
AI-Assisted	TAVR	Planning:	Accuracy	and	Clinical
Implications	in	Annulus	Measurements

Rasit	Dinc

Rasit	Dinc	Digital	Health	&	AI	Research

Published:	June	30,	2025	|	AI	in	Healthcare

DOI:	10.5281/zenodo.17996435

Abstract

Explore	how	AI	enhances	TAVR	planning	accuracy	with	precise	annulus	measurements,
improving	valve	sizing	and	reducing	procedural	risks	in	severe	aortic	stenosis	patients.

AI-Assisted	 TAVR	 Planning:	 Accuracy	 and	 Clinical
Implications	in	Annulus	Measurements

Transcatheter	 Aortic	 Valve	 Replacement	 (TAVR)	 has	 emerged	 as	 a
transformative	intervention	for	patients	with	severe	aortic	stenosis	who	are	at
high	or	intermediate	surgical	risk.	Central	to	the	success	of	TAVR	procedures
is	the	accurate	assessment	of	the	aortic	root	anatomy,	particularly	the	aortic
annulus,	 to	 ensure	 optimal	 valve	 sizing	 and	 to	 mitigate	 the	 risk	 of
complications	 such	 as	 paravalvular	 leak,	 annular	 rupture,	 and	 coronary
obstruction.	 Advances	 in	 artificial	 intelligence	 (AI)	 technologies	 have
introduced	 powerful	 tools	 for	 automated	 and	 semi-automated	 analysis	 of
cardiac	computed	tomography	angiography	(CTA)	datasets,	facilitating	precise
annulus	 measurements	 and	 enhancing	 clinical	 decision-making.	 This	 article
explores	 the	 accuracy,	 clinical	 significance,	 and	 future	 directions	 of	 AI-
assisted	TAVR	planning	with	a	focus	on	annulus	measurements.

Importance	of	Accurate	Annulus	Measurements	in	TAVR

The	 aortic	 annulus	 is	 a	 complex	 three-dimensional	 structure	 located	 at	 the
junction	 between	 the	 left	 ventricular	 outflow	 tract	 and	 the	 aortic	 root.
Accurate	quantification	of	annulus	dimensions—including	diameter,	area,	and
perimeter—is	 critical	 for	 selecting	 the	 appropriate	 prosthetic	 valve	 size.
Undersizing	 the	valve	can	 lead	 to	paravalvular	 regurgitation	and	suboptimal
hemodynamics,	 while	 oversizing	 increases	 the	 risk	 of	 annular	 rupture	 and
conduction	disturbances.	Moreover,	anatomical	parameters	such	as	the	sinus
of	Valsalva	diameter	and	coronary	artery	heights	 influence	procedural	safety
by	affecting	the	risk	of	coronary	obstruction.

Traditionally,	 cardiologists	 and	 radiologists	 perform	 manual	 or	 semi-
automated	 measurements	 based	 on	 multi-planar	 reformatted	 CTA	 images.
However,	 these	methods	 are	 subject	 to	 inter-	 and	 intra-observer	 variability,
and	 the	 manual	 process	 is	 time-consuming,	 potentially	 delaying	 clinical



decisions	in	urgent	cases.

AI-Assisted	Measurement	Accuracy:	Evidence	from	Clinical	Case

A	 representative	 case	 involving	 a	 78-year-old	 female	 patient	 with	 severe
symptomatic	aortic	stenosis	demonstrates	 the	utility	of	AI	 in	TAVR	planning.
The	patient	underwent	cardiac	CTA,	and	annulus	measurements	obtained	via
an	 AI-assisted	 platform	 were	 compared	 against	 manual	 measurements	 by
expert	clinicians.

|	Parameter	|	AI	Measurement	|	Manual	Measurement	|	Difference	|	|--------------
-------------|----------------|--------------------|------------|	 |	 Annulus	 Diameter	 |	 23.5	 mm	 |
23.4	mm	|	0.1	mm	|	|	Annulus	Area	|	434	mm²	|	430	mm²	|	4	mm²	|	|	Annulus
Perimeter	|	73.8	mm	|	73.5	mm	|	0.3	mm	|	|	Sinus	of	Valsalva	Diameter|	32	mm
|	32	mm	|	0	mm	|	 |	Left	Coronary	Height	 |	14	mm	|	14	mm	|	0	mm	|	 |	Right
Coronary	Height	|	16	mm	|	16	mm	|	0	mm	|

The	 near-perfect	 concordance	 between	 AI	 and	 manual	 methods,	 with	 mean
differences	 approximately	 0.2	 mm,	 underscores	 the	 high	 accuracy	 and
reproducibility	 of	 AI	 algorithms.	 This	 level	 of	 precision	 is	 clinically
insignificant	 but	 crucial	 for	 selecting	 the	 correct	 valve	 size,	 as	 even
millimeter-scale	errors	can	influence	outcomes.

