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Abstract

After very rapid advances in the development of the
technique and devices, transcatheter aortic valve
implantation (named TAVI or TAVR), is today a reality
that is here to stay. It has become the minimally-
invasive treatment option for high-risk and non-surgical
patients with severe symptomatic aortic stenosis.
Requiring the participation of a multidisciplinary team for
its implementation, cardiac imaging plays an important
role. From pre-assessment to determine the suitability
of the patient, the access site, the type of device, to
the guidance during the procedure, and ultimately the
long term monitoring of the patient. Correct selection
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of the patient and device, correct placement of the
stent-valve and early detection of complications are of
paramount importance for procedural success and for
patient outcome. Each technique has advantages and
disadvantages, being the cardiologist who will determine
the best approach according to the type of patient and
the expertise of the center in each one of them. This
article summarizes the last contributions of the most
common used imaging techniques, in each step of the
procedure.

Key words: TAVI; TAVR; Echocardiography; Multislice
tomography; Cardiac magnetic resonance; Aortic
stenosis
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Core tip: Cardiac imaging is of crucial importance in the
whole process of transcatheter aortic valve implantation,
from initial evaluation, intraprocedural guidance and
post implantation evaluation and early detection of
complications. Multiple techniques are available for
this, and as the rapid development of new devices and
equipments, the greater the necessity of being aware
of these advances. We provide current data and tips for
this purpose. This is the reason of this work.

Feltes G, Nufiez-Gil 1J. Practical update on imaging and
transcatheter aortic valve implantation. World J Cardiol 2015;
7(4): 178-186 Available from: URL: http://www.wjgnet.
com/1949-8462/full/v7/i4/178.htm DOI: http://dx.doi.
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INTRODUCTION

Since its beginnings 20 years ago, with first implan-
tations in animals, transcatheter aortic valve implan-
tation (TAVI or TAVR) has evolved substantially™!.
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With the advancement of cardiovascular imaging, the
application of the most innovative techniques acts
jointly to obtain the best clinical results. At present,
TAVI is a serious alternative treatment for inoperable
or high risk patients with aortic stenosis (AS). In
addition, is expected to expand quickly to other
subgroups (intermediate risk and aortic regurgitation),
since trial results are encouraging compared with
medical treatment and cardiac surgery.

Several bioprosthesis types are available, being
by far the most commonly used the self-expandable
porcine Medtronic CoreValve (Medtronic Inc, Minn-
eapolis, MN, United States), available in the sizes 23
mm, 26 mm, 29 mm, and 31 mm, and the balloon-
expandable Edwards Sapien XT bovine valve (Edwards
Lifesciences Inc, Irvine, CA, United States), available
in multiple sizes: 20 mm, 23 mm, 26 mm, and 29
mm. Both models recently introduced their latest valve
generations: Corevalve Evolut R and the Sapien 3, with
several advantages and thinner sheaths-introducers
(up to 14F). There are now being marketed other
valves with different delivery systems, like for instance
the Direct Flow valve, the Jena Valve or the Lotus
valve, between others.

The preferred implantation route is usually trans-
femoral. If this is not possible because of patient
characteristics, both valve types can be implanted via
the subclavian artery, and the Edwards Sapien valve
can be implanted via a transapical access.

Here we review the contribution of imaging techni-
ques to the whole process of selection of patients and
prosthesis, intraprocedural guidance and evaluation of
deployment and complications.

PRE-IIPLANTATION EVALUATION

Aortic stenosis severity

Invasive cardiac catheterization used to be the stan-
dard for quantification of AS, but nowadays echo-
cardiography is used for diagnostic purposes and in its
replacement. Transthoracic echocardiography (TTE)
allows evaluation of a calcified valve with restricted
leaflet opening and quantification of peak and mean
aortic valve (AV) gradient by applying the simplified
Bernoulli equation (Ap = 4v2) to the maximal velocity
recorded through the AV by continuous wave Doppler.
Severe aortic stenosis is defined as a peak velocity
> 4.0 m/s (peak gradient of 64 mmHg), a mean
gradient > 40 mmHg, or valve area (AVA) < 1.0 cm®
(0.6 cm?/m?) whith normal left ventricular (LV) systolic
function'. In cases of low gradient with small area, a
dobutamine stress study (maximum dose 20 mcg/kg
per minute), may be helpful to determine if the valve
is truly severely stenotic, when the maximum jet
velocity rises over 4 m/s with the dobutamine-induced
increase in stroke volume, whereas the AVA remains
less than 1.0 cm™. The AS is only mild to moderate in
severity if stroke volume increases but there is a small
rise in gradient (and therefore the valve area increases
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greatly), and thus other causes are the origin of LV
dysfunction™.

