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MDCT IMAGING BEFORETRANSCUTANOUS AORTIC VALVE IMPLANTATION:
RATIONALE AND MEASUREMENTS

L. Ardies', Th. Vancauwenberghe', T. De Beule', M. de Booij?, PK. Vanhoenacker’

Since its introduction in 2002, transcatheter aortic valve implantation (TAVI) has assumed growing importance in the
treatment of patients with severe aortic stenosis (AS), because it offers a much less invasive alternative for those in
high risk for surgery. Good early results and advances in percutaneous valve technology have led to a substantial
increase in procedural success rate and number of patients undergoing this less invasive treatment.

Pre-procedural screening of several anatomic factors to assess the feasibility of this technique is important. Multi-
detector row computed tomography (MDCT) is the technique of choice in assessing these factors. This technical note
aims to describe and illustrate the key elements that need to be evaluated before the procedure.
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Aortic valve stenosis is one of the
most frequent causes of valvular dis-
ease in the elderly population and is
often associated with other cardio-
vascular comorbidities causing
these patients to be at high risk for
surgery. A study by lung et al. (1)
showed us that about 33% of
patients with severe AS and severe
symptoms are high-risk candidates
for surgery. This emphasizes the
need for a minimal invasive tech-
nique in this population of patients.
Since its first use in 2002 (2), TAVI
has become a good alternative for
high-risk patients. Procedural suc-
cess rates between 93-95% and low
30 day mortality rate (3) have led to a
dramatic increase in percutaneous
procedures and development of new
devices.

Although TAVI is less invasive
than conventional valve replace-
ment, it needs an accurate preproce-
dural workup and patient selection
to minimize complications and max-
imize success. Cardiovascular imag-
ing plays an important role in
screening and optimal patient evalu-
ation.

At the moment 2 TAVI technolo-
gies have received CE-approval
(Fig. 1): the CoreValve technology
and the Cribier Edwards SAPIEN
valve. The CoreValve technique uses
a self-expanding valve with an 18
French delivery system, which
allows access to the femoral or sub-
clavian artery. The Edwards SAPIEN
on the other hand is a balloon-
expendable valve with a 24-26
French delivery system, thus only
suitable for a retrograde trans-
femoral or anterograde transapical
approach.

Fig. 1. — A. CoreValve. B. Edwards SAPIEN

Pre-operative imaging

As mentioned before, preprocedural
TAVI planning heavily relies on
imaging for patient selection and
sizing (4). However, to date there
isn’t a gold standard for evaluating
the aortic valve (5). Echocardio-
graphy has emerged as the method
of choice in evaluating hemo-
dynamic status and severity of aortic
stenosis. However, transthoracic
echocardiography may lead to sub-
optimal results in patients with poor
acoustic windows (thick or deformed
chest walls, small hearts, obesity,
and pulmonary disease). In addition,
echocardiography is very operator
dependent and limited in quantify-
ing aortic valve calcification, since
only indirect signs, such as
increased echogenicity and thicken-
ing of the aortic valve leaflets are
usable. Further, echocardiography is
limited by its 2-dimensional charac-
ter, making it difficult to make cor-
rect calculations of the aortic root
diameters. Due to the complex
anatomy of the aortic root and
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annulus an adequate 3D imaging
modality is required for accurate
reproduction of aortic root and annu-
lus measurements (6). Multidetector
computed tomography (MDCT) has
the advantage of providing repro-
ducible 3-dimensional images with a
high spatial and temporal resolution,
emerging it as a promising method
for non-invasive valve and coronary
imaging. Further MDCT has the
merit of evaluating peripheral artery
and thoracic aorta anatomy and
morphology and revealing several
incidental nonvascular findings. Still,
the major drawback of using MDCT
for imaging is the limitation in repet-
itive scanning because of the haz-
ardous radiation, although develop-
ment of the new generation MDCT's
has led to significant reduction in
radiation dose (7-9).

Scan protocol

All our pre-TAVI examinations are
performed with a 128 multi-detector
row computed tomography (CT)
scanner (Somatom Definition Flash,

Siemens Erlangen, Germany),
upgraded to allow low-dose acquisi-
tions (Caredose4D, Siemens).

Collimation was 128 x 0,6 mm. Tube
voltage was 120 kV and current
340 mAs. At our institution we seper-
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Fig. 2. — A: The lateral angulation (alpha angle, red line),
measured on the coronal view. B: The cranio-caudal angulation
(beta angle, blue line), measured on the sagittal view.

atly aqcuire images of the the heart
and iliac arteries, instead of scanning
them in one volume. Cardiac images
are obtained with prospective
triggering at the 70% phase of R-R
cardiac cycle to ensure minimum
motion artifacts, under electrocar-
diographic gating and with longitu-
dinal coverage of the entire thoracal
aorta. Gantry  rotation time
was 280 ms. For the aqgcuisition of
the iliac arteries, we use a longitudi-
nal coverage of the infrarenal aorta,
iliac and common femoral arteries
and a gantry rotation time of 500 ms.

