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Transcatheter aortic valve replacement is a new method 
to treat patients with symptomatic, severe aortic steno-
sis who are at high surgical risk. Short- and midterm 
results have been encouraging, with more than 90 000 
procedures performed worldwide. Patient selection, 
prosthesis sizing, and access strategies heavily rely on 
noninvasive imaging. Computed tomographic (CT) angi-
ography is increasingly used for peri-interventional eval-
uation, as this modality allows for objective three-dimen-
sional assessment of the aortic root, evaluation of the 
iliofemoral access route, and prediction of appropriate 
projection angles for prosthesis deployment. Compared 
with two-dimensional imaging techniques, CT provides 
comprehensive information about aortic annulus anat-
omy and geometry, supporting appropriate patient se-
lection and prosthesis sizing. Recently, integration of CT 
measurements into sizing algorithms has been demon-
strated to significantly reduce the incidence of paravalvu-
lar regurgitation, compared with prosthesis sizing with 
two-dimensional echocardiography. In addition, CT-
based vascular access planning has been shown to re-
duce vascular access complications. Postprocedural CT 
imaging allows for the documentation of procedural suc-
cess, evaluation of prosthesis positioning, and identifica-
tion of asymptomatic complications. In this article, the 
rapidly emerging role of CT in the context of transcath-
eter aortic valve replacement will be described.
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A ortic stenosis is the most preva-
lent cardiac valvular disease in 
the Western world (1,2). Aortic 

valve replacement is indicated for 
symptomatic patients with severe aor-
tic stenosis, because the prognosis for 
untreated patients is poor (3). Surgical 
valve replacement is the definitive 
treatment for severe aortic stenosis 
and is technically possible in patients 
of any age (3,4). However, as many as 
30% of patients with aortic stenosis 
are not considered surgical candidates 
because of comorbidities and esti-

mated extreme surgical mortality risk 
(5). Transcatheter aortic valve replace-
ment (TAVR, also referred to as trans-
catheter aortic valve implantation, or 
TAVI) is a recently introduced method 
to treat selected high-risk patients 
with aortic stenosis (6–8). As of mid-
2013, more than 90 000 procedures 
have been performed worldwide (9), 
mostly in patients at high surgical risk. 
Safety, efficacy, and noninferiority to 
conventional open surgery have been 
demonstrated in recent prospective 
multicenter investigations (10,11).

Prior to TAVR, patients undergo an 
extensive work-up to assess aortic root 
anatomy and the coronary and iliofem-
oral arteries. This evaluation is essen-
tial to determine patient eligibility and 
to ultimately guide procedure planning. 
Traditional diagnostic modalities used 
in the evaluation include echocardiogra-
phy, cardiac catheterization, and, in the 
case of a transfemoral approach, aor-
toiliac angiography (12). The results of 
these diagnostic studies are used to de-
termine the procedure’s feasibility, to 
select the access strategy, and for 
transcatheter heart valve (THV) sizing. 
The ability of computed tomography 
(CT) to comprehensively address all 
relevant aspects in the work-up for 
TAVR is increasingly recognized. Ac-
cordingly, CT has become increasingly 
relied on in a number of centers for the 
evaluation of the aortic annulus, the 
root, and the iliofemoral anatomy, with 
ever-growing evidence that integration 
of CT into TAVR planning actually re-
duces procedural complications, such 
as paravalvular regurgitation (13). In 
this article we describe the rapidly 
emerging role of CT for aortic root as-
sessment, CT-based THV sizing, ilio-
femoral assessment, and postprocedur-
al imaging in the context of TAVR.

Procedural Overview

Two THV systems have seen wide clin-
ical application: the balloon-expand-
able Edwards SAPIEN and SAPIEN XT 
valves (Edwards Lifesciences, Irvine, 
Calif; SAPIEN XT is currently not avail-
able in the United States) and the self-
expandable CoreValve ReValving 

System (Medtronic, Minneapolis, 
Minn; not currently available in the 
United States) (Fig 1) (6–8,14). Fur-
ther systems have recently received CE 
Mark or Conformité Européenne Mark 
certification in Europe, such as the 
JenaValve (JenaValve Technology, Mu-
nich, Germany) and the Direct Flow 
Medical Transcatheter Aortic Valve 
System (Direct Flow Medical, Santa 
Rosa, Calif). Other dedicated systems 
are on the verge of becoming clinically 
available. However, due to space limi-
tations, we focus on the two most 
prevalent systems.

In general, access to the native 
valve can be achieved by using a retro-
grade transarterial technique, typi-
cally via the femoral or subclavian 
arteries. Alternatively, an anterograde 
approach with a transapical technique 
can be used by cannulation of the car-
diac apex, although this route is not 
available for self-expanding THVs. 
THV deployment is now most com-
monly preceded by balloon aortic val-
vuloplasty to facilitate the passage of 
the THV through the stenotic native 
aortic valve. Subsequently, the unex-
panded valve is appropriately posi-
tioned within the native aortic valve 
annulus with fluoroscopic and often 
transesophageal echocardiographic 
guidance. The SAPIEN and SAPIEN 
XT valves are expanded by a balloon 
during burst ventricular pacing to 
minimize cardiac output and to pre-
vent migration of the valve during de-
ployment. The CoreValve is self-ex-
panding and is generally deployed 
without pacing. Achieving optimal po-
sitioning of the transcatheter aortic 
prosthesis is of great importance to 

Published online
10.1148/radiol.13120696  Content codes:    

Radiology 2013; 269:650–669

Abbreviations:
ECG = electrocardiography
PARTNER = placement of aortic transcatheter valve
3D = three-dimensional
TAVR = transcatheter aortic valve replacement
TEE = transesophageal echocardiography
THV = transcatheter heart valve

Conflicts of interest are listed at the end of this article.

Essentials

nn CT allows for simultaneous assess-
ment of the aortic root and ilio-
femoral morphology, thereby pro-
viding relevant information for 
determining patient eligibility, 
access strategy, and prosthesis 
selection in transcatheter aortic 
valve replacement.

nn As a three-dimensional (3D) im-
aging modality, CT enables as-
sessment of the aortic annulus in 
its true plane, allowing 3D as-
sessment of annular geometry 
and dimensions; CT thus enables 
refined prosthesis sizing with a 
lower incidence of paravalvular 
regurgitation compared with 
prosthesis sizing with two-dimen-
sional echocardiography.

nn Extraction of aortic root 
geometry from CT data can aid 
in the prediction of suitable pro-
cedural projection angles and 
thus enhance procedural success 
and efficiency.

nn CT angiography of the iliofemoral 
vasculature enables evaluation of 
vessel tortuosity, calcifications, 
and vessel diameters and may 
thereby inform decisions on the 
most suitable interventional 
approach.

nn Postprocedural CT imaging allows 
for the documentation of proce-
dural success, evaluation of pros-
thesis positioning, and identifica-
tion of asymptomatic 
complications.
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the procedural success, as the goal is 
to displace the native valve cusps and 
deploy the device within the native 
valve annulus. If the valve is deployed 
too low, there is an increased risk of 
heart block, paravalvular regurgita-
tion, and mitral valve dysfunction 
(15). Alternatively, if the valve is posi-
tioned too high, there is increased 
risk of valve embolization into the 
aorta, paravalvular regurgitation, and 
aortic root injury (15).

Figure 1:  A, Self-expanding Medtronic CoreValve 
composed of a nitinol stentframe and porcine peri-
cardial leaflets. B, Balloon-expandable Edwards 
SAPIEN XT composed of a cobalt-chromium stent-
frame with bovine pericardial leaflets.

