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Uvod: Analyza télesného slozeni pomoci CT vysetfeni se v sou¢asnosti ukazuje jako vyznamny prognosticky
nastroj u pacientd s indikaci k transkatétrové implantaci aortalni chlopné (TAVI). Jeji rutinni vyuziti v klinické
praxi je vsak limitovano slozitosti dostupného softwaru a vysokymi technickymi naroky. Nasim cilem bylo
vyvinout a validovat webovou aplikaci, ktera by zjednodusila pouzivani existujiciho softwaru AutoMATICA
pfi hodnoceni télesného sloZzeni v rdmci predintervencniho vysetreni pred TAVI.
Metody: Vyvinuli jsme webové rozhrani integrujici jiz validovany software AutoMATICA, ktery vyuziva umé-
lou inteligenci pro automatickou segmentaci tkani. Systém analyzuje predintervencni CT snimky a auto-
maticky vypocitava index kosterniho svalstva, objem viscerdiniho a podkozniho tuku. Aplikace zpracovava
soubory DICOM a generuje piehledné reporty véetné segmentovanych snimk a kvantitativnich parametru.
Vysledky: Testovani systému prokdazalo prdmérnou dobu analyzy 21 sekund od nahrani snimkd po zobrazeni
vysledkl. Uzivatelské hodnoceni péti klinickymi Iékafi potvrdilo jednoduchost pouziti a klinickou vyuzitel-
nost. Analyza ilustrativnich pfipadt odhalila vyznamné rozdily mezi hodnocenim pomoci BMI a CT analyzou
télesného slozeni, napfiklad u pfipadi sarkopenické obezity nebo zachované svalové hmoty, které by pfi
pouziti samotného BMI zGstaly neodhaleny.
Zavér: Vyvinuté uzivatelské rozhrani predstavuje praktické feseni pro hodnoceni télesného slozeni u paci-
entl pied TAVI. Systém efektivné preklenuje mezeru mezi pokrocilymi analytickymi moznostmi validované-
ho softwaru AutoMATICA a klinickou praxi diky intuitivnimu uZivatelskému rozhrani. Toto feseni by mélo
v budoucnu umoznit presnéjsi stratifikaci rizika a individualizovanéjsi pristup k pacientdm s indikaci k TAVI.
© 2025, CKS.

ABSTRACT

Background: CT-derived body composition analysis has emerged as a powerful prognostic tool for TAVI
patient outcomes. However, widespread clinical implementation remains limited by complex software re-
quirements and technical expertise barriers. This study aims to develop and validate an accessible web-based
interface that streamlines the implementation of existing AutoMATICA's validated CT-based body composi-
tion assessment in the pre-TAVI evaluation workflow.

Methods: We developed a web-based interface integrating the validated AutoMATICA's Al-driven segmen-
tation software for automated body composition assessment. The system analyses pre-procedural CT scans
to quantify Skeletal Muscle Index, Visceral Adipose Tissue, and Subcutaneous Adipose Tissue. The interface
accepts DICOM files and patient data, generating comprehensive reports including segmented images and
measurements.

Results: System evaluation demonstrated an average analysis time of 21 seconds from upload to results dis-
play. User experience assessment with five clinicians showed unanimous positive feedback regarding acces-
sibility and utility. Technical validation confirmed accurate tissue segmentation and quantification capabili-
ties. Analysis of illustrative cases demonstrated significant discrepancies between BMI-based assessment and
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CT-derived body composition analysis, revealing conditions such as sarcopenic obesity and preserved muscle
mass that would be missed by BMI evaluation alone.

Conclusion: This technical solution provides an accessible, integrated approach to body composition assess-
ment in TAVI patients. Building upon the validated AutoMATICA software, the system successfully bridges
the gap between complex analysis capabilities and clinical practicality through an intuitive user interface.
This solution should enable more precise risk stratification and a more individualized approach to patients

indicated for TAVI in the future.

Introduction

Transcatheter aortic valve implantation (TAVI) has revo-
lutionized the treatment of severe aortic stenosis, par-
ticularly in elderly or high-risk patients who are not
candidates for traditional surgical approaches.” Recent
evidence suggests that body composition parameters, de-
rived from routine pre-procedural computed tomography
(CT) scans, can significantly impact patient outcomes and
aid in risk stratification.? Specifically, the analysis of skel-
etal muscle index (SMI) and visceral adipose tissue (VAT)
and subcutaneous adipose tissue (SAT) characteristics at
the third lumbar vertebra (L3) level has shown prognostic
value for post-TAVI mortality.?

