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Rationale and Objectives: Aortic stenosis (AS) is one of the most common valvular heart disease. Symptomatic AS is associated with a high
mortality rate which prompts fast intervention. The introduction of transcatheter aortic valve replacement (TAVR) has drastically improved the
outcome of high surgical risk for mortality patients with severe AS. However, this procedure requires the employment of multimodality imaging
in the pre-procedural planning, intra-procedural optimization, and post-procedural follow-up stages. This also requires an accurate understand-
ing of the indications, measurements, strength, and limitations of each imaging modality during the different TAVR stages.

Conclusion: In this review, we aim to outline to radiologists the evidence-based approach and indications of different imaging modalities
through the pre, peri, and post TAVR stages.
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Abbreviations: AS Aortic stenosis, TAVR Transcatheter aortic valve re
tomography angiography, TEE Transesophageal echocardiography, C
placement, SAVR Surgical aortic valve replacement, CTA Computed
T Computed tomography, TTE Transthoracic echocardiography, AVA

Aortic valve opening area, LV Left ventricle, LVOT Left ventricular outflow tract, CMR Cardiovascular Magnetic Resonance,MRAMagnetic
Resonance Angiography, SSFP Steady-state free precession, BAV Bicuspid aortic valve, STJ Sinotubular junction, AR Aortic regurgitation,
MRMitral regurgitation, BASILICA Bioprosthetic or native aortic scallop intentional laceration to prevent iatrogenic coronary artery
obstruction, EOA Effective orifice area, CCT Cardiac computed tomography, HALT Hypoattenuated Leaflet Thickening, RLM Reduced
Leaflet Motion, PDIP-SOS Proton density-weighted in-phase stack of stars.
INTRODUCTION
A ortic stenosis (AS) is one of the most common type of
valvular heart disease (1, 2). The prevalence of mod-
erate AS can be as high as 5% in 75-year-old patients

(3). Symptomatic AS is associated with a high mortality rate
which prompts fast surgical aortic valve replacement (SAVR)
or transcatheter aortic valve replacement (TAVR) to alleviate
the stenotic valve and improve survival (4). TAVR is a mini-
mally invasive procedure that has drastically improved the
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outcome of patients with severe aortic valve disease (1, 4). Pro-
cedure-related complications are majorly related to inaccurate
image assessment of multiple significant parameters as annular
geometry (1). Multi-image modalities are employed during
TAVR planning, TAVR procedure, and follow-up. Echocar-
diography is used as the first image modality to assess and diag-
nose AS and establish its severity (5). However, computed
tomography angiography (CTA) is the gold standard study for
planning, guiding TAVR procedure, and predicting risks and
possible complications. CTA helps to improve the clinical out-
come of patients with AS by adequate patient selection, treat-
ment planning, device selection, and positioning (6). In this
review, we aim to highlight from a radiologist's point of view
the multitude of image modalities employed pre, peri, and
post-TAVR procedures with an increased focus on CTA.
PRE-TAVR IMAGING

Table 1 provides a summary of the parameters to be assessed
with the respective image modalities employed in the pre-
TAVI stage.
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TABLE 1. Summary of the parameters to be assessed in the pre-TAVI stage.

Parameters Image Modality Importance and Complication(s)

Aortic Valve Complex
Aortic Annulus Can be assessed by echocardiogra-

phy, ECG-synchronized CTA and
MRA.
ECG-synchronized CTA is the
image modality of choice. TEE is
employed when CTA is
contraindicated.

Important parameter used to deter-
mine prosthetic valve sizing.
Oversizing may result in annular
rupture.
Under sizing may result in para-
valvular regurgitation.

Valvular and device landing
zone calcification

Can be assessed qualitatively by
echocardiography, and quantita-
tively and qualitatively by CT and
MRI.

Important to be assessed since it
affects AS severity. Severe aortic
stenosis is very likely when CT
Agatston scores are � 3000 for
men and� 1600 for women.
Severe calcifications in LVOT
increase the risk of complications.
Severe calcifications in the land-
ing zone and in the aortic valve
increase the risk of paravalvular
regurgitation and rupture.

Aortic Valve Cuspidity Can be assessed by echocardiogra-
phy, CT and MRI.
TEE and CT are preferred in
severely calcified valve.

Important to classify aortic valve.
Ascending aortic dilation and
aneurysms are more commonly
seen in the bicommissural
morphology.

Coronary ostial height and
sinus of valsalva

CT Coronary ostial height is important
to be measured since short
heights are associated with peri-
procedural coronary occlusion.

Sinotubular Junction CT STJ diameter smaller than the trans-
catheter heart valve predicts a
higher risk of STJ injury in the case
of balloon-expandable devices.

Aortic Stenosis Severity Aortic Valve opening Area
(AVA).
AVA indexed to body
surface area.
Aortic Jet Velocity
Transaortic Gradient
Pressure

Echocardiography
AVA can be measured by CCT and
CMR when echocardiography is
equivocal.