Annular size
Particularly in the candidates selected for TAVI, other
parameters than the severity of the stenosis and the
ejection fraction must be evaluated previously to the
intervention.

The most important aspect of anatomical screening
includes assessment of the arterial vasculature and
aortic valvar complex [left ventricular outflow tract
(LVQT), aortic annulus, sinus of Valsalva, sinutubular
junction and ascending aorta]. All this data will guide
physicians to choose the most appropriate access
route (subclavian, transfemoral, transaortic or apical)
and transcatheter valve size, and it will help to be alert
in the detection of potential complications during the
procedure®,

An annular size accurate evaluation is of utmost
importance. Underestimation of its dimension could
lead to selection and deployment of a smaller
valve, with possible complications like paravalvular
regurgitation, poor hemodynamics, valve migration
and embolism. Overestimation of annular size and
deployment of a larger valve can lead to incomplete
unfolding (with the consequence of valvular and
paravalvular regurgitation) or annular rupture. TAVIs
are designed to be utilized in slightly smaller annuli
than the prosthesis size™. The annular size and the
correspondent prosthesis are listed in Table 1.

Aortic annulus can be evaluated using various tech-
niques. Echocardiography is extensively available,
repeatable, and easy to perform even taking into
account that transesophageal echocardiography (TEE)
is semi-invasive and usually requires sedation!®
(Figure 1). We use the sagital plane obtained from a
2-dimensional (2D) parasternal long axis image (TTE)
or a mid-esophageal long axis (TEE) image among
120° and 140°, during early systole, measuring from
the right coronary cusp to the left noncoronary com-
missure. To obtain measurements in the coronal and
sagittal planes three-dimensional (3D) reconstructions
and biplane imaging can be performed.

Multislice computed tomography (MSCT) can give
appropriate measurements and may provide important
additional information like the anatomy of the coronary
arteries, the aortic valve anatomy and area, the pla-
ne of the valve and the amount and distribution of
calcifications, but iodine injection and radiation are
relative limitations. It is important to remember that
the aortic annulus is not only a complex 3-dimensional
structure, but also that its shape is oval and not
circular in the vast majority of patients, as it was
demonstrated in previous MSCT studies”. The aortic
annulus plane is acquired by a reconstruction using
two orthogonal planes, the short and long axis of the
virtual basal ring, and measurements are taken from
systolic phase reconstructions from 20% to 45% of
the R-R interval. MSCT multiplanar reconstructions

April 26,2015 | Volume 7 | Issue 4 |



Feltes G et a/. Cardiovascular imaging in TAVI

Table 1 The annular size and the correspondent prosthesis

Prosthesis type Prosthesis Annular Introducer Minimun
size (mm) size (mm) profile (F) vessel
diameter
(mm)
Edwards Sapien 23 18-22 22 =7
26 21-25 24 =8
Edwards Sapien XT 20 16-19
23 18-22 16 =6
26 21-25 18 =6.5
29 24-27 20 =7
Edwards Sapien 3 23 18-22 14 =55
26 21-25 14 =255
29 24-28 16 =6
CoreValve 23 18-20 18 =6
26 20-23 18 =6
29 23-26 18 =6
31 26-29 18 =6
CoreValve evolut R 23 18-20 12 =6

(MPRs) can provide coronal, sagittal and axial images
of the aortic root, with accurate measuraments, almost
always underestimated by 2D echocardiography.

