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The Role of Cardiac CT for
Successful TAVR Planning

CT-based annular sizing, access planning strategy, and risk stratification to optimize TAVR

outcomes and reduce complications.

By Harika Sai Dabbara, MD, and Lauren Sharan Ranard, MD, MS

he standard of care for procedural planning in
transcatheter aortic valve replacement (TAVR)
is CT. Advances in imaging technology now
allow acquisition of high-quality data using
lower contrast volumes (< 40 mL) and reduced radia-
tion doses. The primary objectives of the procedural CT
scan are to (1) identify the optimal access route for valve
delivery; (2) determine appropriate prosthesis size; and
(3) evaluate for high-risk anatomic features, including
angulated aortic root, risk of coronary obstruction, and
potential for annular rupture and paravalvular leak (PVL).
In cases where contrast administration is not feasible,
a noncontrast electrocardiogram (ECG)-gated CT scan
can still provide valuable information by assessing the
distribution and severity of calcification at the annulus
and along the vascular access pathway.
This article reviews the central role of CT in TAVR
planning, including access evaluation, valve sizing, and
procedural risk assessment.

ACCESS EVALUATION

Vascular complications after TAVR are associated
with poor short- and long-term survival; therefore, a
thorough evaluation prior to the procedure is critical.’
CT has a greater predictive value for vascular complica-
tions post-TAVR than invasive angiography and is the
preferred method to assess access prior to TAVR.2 As
part of preprocedural planning, CT allows for three-
dimensional (3D) assessment of the access pathway,
including arterial vessel size, tortuosity, calcium dis-
tribution, and prediction of access closure ability.
Similarly, arterial vessel pathologies such as aneurysms,
calcification, and dissection can be evaluated.?

Transfemoral access is the most common access
for TAVR; however, CT can also be used to assess for
alternative access, such as transaxillary/subclavian, trans-
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caval, transcarotid, suprasternal, transapical, or direct
aortic when femoral access is not feasible.* Known risk
factors for major transfemoral complications include
high sheath-to-femoral artery ratio, large femoral artery
depth, and severe iliofemoral artery calcification.>® An
early study determined that a sheath-to-artery ratio
> 1.05 was associated with higher rates of major vascu-
lar complications (30.9% vs 5.6%) and 30-day mortality
(18.2% vs. 2.8%) compared to a ratio < 1.05.” When
alternative access is chosen, the access route often
depends on site experience and comfort with alterna-
tive access routes.

Although randomized studies have not been per-
formed, the literature suggests lower stroke rates
for transcaval (approximately 3%) and transcarotid
(approximately 3%) access compared to transaxillary
access (approximately 6%).%° Among the nonsurgical
techniques, operators may be more familiar with percu-
taneous axillary techniques and equipment, as transca-
val access requires experience with electrosurgery. For
transcaval access, CT specifically helps with choosing a
calcium-free window for electrocautery puncture that
has a short distance between the inferior vena cava and
aorta and is away from important arterial branches.?

PROSTHESIS SIZE SELECTION
Three-dimensional assessment of annular size on
CT is highly accurate and most commonly used. Prior
to the use of CT for determining annular sizing, two-
dimensional echocardiography was used and associated
with high rates of PVL.®"" However, in cases where con-
trast cannot be administered for a CT scan, annular size
can be assessed by 3D transesophageal echocardiogra-
phy and confirmed with balloon aortic valvuloplasty
(BAV)."™? Additionally, reports suggest that cardiac MRI
may provide a similar comprehensive assessment for
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Figure 1. Key factors in planning TAVR for bicuspid valves include the presence, length, and calcification of the raphe; the dis-
tribution and severity of calcium; the intercommissural distance; and any discordance among annular size, LVOT dimensions,
and intercommissural measurements. Low-risk TAVR anatomy: type | bicuspid valve with fusion of the left and right cusps, mild
leaflet calcification, and a noncalcified raphe (A). Intermediate-risk TAVR anatomy: type | bicuspid valve with fusion of the left
and right cusps, excessive leaflet calcification, and noncalcified raphe (B).

patients who are not able to tolerate large loads of con-
trast agents, although further data are needed to sup-
port these findings.'