Important parameters measured by
transthoracic echocardiography to
classify and assess aortic valve
severity.

Vascular Access Planning Assess the arterial caliber
Assess the vascular
angulation
Assess for the presence of
calcification
Assess vascular tortuosity
Assess the atherosclerotic
burden

Non-ECG synchronized CTA or
unenhanced MRI
CTA is the gold standard image
modality for assessment of vascu-
lar access. Unenhanced CMR is
used when CTA is contraindi-
cated.
Duplex ultrasound is used in
transcarotid approach
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Diagnosis of Aortic Stenosis

Echocardiography: is the first image modality employed to diag-
nose AS. It plays an essential role in TAVR planning since it
confirms the presence of severe AS disease and provides addi-
tional anatomical and functional information which is crucial
in this stage. Echocardiography enables the visualization of the
morphology, number, and movement of aortic cusps. In
S70
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addition, it helps to qualitatively assess the presence of calcium
deposition (7). It is worth noting that in severely calcified aortic
valves, 2D transthoracic echocardiography (TTE) should be
substituted by transesophageal echocardiography (TEE) or
computed tomography (CT) scan since they provide better
and accurate visualization of aortic valve morphology which is
essential for estimating the prosthetic valve sizing (7). There-
fore, TEE is considered the gold standard modality for AS
ty of Beirut from ClinicalKey.com by Elsevier on April 16, 
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assessment since it overcomes TTE limitations such as poor
acoustic window and provides better visualization of aortic
valve morphology when calcified AS is present (5). Due to its
more invasive nature, TEE is employed when there is uncer-
tainty of the AS diagnosis, aortic calcification, or limited sono-
graphic window of imaging during TTE (8).
The flow-dependent aortic jet velocity and transaortic gra-

dient pressure and the flow-independent aortic valve opening
area (AVA) are key parameters used in the diagnosis of severe
AS (9). Almost 50% of severe AS present as a high gradient.
The other 50% consists of low flow or/and low gradient AS.
According to the 2014 American Heart Association and
American College of Cardiology Valvular heart disease
guidelines, and in the setting of normal stroke volume, severe
high gradient AS is defined by the presence of aortic trans-
valvular velocity of � 4 m/s and/or mean transvalvular gradi-
ent pressure � 40 mm Hg and AVA � 1 cm2 or AVA index
� 0.6 cm2/m2. Low flow AS is defined as AVA � 1 cm2
(with AVA indexed to body surface area �0.6 cm2/m2) and
stroke volume � 35 mL/m2. Low gradient AS is defined as
AVA � 1 cm2 (with AVA indexed to body surface area �0.6
cm2/m2) with a gradient pressure < 40 mmHg (10).
Figure 1. Transthoracic echocardiographic approach for the diagnosis
measurement of LVOT diameter by 3D TTE/TEE, LVOT stroke volume by
ods. ** Calculate indexed AVA (<0.6 cm2/m2).
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Patients with low gradient severe AS can have true severe
or pseudo-severe AS (low transvalvular gradient is caused by
mild/moderate AS with low stroke volume mimicking severe
AS). Pseudo-severe AS are unlikely to benefit from TAVR;
therefore, it is essential to differentiate between these entities
by dobutamine echocardiography. Low dose dobutamine (20
mg/kg/min) induces an increase in left ventricle (LV) con-
traction resulting in a constant AVA <1 cm2 with an
increased mean gradient in true severe AS and failure to
increase in pseudo-severe AS (7). Figure 1 demonstrates the
transthoracic echocardiographic algorithmic approach in the
diagnosis and assessment of severe aortic stenosis.

High attention should be taken when calculating the fol-
lowing parameters:

- The aortic jet velocity is the peak velocity measured by
continuous-wave doppler US at any window. Radiolog-
ists should measure the highest velocity multiple times in
different windows to obtain accurate values (9). A study of
100 consecutive patients with severe AS shows that mea-
suring the highest velocity in the right parasternal window
was superior compared with other windows. On contrary,
of aortic stenosis. *Calculate doppler velocity (<0.25), Corroborate
other echo methods and measurement of AVA by other echo meth-
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the measurement of the highest velocity in the apical win-
dow was associated with the misclassification of AS (11).

- The left ventricular outflow tract (LVOT) diameter is one
of the parameters used to calculate the AVA. It should be
measured in the mid-systole phase of the cardiac cycle in-
between the inner edges approximately 0.5-1 cm below
the aortic annulus. Calcification in this area should be
excluded to avoid underestimation of LVOT which con-
sequently will underestimate the severity of AS (12). 3D-
TTE is preferred in measuring LVOT since it reveals its
elliptical shape and avoids inaccurate measurements when
compared to 2D TTE (11).

Echocardiography is known for its limitations (5):

- It is an operator-dependent image modality; hence, we
only recommend experienced operators to assess AS in this
setting.

- It has poor acoustic windows and lacks a three-dimen-
sional image aspect.