Figure 1  Evidence Base: Trials of TAVR and 
Review of Current Data

As of mid-2013, multiple single and 
multicenter trials and registries have 
documented favorable outcomes by us-
ing a wide spectrum of endpoints, in-
cluding survival, symptom status, qual-
ity of life, and the need for repeat 
hospitalization. However, to date, PART-
NER (Placement of aortic transcatheter 
valve) A and B are the only two random-
ized trials evaluating TAVR in high-risk 
surgical and extremely-high-risk nonsur-
gical population (10,11). In PARTNER B, 
358 patients with severe aortic stenosis 
who were deemed at excessively high 
risk for conventional surgery were ran-
domized to medical treatment (includ-
ing balloon aortic valvuloplasty) versus 
transfemoral balloon-expandable TAVR 
(10). PARTNER B showed a 20% abso-
lute reduction in 1-year all-cause mor-
tality in the TAVR cohort, compared 
with the standard of care (30.7% vs 
50.7%). In PARTNER A, 699 high-risk 
but still operable patients with symp-
tomatic, severe aortic stenosis were 
randomized to either TAVR (transfem-
oral or transapical) or conventional 
surgery (11). In this trial, TAVR was 
noninferior to surgical aortic valve re-
placement for all-cause mortality at 1 
year (24.2% vs 26.8%) and at 2 years 
(33.9% vs 35.0%) (16).

While PARTNER B defined a new 
treatment option by documenting the 
superiority of transfemoral TAVR to 
conservative therapy in otherwise not 
operable patients, PARTNER A estab-
lished that TAVR constitutes an accept-
able alternative to conventional sur-
gery in selected high-risk, but still 
operable patients (10,11). One-year 
mortality rates in the nonrandomized 
European registry for the SAPIEN XT 
device were 18.9% for the transfemo-
ral approach and 27.9% for the trans-
apical approach, as patients treated 
transapically had a higher periopera-
tive mortality due to the more severe 
comorbidities in this cohort (17). For 
the CoreValve device, survival data are 
limited to single center and multicen-
ter registries, as data from random-
ized trials, such as the currently ongo-

ing Medtronic CoreValve U.S. Pivotal 
Trial, is not yet available (18). In the 
Italian registry, 1-year mortality was 
23.6% (19).

Major concerns that remain with 
TAVR are paravalvular regurgitation, 
vascular complications, and stroke. 
Paravalvular regurgitation, as diag-
nosed with postdeployment echocar-
diography, is usually categorized as 
trivial, mild, moderate, or severe 
(20). Moderate to severe paravalvular 
regurgitation was observed in 12.9% 
and 6.8% of TAVR patients at 30 days 
and 1 year, respectively, in PARTNER 
A, compared with 0.9% and 1.8%, re-
spectively, in the surgical arm (11). In 
PARTNER B, moderate or severe 
paravalvular regurgitation was pre-
sent in 11.8% of patients at 30 days 
and in 10.5% at 1 year (10). Impor-
tantly, paravalvular regurgitation has 
shown an association with increased 
in-hospital (21) and midterm mortal-
ity, as is clearly demonstrated by the 
2-year outcome data from the PART-
NER A cohort (16). Most important, 
even mild paravalvular regurgitation 
was associated with increased late 
mortality (16,22). Current data on 
vascular complications are discussed 
below.

Aortic Root Anatomy and THV 
Characteristics

The aortic root is the direct continua-
tion of the left ventricular outflow tract 
and extends from the basal attachment 
of the aortic valve cusps within the left 
ventricle to their peripheral attachment 
at the level of the sinotubular junction. 
The root is widest at the midpoints of 
the sinus and narrowest at the basal at-
tachment of the leaflets and the sinotu-
bular junction (23). The semilunar leaf-
let insertions take the course of a 
three-pronged coronet rather than 
forming a ring as implied by the term 
annulus. The base of the crown can, 
however, be thought of as a virtual 
plane, formed by the most basal attach-
ment points of the three cusps (Fig 2) 
(23,24). Although the anatomic config-
uration of the annulus has been exten-
sively described, insights into the in 
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vivo anatomy of the aortic valvular 
complex, which cannot be obtained 
from surgical or pathologic inspection 
of a nonbeating heart, only became 
possible with modern three-dimension-
al (3D) imaging techniques (25). In 
vivo, the aortic annulus has been shown 
to be of a noncircular, often oval shape 
at both 3D transesophageal echocardi-
ography (TEE) and CT (25–27). As a 
result, it does not lend itself to evalua-
tion with a two-dimensional imaging 
technique. Furthermore, the aortic root 
is a dynamic structure, with the aortic 
annulus not only subject to pulsatile 
changes, but also to contour deformity 
related to the movement of the aorto-
mitral junction or changing volume and 
pressure in the left atrium (28,29). 
Subsequent changes in geometry and 
dimension have to be considered but 
historically have been largely ignored or 
underappreciated.

Although a number of THV designs 
are in development and clinical test 
phases, our discussion focuses on the 
two most commonly used, clinically 
available THV platforms (Table 1). 

Figure 2:  Schematic of the aortic valvular 
complex and the virtual ring approach of the aortic 
annulus. Semilunar hinges of the aortic cusps form 
a three-pronged coronet. Most basal attachment 
sites are connected by the virtual ring, encircling the 
cross-sectional area of the aortic annulus and de-
fining its true plane.

Figure 2  Table 1

Valve Size, Introducer Profile, and Required Vessel Diameter

Device Introducer Profile Outer Sheath Dimensions
Required Vessel  
Diameter (mm)

Edwards SAPIEN THV with  
    RetroFlex 3 Delivery System
  23 mm 22F 25F (8.4 mm)  7
  26 mm 24F 28F (9.2 mm)  8
Edwards SAPIEN XT THV with  
  �  NovaFlex1 Delivery System  

and eSheath*
  23 mm 16F 20F (6.7 mm)  6
  26 mm 18F 21F (7.2 mm)  6.5
  29 mm 20F 27F (9 mm)  7
CoreValve ReValving System
  26 mm 18F Depend on sheath used  6
  29 mm 18F Depend on sheath used  6
  31 mm 18F Depend on sheath used  6

Note.— Edwards SAPIEN XT THV and CoreValve ReValving System are not approved in the United States.

* Expandable introducer sheath. The reported values are for the unexpanded state.

These two devices follow different de-
sign principles. The balloon-expand-
able second-generation SAPIEN, avail-
able in 23- and 26-mm diameters, 
consists of a trileaflet bovine pericar-
dial valve sewn into a tubular stainless 
steel stent of 14–16 mm in length. The 
third-generation SAPIEN XT THV (23, 
26, and 29 mm; 14–19 mm in length) 
utilizes a redesigned cobalt chromium 
alloy frame with thinner struts, en-
abling deployment by a lower profile 
delivery system. A 20-mm transfemo-
ral SAPIEN XT model has been utilized 
in Canada and Japan (14,30), a trans-
apical 29-mm THV is available in Can-
ada and Europe, and a transfemoral 
version of the 29-mm THV has recently 
been approved in Europe. The lower 
two-thirds of the struts are covered by 
a sealing cuff. The device is properly 
positioned if the THV inflow is located 
below the native annulus plane as the 
single point of fixation. The reported 
diameters are nominal diameters 
reached at both the ventricular and 
aortic ending when fully expanded by 
the balloon.

The CoreValve THV consists of a 
trileaflet porcine pericardial valve 
mounted on a self-expanding nitinol 

frame, which is markedly longer (53–
55 mm) than the balloon-expandable 
THV, as the unfolded prosthesis ex-
tends into the ascending aorta. The 
manufacturer refers to its valve as su-
pra-annular, as the valve leaflets are 
mounted approximately 12 mm above 
the ventricular end and are thus 2–7 
mm above the native annular plane. 
When correctly positioned with the 
ventricular end in an intra-annular po-
sition 5–10 mm below the bottom of 
the native noncoronary cusp, device 
migration is mainly prevented by radial 
force at the in-flow level, while the 
larger ascending aortic end predomi-
nantly aids proper device orientation 
and, to a lesser degree, device fixation. 
Intra-annular implantation and a seal-
ing skirt mitigate paravalvular regurgi-
tation. A constrained zone in the mid-
portion prevents occlusion of the 
coronary ostia. The CoreValve THV is 
available in nominal 26-, 29-, and 31-
mm diameters for annulus sizes of 
20–29 mm wit echocardiography, all 
mounted into an 18-F delivery system. 
Importantly, the nominal device diam-
eter refers to the diameter at the ven-
tricular end, not to the actual valve 
diameter.
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Preprocedural Assessment: CT 
Angiographic Technique and Protocols

When CT is integrated into the TAVR 
work-up, acquisition protocols have to 
address the following challenges: (a) 
provide motion-free images of the aor-
tic root at specific time-points within 
the cardiac cycle by means of electro-
cardiographic (ECG) synchronization, 
(b) compensate for arrhythmia such as 
atrial fibrillation, (c) long z-axis cover-
age to visualize the entire aorta includ-
ing the proximal supra-aortic vessels 
and iliofemoral axis, and (d) minimize 
contrast media volumes in the setting of 
impaired renal function.