On the other hand, cardiac magnetic resonance
(CMR) permits an anatomic and functional evaluation
of the aortic valve and aortic root, with most sequ-
ences in 2D and the selection of the imaging plane
during the examination. However, whole heart, echo-
gated 3D CMR with contrast allows obtaining images
for multiplanar reconstruction and demonstrates the
oval shape of the annulus with minimal and maximal
diameters.

Every technique has its advantages and disadvan-
tages. The annulus size is in general 1 mm smaller
by TTE than by TEE, and the TEE measurement is
1 to 1.5 mm smaller than MSCT measurements™?.,
Echocardiography (TTE or TEE) still is the most used
technique to assess the aortic annulus, nevertheless,
with the acquisition of more data in the near future,
MSCT will probably become the first imaging modality
to do this.

Aortic anatomy

The characteristics of the aortic valve, like the number
of cusps, grade of calcification, thickness and mobility
are important to predict the procedure success. Con-
genital or acquired bicuspid aortic valve stenosis
were initially considered a contraindication for TAVI,
nevertheless, several successful case reports have
been documented and today is considered a relative
issuet’®™, It is frequently not easy to examine cusp
anatomy in the severely calcified valves, but in these
cases, MSCT or review of old echocardiograms may
permit better evaluation of the underlying anatomy.
With echocardiography important calcification might
cause acoustic shadowing, so MSCT is nowadays the
technique of choice in evaluating severity and showing
the location of aortic cusp calcification. CMR is not
a good choice because of the signal void caused by
calcium. Large aortic valve calcifications raise the risk
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Figure 1 Transesophageal echocardiography 2D at 129° in long axis view
in systole with measurements of the left ventricular outflow tract and
aortic annulus. The measurement in blue is the distance to the rigth coronary
artery.

of gaps between the external face of the prosthesis
and the patient’s native valve, allowing paravalvular
regurgitation leaks. Also, the asymmetry, severity
and the prosthesis “landing zone” calcification, may
produce differences in the tension-force across the
valve, with the consequent asymmetric deployment
of the device and increased risk of obstruction of the
coronary arteries ostium; and important sinotubular
junction calcifications may cause limitation during
balloon dilatation at the aortic end and may produce
ventricular displacement of the prosthesis at the
moment of unfolding™?..

Another important issue to consider is the distance
from the annulus to the coronary ostia, in order to
avoid its compromise during the valve deployment.
The distance to the right coronary ostia is easily
determined with TEE (Figure 1), but not to the left
coronary ostia, which requires 3D TEE (Figure 2).
MSCT provides a more comprehensive assessment,
showing an average annular-right coronary artery
distance of 13.6 £ 2.8 mm and annular-left coronary
artery distance of 13.4 + 3.2 mm®.. The distance
between the aortic valve annular plane and the
coronary ostia should be at least of = 10-11 mm for
both type of prosthesis.

Aorta evaluation

Evaluation of the aortic root and tubular portion of
the aorta is as well essential, specially when using
Core Valve, because its length is greater compared
with regular valves, ranging from 52 mm (31-mm
valve) to 55 mm (26-mm valve, i.e.,). It is advised
that the dimensions of the tubular aorta measured
at 45 mm above the annulus be 40 mm for the
26-mm valve and 43 mm for the 29-mm and 31-mm
CoreValve prosthesis. MSCT can provide an exce-
llent reconstruction and evaluation of the aortic
sinus diameter, sinotubular junction, ascending and
descending aorta and its iliofemoral branches (Figure 3).
This is very important for the selection of the vascular
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access, because its complications rates range from 5%
to 25%", and are associated with a striking increase
in early mortality risk. Its evaluation often begins with
conventional angiography, but it proportionates a very
limited data. MSCT provides many reconstructions,
as 3D volume rendered imaging, curved multiplanar
reformats, and maximum intensity projection images
allowing evaluation of vessel size, minimal luminal
diameter, calcification severity, plaque burden, vessel
tortuosity and identification of high risk characteristics
like dissections and complex atheroma!*® (Figure 4).
Calcification of less than 1809 or eccentric calcification
usually do not cause procedural trouble like would
nearly circumferential and luminal calcification do.
Vascular complications and 30 d mortality can be
predicted with the use of a sheath/femoral artery ratio
of 1.05 or higher™™®, It is remarkable that the existence
of significant aneurysmal dilatation in ascending aorta
is a contraindication for the use of CoreValve.