- Inadequate alignment of the ultrasound beam and flow
dependence could result in inaccurate measurements.
Computed tomography (CT) and Cardiovascular
Magnetic Resonance (CMR)

CT may be beneficial to refine AS diagnosis where it allows
the measurement of the AVA (13), the assessment of aortic
valve cuspidity when echocardiography is equivocal (14, 15),
and the evaluation of valvular and landing zone calcifications
(16). Aortic valve calcification with cardiac computed tomog-
raphy (CCT) is highly reproducible (17). It can be quantified
by the employment of the Agatston score with non-contrast
CCT. Clavel et al. showed a correlation between aortic valve
calcium score and AS severity which made the use of non-
contrast CCT important in patients with unknown severity
(18). The technique is similar to the one used in coronary
artery calcium score evaluation with sex-specific thresholds;
an Agatston score of �3,000 in men and �1,600 in women
predicts severe AS, while an Agatston score of <1,600 in
men and <800 in women indicates a less probability of severe
stenosis (16). CMR can be used to evaluate AS severity
anatomically by assessing valve planimetry using high-resolu-
tion steady-state free precession (SSFP) cine images (19). Fur-
thermore, it allows the evaluation of aortic valve cuspidity
when echocardiography is equivocal (15).
AORTIC VALVE COMPLEX AND MEASUREMENTS

The aortic root consists of aortic valve cusps and its leaflet
attachments, the fibrous interleaflet triangles, sinotubular
junction, sinuses of Valsalva, and the annulus (Fig 2a) (20,
21). One of the most important steps in planning for TAVR
is the measurement of aortic valve dimensions which include
the LVOT, aortic root components, and height of coronary
S72
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arteries. Those factors are essential to determine the appropri-
ate size of the prosthetic valve and subsequently prevent the
prevalence of peri and post TAVR complications (11). For
example, over or under-sizing of TAVR prosthesis may result
in aortic root rupture, valve embolization, or paravalvular
regurgitation (7).
Aortic Annulus

The aortic annulus is the most important parameter used to
determine prosthetic valve sizing (11). It is an asymmetrical
oval and virtual ring formed by the basal hinge point of the
aortic valve cusps (Fig 2b). This results in the shortest annulus
measurement when imaged at the sagittal plane and the lon-
gest measurement in the coronal plane (11). 3D image
modalities are preferred over 2D in visualizing the annulus
due to their elliptical nature. The annulus is measured at the
lowest hinge point of the aortic leaflets of the aortic root at
mid-systole at the sagittal plane parasternal for TTE and mid-
esophagus for TEE. TEE can be used for the assessment of
AS severity when there is uncertainty of diagnosis or limited
window when employing TTE. By employing TEE, deep
gastric views, Aortic valve gradient and PW doppler of
LVOT can be easily obtained. Interestingly, studies have
shown that the 3D TEE aortic annular sizing measurements
correlate well with CT measurements. Therefore, 3D multi-
plane TEE is the imaging modality of choice to measure aor-
tic annular sizing when CT is contraindicated (8).
Computed Tomography
CT is the imaging technique of choice in evaluating aortic
valve anatomy and size. It provides an accurate assessment of
aortic root, aortic valve, commissures, annulus, calcifications,
and distance from coronary ostia (5).

ECG-synchronized CTA of the aortic root and heart: during
the entire cardiac cycle should be obtained since aortic root
parameters differ throughout the cardiac cycle. Systolic scan
coverage, during which the largest aortic root dimensions are
obtained, is needed to choose the adequate size of the trans-
catheter heart valve (22, 23). Diastolic scan coverage assesses
the aortic valve morphology and plays a major role in the
determination of valve size in the case of septal hypertrophy
(23-25). The axial thin-sliced multiphasic data set should be
obtained with <1mm slice thickness, small field of view, and
a 512 £ 512 matrix for ECG-synchronized CTA of the aor-
tic root and heart in order to cover the cardiac structures
alone and to have a better spatial resolution. Furthermore,
the mean age of patients treated with TAVR is around
80 years old in multiple clinical trials (26, 27). Thus, the
image quality, rather than radiation dose, will be the major
concern during image acquisition, to avoid study repetition
and contrast administration, specifically in this age group
which is more prone to kidney dysfunction.