The largest dimensions of the aortic 
annulus are ordinarily found during sys-
tole (31). Thus, in analogy to traditional 
echocardiographic assessment, ECG-
synchronized data acquisition should 
aim at covering the entire systolic car-
diac phase. At our institutions, we 
therefore prefer retrospectively ECG-
gated synchronization with high tube 
current settings common to routine 
cardiac CT protocols and rather wide 
pulsing windows. This incurs higher ra-
diation dose but allows for more lati-
tude in image reconstruction for assess-
ment of the annulus, which takes 
precedence over radiation dose reduc-
tion in this elderly population who fre-
quently have atrial fibrillation (32). A 
more relevant disadvantage of retro-
spectively ECG-gated techniques con-
sists in relatively long scan times, re-
quiring higher contrast media volumes. 
ECG-gated image acquisition should 
cover at least the aortic root, preferably 
the entire heart. Most often, the ECG-
synchronized data acquisition is then 
followed by a subsequent non–ECG-
synchronized CT angiographic study of 
the chest, abdomen, and pelvis for si-
multaneous assessment of the access 
route. This latter scan should extend 
from the proximal supra-aortic vessels 
(or the entire subclavian arteries if this 
access route is an option) and extend 
caudally to below the femoral heads so 
as to fully visualize the common femo-
ral artery access site.

Given the nature of the underlying 
disease, in our practice we do not ad-

minister additional b-blockers prior 
to CT to achieve lower heart rates. b-
blockers may depress left ventricular 
systolic function and thereby worsen 
symptoms caused by critical aortic 
stenosis. In addition, fast heart rates 
usually do not interfere with aortic 
root assessment to the same extent as 
with dedicated CT coronary artery 
evaluation.

TAVR Evaluation in Patients with 
Impaired Renal Function

Currently, patients who are consid-
ered for TAVR are ordinarily in a mul-
timorbid state and/or of advanced 
age, making them ineligible for a tra-
ditional surgical approach. While this 
fact minimizes possible concerns over 
radiation exposure, it is associated 
with a high prevalence of renal disease. 
In fact, recent single-center data from 
the German Heart Center (33) stated 
that 18% of patients undergoing TAVR 
had impaired renal function. Although 
the risk of permanent renal adverse 
effects after intravenous contrast me-
dia administration is less well studied 
than that after intra-arterial injection, 
the prevention of further renal deteri-
oration should be one of the priorities 
when planning a CT examination in 
the context of TAVR. Different ap-
proaches to reduce contrast media 
volumes currently exist. The sole use 
of high-pitch scanning protocols tar-
geting the systolic phase of the cardiac 
cycle at the level of the aortic root has 
been reported (34), without a preced-
ing ECG-gated acquisition of the aor-
tic root and/or heart. However, while 
this latter approach may enable a de-
crease in the total volume of contrast 
medium to 40 mL due to very short 
acquisition times, it does not allow for 
dynamic assessment of the aortic root 
and may be of limited use in patients 
with atrial fibrillation (34). In our ex-
perience, to reliably perform root 
measurements, the intraluminal con-
trast medium attenuation in the left 
ventricular outflow tract and the aor-
tic root can be lower than is desired 
for coronary CT angiography. We rou-

tinely reduce the contrast medium vol-
ume to as little as 30 mL, which allows 
for sufficient visualization of the aortic 
root if coverage of retrospectively 
ECG-gated CT data acquisition is 
limited to this anatomic structure. 
Evaluation of the iliofemoral vascula-
ture is then performed by subsequent 
high-pitch data acquisition by using 
the same contrast medium bolus, if 
this technique is available. Alterna-
tively, nonenhanced data acquisition 
of the abdomen and pelvis may allow 
for assessment of anatomy and calcifi-
cations (9). In cases of severe renal 
dysfunction, direct intra-arterial con-
trast media injection for iliofemoral 
CT angiography may be helpful. For 
this purpose, injection of less than 15 
mL of contrast media has been report-
ed to be sufficient (35,36). Finally, in 
patients with borderline renal func-
tion, we avoid performing CT angiog-
raphy and the invasive angiography 
the same day.

Aortic Annulus Measurement with CT

Because of the isotropic nature of im-
age data acquired with current CT 
systems, the aortic annulus can be as-
sessed in its true plane immediately 
below the hinge point of the aortic 
valve cusps (Figs 2, 3; Movie 1 [on-
line]). Most commonly, the long axis 
(maximum) and the short axis (mini-
mum) are then measured, allowing for 
the calculation of a mean diameter. 
Planimetry can also be performed, en-
abling both perimeter and area mea-
surements; derived diameters can be 
calculated on the basis of the formula 
for the area of a circle or the perime-
ter of a circle, respectively (37).

CT measurements have been shown 
to be highly reproducible at both inter- 
and intrareader correlation (32,38). 
The aortic root compliance and defor-
mation during the cardiac cycle result 
in cross-sectional area and diameter 
changes (Fig 4). Most interestingly, two 
components affect cross-sectional 
geometry: Stretch of the confining ana-
tomic structures leads to a simulta-
neous increase in area and perimeter 
during systole (31). However, flattening 
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Figure 4:  Contrast-enhanced retrospectively ECG-gated data set in a TAVR candidate with severe aortic 
stenosis. A, Midsystolic and B, early-diastolic double-oblique transverse views transecting through the an-
nulus plane at the most basal attachments of all three cusps. Pulsatile changes lead to an increase in perim-
eter and cross-sectional area during systole. Conformational geometrical changes are predominantly due to 
bulging and flattening of the aorto-mitral junction (dashed line) during systole and diastole with subsequent 
increase in eccentricity during diastole.

Figure 4 

of the aortic-mitral junction during di-
astole with subsequent shortening of 
short-axis dimensions leads to an in-
crease in eccentricity with a greater 
than proportional decrease in area 
compared with perimeter. Although re-
cent investigations first suggested that 
changes in perimeter are negligible in 
patients with severe aortic stenosis 
(28), we found an average 18.2% 6 6.1 
(standard deviation) relative difference 
between maximum and minimum 
cross-sectional area and an average 
7.3% 6 2.1 difference between maxi-
mum and minimum perimeter mea-
surements (31). This translates into 
differences in derived average diame-
ters of 8.7% 6 2.8 and 7.3% 6 2.1, 
respectively (31), which has implica-
tions for correct THV sizing (see be-
low). Largest dimensions are most 
commonly observed at 20% of the R-R 
interval (31).

Aortic Annular Geometry and THV 
Sizing: Evolving Role of CT

Current implantable valves are designed 
for specific annular sizes. Unlike during 
surgical aortic valve replacement, where 
prosthesis sizing is performed by using a 
sizing probe with the benefit of direct vi-
sualization, TAVR relies exclusively on 
pre-and periprocedural imaging for valve 
selection. Annular measurements have 
historically been performed by using 
two-dimensional transthoracic echocar-
diography, TEE, or calibrated aortic an-
giography; however, discordance be-
tween measurements obtained with 
these two-dimensional techniques has 
been reported (39–41). Compared with 
calibrated aortic angiography, transtho-
racic echocardiography systematically 
underestimates annulus dimensions by 
1.5 mm 6 2.3 (41), while there is no rel-
evant systematic difference between 
transthoracic echocardiography and 
TEE (40). The limitations of two-dimen-
sional measurement techniques mainly 
arise from the noncircular configuration 
of the annulus (25, 26, 38–40, 42–45) 
described above. There has been grow-
ing interest in better defining the shape, 
geometry, and size of the aortic root 
complex through the integration of 3D 

Figure 3:  Contrast-enhanced retrospectively ECG-gated data set in a TAVR candidate. A, Coronal oblique 
and, B, sagittal oblique views are adjusted so that the resulting, C, double-oblique transverse view transects 
through the most basal attachment points of all three cusps, defining the true annulus plane (virtual ring). 
Annulus dimensions can be evaluated by assessing minimum (min.) and maximum (max.) diameters with, D, 
subsequent averaging, E, planimetrically based on perimeter or, F, cross-sectional area followed by calcula-
tion of derived diameters.