Currently, the assessment of body composition re-
quires specialized software tools, such as AutoMATICA
developed by Paris et al., which utilizes artificial intelli-
gence for automated segmentation of CT images.* While
highly accurate and efficient, these tools often present
a significant barrier for clinicians without extensive IT ex-
pertise, potentially limiting the widespread adoption of
body composition analysis in clinical practice.

The importance of accessible body composition anal-
ysis in TAVI patients cannot be overstated. Our previ-
ous research has demonstrated that SMI is a significant
predictor of mortality in male patients undergoing
TAVI. Additionally, VAT density shows predictive value
for both male and female patients, while SAT density
provides additional prognostic information in male pa-
tients.?

To address the technical barriers and facilitate wider
adoption of body composition analysis, we have de-
veloped a user-friendly web interface that simplifies
the CT segmentation process. This interface integrates
with the existing AutoMATICA software, maintaining
its analytical power while providing an intuitive user
experience suitable for clinicians of all technical back-
grounds.

The existing workflow for CT segmentation and analy-
sis presents several obstacles: complex software interfaces
requiring specialized training, time-consuming data input
and analysis processes, limited accessibility across differ-
ent clinical settings, and difficulty in integrating analysis
results into clinical decision-making. Our web-based so-
lution aims to overcome these challenges by providing
a streamlined, intuitive user interface; automated data
processing and analysis; clear and clinically relevant out-
put presentation; and seamless integration with existing
clinical workflows.

Material and methods

System architecture and implementation

Our system presents a web-based interface designed
to simplify CT segmentation analysis for body composi-
tion assessment. The technical infrastructure operates
on a Windows Server 2022 Standard (IP 10.2.111.20,
port 5001), accessible to medical staff through the hos-
pital’s local network. The system integrates the existing
AutoMATICA's Al-driven segmentation capabilities with
our user-friendly interface, making advanced analysis ac-
cessible to clinicians of all technical backgrounds. Auto-
MATICA, the core segmentation engine, employs U-Net
architecture and was validated in the study of Paris et al.
on 893 patient scans (80% training, 10% validation, 10%
testing). The system demonstrated excellent agreement
between human and Al segmentations with processing
speeds of ~350 ms per scan on modern hardware.*

Our implementation architecture consists of two pri-
mary components. The front-end component, developed
using HTML, CSS, and JavaScript, provides comprehensive
functionality for patient data management and result vi-
sualization. It enables clinicians to input patient param-
eters, calculate body composition metrics including SMI,
VAT, SAT, and Whole Body Fat Mass (WBFM) measure-
ments, and interact with analysis outcomes through in-
teractive visualizations powered by Chart.js. The interface
allows detailed inspection of processed CT scans with seg-
mentation overlays while maintaining access to raw CT
data for verification.

The back-end system, built with Python’s Flask frame-
work, implements a sophisticated processing pipeline.
It manages HTTP request routing, integrates with Auto-
MATICA's Convolutional Neural Networks based on U-Net
architecture, and handles comprehensive data security
protocols. All data is stored securely on the hospital’s lo-
cal server and retained only during computation, with ac-
cess restricted to authorized personnel within the hospi-
tal’s local network.

Processing pipeline

The system employs a sophisticated multi-stage pro-
cessing workflow. Initially, the system securely uploads
and preprocesses DICOM files, followed by loading pre-
trained TensorFlow models utilizing U-Net architecture
for rapid processing. The pipeline continues with image
standardization through resizing and normalization pro-
tocols, preparing data for consistent analysis across dif-
ferent input sources.
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The segmentation process generates detailed prob-
ability maps for each tissue type using CNNs, followed by
refined post-processing through thresholding and filter-
ing techniques. Hounsfield Unit analysis provides precise
tissue characterization. The system then processes this
data into JSON format for front-end presentation while
maintaining strict anonymization protocols and efficient
temporary file management. Additional computational
processes generate comprehensive body composition pa-
rameters, including SMI calculations and both percentage
and absolute WBFM measurements.

Output generation

Results are presented through a comprehensive single-
page report integrating multiple data visualization ele-
ments. The interface generates interactive graphs and
visualizations using Chart.js, alongside segmented CT im-
ages with customizable overlay options. Key metrics in-
clude SMI, VAT, and SAT areas and densities, and WBFM
measurements in both absolute values and percentages.
The system additionally provides survival probability esti-
mations based on established study data.