An adequate arterial opacification (>250 HU) is needed
after contrast administration (28) for better vascular evalua-
tion. The administered contrast dose is usually between 50
ty of Beirut from ClinicalKey.com by Elsevier on April 16, 
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Figure 2. illustrates a schematic drawing of the (a) ascending aorta and its corresponding aortic complex, (b) the three-dimensional crown-
like arranged aortic root showing the left, right, and noncoronary cusps and their corresponding hinge points forming the virtual annular ring
(red ring) and (c) the axial CT image of the aortic complex showing the true measurement at the level of the virtual ring (blue line), measurement
at the level of the upper outflow tract with good correlation with hinge point plane (yellow line) and measurement upward in the aortic sinus
overestimating annulus size (green line).
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and 100 cc, with lower doses in case of kidney dysfunction.
Image quality can be affected by elevated heart rate. How-
ever, heart rate control with beta-blockers is not advised due
to its side effects in case of severe aortic stenosis (6).
Aortic annulus definitions and measurement techniques: The

transection of the most basal attachment points of the three
aortic valve cusps in one plane is essential for anatomical siz-
ing of the aortic annulus. The annular plane can be identified
manually by standard multiplanar reformats or using a soft-
ware-based facilitating workflow with manual identification
of the basal attachments points by using the software to place
points with the subsequent position of the plane, or by a
semiautomated software-based anatomical segmentation,
which is verified by a trained observer and manual correction
where required (6) (Fig 2c).
Multiple contouring tools exist for annular size quantifica-

tion, including cubic spline interpolation, polygon tool,
attenuation/Hounsfield unit-based contour detection, and
freehand contour techniques (Fig 3). These tools give the
annular area in either [mm2] or [cm2]. Smoothing algorithms
are needed when using the latter techniques because these
tools create irregular contours that falsely increase the annular
perimeter. Most techniques give automatically short and long
axis dimensions in [mm] using different methods that give
information on the eccentricity of the annular cross-sectional
Downloaded for Anonymous User (n/a) at American University 
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dimensions and are better than manual caliper measurements
when assessing the overall annular size (6).

While drawing the annular contour, no tissue should be
seen within the contour and no contrast should be seen out-
side it and should be drawn in harmonic fashion irrespective
of the presence of calcification (6). A double-oblique annular
plane is necessary to achieve accurate measurements of aortic
annulus (5). The annular area varies with the cardiac cycle
phase, being larger during systole (22, 29). Hence, annular
size quantification should be performed by choosing the
reconstruction phase which yields the largest annular dimen-
sion with adequate image quality to avoid annular under-siz-
ing (6). Sufficient contrast attenuation, absence of motion
artifacts, and double contours are subjective criteria that can
be used to assess image quality (6).

The annular area and perimeter are essential to determine
the sizing of balloon-expandable devices and for self-expand-
able devices application respectively (6). It has been shown
that annular measurements based on short and long-axis
diameters are less reproducible than area or perimeter derived
diameter and basal ring average diameter (30). Oversizing
occurs when the native annulus is smaller than the deployed
valve and it is measured as a percentage [%]: Oversizing
[%] = (Valve nominal measurement/annular
measurement � 1) £ 100 (6).
S73
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Figure 3. demonstrates the different contouring tools for computed tomography annular segmentation which include (a) the freehand tool
which allows the drawing of a non-smooth irregular line around the aortic annulus, (b) the polygon tool which allows the manual placement of
points around the aortic annulus which are then connected by straight lines and (c) the spline interpolation tool which prompts the manual
placement of points which are connected by cubic spline interpolation.
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Annular oversizing (especially with >20% oversizing) may
increase the risk of annular rupture in presence of protruding
landing zone calcification, particularly when present below
the non-coronary cusp (31, 32). Other risk factors for annular
rupture are female sex, use of balloon-expandable valves, and
prior radiation therapy (6).

Magnetic Resonance Angiography (MRA)
Interestingly, cardiac gated 3D non-contrast-enhanced mag-
netic resonance angiography provides accurate aortic annulus
measurement with low variability which correlates well with
CTA measurements. This has made MRA an alternative
imaging modality in patients where CTA is contraindicated
(contrast media allergy, renal disease) and echocardiography
when acoustic windows are restricted. Major limitations of
MRA are inadequacy for imaging patients with metallic devi-
ces, claustrophobia, and its longer acquisition time (1, 33).
Aortic Valve Morphology

Calcification
The device landing zone is formed by the aortic annulus, the
valvular cusps, and the LVOT (up to the junction point of
the anterior mitral leaflet) (34). Calcification in the aortic
complex is of special concern to radiologists and/or cardiolo-
gists since severe calcification within the LVOT and aortic
valve increases the risk of paravalvular regurgitation (35).
Therefore, it is essential to obtain an adequate description of
the annular (within the annular plane) and sub-annular (upper
4 to 5 mm of the LVOT where the device gets into contact)
S74
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calcium deposition. Calcification can be assessed qualitatively
by echocardiography and CCT. In addition, CCT provides
the ability to quantitatively assess the calcium burden using
the Agatston method (17).

Qualitative Calcification Assessment by Echocardiography
or CT (5):
- Presence of calcification: absent, mild, moderate, and
severe.
- Number of calcifications: single and multiple.
- Extend of calcification: Symmetrical, asymmetrical, and
circumferential.

- Position of Calcification: Annular or sub annular.
- The thickness of calcification: Linear or nodule-like.
- The aspect of calcification: Crescent, flat, adherent, pro-
truding, and involving the cusps.
Quantitative Calcification Assessment by CT - Agatston

method (5):

- Severe AS is very likely considered when Agatston scores
are � 3000 for men and� 1600 for women.