A bolus of 100 ml contrastmedium
(lopromide 370 mg/ml <Ultravist,
Bayer Schering Pharma AQG,
Berlin, Germany>) was given intra-
venously at 5 ml/s for scanning of
the heart, followed by a second
bolus of 20 ml for scanning of the
infrarenal aorta and iliacs. To ensure
optimal contrast enhancement bolus
tracking was used at the aortaascen-
dens level, with the trigger at
100 HU. No beta-blockers were
administered.

Computed data were processed
using a B30f medium-smooth kernel.
Thickness of reconstructed images
was 0.6 mm. Data were sent to an
external workstation (Vitrea Core 1.3,
Vital) where images were analyzed.

Image analysis

We first measured the angulation
of the aortic valve plane, combining
the lateral angulation calculated
from the coronal plane, and cranio-
caudal angulation from the sagital
view, as described by Decramer et
al (10) (Fig. 2).

To measure the aortic annulus
diameter we used a 2-step method.
The first step was based on a dou-
ble oblique transverse view with
reconstruction of a plane including
the aortic root, the left ventricular
outflow tract, and the left atrium and
ventricle (3-chamber view), where
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Fig. 3. — Double oblique transverse view, 1: Ascending aorta
maximum diameter, 2: Sino-tubular junction maximum diame-
ter, 3: Sinus of Valsalva maximum diameter, 4: Aortic valve
annulus maximum and minimum diameter. 5: double oblique
transverse view, left ventricle outflow tract maximum and mini-
mum diameter. 6: coronal view in systole of the height of the
coronary ostia relative to the aortic valve annular plane.

we could measure the diameter of
the annulus atthe hinge points of the
leaflets. Second, we obtained a slice
perpendicular to the aortic root and
measure the diameters of the
ascending aorta, the sino-tubular
junction, the sinus of Valsalva, the
aortic valve annulus and the left
ventricle outflow tract (Fig. 3).

Contribution of MDCT to pre-
operative screening and presurgical
work-up

Adequate sizing and probe selec-
tion are required for correct apposi-
tion of the prosthesis into the native
aortic root leading to optimal pros-
thesis stability post-deployment and
minimal potential paravalvular leak-
age or prosthesis migration. Due to
the complex anatomy of the aortic
root and aortic annulus an accurate
3D imaging technique will be
mandatory to acquire sufficient data
for reliable reconstruction of the aor-
tic anatomy. In contrary to 2D TTE
and TEE, MDCT offers superb spatial
and temporal resolution needed for
precise reconstruction of the several
anatomic dimensions important for
preprocedural TAVI planning (11).

Several studies (12,13) have
revealed that the annulus has an
oval shape instead of a circular one,
which might help explain differences
in measured aortic annular dia-
meters using TEE, TTE and calibrated
angiography (14). These findings

suggest that minimum and maxi-
mum diameters should be taken in
the axial plane to calculate the mean
diameter or area of the aortic valve
annulus providing more accurate
selection of the prosthesis size.
Determining inclination of the aortic
valve (angle a and p) (Fig. 2) will also
be of importance for successful per-
cutaneous aortic valve replacement.
Defining the correct plane with
MDCT avoids having multiple “trial
and error” angiographic series
before the optimal plane is found.

Exact anatomical knowledge of
the aortic root is needed for accurate
positioning of the prosthesis in the
aortic annulus, especially when
using the corevalve prosthesis, as an
extremely narrow or wide aortic root
might be a contraindication for this
type of probes (15). Measurements
of the aortic root dimensions include
maximum diameters of the ascend-
ing aorta, the sino-tubular junction,
the sinus of Valsalva, and maximum
and minimum diameters of the aor-
tic valve annulus and the left ventri-
cle outflow tract (Fig. 3).

It is also important to measure the
height of the coronary ostia relative
to the aortic valve annular plane to
avoid covering of the coronary ostia
by the upper part of the prosthesis
or one of the native leaflets
(Fig. 3) (15,16).

Furthermore, location and quanti-
fying the degree of aortic valve calci-
fications (Fig. 6) is important,
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Fig. 4. — MDCT images. A. Normal iliofemoral arteries, (B)
Circumferential iliofemoral calcification. (C) Severe iliofemoral
tortuosity. B and C are illustrations of iliac arteries which are
considered as a contra-indication for TAVI placement, as they
don’t allow safe passage of the prosthesis into the aorta and
increase the risk of local vascular complications and formation

of emboli.