ECG-gated contrast CT with multiphasic acquisition
during 30% to 40% of the R-R interval (systole) is typi-
cally used to determine annulus and valve size."" The
standard method identifies the virtual basal ring by
connecting the three hinge points of the aortic sinus-
es.'¥ Area measurements taken at end-diastole have
been shown to be smaller by approximately 10%." CT
characterization of annular calcification can also help
with prosthesis size selection.” Annulus area is used
to determine prosthesis size for balloon-expandable
valves, while annulus perimeter is typically used for self-
expanding valves.

Patients with bicuspid aortic valves remain a chal-
lenge for transcatheter therapies. CT phenotypes and
stratifies bicuspid valve disease into risk categories of
low, intermediate, and high TAVR risk (Figure 1).'6
Key factors to consider include raphe presence, length
and calcification, leaflet distribution of calcium, and
intercommissural distance.'” The coexistence of exces-
sive leaflet calcium and a severely calcified raphe is the
highest risk and associated with poor early outcomes,
including moderate PVL or greater, aortic root injury,
and 30-day mortality.'® Sizing can be challenging in the
case of discordance of annulus size, left ventricular out-

flow tract (LVOT) size, and intercommissural distance.
In tapered anatomies or those with long/calcified raphe,
the default method of annular size estimate may lead
to oversizing. In these situations, supra-annular sizing
can be integrated into the decision regarding prosthesis
size. The supra-annular approach identifies the plane
where the prosthesis will anchor at the level of the
raphe’s maximum protrusion (ie, where the intercom-
missural distance is measured). This is typically 4 mm
above the annular plane.’”"® BAV remains an important
tool in understanding the tissue response in patients
with bicuspid aortic valves.

RISK ASSESSMENT
Coronary Disease and Obstruction

CT can be used to evaluate coronary anatomy prior
to TAVR. If proximal coronary disease is visualized, inva-
sive angiography may be needed for further assessment.
Approximately half of patients are spared from invasive
angiography pre-TAVR based on cardiac CT scan. One
study found that CT has a negative predictive value of
91%, suggesting that it may serve as a strong method to
rule out coronary disease prior to TAVR.™ CT fractional
flow reserve can identify the hemodynamic significance
of coronary disease seen on CT and thus identify more
patients who may not need invasive testing prior to
TAVR20
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Figure 2. Morphologic LVOT calcium features associated with a higher risk of annular rupture include calcium located beneath
the noncoronary cusp, presence of two or more calcific nodules, and significant extension of calcium into the LVOT. NCC, non-

coronary cusp.

CT is also used to assess for risk of coronary obstruc-
tion. Coronary obstruction is a rare event, with rates of
< 1% in large registries; however, when it occurs, it is
associated with high morbidity and mortality.”’>* Data
suggest that the risk of coronary obstruction is higher
in those who receive a balloon-expandable rather
than self-expanding valve (1.1% vs 0.4%).2% In native
aortic valve disease, the main mechanisms of coronary
obstruction are low coronary height (< 12 mm from
the annulus plane), small sinuses of Valsalva (SOV,
< 30-mm diameter), small sinotubular junction diame-
ter, long native leaflet length, and bulky leaflet calcium.
In one study by Ribeiro et al, 86% of patients with a
coronary obstruction had a left coronary artery height
< 12 mm, and SOV diameter was < 30 mm in 71.4%
of patients with obstruction; further, 67.9% of patients
with coronary obstruction had both left coronary artery
height < 12 mm and SOV diameter < 30 mm.? In cases
where the CT scan predicts a high coronary occlusion
risk, contrast or saline injection during BAV can help
with assessing risk prior to valve deployment. Either
leaflet modification or coronary protection are typically
performed in high-risk patients.