- Severe AS is likely considered when Agatston scores are
� 2000 for men and� 1200 for women.

- Severe AS is unlikely considered when Agatston scores are
< 1600 for men and< 800 for women.
Cuspidity of Aortic Valve
Echocardiography is employed to differentiate tricuspid and
bicuspid aortic valves (7,12). Bicuspid aortic valve appears as a
fish-mouth (2 commissures) valve opening with closed raphe
whereas a tricuspid aortic valve appears as an immobile tri-
ty of Beirut from ClinicalKey.com by Elsevier on April 16, 
ion. Copyright ©2024. Elsevier Inc. All rights reserved.



Figure 4. shows the schematic drawing of the bicuspid aortic valve Sievers classification which characterizes the valve according to the
number of raphes where (a) Type 0 has no raphe (b) Type 1 has one raphe and (c) Type 2 has two raphes.
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leaflet valve with flow in all three commissures. TTE has high
sensitivity and specificity for bicuspid aortic valve diagnosis in
valves with no or minimal calcification. However, in the case
of heavily calcified valve, color TEE and CT are preferred
over TTE (7,12).
The rate of bicuspid aortic valve (BAV) in patients present-

ing for TAVR may reach up to 6 % (36). A lower device suc-
cess rate and a higher risk of paravalvular regurgitation occur
in presence of BAV (37). There are several classifications of
BAV morphology with Sievers classification being one of the
most commonly used (38) which describes three different
types according to the number of raphes (Figure 4): type 0
consists of valves with no raphes, type 1 with one raphe, and
type 2 with 2 raphes. In the latter type, two hinge points exist
to determine the annular size, for which a specific measure-
ment technique is used (6). Ascending aortic dilation and
aneurysms are more commonly seen in the bicommissural
morphology. Description of raphe length and degree of calci-
fication is essential since a higher risk of paravalvular regurgi-
tation and rupture was seen with severe raphe calcification
(37, 39).
Coronary Ostial Height and Sinus of Valsalva
Assessment

It is important to measure the coronary height prior to TAVR
procedure since a short coronary ostial height is associated with
an increased risk of periprocedural coronary occlusion (5). This
occurs due to the occlusion of the coronary ostium by dis-
placed calcified coronary cusps. This risk should be assessed on
CT by measuring the coronal ostial height from the annulus
Downloaded for Anonymous User (n/a) at American University 
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and the mean diameter of the sinus of Valsalva which predicts
a higher risk of coronary occlusion if measure <10 mm and
<30 mm, respectively with a narrow STJ (40).

The coronary ostial height should be measured in a per-
pendicular fashion to the annular plane using an electronic
caliper tool from the annular plane to the lower edge of the
coronary artery ostium (Figure 5). The sinus of Valsalva
diameter should be measured cusp to commissure in parallel
to the annular plane using three caliper measurements. For
symmetric sinus of Valsalva anatomies, the three values can
be averaged (6).
Sinotubular Junction and Ascending Aorta

The sinotubular junction (STJ) height should be measured in
a perpendicular fashion to the annular plane using an elec-
tronic caliper tool from the annular plane to the lowest edge
of the STJ, producing value in [mm]. STJ diameter should be
measured using a caliper tool on an imaging plane aligned
with the STJ. An STJ diameter smaller than the transcatheter
heart valve predicts a higher risk of STJ injury in the case of
balloon-expandable devices with low STJ height and calcifi-
cation. Ascending aortic pathology should be evaluated and
measured on double-oblique multiplanar reformats in [mm],
either at the level of the greatest width or at the level of the
main pulmonary artery (6).
VASCULAR ACCESS PLANNING

CT is recommended universally to assess vascular access dur-
ing the pre-TAVR procedure. Vascular complications
S75
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Figure 5. illustrates the sagittal computed tomography of the aortic complex demonstrating the (a) left coronary ostial height (yellow line)
measured from the lower edge of the left coronary artery ostium to the annular plane perpendicularly and (b) the right coronary ostial height
(yellow line) measured from the lower edge of the right coronary artery ostium to the annular plane perpendicularly.
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account for 2-30% of all TAVR-related complications.
Therefore, a comprehensive assessment of vascular access
anatomy, size, patency, tortuosity, and presence of calcifica-
tion is essential. This is most commonly performed with con-
trast-enhanced CT or MRI.

Non-ECG synchronized CTA of the aorto/ilio/femoral vascula-
ture: It helps in choosing adequate vascular access, which is
most commonly the common femoral artery. The scan cov-
erage should include the aorta, iliac arteries, and common
femoral arteries by extending from the upper thoracic aper-
ture to the lesser trochanter (6, 41). The axial data set recon-
struction for vascular access assessment should be obtained
with �1.5 mm slice thickness, a large field of view, and either
filtered back projection or iterative reconstruction.