Results

Our system performance evaluation revealed an average
analysis time of 21 seconds from image upload to results
display. The system consistently identified the L3 vertebra
level in uploaded scans.

We conducted a technical expertise validation study
with five experienced clinicians representing different
specialties with varying technical expertise levels. Partic-
ipants included two cardiologists, one cardiac surgeon,
and two general surgeons. In terms of ease of use, all
users successfully uploaded and analysed a CT scan on
their first attempt without assistance, with an average
time to run the interface and upload an image of 53
seconds. Previously, only one technically skilled clinician
could use the AutoMATICA software. Now, all clinicians
in the study can easily utilize the new web interface,
regardless of their technical background. The technical
validation showed maximum interface satisfaction rat-
ing of 5/5, with all expert users rating the results dis-
play as “clear and informative”. The most appreciated
features were the one-page comprehensive report lay-
out, visual representation of obesity and sarcopenia
metrics, and immediate access to survival rate predic-
tions. Regarding clinical utility, all clinicians reported
that the tool would “significantly improve” their ability
to assess TAVI patient risks. Key benefits cited included
rapid risk stratification, objective quantification of body
composition, and easy comparison to established clini-
cal thresholds. Expert validation feedback included de-
tailed assessments from a general surgeon and a cardiac
surgeon, confirming the tool’s efficiency and illustrative
capabilities.

Areas for future enhancement based on user feed-
back include integration with hospital PACS systems for
streamlined image access, addition of trend analysis for
repeat scans, and customizable reporting options for dif-
ferent clinical contexts.

Case reports

To illustrate the enhanced diagnostic capabilities of
CT-derived body composition analysis compared to tradi-
tional BMI assessment, we analyzed four distinct patient
cases that demonstrate the limitations of relying solely on
BMI measurements. The patient cases presented serve as
illustrative examples of the interface’s clinical application
rather than a validation cohort. Sarcopenic status is calcu-
lated from skeletal mass index (SMI, cut off for sarcopenia:
under 55 and 39 cm?/m? for men and women respectively)
and obesity is calculated from estimated fat mass (WBFM,
cut off for obesity: over 27 and 38 % for men and women
respectively). Our imaging protocol utilized two Siemens
Somatom CT scanners: the Definition model for studies
conducted before 2016, followed by the Somatom Drive
for subsequent examinations. All scans were performed us-
ing a tri-iodinated non-ionic monomeric contrast medium
(lomeron), with ECG gating implemented for the thoracic
region. To optimize image quality while minimizing radia-
tion exposure, we employed differential slice thickness pa-
rameters, with 3 mm slices above the diaphragm and 5 mm
slices below. The scanning voltage was maintained at 100
kV throughout, while the current was adjusted according
to anatomical region: 284 mAs for thoracic imaging and 84
mAs for sub-diaphragmatic sections.

Case 1: Sarcopenic obesity

An 85-year-old male patient (height 170 cm, weight 90
kg, BMI 31.14 kg/m?) who would be classified as obese
by BMI standards. However, CT segmentation revealed an
SMI of 31.44 cm?/m2, indicating significant muscle mass
depletion. WBFM was 38,26%. This case represents classic
sarcopenic obesity — high BMI masking underlying muscle
loss (Fig. 1).

Case 2: Moderate sarcopenia with high BMI

An 83-year-old female patient (height 157 cm, weight
79 kg, BMI 32.05 kg/m2?) with a BMI in the obese range.
The CT analysis showed an SMI of 21.78 cm2/m2 indicating
moderate sarcopenia, that would not be apparent from
BMI alone (Fig. 2).

Case 3: Severe sarcopenia despite high BMI

An 87-year-old male patient (height 168 cm, weight 91
kg, BMI 32.24 kg/m?) demonstrates another critical pat-
tern. Despite being classified as obese by BMI, CT analy-
sis showed an SMI of 22.94 cm?/m?, indicating significant
sarcopenia. This case highlights how BMI alone can mask
serious muscle depletion in elderly patients (Fig. 3).

Case 4: Normal body composition with preserved
muscle mass despite high BMI
An 82-year-old female patient (height 155 cm, weight 78
kg, BMI 42.47 kg/m?). This case depicts the normal body
composition despite BMI in obesity range. CT analysis
shows normal muscle mass (SMI 46.92 cm2/m2) and normal
estimated fat mass (31.86%) despite obesity classification
by BMI (Fig. 4).