Figure 3 
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imaging techniques such as CT, mag-
netic resonance (MR) imaging, and 3D 
TEE (25,46). The noncircular, ovoid, at 
times elliptical, nature of the annulus is 
reflected by significant differences, of 
5.5 mm on average, between the short 
and long axis, based on CT findings (45). 
It is well established that comprehensive 
CT-based determination of area- or pe-
rimeter-derived diameters or mean di-
ameter (average of short and long axis) 
typically results in measurements that 
exceed those obtained with echocardiog-
raphy. Two-dimensional echocardio-
graphic measurements usually transect 
the annulus close to its short axis. This 
systematic difference amounts to 1.1–
1.5 mm for TEE (27,38) and 1.3 mm for 
transthoracic echocardiography (41), 
compared with that for CT. Similarly, 
annular assessment with 3D TEE has re-
ported larger annular sizes than those 
observed by using traditional two-di-
mensional TEE (25). Because of its ec-
centric shape, the perimeter-derived di-
ameter will always exceed both the 
area-derived diameter and the mean di-
ameter according to short- and long-axis 
measurements (31,37).

Although CT is rapidly emerging as 
an attractive, comprehensive modality 
in the work-up for TAVR, current rec-
ommendations, clinical practice, and 
currently available randomized trial 
data (10,11) are solely based on echo-
cardiographic measurements of the 
annulus. Accordingly, patient eligibility 
for TAVR and THV sizing are largely 
determined on the basis of aortic an-
nulus measurements at transthoracic 
echocardiography and TEE. Clinical 
outcomes with TEE-based annulus 
measurements and routine oversizing 
of the valve by 1–2 mm in regard to 
the TEE-based annulus diameter have 
been satisfactory; however, there re-
main approximately 10%–15% of pa-
tients who develop postprocedural 
moderate to severe paravalvular regur-
gitation (10,11). There is hope that 
annular measurements acquired by us-
ing 3D imaging techniques, such as 
TEE and CT, will provide a more gran-
ular assessment of the aortic root and 
annular geometry and eccentricity to 
allow for more accurate sizing and 

thus reduce the rate of paravalvular 
regurgitation (39,45), further improv-
ing on these outcomes. As of mid-
2013, numerous retrospective analyses 
have demonstrated that 3D measure-
ments of the annulus at multidetector 
CT can identify patients who will expe-
rience greater than mild paravalvular 
regurgitation (45,47,48). Interestingly, 
this discriminatory capability was 
demonstrated to be superior to the 
discriminatory capability of TEE (49). 
Importantly, these CT annular mea-
surements have recently been shown 
to help reduce the incidence of greater 
than mild paravalvular regurgitation in 
a prospective, multicenter study, 
where the integration of CT into THV 
sizing reduced greater than mild para-
valvular regurgitation from 12.8% in a 
historical control group to 5.3% (13).

However, at present there are spe-
cific annular size limitations for TAVR 
based on echocardiographic measures 
of the annulus. For the Edwards SA-
PIEN valve, the annulus must measure 
between 18 and 27 mm (18–22 mm 
for 23-mm THV, 21–25 mm for 26-
mm THV, 25–27 mm for 29-mm 
THV). For the current generation of 
the CoreValve device, the annulus size 
must range between 20 and 29 mm 
(20–23 mm for 26-mm THV, 23–27 
mm for 29-mm THV, 26–29 mm for 
31-mm THV). The rapidly increasing 
variety of THV models has been driv-
ing the need for more accurate annu-
lus determination.

Proposed CT Sizing Guidelines

The development of CT-based sizing 
guidelines is a process in evolution. So 
far, this process has largely used ret-
rospective analyses of cohorts with 
and without paravalvular regurgitation 
in an attempt to better understand ap-
propriate THV sizing. There is evi-
dence that oversizing is inversely re-
lated to paravalvular regurgitation. It 
has been shown that CT modifies THV 
sizing strategies in 40%–44% of pa-
tients by using a mean of the short 
and long axis of the basal ring when 
compared with THV selection with 
TEE (38,40). However, given the satis-

factory success of the procedure so 
far, the suggestion of altering the siz-
ing approach in 40%–44% of cases 
has largely been rejected by the TAVR 
community. This is almost certainly 
appropriate given the fact that at pre-
sent, the only randomized data docu-
menting the efficacy of TAVR is based 
on echocardiographic sizing of the an-
nulus (10,11). However, CT with its 
isotropic spatial resolution and 3D im-
aging capabilities should add incre-
mental information to two-dimension-
al echocardiographic assessment. 
While these measurements have not 
been validated or integrated in ran-
domized trials, they have already 
proved to be helpful in predicting com-
plications of THV undersizing, such as 
paravalvular regurgitation (13,45,47) 
or contained aortic root rupture, with 
aggressive THV oversizing and landing 
zone calcification (50,51).

For CT measures of the aortic an-
nulus to move beyond mere additive 
information, a CT-based sizing scale 
must be integrated into THV selec-
tion. We propose a sizing scale based 
on both the mean of the short and 
long axis of the basal ring and the 
area measurement of the basal ring 
(Table 2). To minimize the risk of sig-
nificant paravalvular regurgitation, 
the implanted THV size should be 
greater than the 3D area of the annu-
lus at CT. In a recent analysis of our 
cohort, for THVs that were oversized 
by at least 10% of the annular area, 
there were no cases of significant 
paravalvular regurgitation (45). Inten-
tional oversizing may come at a poten-
tial cost of coronary occlusion or an-
nular rupture. However, this has not 
been our experience, with a historical 
unintentional oversizing of the area of 
the basal ring by approximately 5% 
on the basis of echocardiographic 
THV selection during the past 125 
cases (45), where no incident of coro-
nary occlusion or of annular injury 
occurred. Recently, 10%–25% over-
sizing of the perimeter of the aortic 
annulus at CT has been proposed as 
optimal for TAVR (52). The appeal of 
perimeter-based sizing is also likely to 
grow as recently published data sug-
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valve area; upsizing from a 26- to a 29-
mm valve is associated with a further 
25% increase (Table 2). These rather 
large incremental changes in THV area 
make it difficult to appropriately size 
borderline cases (Fig 5). For example, 
in the case of a mean 23.5-mm basal 
ring with an area of 4.45 cm2, the annu-

Table 2

Proposed CT Sizing Criteria for Balloon-expandable TAVR

Nominal THV Diameter (mm) External THV Area (cm2) Mean Diameter (mm) Annulus Area Measurement (cm2)
Relative Oversizing  
by Diameter (%)

Relative Oversizing  
by Area (%)

23 4.15 20–22 3.10–4.10 4.5–15 1–33
26 5.31 ,25 ,5.2 1–18 2–30
29* 6.61 ,28.5 ,6.6 1–16 0–27

* Currently not available in the United States.

gest that the perimeter may, in fact, 
be the most consistent measure 
throughout the cardiac cycle (28).