There are multiple approaches for TAVR access. The
transfemoral approach accounts for almost 90% of all TAVR
procedures whereas transapical, aortic, axillary, and other
approaches account for the remaining 10%.
Transfemoral Approach

Studies have shown that transfemoral vascular access has
higher success and lower mortality rate compared to other
vascular approaches.

CTA is the gold standard image modality for the assess-
ment of vascular access in the pre-TAVR stage. For the iliofe-
moral approach, it is important to assess the arterial caliber (it
should be at least 5.5 mm with 6.5 mm being ideally for an
18F delivery system), vascular angulation (>90 degree is gen-
erally problematic), presence of calcification (eccentric
S76
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calcifications is not a problem whereas concentric calcifica-
tion anywhere between the aortoiliac bifurcation to femoral
arteries is problematic) and atherosclerotic burden (42). Addi-
tionally, a good assessment for the presence of aortic artery
aneurysm, tortuosity, and thrombotic lesions should be per-
formed since this could lead to an increased risk of complica-
tions when manipulating large catheters (2).

When CTA is contraindicated, unenhanced CMR can be
performed. It provides a good correlation with CT in terms
of aortic annulus and aortoiliofemoral diameter measure-
ments (2). However, one of the major limitations of CMR,
in this case, is its inability to detect calcifications that directly
influence the vascular approach. Gadolinium-enhanced
MRA can be employed for the assessment of vascular access
(2, 33). Also, CMR using proton density-weighted in-phase
stack of stars technique (PDIP-SOS) could be used for the
assessment of aorto-iliac calcifications as multiples studies
demonstrated its great correlation with CTA (43, 44).
Transaxillary Approach

In many hospitals, the transaxillary approach is considered the
second most commonly employed vascular access after trans-
femoral. Similarly, to the transfemoral approach, the vascular
caliber (>6.5 mm), presence of calcifications, tortuosity and
angulation should be taken into consideration pre-TAVR.
Interestingly, this vascular access was shown to match well
with transfemoral access in terms of procedure success, vascu-
lar complications, and a 2-year survival rate albeit with a slight
increase in stroke risk (42). Transaxillary access is not
ty of Beirut from ClinicalKey.com by Elsevier on April 16, 
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recommended for patients with short axillary arteries or sig-
nificant tortuosity (2).
Transaortic Approach

This approach utilizes an upper ministernotomy to access the
aorta. In this approach, it is important to assess the angulation
of the aorta where a horizontal ascending aorta (>70° angula-
tion) has a higher risk of valve malalignment. This approach
can be safely employed in patients with lung diseases or low
ejection fraction (2). Few contraindications include the pres-
ence of a short ascending aorta, porcelain aorta, and patients
with previous bypass graft surgery with proximal anastomosis
on the ascending aorta (42).
Transapical Approach

This approach involves puncturing the left ventricular apex
after rib retraction and passage through the left pleural cavity.
It accounts only for 1% of TAVR procedures and is the only
approach that is anterograde and avoids cardiopulmonary
bypass and sternotomy (2). Hemostasis issues may arise in
a fragile ventricle and scarring can further reduce the left
ventricular ejection fraction in patients with LV dysfunc-
tion. Contraindications include patients with advanced
lung disease, low ejection fraction and left ventricular
aneurysm (2).
Transcarotid Approach

It is one of the most common approaches employed in
patients with multiple vascular diseases. It provides a direct
and short route for accessing the aortic annulus. Transcarotid
approach has an increased risk of ischemic brain injury
prompting extensive imaging of the carotid artery and cere-
bral circulation prior to TAVR to assess its suitability. This is
done with carotid duplex ultrasound, head CT, and brain
MRA. The transcarotid approach is associated with minimal
to no paravalvular leak, short hospital stay, early ambulation
post-procedure, and minimal bleeding. Contraindications for
this approach are patients with carotid artery diameter of >
8 mm or severe tortuosity (2).
OPTIMAL PROJECTION CURVE

CT scan can predict the appropriate C-arm position required
for TAVR which is performed with specific fluoroscopic
projection angulations (45), providing that patient’s chest is
positioned similarly on the CT table as during the procedure
(6). These angulations optimize the initial pre-deployment
fluoroscopic angulation with a reduction of radiation expo-
sure, contrast usage, and procedural time (45). Typical views
are either the 3 cusps view or cusps overlap view (6).
In patients with renal failure or iodinated contrast

medium allergy, MRI can be an effective substitute to
CT during the pre-TAVR planning phase, keeping in
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mind that MRI needs a longer acquisition time and
requires patient cooperation.
PERI-TAVR IMAGING

Procedure Imaging

TAVR procedure is performed under sedation with fluoro-
scopic imaging which provides real-time monitoring and guid-
ance of transcatheter navigation. It is majorly employed in
conjunction with echocardiographic imaging which helps
assess for immediate peri-TAVR complications such as tampo-
nade, pericardial effusion, coronary occlusion, aortic dissection,
aortic regurgitation (AR), and mitral regurgitation (MR) (41).
TEE was the initial image modality used in TAVR intraproce-
dural guidance, but recent data showed a significant reduction
in its application (from 60.7% in early TAVR 2 registry to
32.3% in later FRANCE TAVR data) (41). Furthermore, this
was associated with a significant drop in in-hospital and 30-day
mortality rates. Although TEE provides better visualization of
structures and is associated with less incidence of acute kidney
injury, physicians are substituting it with TTE due to its less
invasive nature, no need for general anesthesia, and its associa-
tion with shorter TAVR procedure time (8). The selection
between TTE or TEE should be individualized according to
the patient’s specific condition.