These cases highlight the significant discrepancies be-
tween BMI-based assessment and CT-derived body com-
position analysis. While BMI provides a rough estimate of
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Fig. 1 - CT-based body composition analysis revealing sarcopenic obesity. Analysis of an 85-year-old male (BMI 31.14 kg/m?). The segmented
CT image demonstrates low muscle mass (SMI 31.44 cm2/m?) despite high BMI, a classic pattern of sarcopenic obesity.

overall body mass relative to height, it fails to detect critical
variations in muscle mass and adipose tissue distribution.
The CT segmentation approach enables identification of
specific body composition patterns that would be missed
by BMI assessment alone: sarcopenic obesity, moderate sar-
copenia, severe sarcopenia and normal body composition
(despite high BMI in all four cases). Each pattern carries
different clinical implications and risk factors, demonstrat-
ing the importance of tissue-specific analysis. This detailed
characterization of body composition offers more precise
risk stratification and could potentially guide more person-
alized treatment approaches for TAVI patients.

Discussion

The development of our web-based interface for CT seg-
mentation analysis represents a significant step forward in
the risk assessment of patients undergoing TAVI. To fully
appreciate the value and potential limitations of this new
tool, it is crucial to consider it within the broader context
of existing scoring systems used in TAVI patient evalua-
tion.

Several established scoring systems are currently used in
TAVI patient evaluation, each with its own strengths and
limitations. The EuroSCORE Il is widely used for estimating
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Fig. 2 - Moderate sarcopenia with high BMI. Analysis of an 83-year-old female (BMI 32.05 kg/m?). CT segmentation reveals moderate sarco-
penic changes (SMI 21.78 cm?/m?) that would be missed by BMI assessment alone.

surgical mortality risk.> However, it does not assess long-
term survival and is not specifically designed for minimally
invasive or catheter-based procedures. The Clinical Frailty
Scale offers a simple 9-point scale that evaluates overall
health status, activity level, and dependency.® It is easily
applicable in clinical practice and internationally validat-
ed, but it may be biased when assessed during inpatient
care due to patients’ typically deteriorated condition. The
6-Minute Walk Test provides data for predicting long-term
mortality but is time- and space-intensive to perform.” The
Comprehensive Geriatric Assessment is the most compre-
hensive test, including physical, cognitive, psychosocial,

and nutritional assessments, with robust data for predict-
ing long-term mortality. However, it is highly time- and
personnel-intensive.® The Charlson Comorbidity Index gen-
erally provides excellent results in risk assessment and long-
term mortality prediction® but is not primarily designed for
patients undergoing minimally invasive or catheter-based
procedures, potentially overestimating risk.

Our CTL3 parameters offer several advantages over
these existing systems. They provide a comprehensive
body composition analysis, unlike BMI, offering detailed
insights into muscle mass, visceral fat, and subcutaneous
fat distribution. This allows for the detection of hidden



328

Body Composition Tool for TAVI

Patient Study Report

Uit braps Flagre o

P

Weghidg  #i

od ol LT image

[Iepe—— Vala Dibsesity and Saicopenis
[ - ik
[ SPv— 8
Paia | == s
[T~ T 854

AT CEA 1

— , - i
T i

i sk . "
WP g -
ShE

i P B
Sl e ETY
WA, . AT davrly

Bureival Rales

Fig. 3 - Severe sarcopenia masked by high BMI. CT analysis of an 87-year-old male (BMI 32.24 kg/m?) revealing significant muscle depletion
(SMI 22.94 cm?/m?) despite obesity by BMI standards, emphasizing the importance of tissue-specific analysis.

conditions such as sarcopenia, obesity, or sarcopenic obe-
sity that may not be apparent from external examination
or traditional metrics like BMI. The CTL3 parameters offer
objective quantification, providing precise measurements
of tissue areas and densities, allowing for more accurate
risk stratification. They also enable longitudinal compari-
son, allowing tracking of body composition changes over
time, which could be valuable for assessing treatment ef-
ficacy or disease progression. Importantly, this analysis in-
tegrates with routine imaging, utilizing CT scans already
performed as part of the TAVI workup, requiring no ad-
ditional patient procedures.