The practical application of current 
CT experience remains somewhat 
limited at present owing to the re-
stricted variety in valve sizes. Imagers 
and interventionists alike should under-

stand and consider the potential impli-
cations of CT-based sizing and the in-
crease in THV area when moving from 
the smaller to larger THVs. For the Ed-
wards balloon-expandable valve, upsiz-
ing from a 23- to a 26-mm balloon-ex-
pandable THV is associated with an 
exponential 28% increase in external 

Figure 5:  Illustration of relative over- and undersizing as a function of annulus diameter (Andiam) and selected THV 
size (THVdiam) for balloon-expandable TAVR, with nominal THV sizes of 23 mm (blue curve), 26 mm (red curve), and 
29 mm (green curve). Relative over- or undersizing (Relativeover-under [%]) is calculated as follows: Relativeover-under (%) 
5 (1 2 nominal THVdiam [mm]/Andiam [mm]) 3 100. For an area-derived annulus diameter of 23.7 mm, selection of 
a 23- or 26-mm THV would result in 3% undersizing or 10% oversizing, respectively (dashed red line). Calculation of 
relative over- or undersizing can be applied to effective diameter and also to area or perimeter.

Figure 5 
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paravalvular regurgitation were found 
to have a significantly higher valvular 
calcium burden than did patients 
without relevant paravalvular regurgi-
tation, with device landing-zone calci-
fication and asymmetric distribution 
as predictive factors of postdeploy-
ment paravalvular regurgitation (54). 
Distribution of calcification can be 
studied in more detail with allocation 
to the different structures of the val-
vular apparatus, that is, leaflet edges, 
commissures, and attachment sites of 
the cusps (53). In a study of 79 pa-
tients, calcification of commissures 
and of attachments sites was stronger 
predictor of paravalvular regurgita-
tion than calcification of the leaflet 
edges (53).

To date, the investigation of valvu-
lar calcium burden has been restricted 
to retrospective, single-center studies, 
with differing methods for calcium as-
sessment and for gauging paravalvular 
regurgitation. Overall, however, there 
is growing evidence of the important 
role of calcification in the development 
of paravalvular regurgitation and for 
predicting the need for postdilation, 
although it may be too early for gen-
eral recommendations on patient and 
THV selection for TAVR. In case of se-
vere calcification extending into the 
left ventricular outflow tract, higher 
THV implantation with balloon-ex-
pandable TAVR has been reported to 
reduce the likelihood of paravalvular 
regurgitation (54).

CT Evaluation of the Aortic Root beyond 
the Annulus

In addition to the annulus, complete 
anatomic characterization of the aortic 
root is needed for TAVR planning. Ad-
ditional data points include, but are 
not limited to, the distance of the coro-
nary ostia to the annulus, leaflet 
length, and width of the aortic sinus 
and the sinotubular junction as well as 
of the ascending aorta. These mea-
surements are important to define the 
geometry of the aortic root and to pre-
dict the risk of potentially catastrophic 
complications, such as coronary occlu-
sion and root rupture (15).

Figure 6:  Contrast-enhanced retrospectively ECG-gated data sets in two TAVR candidates. Transverse 
oblique maximum intensity projections of the aortic valve for evaluation of calcification burden show, A, 
asymmetric and, B, symmetric calcifications of all three cusps. C, Sagittal oblique view shows that calcifica-
tions extend into the left ventricular outflow tract.

Figure 6 

lus would appear too large for a 23-mm 
THV, with a high risk of paravalvular 
regurgitation; however, 26-mm prosthe-
sis would result in more than 20% over-
sizing, which may be unacceptable. This 
example highlights the important fact 
that, at present, THV selection remains 
a multifactorial decision based on a 
number of clinical and imaging factors 
and that imaging tools such as CT or 
echocardiography can merely provide 
guidance for THV selection. The poten-
tial to underfill the expansion balloon at 
the time of valve deployment to achieve 
a smaller nominal area is being ex-
plored, but data remain quite limited. 
Given these limitations, as THV sizing 
more formally integrates 3D measure-
ments, particularly from CT, a more 
meticulous and granular approach to 
THV sizing will almost certainly ensue. 
As a result, it seems likely that a larger 
number of THV sizes will be introduced, 
allowing for a more accurate and pa-
tient-specific selection of valve size.

Landing-Zone Calcification as a 
Predictive Factor for Paravalvular 
Regurgitation

In addition to annulus and root mea-
surements, pre-TAVR CT data may pro-
vide information about anatomic details 
predisposing to paravalvular regurgita-
tion and adverse post-TAVR outcome. 
Of interest to ongoing research is the 
extent of aortic valve calcifications, 
which has been recently investigated 
for both balloon-expandable (53,54) 

and self-expandable (55,56) TAVR de-
vices, as severe calcification may impair 
complete apposition of the sealing skirt 
to the native commissures, requiring 
subsequent THV postdilation to miti-
gate paravalvular regurgitation.

Valvular calcifications can be as-
sessed either visually and categorized 
as, for example, symmetric or asym-
metric (Fig 6), or they may be quanti-
fied analogously to coronary calcium 
scoring. Calcium quantification is tradi-
tionally performed with noncontrast 
medium–enhanced CT data sets (57). 
However, a recent study reported on 
the use of contrast medium–enhanced 
CT data for quantification by increasing 
the threshold for calcium detection 
from the traditional 130 HU to 450 HU 
(55). The use of contrast-enhanced 
data sets may improve proper attribu-
tion of calcifications to the different 
leaflets.

A recent retrospective analysis of 
110 patients who underwent self-ex-
pandable TAVR identified dense leaflet 
calcifications with an Agatston score 
of greater than 3000 at nonenhanced 
CT and a mass greater than 800 mg/
mm2 at contrast-enhanced CT as risk 
markers for immediate postdeploy-
ment paravalvular regurgitation and 
need for postdilation (odds ratio, 
29.6; 95% confidence interval: 3.6, 
242.9) (55). Similar findings were re-
cently reported from a retrospective 
study of 353 patients who had under-
gone balloon-expandable TAVR (54). 
Patients with mild postdeployment 
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In contrast to open valve replace-
ment, where the native valve leaflets 
are resected and the annulus is decal-
cified, in TAVR, the native leaflets and 
calcifications are simply displaced and 
at times crushed by the THV. This har-
bors the risk of coronary occlusion, in 
particular if the coronary arteries orig-
inate low within the sinus of Valsalva, 
which is further augmented by small 
sinus and long leaflets with bulky calci-
fications. The distance from the aortic 
annulus plane to the coronary ostia 
can easily be assessed at CT with use 
of multiplanar reformations (Fig 7). In 
a study of 100 patients with aortic ste-
nosis undergoing CT, the average 
distance of the left and right coronary 
ostia was 15.5 mm 6 2.9 and 17.3 mm 
6 3.6, respectively (58). However, the 
reported average distances vary and 
may depend on the measurement tech-
nique (eg, oblique from hinge point to 
coronary ostium vs parallel to the aor-
tic root axis) (26,58). Currently, there 
are no definite exclusion criteria based 
on the risk of coronary obstruction for 
both THVs discussed in this article, 
but an 11–14-mm distance cutoff range 
between the coronary ostia and the 
leaflet insertion has been proposed 
(15). In addition to the distance to the 
coronary ostia, other potential causes 
of coronary occlusion should be evalu-
ated, including the length of the aortic 
valve cusps and the extent of calcifica-
tion. Concern is much greater in the 
setting of heavily and diffusely calcified 
cusps than in the absence of calcifica-
tion or when the calcification is iso-
lated to the commissural insertion. We 
also assess the length of the left coro-
nary cusp and its relationship to the 
height of the left main coronary os-
tium.

In contrast to the Edwards THV, the 
CoreValve THV is longer and extends 
beyond the sinotubular junction into 
the ascending aorta. The manufactur-
er’s specifications require a minimum 
sinus of Valsalva width of 27, 29, and 
29 mm for the 26-, 29-, and 31-mm, 
respectively, THVs and a minimum si-
nus of Valsalva height of 15 mm. The 
maximum diameter of the proximal as-
cending aorta should not exceed 40, 43, 

and 43 mm for the three THV sizes. 
These dimensions can easily be extract-
ed from CT data sets.