Fig. 5. — Example of a tortuosity index that exceeds 1.5
(= total length of the external iliac artery (lines ABC) divided by
the shortest possible distance between the common iliac artery
and the femoral artery (line D), indicating that the course of the
iliac artery is too tortuous for the prosthesis to safely pass the

iliac artery.

because heavily calcified valves may
hamper the prosthesis in crossing
the native valve in percutaneous
valve replacement or may interfere
with stent expansion and cause par-
avalvular leakage (17). Willmann et
al describes a good correlation
between nonenhanced and contrast-
enhanced CT and surgical findings,
with regard to quantification of the
degree of aortic valve calcifica-
tion (18).

As mentioned above, precise pre-
operative workout will not only
reduce procedural complications, it
will also speed up the TAVI proce-
dure and minimize the amount of
contrast used during the procedure.
One bolus of contrast on ventriculo-
gram/aortogram will be sufficient in
most cases, hereby effectively
reducing the dose of contrast from
an average of 250 ml to 60 ml (10).

Preoperative anatomic screening
variables

Further knowledge of vascular
anatomy and existing comorbidities
is needed in determining which way
of access is most desirable. MDCT is
the imaging modality of choice for
evaluating these variables.

First the luminal diameters, tortu-
osity and wall calcifications of the
ilio-femoral arteries should be accu-
rately assessed (Fig. 4, 5). Concentric
or circumferential calcifications and
complex plaques with thrombus for-
mation are considered as relative
contra-indications for the trans-
femoral approach, as they hamper
the advancement of the catheter
and increase the risk of inducing
emboli (19). Extremely tortuous and
small iliacs (diameter smaller than
6 mm) are also a contra-indication,

Fig. 6. — The axial reformat, showing
us the 3 aortic cusps in one plane. A: nor-
mal valve without calcifications. B: mild
calcifications. C: moderate calcifications.
D: severe calcifications, which hamper
the prosthesis deployment and increase
the risk of paravalvular leakage.

because they don’t allow safe
manipulation of the rigid catheter
past the iliac artery into the aorta
and hereby enlarge the risk of local
vascular complications (19). To make
an estimation of the tortuosity of an
iliac artery we can calculate it’s tortu-
ositiy index, which is total length of
the external iliac artery divided by
the shortest possible distance
between the common iliac artery
and the femoral artery (Fig. 5) (20).
In such cases, a transapical
approach can be considered, hereby
access to the left ventricle is
achieved through a minithoracoto-
my with needle puncture, which is a
viable alternative for patients who
also have advanced peripheral vas-
cular disease, but might be con-
traindicated in patients with lung
disease, pericardial calcifications,
extensive epicardial fat, previous left
ventricular surgery and dysmorphic
chest anatomy (19, 21). This TAVI
approach may become an attractive
alternative in the future, especially if
the incidence of cerebrovascular
accidents is significantly smaller com-
pared to the retrograde approach.
Another valuable alternative in
patients with unsuitable femoral
access includes the subclavian ap-
proach with high success rates
showed by several small studies (21).
Second, MDCT may serve as an
alternative to invasive coronary
angiography to rule out significant
coronary artery disease, as most
practitioners feel compelled to
assess coronary anatomy ahead of
valve surgery, as severe coronary
artery disease might be a relative
contraindication (4). As expected,
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coronary calcifications are very fre-
quent in patients with aortic valve
stenosis.

Complications related to percuta-
neous valve implantation

The fast growing number of
patients treated with TAVI and data
provided by longer follow-up studies
have resulted in a better knowledge
of the complications. Again MDCT is
an important tool in preventing the
majority of these complications. A
detailed insight in vascular anatomy
can reduce vascular injuries, such as
aortic rupture and iliac perforation.
Obtaining accurate measurements
of the aortic root and annulus will
prevent valve malpositioning, which
can lead to coronary obstruction,
significant paravalvular leakage and
prosthesis migration.

Other complications, such as car-
diac perforation and tamponade,
conduction abnormalities, myocar-
dial infarction, and stroke with a
reported rate of 3% to 9% (11), are
procedure related and are therefore
more difficult to prevent.
Concluding, a detailed evaluation of
different anatomical variables is
mandatory before any implant.

Conclusion

TAVI has become a widely accept-
ed alternative to conventional open-
heart surgery for selected high-risk
patients with severe symptomatic
aortic stenosis. As techniques and
devices evolve, the procedure will
become suitable for a wider range of
candidates. Pre-surgical work-up is
of major importance in reducing
complications related to the proce-
dure. Due to its superb spatial and
temporal resolution and accurate 3D
imaging, MDCT is emerging as the
best preprocedural imaging modali-
ty, and will inevitably play a vital role
in facilitating the selection and eval-
uation of candidates. So, radiolo-
gists should familiarize themselves
in using MDCT as a standard work-
up tool preceding the TAVI procedure
to succeed future demands.
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