Annular Rupture

Although annular rupture is a rare event occurring in
< 1% of patients who undergo TAVR, it carries a high
in-hospital mortality rate.?> As such, preprocedural CT
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assessment of annular and LVOT calcium must care-
fully balance the potential for annular rupture and PVL.
Morphologic features of LVOT calcium that have been
identified as higher risk for annular rupture include the
presence of two or more nodules of calcification, one
nodule extending > 5 mm in any direction in the LVOT,
and calcium below the noncoronary cusp (Figure 2).26%
Procedural- and device-related factors that increase risk
in the presence of annular/LVOT calcium include over-
sizing (> 20% annular area), balloon postdilation, and
use of balloon-expandable valves. In one study, > 20%
annular area oversizing was present in 79% of patients
who experienced rupture versus 29% in those who did
not, and balloon postdilation was performed in 22.6%
versus 0%, respectively.??® Recent data suggest that
bespoke sizing may improve annular rupture risk—for
example, adjusting oversizing of a balloon-expandable
prosthetic valves by changing the volume used during
inflation based on presence of LVOT calcification.?

Root Angulation

CT assessment of the annular plane determines the
aortic root angulation and predicts the optimal valve
deployment view.3® Horizontal aortic angulation can
make accurate positioning and delivery of TAVR techni-
cally challenging.

In the early experience with self-expanding valves, an
angulation > 48° was associated with lower procedural



success compared to angulations < 48° (76.1% vs 96.4%).
In addition to a higher likelihood of procedural failure,
patients with higher degrees of angulation experienced
higher rates of PVL and pacemaker placement when

the procedure was completed.' These findings did not
extrapolate to balloon-expandable valves.3? However,
higher degrees of angulation have been noted to be asso-
ciated with increased 30-day mortality after the proce-
dure (3.3% vs 0.4%), suggesting that the degree of angu-
lation is still an important factor in the TAVR planning
process even when using balloon-expandable valves.>

VALVE-IN-VALVE TAVR

Cardiac CT provides a unique opportunity to accu-
rately identify the type and size of prior surgical pros-
theses, with most valves readily visualized using 3D seg-
mentation. In addition to confirming prosthesis type,
CT allows precise measurement of the internal diam-
eter, which will confirm current valve size. Adjunctive
tools such as the ViV Aortic application (Krutsch)
further support valve-in-valve (ViV) decision-making.
Compared with native TAVR, ViV procedures carry
a higher risk of coronary obstruction, making careful
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preprocedural assessment critical. In this context, the
valve-to-coronary distance is a key parameter, with
measurements < 4 mm strongly predictive of coronary
occlusion.® The risk of sinus sequestration can also be
evaluated by assessing the relationship between the
prosthesis and the sinotubular junction.?*3*4 In selected
cases, bioprosthetic valve fracture may be performed
to mitigate patient—prosthesis mismatch, underscoring
the importance of detailed evaluation of surrounding
structures to minimize procedural complications.

With over a decade of TAVR experience, redo TAVR
is becoming increasingly relevant. Similar to ViV pro-
cedures, preprocedural planning is primarily focused
on preserving coronary flow. Comprehensive CT-based
assessment—including evaluation of the index valve
and determination of the relationship of the coronary
risk plane and neoskirt plane—is essential, with dedi-
cated tools such as the Redo TAV application (Krutsch)
playing a key role in guiding procedural strategy.>

CONCLUSION
Comprehensive CT assessment is fundamental to
contemporary TAVR planning, providing detailed ana-
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tomic characterization that guides procedural strategy
and risk stratification. From access site evaluation

and prosthesis sizing to prediction of complications
such as coronary obstruction and annular rupture,

CT enables a tailored and patient-specific approach.
As experience with TAVR expands to more complex
anatomies and reinterventions, the role of CT contin-
ues to evolve, further enhancing procedural safety and
clinical outcomes. m
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