CT-based Prediction of Angiographic 
Projection Angles for TAVR

In addition to annular sizing, CT can 
provide information about the aortic 
root orientation in relation to the body 
axis (15). For the actual valve implanta-
tion with TAVR, the interventionist re-
quires a fluoroscopy projection oriented 
orthogonal to the native valve plane to 
ensure a coaxial deployment along the 
centerline of the aorta. The desired an-
gulation can be achieved by means of 
multiple aortograms with stepwise opti-
mization of the fluoroscopy unit. How-
ever, repeat aortograms result in longer 
procedural time, higher radiation doses 
and, most importantly, higher contrast 
medium volume. Further, if accurate 
orientation is not achieved, there is a 
risk of inappropriate positioning of the 
device and increased likelihood of pro-
cedural complications such as stent em-
bolization (15,59).

The aortic valve is most commonly 
oriented in a cranial and anterior posi-
tion with a slight degree of angulation 
to the right. On this basis, the interven-

tionist typically uses a slight caudal an-
gulation when in a right anterior oblique 
(RAO) projection and cranial angula-
tion when in a left anterior oblique 
(LAO) projection. There are, however, 
significant variations in patient anat-
omy. The individual’s aortic root orien-
tation can be easily extracted from CT 
data sets to predict an appropriate an-
gle of implantation and to reduce the 
need for repeat aortograms, thereby 
reducing procedure time, contrast me-
dium volume, and radiation exposure 
(38,59). As with any disc-shaped object 
in a 3D space, there are numerous or-
thogonal projections of the native valve 
plane that follow a certain line of per-
pendicularity: Any point in the RAO to 
LAO spectrum can be utilized as long as 
the correct degree of caudal or cranial 
angulations is matched (60) (Fig 8, 
Movie 1 [online]). Given the physical 
constraints of a catheterization labora-
tory, working angles have to be realistic 
for use in the hybrid operating room. 
Common projections are (a) cranio-
caudal without RAO or LAO angulation, 
(b) straight RAO to LAO as needed 
without cranial or caudal angulation, 
and (c) LAO 30° with cranial or caudal 
angulation as needed, as suggested by 
Gurvitch et al (60).

Figure 7:  Contrast-enhanced retrospectively ECG-gated data set in a TAVR candidate with severe aortic 
stenosis displayed as double-oblique maximum intensity projections along the aortic root axis show assess-
ment of the distance of coronary ostia from the simultaneously encompassed hinge point (arrow). A, Left main 
coronary artery with unusually high orifice at the level of the sinotubular junction. B, Right coronary artery.

Figure 7 
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Appropriate projections are derived 
from CT angiographic data sets either 
manually by using the multiplanar ref-
ormation function of modern workflow 
platforms, provided that angulations 
are reported by the software (Fig 8), or 
by specifically designed applications. 
Recently, a number of intraprocedural 
technological solutions employing rota-
tional C-arm angiographic CT (DynaCT, 
Siemens Healthcare Sector, Erlangen, 
Germany; Paieon Medical, Rosh 
Ha’ayin, Israel) have been introduced 
for use in TAVR. While these tools offer 
similar capacity to predict coaxial an-
gles of deployment, these are done at 
the time of the procedure, unlike CT, 
which can provide similar information 
prior to the procedure. Recently, good 
correlation between preprocedural CT 
angle prediction and dynamic rotational 
angiography has been documented 
(61). An important limitation of prepro-
cedural angle prediction with CT is pa-
tient positioning. The angles predicted 
from CT are only transferable to the 
hybrid operating suite assuming the 
same positioning of the patient at the 
time of CT and TAVR. Awareness of this 
important limitation is essential to opti-
mize results and to most effectively in-
tegrate CT data into procedural plan-
ning and performance.

Iliofemoral Access: Current Data and 
Recommendations

The iliofemoral axis is the major route 
of delivery for the most commonly used 
THVs. Since the advent of TAVR, there 
have been ongoing refinements result-
ing in progressive reduction in the pro-
file of the delivery systems. Current de-
livery profiles, as well as manufacture 
recommendations for minimal vessel 
diameters, are listed in Table 1. Single-
plane angiography, which may be per-
formed at the time of coronary artery 
assessment, was considered a mini-
mum requirement for evaluation of the 
iliofemoral access route when TAVR 
first became available (12). This ap-
proach may provide adequate assess-
ment of luminal size but only a very 
limited evaluation of the presence of 
atherosclerosis, as well as the degree of 

Figure 8:  Prediction of orthogonal projection angles for TAVR by using multiplanar reforma-
tions. After identifying the annulus plane at the level of the basal attachments of the aortic 
cusps in the transverse double-oblique view (upper row), the coronal oblique view (lower row) is 
adjusted to achieve either a desired left anterior oblique (LAO) angle or a desired cranial (CRA)/
caudal (CAU) angle by adjusting the cross-bars in the transverse double-oblique view (yellow 
arrows). Corresponding orientation angles of the resulting coronal oblique view are displayed by 
the postprocessing software. Orthogonal projection angles follow a line of perpendicularity, 
indicating the caudal or cranial angulation needed in the spectrum of right anterior oblique to 
LAO projections. White arrows 5 hypothetic direction and orientation of x-rays for fluoroscopy. 

Figure 8 
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Figure 9:  Contrast-enhanced CT angiographic data sets of the iliofemoral access route displayed as co-
ronal maximum intensity projections and sections orthogonal to the centerline in curved maximum intensity 
projections in, A, an 82-year-old woman with only minor calcification of the iliac arteries but small vessel 
anatomy and, B, an 84-year-old woman with extensive, horseshoe calcifications of the iliac arteries and 
borderline vessel calibers, to assess suitability for transfemoral TAVR deployment. Avg. 5 average, Min. 5 
minimum, Max. 5 maximum. White arrow 5 level of measurements.

Figure 9 vessel tortuosity, particularly if limited 
to an anterior/posterior projection. Im-
portantly, vascular complications have 
emerged as the major cause of mortal-
ity and morbidity when pursuing the 
percutaneous transfemoral approach 
(10,62–64). For instance, the former 
large 22- to 24-F sheaths required for 
the SAPIEN THV were associated with 
vascular complication rates of 22.9% in 
the largest European registry (62) and 
of 30.7% in the North American PART-
NER 1B trial (10). The smaller 18-F 
sheaths required for the third-genera-
tion CoreValve delivery system have de-
creased vascular complication rates to 
1.9%–13% (63,65). Of note, the re-
ported incidence of vascular complica-
tions strongly depends on the defini-
tions. Vascular access complications 
have now been formally defined by the 
Valve Academic Research Consortium 
(66) to allow for meaningful compari-
sons of trial end points. They provide 
definitions for minor and major vascu-
lar complications.

Risk factors for vascular complica-
tions of and potential contraindica-
tions to transfemoral TAVR are exter-
nal sheath diameters exceeding the 
minimal artery diameter (depending 
on the device, Table 1) (6,15,67), 
moderate or severe calcification, pe-
ripheral vascular disease, and poten-
tially substantial vessel tortuosity (68). 
CT provides thin-section isotropic vol-
ume data of the iliofemoral arteries 
and can easily identify the presence of 
all these risk factors, allowing for a 
more definitive assessment of the ac-
cess route (Fig 9, Movie 2 [online]). 
Prior to introduction of TAVR, CT was 
already routinely used for endovascu-
lar aortic aneurysm repair, optimizing 
procedural outcome and making prior 
conventional angiography dispensable 
(69). Studies evaluating the use of CT 
for assessment of the iliofemoral vas-
culature prior to TAVR demonstrate 
that a substantial proportion of pa-
tients undergoing evaluation for poten-
tial transfemoral TAVR had unsuitable 
iliofemoral vasculature (32,67). One-
third of patients with severe aortic ste-
nosis had unfavorable iliofemoral 
arteries for a 24-F delivery system; in 

addition, nearly 80% of the patients 
evaluated had minimal luminal diame-
ters of less than 8 mm (67).

