaired CT-derived GLS was
independently associated with adverse outcomes, including all-
cause mortality and heart failure hospitalization.?®! These findings
suggest that CT-derived strain imaging can be a useful tool in
monitoring myocardial function recovery following valve replacement
and predicting outcomes.

Photon-counting CT and artificial intelligence-assisted post-
processing are expected to further enhance strain measurement
fidelity. Incorporating CT strain analysis into preprocedural workflows
could offer incremental value without additional imaging sessions
or radiation exposure. Nonetheless, broader adoption will require
standardization of imaging protocols, analytic algorithms, and
threshold definitions for clinical interpretation.

3. CT-derived extracellular volume (ECV) in severe AS
Extracellular volume (ECV) quantification using cardiac CT
represents a novel method for myocardial tissue characterization

in AS. While cardiac magnetic resonance (CMR) remains the gold
standard for ECV assessment, CT-based approaches offer an
accessible and efficient alternative, especially in patients already
undergoing contrast-enhanced CT for procedural planning. Several
studies have highlighted the strong prognostic utility of CT-derived
ECV in patients with AS requiring aortic valve replacement.?":28
Meta-analyses confirm that elevated ECV is associated with adverse
postoperative outcomes, including all-cause mortality and heart
failure admissions.?52 As such, ECV has the potential to become
a key imaging biomarker for risk stratification in patients with severe
AS undergoing valve replacement.

CT-based ECV mapping provides insight into myocardial fibrosis
and infiltration. In a cohort of patients undergoing TAVI, the ones
associating amyloidosis exhibited higher ECV values, this dual
capacity for structural and tissue characterization is particularly
valuable in tailoring individualized treatment strategies.*”

Conclusions

CThasbecome an essential tool in the evaluationand management
of AS, serving as a complementary method to echocardiography in
many cases and highlighting the importance of a multidisciplinary
approach in the care of these patients. Non-contrast CT aortic valve
calcium scoring provides a reproducible, sex-specific assessment
of AS severity and disease progression. Contrast-enhanced CT is
the gold standard for TAVI planning, enabling precise anatomical
assessment and reducing procedural risk. Emerging CT-based
techniques, such as fibrocalcific scoring, CT-derived strain imaging
and CT-derived ECV quantification, offer deeper insights into valvular
and myocardial pathology. These tools have shown prognostic value
and could enhance patient risk stratification and personalized care.
However, for broader clinical use, standardization and validation in
larger studies are needed. Overall, CT is evolving into an imaging
modality able to offer an exhaustive anatomical, functional, and
tissue-level assessment in AS.
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