However, it's important to acknowledge potential limi-
tations of relying solely on CTL3 parameters. While provid-
ing detailed body composition data, CTL3 analysis does
not capture other important factors such as cardiovascular
function, frailty, or cognitive status. The predictive value of
CTL3 parameters for TAVI outcomes, while promising, re-
quires further large-scale, multicenter validation. The anal-
ysis relies on the availability of high-quality CT scans and
specialized software, which may not be universally acces-
sible. Additionally, it does not provide information about
the patient’s physical capabilities or daily living activities,
which are crucial for comprehensive risk assessment.
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Fig. 4 - Normal body composition with preserved muscle mass despite high BMI. Results from an 82-year-old female with high
BMI (42.47 kg/m?). CT analysis shows normal muscle mass (SMI 46.92 cm?/m?) and normal estimated fat mass (31.86%) despite obesity

classification by BMI.

Given the strengths and limitations of each scoring sys-
tem, including our CTL3-based analysis, we propose a syn-
ergistic approach to TAVI patient evaluation. This approach
would combine CTL3 analysis with established scoring sys-
tems like EuroSCORE Il and Clinical Frailty Scale for a more
comprehensive risk profile. The CTL3 parameters provide
unique insights into body composition that complement,
rather than replace, existing functional assessments. For in-
stance, while the 6-minute walk test evaluates cardiorespi-
ratory fitness and functional capacity through dynamic ex-
ercise testing, CTL3 analysis offers objective quantification
of muscle mass and adipose tissue distribution that may

influence exercise capacity and post-procedural outcomes.
This complementary relationship is particularly valuable in
cases where traditional metrics may be misleading or where
functional tests may be difficult to perform. By integrat-
ing these different assessment modalities, clinicians can de-
velop a more nuanced understanding of each patient’s risk
profile: CTL3 providing detailed body composition data,
functional tests like the 6-minute walk test assessing physi-
cal capacity, and established risk scores evaluating broader
clinical parameters. This multi-modal approach promises to
enhance risk stratification accuracy and support more indi-
vidualized treatment decisions in TAVI candidates.
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Study limitations

Several limitations of our study should be acknowledged.
First, while our interface successfully streamlines the im-
plementation of AutoMATICA’s validated Al model, its
effectiveness depends on the availability of high-quali-
ty CT scans and specific technical infrastructure require-
ments, which may not be universally available across all
healthcare settings. Second, our current implementation
requires manual file handling, as direct integration with
hospital PACS systems has not yet been achieved. This
may impact workflow efficiency in high-volume clinical
settings. Third, while body composition analysis provides
valuable prognostic information, it captures only one
aspect of patient health status; it does not directly asse-
ss functional capacity, cardiovascular status, or cognitive
function, which are also crucial for comprehensive TAVI
risk assessment. Fourth, although our interface demon-
strates excellent usability among the tested clinician
group, broader validation across multiple centers and
diverse healthcare settings would be beneficial to ensu-
re generalizability. Fifth, the system’s reliance on specific
CT scan parameters (including slice thickness and radiati-
on dosage) may require protocol standardization across
institutions for optimal results. Finally, while our tool
effectively identifies body composition patterns, longitu-
dinal studies are needed to validate its predictive value
for specific TAVI outcomes across diverse patient popu-
lations. Future development should focus on addressing
these limitations through PACS integration, protocol
standardization, and multi-center validation studies.

Conclusion

The development and implementation of our web-based
interface for CT segmentation analysis represents a signifi-
cant advancement in the risk assessment and management
of patients undergoing TAVI. This study has demonstrated
that our user-friendly interface has successfully bridged the
gap between complex body composition analysis and clinical
practicality, making advanced risk stratification tools more
accessible to a broader range of clinicians. The integration of
sarcopenia and obesity assessment according to CT-derived
body composition and risk stratification according to adipose
tissue density provides a more nuanced understanding of
patient health status compared to traditional metrics such
as BMI alone. While CTL3 parameter analysis offers valuable
insights into body composition and potential risks for TAVI
patients, it should be used as part of a comprehensive evalu-
ation strategy. By combining the strengths of various scoring
systems and assessment tools, including our new CT segmen-
tation interface, clinicians can develop a more nuanced un-
derstanding of each patient’s risk profile and tailor treatment
approaches accordingly. This synergistic and individualized
approach holds the promise of improving outcomes and pa-
tient care in the evolving field of TAVI.
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