Calcifications are of particular sig-
nificance, if they are arranged in a cir-
cumferential or horseshoe-like pattern 
(Fig 9), especially when borderline 
vessel diameters are present. Such cal-
cifications will limit arterial expand-
ability to accommodate large-profile 
delivery sheaths, potentially increasing 
the risk of dissection or perforation. 
Circumferential calcifications may not 
be appreciated at single-plane angiog-
raphy, underlining the added value of 
CT (15,70). The minimal lumen diam-
eter should exceed the diameter of the 
delivery system; however, in our expe-
rience minimal luminal diameters 1–2 
mm smaller than the external sheath 
diameter do not necessarily preclude 
transfemoral TAVR if restricted to 
short segments and in the absence of 

severe calcification. The routine inte-
gration of CT, in combination with fur-
ther reductions in delivery system cali-
bers, provides an opportunity to 
decrease the rate of vascular complica-
tions. This improvement in outcomes 
has recently been realized in some 
centers, who report a decrease of ma-
jor vascular complications from 8% to 
1% and of minor vascular complica-
tions from 24% to 8% between 2009 
and 2010 (68). Importantly, CT was a 
strong predictor of vascular complica-
tions when the minimal artery diame-
ter was less than the external sheath 
diameter and in the setting of moder-
ate to severe vascular calcification. Al-
though often discussed in the litera-
ture, the risk arising from vessel 
tortuosity is uncertain, in part, due to 
a lack of a simple measure. In our ex-
perience, tortuosity in isolation is not 
a contraindication to TAVR and ilio-
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Table 3

Summary of Essential Imaging Findings and Suggested Items for Inclusion in the  
CT Report

Item Finding

Aortic valve
  Valve anatomy Tricuspid, bicuspid, functionally bicuspid
  Degree of calcification Mild, moderate, severe
  Distribution of calcifications Symmetric, asymmetric, extent of calcifications into LVOT
Aortic root dimensions Area or perimeter derived annulus diameter, short- and long-axis dimensions, distance of right and left coronary ostia to the annulus  

 � level and leaflet length, diameter of the aortic sinus, diameter of the sinotubular junction
Aortic root orientation (orthogonal  
    projection angles)

Required RAO/LAO angulation for 0° cranial/caudal angulation, required cranial/caudal angulation for 0° RAO/LAO angulation, required  
 � cranial angulation for 30° LAO angulation

Coronary anatomy Anatomy, anomalies
Ascending aorta and arch
  Dimensions Maximal diameter of the ascending aorta
  Disease Calcifications and atheromatous plaque
Descending and abdominal aorta Course, tortuosity, and presence of aneurysms
Iliofemoral access route
  Tortuosity …
  Calcifications None, mild, moderate, severe; presence of horseshoe or circumferential calcifications; particular emphasis on calcification of common  

 � femoral artery*
  Diameter Diameter of common iliac, external iliac, and common femoral artery
Subclavian artery
  Diameter …
  Disease Stenosis

Note.—LAO 5 left anterior oblique, LVOT 5 left ventricular outflow tract, RAO 5 right anterior oblique.

* Of particular importance when percutaneous approach is intended with usage of percutaneous suture system.

Figure 10 

Figure 10:  Postdeployment contrast-enhanced 
retrospectively ECG-gated CT study after TAVR with 
balloon-expandable SAPIEN THV with optimal posi-
tion. Volume-rendered reconstruction and multipla-
nar reformations show THV position in relation to 
the aortic sinus and left main (LM, open arrow) and 
right coronary arteries (RCA). Native valvular calcifi-
cations (solid arrows) are displaced into the aortic 
sinus (∗), while the coronary orifices are preserved. 
The THV is circularly unfolded at all levels and 
shows complete apposition with its entire circum-
ference at its inflow level to the upper left ventric-
ular outflow tract.
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Figure 12:  Postdeployment contrast-enhanced retrospectively ECG-gated CT study after TAVR with self-
expandable CoreValve with optimal position. Volume-rendered reconstruction and multiplanar reformations 
depict THV position in relation to the aortic sinus and left main (LM) and right coronary arteries (RCA). Native 
valvular calcifications are displaced into the aortic sinus (solid arrows), while coronary orifices (open arrows) 
and sinus are preserved due to THV’s constrained zone in its midportion. The THV is circularly unfolded at all 
levels and shows complete apposition with its entire circumference at its inflow level to the upper left ven-
tricular outflow tract.

Figure 12  femoral tortuosity 45° or greater does 
not appear to predict vascular compli-
cations (68). However, in the setting of 
borderline vessel caliber and signifi-
cant calcification burden, tortuosity 
may introduce an additional element of 
risk by adding further friction onto the 
delivery system, which may impact the 
advancement of and control over the 
catheter-based deployment system.

CT for TAVR Access Evaluation

CT for TAVR access evaluation usually 
includes 3D volume-rendered image 
display, curved multiplanar reformats, 
and maximum intensity projections. 
Multiple measurements are taken along 
the entire course of the iliofemoral 
system bilaterally, with the minimum 
luminal measurement recorded for 
each side and included in the report 
(Table 3, Fig 9). A description of the 
overall plaque burden and presence of 
iliofemoral calcification should also be 
provided. Identification of the specific 
location of areas with reduced luminal 
size is important. In some cases, access 
can be achieved proximal to the site 
with a cut-down approach. Particular 
attention is paid to any regions of cir-
cumferential or horseshoe calcification. 
Importantly, the minimal luminal diam-
eter should be provided along the en-

Figure 11 

Figure 11:  Postdeployment contrast-enhanced 
retrospectively ECG-gated CT studies after TAVR 
with balloon-expandable SAPIEN THV in three pa-
tients with, A, B, optimal, C, D, low, and, E, F, too 
high inflow position relative to the native annulus 
plane. Upper row are coronal oblique reconstruc-
tions; lower row are sagittal oblique views, similar to 
parasternal long-axis views at echocardiography. 
Dashed blue lines 5 native annulus plane. Native 
valve leaflets overly THV outflow with too low posi-
tioning (arrow). Even with optimal positioning, THV 
struts may partially overly the coronary ostia (∗). 
With too high positioning, coronary stent struts 
overly the left coronary ostium; however, with the 
THV seal confined to the lower two-thirds of the 
prosthesis, this does not imply coronary ostium 
occlusion.
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tire course of both the right and left il-
iofemoral system down to the femoral 
head. If applicable, the report may in-
clude a recommendation on the favor-
able side.

Figure 14:  Postdeployment contrast-enhanced retrospectively ECG-gated CT study reveals migration of a 
self-expandable THV from the annulus plane occurring with too high deployment (systolic image reconstruc-
tions). A, Coronal oblique view shows the THV inflow is partially dislodged from the aortic valve. B, Transverse 
double-oblique view at the level of the inflow shows that only the right and left coronary cusps are still in 
contact with the THV struts (solid arrows), while the noncoronary cusp is not encompassed by THV (open 
arrows mark native valve calcifications).

Figure 14 

CT is also a helpful adjunct for the 
evaluation of other access routes. CT 
can depict atheroma or bulky calcifica-
tions in the aortic arch (22), which 
might incur the risk of stroke when dis-

lodged by mechanic manipulation dur-
ing an intervention (18). In the setting 
of unfavorable iliofemoral anatomy, a 
subclavian or trans-apical approach 
may be selected. CT can provide similar 
anatomic detail for the subclavian 
system, as well as preprocedural locali-
zation of the left ventricular apex, to 
assist with the transapical puncture.

Concomitant Cardiac Disease

The extent and degree of left ventricular 
hypertrophy, particularly involving the 
basal septum, and the angle between the 
aorta and the left ventricle are impor-
tant in planning the TAVR procedure. A 
septal bulge extending into the left ven-
tricular outflow tract can provide a chal-
lenge to the operator at the time of valve 
deployment and can conceivably result 
in malpositioning, particularly at the ter-
mination of the pacing run. Left ventric-
ular dysfunction can also influence the 
strategy for performing TAVR. As an ex-
ample, it is generally accepted that in 
patients with severely depressed left 
ventricular function the number of pac-
ing runs should be minimized to de-
crease the likelihood of hemodynamic 
compromise. There also needs to be an 
awareness of the presence of pre-exist-
ing aortic regurgitation, as balloon dila-
tion may worsen the severity of aortic 
insufficiency and cause hemodynamic 
compromise (71). As with most aspects 
in TAVR, preparation is of utmost im-
portance as rapid deployment of the 
valve is necessary in the setting of aortic 
regurgitation.