Fusion imaging with EchoNavigator technology (Philips
Medical System, Best, the Netherlands) provides patient-spe-
cific imaging by fusing fluoroscopic and TEE volumetric
imaging data. This technology facilitates the manipulation
and guidance of the prosthetic valve during TAVR and helps
cardiologists to find the most suitable position for prosthetic
valve deployment. CT does not play a role in peri-TAVR
imaging (41).
Immediate Complications

Immediately after valve deployment, echocardiography is
used to assess valve positioning, shape, leaflet motion, valvular
mean pressure gradient, maximal velocity, and effective ori-
fice area. Additionally, it provides a means to assess for imme-
diate life-threatening TAVR complications (8).
Coronary Ostia Obstruction
It is important to visualize the coronary ostia and assess its
flow by TEE and color doppler after prosthetic valve deploy-
ment to rule out eventual coronary ostial obstruction. Coro-
nary obstruction is a rare life-threatening TAVR
complication most commonly affecting females. It has an
incidence of 0.66% and a one-year cumulative mortality rate
of 45.5%. This complication can occur seconds to minutes
from prosthetic valve deployment or after hours to years fol-
lowing insertion (46). Patients with a coronary ostial height
CT measurement of <10 mm and mean diameter of the sinus
of Valsalva <30 mm, are at increased risk of developing coro-
nary obstruction post-TAVR (40). Coronary obstruction can
S77
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also result in ventricular wall motion abnormalities and dys-
function (11).

Recent techniques have emerged to prevent coronary ostia
obstruction mainly coronary protection technique and bio-
prosthetic or native aortic scallop intentional laceration to
prevent iatrogenic coronary artery obstruction (BASILICA)
procedure (47, 48). The coronary protection technique is
employed post-TAVR in cases where there is impairment of
coronary blood flow by wiring the coronary ostia with stent
implantation (48). The BASILICA is a novel transcatheter
technique employed immediately pre TAVR where the aor-
tic leaflet is lacerated and split in two using radiofrequency
from guidewire and is pushed aside during TAVR to main-
tain coronary artery blood flow preventing coronary ostial
obstruction (47).
Aortic Root and Ascending Aorta Rupture and Dissection
It is a rare and life-threatening condition in which physicians
should keep a low suspicion threshold in patients with rapid
clinical deterioration. The incidence of aortic dissection
accounts for 0.2 to 0.3% of all TAVR complications. It occurs
during TAVR deployment possibly due to aortic damage
from guidewire, mispositioning of the valve, or following
balloon dilatation. If suspected, unenhanced CT is employed
to assess for intramural hematoma, and then contrast-
enhanced gated CT is performed for the evaluation of the
dissection flap (46).
Mitral Valve Injury or Mitral Regurgitation
Mitral regurgitation can occur due to valvular injury or rup-
ture chordae tendinea while manipulating the wire when
entering the left ventricle.
Transvalvular and Paravalvular Aortic Regurgitation (AR)
Its incidence is associated with increased short and long-term
mortality rates in TAVR patients. Transvalvular AR occurs
due to the employment of stiff wires across the aortic valve
(11). Most transvalvular AR cases are resolved after the
removal of the TAVR procedural wire. Paravalvular regurgi-
tation occurs due to inadequate prosthetic valve apposition to
the annulus secondary to heavy calcifications (on the device
landing zone) and under-sizing, or malposition of prosthetic
valve (46). Unfortunately, paravalvular AR impacts nega-
tively TAVR's long-term prognosis with even mild paravalv-
ular regurgitation being associated with an increased
mortality rate (46). Doppler echocardiography, mainly
through a parasternal short-axis approach, is employed to
assess and grade paravalvular AR, where the circumferential
burden of paravalvular jets classifies it as mild (<10%), mod-
erate (10-29%), and severe (>= 30%) (46). Additionally,
CMR can effectively detect paravalvular regurgitation due to
its phase-contrast sequences which provide flow measure-
ments in the aorta (49). In cases of paravalvular regurgitation,
S78
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balloon dilatation, plug insertion or a new prosthetic valve
deployment may be required (11).
Pericardial Effusion and Tamponade
Pericardial effusion and tamponade should be suspected in
patients in the setting of hypotension. Perforation from the
RV can usually be managed by pericardiocentesis, in contrast
to an LV perforation that necessitates an emergent surgical
intervention and is associated with high mortality rates (11).
Valve Migration and Embolization
It is a rare complication that accounts for less than 1% of all
TAVR complications in Corevalve and 0.2% in Evolut R
valve (49). It occurs within 60 minutes of valve deployment
and results from malpositioning of the prosthetic valve leading
to its complete displacement from its original implanted posi-
tion reaching the aorta or left ventricle (46). Patients with aor-
tic root angulation and asymmetrical calcifications of the aortic
valve are at increased risk of developing this adverse event (46).
Annular Rupture
Aortic annular rupture accounts for 1% of all TAVR compli-
cations. It is classified according to its location (intra-annular,
sub-annular, or supra-annular) (46). It occurs due to inaccu-
rate measurements of the aortic annulus area leading to pros-
thetic valve oversizing. Additionally, failure of detection of
LVOT calcification may result in aortic annular rupture (49).
Clinically patients may become hemodynamically unstable
due to the development of cardiac tamponade or may present
with AV fistula, septal defects, and intraluminal hematomas.
POST-TAVR IMAGING