Like MSCT, CMR can give exhaustive evaluation of
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Figure 2 Transesophageal echocardiography 3D with
multiplanar projection showing the measurements at
annulus level.

Figure 3 Computed tomography with multiplanar recons-
truction showing measurements at different levels of the
aorta.

the aortic valve, annulus, aortic root, coronary ostia,
course of the thoracoabdominal aorta and luminal
caliber of the iliofemoral branches, and LV function,
with the advantage of not using ionizing radiation
(Figure 5). Also, free-breathing noncontrast navigator-
gated 3D whole-heart acquisition can be acquired,
similar to the volumetric acquisition of CT™".

Other issues

Calcification in other areas, as dense calcification in
the intertrigonal area rises the risk of paravalvular
aortic regurgitation (AR) due to asymmetric unfolding
of the valve™, The angle between the aorta and the
LV and proximal septal hypertrophy are essential
issues to consider when planning the procedure. A
very prominent proximal septum is an important
consideration to have in mind during the placement
of the valve because can cause valve repositioning
when stopping the pacing run™. LV function must be
evaluated in order to minimize the number of pacing
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Figure 4 Computed tomography images showing aortic anatomy and
calcifications, previous to transcatheter aortic valve implantation proce-
dure.

runs to prevent hemodynamic compromise in those
with severe dysfunction. The degree of baseline aortic
regurgitation is also very important, since balloon
inflation might aggravate regurgitation and cause
hemodynamic deterioration.

In conclusion, echocardiography (in all modalities,
TTE, TEE, 2D and 3D), MSCT and CMR can be used
to make a pre-implantation evaluation, but it is very
important to remind that the imaging technique used
might influence TAVI size selection and strategy.

INTRAPROCEDURE GUIDANCE

During the procedure, fluoroscopy and angiography
are the principal techniques used to guide device
placement (Figure 6). However, they involve several
shortcomings, for example: (1) radiation use; (2)
restricted 2D visualizations with scarce soft-tissue
contrast, sometimes preventing early identification
of complications (cardiac tamponade, etc.); and (3)
the reiterated use of nephrotoxic contrast media to
observe the aortic annulus and coronary ostia during
the procedure.

Nevertheless, other imaging modalities, like TEE,
may overcome the lower soft tissue contrast resolution
of fluoroscopy and do not use radiation or contrast.
Specially 3D-TEE permits a good visualization of the
guide wire path and allows a good assessment of the
prosthesis position on the balloon, with respect to
the native valve annulus and other structures. Using
mid-esophagus long axis view is possible to observe
the guide wire across the aortic valve in its delivery,
retrograde (transaortic, transubclavian, transfemoral)
or anterograde (transapical)™®’. For the adequate
position of the prosthesis, TEE can be very useful. In
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Figure 5 T1 weighted cardiac magnetic resonance image depicting aorta
measurements.

the case of Sapien valve, about half of the prosthesis
should be below and above the aortic annulus, and
when using CoreValve, the nitinol stent must be well
within the borders of the calcified native annulus.
With 3D TEE it is feasible to observe ortogonal planes
simultaneously, aortic valve’s views in long and short-
axis in realtime, very helpfull for every step of the
procedure (aortic valve pass, balloon inflation and
prosthesis unfolding).

Intracardiac echocardiography has also been used
for TAVI guidance, but imaging abilities are worse than
with TEE™,

In patients with preserved LV systolic function, it
was described an improvement in diastolic function,
evaluated minutes after deployment with TEE, evalu-
ated through E wave deceleration time, E wave velocity
and isovolumetric relaxation time™®.

Immediately after deployment, it is very important
to discard complications, for example AR, the most
common one. This must be performed rapidly and in
multiple echocardiographic views to permit possible
reballooning or up delivery of a second prosthesis if the
AR is severe and cannot be controlled in another way.
It is of utmost importance to differentiate between
paravalvular and valvular regurgitation (Figures 7 and
8). Because of irregular calcification in the native valve,
small paravalvular leaks are usually observed due to
gaps between the annulus and the device, particularly
at the commissural areas.