AI-Based	Valve	Size	Recommendation	and	Clinical	Implications

Based	 on	 the	 AI	 measurements,	 the	 system	 recommended	 an	 Edwards
SAPIEN	3	26	mm	valve,	considering	the	following	factors:

-	Annulus	Diameter	 (23.5	mm):	 The	26	mm	valve	provides	approximately
10.6%	 oversizing	 relative	 to	 the	 annulus	 diameter,	 aligning	 with	 the
recommended	 10-15%	 oversizing	 range	 that	 balances	 sealing	 and	 safety.	 -
Annulus	 Area	 (434	 mm²):	 The	 valve's	 effective	 sealing	 area	 (530	 mm²)
offers	a	margin	of	96	mm²,	reducing	the	risk	of	paravalvular	leak.	-	Coronary
Heights	 (14	 mm	 left,	 16	 mm	 right):	 Both	 exceed	 the	 critical	 threshold
(>10	 mm),	 minimizing	 the	 likelihood	 of	 coronary	 obstruction.	 -	 Sinus	 of
Valsalva	Diameter	(32	mm):	Adequate	space	accommodates	the	valve	frame
without	compressing	coronary	ostia.

Clinical	 considerations	highlight	 the	 risk-benefit	 balance	 in	 valve	 sizing.	For
example,	 selecting	 a	 smaller	 23	 mm	 valve	 could	 increase	 paravalvular
regurgitation	 risk	 due	 to	 undersizing,	 while	 a	 larger	 29	 mm	 valve	 could
precipitate	annular	rupture,	given	the	oversizing	exceeds	15%.

Clinical	Significance	and	Safety	Profile

The	integration	of	AI	in	TAVR	planning	enhances	patient	safety	by:

-	 Reducing	 Measurement	 Variability:	 AI	 algorithms	 standardize	 annulus
measurements,	 mitigating	 differences	 arising	 from	 operator	 experience	 or
subjective	 interpretation.	 -	 Optimizing	 Valve	 Selection:	 Accurate	 sizing
reduces	procedural	complications	such	as	paravalvular	leaks,	annular	rupture,
and	 conduction	 abnormalities.	 -	 Enabling	 Risk	 Stratification:	 Automated
assessment	 of	 coronary	 heights	 and	 sinus	 dimensions	 informs	 the	 risk	 of
coronary	 obstruction,	 guiding	 preemptive	 strategies	 such	 as	 coronary



protection.

Several	clinical	studies	corroborate	the	benefits	of	AI-assisted	measurement	in
improving	TAVR	outcomes.	For	instance,	research	published	in	the	Journal	of
the	American	College	of	Cardiology	demonstrated	that	AI-based	CTA	analysis
improved	 reproducibility	 and	 reduced	 planning	 time	 without	 compromising
accuracy.	 Furthermore,	 AI	 models	 trained	 on	 large	 datasets	 can	 identify
subtle	anatomical	variations,	supporting	personalized	procedural	planning.

Applications	Beyond	Annulus	Measurement

The	utility	of	AI	in	TAVR	extends	beyond	annulus	sizing:

-	3D	Reconstruction	 and	 Simulation:	 AI-driven	 3D	models	 enable	 virtual
valve	 deployment	 to	 predict	 interaction	 with	 patient-specific	 anatomy.	 -
Prediction	 of	 Procedural	 Complications:	 Machine	 learning	 algorithms
analyze	pre-procedural	data	to	forecast	risks	such	as	pacemaker	requirement
or	 vascular	 complications.	 -	 Workflow	 Automation:	 AI	 automates
segmentation	 and	measurement	 tasks,	 expediting	preoperative	planning	and
enabling	real-time	decision	support	during	the	procedure.