Postprocedural follow-up is employed to evaluate structural
valve status and post-TAVR complications. TTE is the main
image modality employed to assess valve function. According
to the Valve Academic Research Consortium (VARC)-2,
follow-up TTE is recommended at one, six, and 12 months
post TAVR procedure and yearly thereafter (11). Addition-
ally, it should always be performed in TAVR patients who
develop a new-onset murmur or symptoms of heart failure
(11). There is no consensus for the employment of routine
CCT imaging post-TAVR unless a complication is suspected
or detected through TTE (6). CCT is employed in conjunc-
tion with echocardiography when there is high suspicion for
infective endocarditis, valve thrombosis, structural degenera-
tion, and when patient is hemodynamically unstable.

1. Stent fracture

It is an extremely rare complication mainly detected by the
presence of an indentation or discontinuation of the metallic
structure of the prosthetic valve by CT (46).
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Figure 6. CT Angiography showing hypoattenuating leaflet thickening involving >50% of the aortic prosthesis, consistent with leaflet throm-
bosis. Patient had TAVR three years ago and presented with increasing dyspnea at minimal exertion.
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2. Valve Thrombosis

Valve thrombosis is a relatively common late complication
of TAVR, characterized by a significant increase in doppler
aortic valve gradient (increase in the mean gradient of
�10 mm Hg over time) (46). Once this is detected, an ECG-
gated CT is recommended due to its high spatial resolution
and minimal artifact from the metallic stent (49). CT imaging
of the prosthetic valve will show crescent-shaped hypoatte-
nuated leaflets thickening (HALT) with reduced leaflet
motion (RLM) and filling defects in the valvular cusps (Fig 6)
(46).
The extent of HALT and RLM can be graded by 4D-CT

imaging into (50):
Grade 0: No HALT and RLM.
Grade 1: � 25% HALT or RLM.
Grade 2: 26-50% HALT or RLM.
Grade 3: 51-75% HALT or RLM.
Grade 4: >75% HALT or RLM.

3. Conduction Disturbances

Conduction disturbance is a common post-TAVR com-
plication. It is associated with increased hospitalization and
mortality rates (46). Atrioventricular block may occur due to
the close relationship between the device landing zone and
the conduction system and warrants pacemaker insertion,
particularly in the presence of severe sub-annular calcification
and pre-existent right bundle branch block (51). It is esti-
mated that almost 6-20% of patients require pacemaker
implantation post-TAVR (46).
Left bundle branch block risk is higher with increased

depth of implantation post-TAVR using balloon- or self-
expandable prostheses (52, 53). An associated deep implant
depth or pre-existent right bundle branch block and short
semi-membranous septum, less than 8 cm, increases the risk
of conduction abnormalities (54, 55).
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4. Prosthesis-Patient Mismatch

It results from the mismatch in effective orifice area (EOA)
of the prosthetic device compared to the patient's body size,
where the former is too small in relation to the latter. It is less
common in TAVR procedures compared to SAVR. It is
diagnosed by using the EOA index to body surface (EOAi)
where it is absent if EOAi >0.85 cm2/m2, moderate if
0.65� EOAi <0.85 cm2/m2 and severe if
EOAi<0.65 cm2/m2.

5. Infective Endocarditis

It is a life-threatening complication that may occur around
6 months post-TAVR.
CONCLUSION

TAVR has become the standard procedure for managing
patients with moderate to severe AS. Imaging plays a crucial
role in pre, peri, and post TAVR procedure. In the pre-
TAVR stage, CT and echocardiography provide the ability
to assess AS severity, patient’s suitability to TAVR, and deter-
mine prosthetic valve sizing which is essential for a successful
TAVR procedure. Furthermore, echocardiography provides
real-time guidance during the procedure and the ability to
evaluate for early and late complications. Multi-image modal-
ities may be employed in each stage for the achievement of
optimal guidance due to the complexity and confounding
structural and functional cardiac conditions.
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