Post-TAVR Imaging: Expected and 
Unexpected Findings

Although technically limited by its two-
dimensional nature, prosthesis position 
can be assessed on the routinely ob-
tained postdeployment angiogram. Fur-
thermore, intraoperative transesopha-
geal echocardiography aids in the 
demonstration of appropriate prosthesis 
function and positioning and for evaluat-
ing paravalvular regurgitation. To date, 
there is no formal recommendation on 
performing routine follow-up CT angio-
graphic studies in TAVR recipients. The 

Figure 13:  Postdeployment contrast-enhanced retrospectively ECG-gated CT studies after TAVR with the 
self-expandable CoreValve THV in three patients with A, B, optimal, C, D, low, and, E, F, too high inflow posi-
tion relative to the native annulus plane. Dashed blue lines 5 level of native aortic annulus. Upper row are 
coronal oblique reconstructions; lower row are sagittal oblique views, similar to parasternal long-axis views 
at echocardiography.

Figure 13 
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Figure 16:  Postdeployment contrast-enhanced retrospectively ECG-gated, A, long-axis and, B, short-axis 
CT views reveal contrast medium–filled outpouching of the latero-apical wall of the left ventricle, diagnostic 
of a suture aneurysm (solid arrow). Cannulation of the true apex was not performed due to relative median 
position. Focal pericardial hyperattenuating structure resembles suture material (open arrow).

Figure 16 

risk of repeat contrast media exposure 
has to be weighed against the clinical 
benefit and the likelihood of actual con-
sequences, which may be limited as the 
high perioperative mortality risk will of-
ten preclude corrective surgery for com-
plications in patients treated with TAVR. 
At our institutions, we perform follow-up 
CT angiography in case of equivocal find-
ings with other imaging modalities or in 
patients who develop new-onset symp-
toms after their procedure.

However, postinterventional CT, if 
performed, provides direct 3D feed-
back to the interventionist on prosthe-
sis positioning and may reveal underly-
ing causes for paravalvular leaks. The 
typical appearance of the Edwards SA-
PIEN THV on postdeployment CT 
scans is illustrated in Figure 10. With 
balloon-expandable TAVR, postdeploy-
ment CT will show a circularly un-
folded THV in the majority of patients 
(27,39,45), with native leaflet calcifica-
tions displaced toward the native si-
nus. An eccentric deployment (eccen-
tricity index . 0.1) may be observed in 
the setting of heavy (39) and asymmet-
ric calcifications. With ideal deploy-
ment, the ventricular inflow is located 
below the native annulus plane, with 
the outflow ending extending beyond 
the tips of the native leaflets (Fig 10). 
If the point of deployment is too high, 
this results in an inflow position above 
the basal insertion of the native leaf-
lets. The THV is deployed too low 
when the outflow portion of the sealing 
cuff (lower two-thirds) is positioned 
below the most basal attachment 
points (Fig 11). Importantly, THV 
struts may overlay the coronary ostia, 
in particular in patients with low sinus 
heights. This does not imply ostia oc-
clusion, as the upper third of the THV 
is not covered by a sealing cuff (Figs 1, 
10).

Postdeployment CT findings are re-
markably different with the CoreValve 
THV. The typical appearance of the Co-
reValve THV on postdeployment CT an-
giogram is illustrated in Figure 12. Due 
to the self-expandable nature of the de-
vice, its postdeployment geometry is 
naturally more adaptive to underlying 
anatomy, extent, and degree of native 

Figure 15:  Postdeployment contrast-enhanced retrospectively ECG-gated CT study after self-expandable 
TAVR in a patient with severe native valve calcifications. Postdeployment transverse double-oblique CT views 
reveal, A, too high positioning of the THV inflow with, B, incomplete expansion of the inflow due to bulky 
calcifications (arrows), as well as incomplete apposition of the native commissure between the noncoronary 
and left coronary cusp (∗), giving rise to paravalvular regurgitation.

Figure 15 

leaflet calcifications, while native annu-
lus geometry is preserved. If correctly 
positioned (tips of ventricular struts 
5–10 mm below the annulus plane, Fig 
12), the ventricular inflow is most of-
ten incompletely expanded, while the 
constrained part of the THV with its 
supra-annular valve is more uniformly 
expanded (72). If deployed too high 
(Fig 13), the ventricular inflow may 
eventually migrate out of the valvular ap-

paratus (Fig 14) and the inflow may be 
partially covered by the native leaflets.

From our own experience, postde-
ployment CT may provide explanations 
for postprocedural paravalvular regur-
gitation, such as incomplete apposition 
of the native commissures (Fig 15). 
However, optimal THV positioning and 
expansion at CT does not rule out 
paravalvular regurgitation. Further 
complications confined to the aortic 
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root and heart are coronary obstruc-
tion, cardiac tamponade, aortic root 
rupture, aortic dissection, suture an-
eurysms (Fig 16) with the transapical 
approach (73), and contained rupture 
(50) with formation of pseudoaneu-
rysms (Fig 17).

CT Assessment of Structural and 
Functional THV Integrity

Similar to endovascular aortic repair 
(74), long-term durability of the THV 
is of major concern. Given the differ-
ent components of THVs, the following 
aspects are of interest: structural in-
tegrity of the stent frame, absence of 
valve recoil and migration, and leaflet 
integrity and durability. CT is capable 
of evaluating the stent frame and posi-
tion and thus may provide evidence of 
long-term durability. Furthermore, CT 
may depict leaflet thickening or calcifi-
cations. Data on THV longevity are 
currently limited. In a study of 21 pa-
tients at a minimum of 3 years after 
implantation of a balloon-expandable 
THV, CT did not show any evidence of 
stent fracture or leaflet degeneration, 
while it demonstrated preserved circu-
larity of the stent frame (75). Recently, 
these findings were confirmed in a 

Figure 17:  A, Coronal oblique and, B, transverse double-oblique images of contrast-enhanced retrospec-
tively ECG-gated CT study in an asymptomatic 84-year-old woman who underwent routine post-TAVR CT on 
postoperative day 7 reveal correct THV positioning. However, a contrast medium–filled aneurysm (arrow) is 
discernible adjacent to the aortic root at the position of the native left coronary cusp, originating from the left 
ventricular outflow tract, establishing the diagnosis of contained aortic root rupture. Close relation to the left 
main coronary artery (∗) can be appreciated.

Figure 17 

larger study of 50 patients at more 
than 1 year after balloon-expandable 
TAVR. Of note, as documented with 
CT, circularity was present in 96% of 
patients, maintaining full expansion 
without stent fracture at an average of 
2.5 years after TAVR (76). In a subset 
of eight patients with immediate post-
implant CT scans, serial comparison 
did not reveal evidence of stent migra-
tion as assessed by the distance from 
the top of the stent to the origin of the 
left coronary ostium (75). This single-
center evidence has to be validated in 
a larger scale study for the balloon-ex-
pandable THVs. There is even greater 
paucity of long-term follow-up CT data 
for the CoreValve THV. So far, long-
term structural integrity of the CoreV-
alve THV has only been assessed at 
plain fluoroscopy (77).

Conclusion

TAVR has seen substantial advance-
ments over recent years, with rapidly 
growing data supporting its use and 
demonstrating satisfactory midterm 
outcomes. While echocardiography re-
mains an integral component of TAVR 
imaging, CT with its 3D imaging capa-
bilities provides robust assessment of 

annular and aortic root morphology 
and dimensions, which provides critical 
incremental information. At the same 
time, this modality uniquely allows for 
simultaneous assessment of iliofemoral 
access and angiographic angle predic-
tion. With ongoing device development 
and the integration of advanced imag-
ing methods, such as CT, there will al-
most certainly be continued improve-
ment in the safety profile and a potential 
for further broadening of the indication 
of TAVR in the management of symp-
tomatic aortic stenosis.
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