Challenges	and	Limitations

Despite	 promising	 advances,	 AI	 integration	 in	 TAVR	 planning	 faces
challenges:

-	 Data	 Quality	 and	 Generalizability:	 AI	 models	 require	 high-quality,
annotated	 datasets	 for	 training;	 variability	 in	 imaging	 protocols	 and	 patient
populations	 may	 affect	 performance.	 -	 Regulatory	 and	 Validation
Requirements:	 Clinical	 adoption	 mandates	 rigorous	 validation	 to	 ensure
safety	 and	 efficacy,	 with	 regulatory	 bodies	 scrutinizing	 AI-based	 medical
devices.	-	Interpretability	and	User	Trust:	Clinicians	may	hesitate	to	rely	on
AI	 outputs	 without	 transparent	 algorithms	 or	 explainable	 results.	 -
Integration	 with	 Clinical	 Workflows:	 Seamless	 incorporation	 of	 AI	 tools
into	existing	hospital	 information	systems	and	 imaging	platforms	 is	essential
for	adoption.

Future	Directions

The	 future	 of	 AI	 in	 TAVR	 planning	 is	 poised	 for	 significant	 growth,	 with
ongoing	research	focusing	on:

-	Multi-Modal	 Data	 Integration:	 Combining	 CTA	 with	 echocardiography,
electrocardiography,	and	clinical	parameters	to	enhance	predictive	accuracy.	-
Deep	 Learning	 for	 Enhanced	 Segmentation:	 Improving	 automated
delineation	 of	 complex	 cardiac	 structures	 to	 refine	 measurements.	 -	 Real-
Time	 Intraoperative	 Guidance:	 Developing	 AI-powered	 navigation	 during
valve	 deployment	 to	 adjust	 positioning	 dynamically.	 -	 Personalized	 Valve
Design:	 Leveraging	 AI	 to	 customize	 prosthetic	 valves	 tailored	 to	 individual
anatomy	and	biomechanics.

Moreover,	 prospective	 randomized	 trials	 are	 needed	 to	 validate	 AI-assisted
planning's	 impact	 on	 clinical	 outcomes,	 procedural	 efficiency,	 and	 cost-
effectiveness.



Frequently	Asked	Questions

Q:	 How	 reliable	 is	 AI	 compared	 to	 manual	 measurements	 for	 TAVR
planning?	 A:	 AI	 demonstrates	 excellent	 reliability	 with	 measurement
differences	 typically	 less	 than	 0.5	 mm	 compared	 to	 expert	 manual
measurements.	 This	 high	 degree	 of	 concordance	 supports	 its	 clinical	 use	 in
pre-procedural	 TAVR	 planning.	 Q:	 What	 anatomical	 parameters	 are
critical	 for	 valve	 sizing	 in	 TAVR?	 A:	 Key	 parameters	 include	 annulus
diameter,	 area,	 perimeter,	 sinus	 of	 Valsalva	 diameter,	 and	 coronary	 artery
heights.	 These	 measurements	 collectively	 inform	 valve	 size	 selection	 and
procedural	 risk	 assessment.	 Q:	 How	 does	 oversizing	 affect	 TAVR
outcomes?	 A:	 Appropriate	 valve	 oversizing	 (10-15%)	 ensures	 adequate
sealing	 to	 prevent	 paravalvular	 leak,	 while	 excessive	 oversizing	 (>15%)
increases	the	risk	of	annular	rupture	and	conduction	system	injury.	Q:	Can	AI
predict	complications	beyond	sizing?	A:	Emerging	AI	models	can	analyze
imaging	 and	 clinical	 data	 to	 predict	 risks	 such	 as	 conduction	 disturbances,
vascular	 injury,	and	need	 for	pacemaker	 implantation,	aiding	comprehensive
procedural	planning.

Conclusion

AI-assisted	 analysis	 of	 cardiac	 CTA	 imaging	 represents	 a	 significant
advancement	 in	 TAVR	 planning	 by	 delivering	 high-precision,	 reproducible
annulus	 measurements	 that	 underpin	 optimal	 valve	 sizing	 and	 procedural
safety.	 The	 integration	 of	 AI	 into	 clinical	 workflows	 enhances	 diagnostic
confidence,	 reduces	 variability,	 and	 accelerates	 decision-making,	 ultimately
improving	 patient	 outcomes.	 Continued	 research,	 robust	 validation,	 and
thoughtful	 implementation	 will	 be	 critical	 to	 fully	 realize	 AI’s	 potential	 in
revolutionizing	structural	heart	interventions	such	as	TAVR.
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