In the case of paravalvular jets, the recommen-
dations indicate that the rate of the circumference
of the annulus occupied by the jet offers a guide to
severity: < 10% mild, 10%-29% moderate, and =
30% severe!!, In a work of our group, we found that
the vena contracta planimetry on 3D TTE was better
correlated with AR volume than vena contracta width
on 2D TTE [Kendall's T = 0.82 (P < 0.001) vs 0.66
(P < 0.001)]. The areas under the receiver operating
characteristic curves were 0.96 for vena contracta
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planimetry and 0.35 for vena contracta width®®. To
avoid paravalvular leak, is required that the covered
portion of the prosthesis must be well-apposed to the
host valve and interleaflet triangles and the ventricular
border of the device just under the hinge points of
the AV. It is also common the presence of mild cen-
tral valvular regurgitation that frequently resolves
with removal of the guidewire; otherwise, it must be
assessed looking for underexpansion of the prosthesis
(Figure 9). Significant valvular AR is generally due
to AV harm in the course of the procedure, too large
a device for a little annulus with consequent valve
distortion, or severe calcification of the patient’s AV
producing deformation of the frame of the valve,
Obstruction of a coronary artery by the prosthesis
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Figure 6 Fluoroscopy images showing different
prosthesis models. A: CoreValve evolut R; B: Direct Flow
valve; C: Edward Sapien 3; D: Edward Sapien XT.

Figure 7 Transesophageal echocardiography at 46°
without and with color Doppler showing 3 paravalvular
leaks (arrows) after valve implantation.

or displaced calcium is another possible complication.
This situation can be seen as regional hypokinesis,
best evaluated from the transgastric view and, if it
is possible, assessing the coronary arteries flow. If
there is LVOT obstruction, this may cause hypotension
because of rapid drop in afterload. Other causes must
also be considered, like severe mitral regurgitation,
pericardial tamponade, displacement of the device, air
embolism, right ventricule perforation by a pacemaker
lead, aortic dissection and vascular access bleeding.
Other imaging techniques in vogue at the moment
are fusion imaging modalities, like C-arm compu-
ted tomography with valve landmark detection and
automatic aorta segmentation, that tries to make
simpler the procedure using 3D over fluoroscopic
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imaging™. CMR capacities are real-time image without
restricted scan plane orientation and incomparable
soft-tissue contrast, with concomitant display of
the prosthesis; and it seems convenient over X-ray
angiography and fluoroscopy during all of complete
procedure. It allows on-line monitoring cardiac per-
formance, instant recognition of vascular and cardiac
harm, and real-time orientation for axial placement
and unfolding of the device®,

POST-IMPLANTATION ASSESSMENT

After TAVI implantation, the imaging evaluation will
contribute to determine the valve hemodynamic
condition, like effective valve area and gradients; the
presence and quantity of valvular and paravalvular
regurgitation; the effect of the procedure in ventricular
function, hypertrophy, etc. and the recognition of long
term problems like device migration, endocarditis,
ventricular perforation, mitral valve impingement and
thrombus formation.

Echocardiography remains the technique of choice
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Figure 8 Transesophageal echocardiography
3D full volume showing the exact position of an
important paravalvular leak.

Figure 9 Transesophageal echocardiography at
114° without and with color Doppler depicting the
presence of central aortic regurgitation due to
underexpansion of the prosthesis.

for this, because of its wide availability, avoidance of
ionizing radiation, together with real time hemody-
namic and structural assessment. MSCT and CMR
can also provide and excellent anatomic detail and
detection of complications like pseudoaneurysm of
the root or the apex. Postprocedural evaluation of
remaining AR by CMR might have a possible part
in TAVI patients'®. Nevertheless, CMR is a time-
intensive method, and this could be an important
factor, especially in older patients. In cases of renal
disfunction the advantages for the use of gadolinium
must be greater than the risks of nephrogenic systemic
fibrosis®”, Also CMR is not warranted in patients with
defibrillators, pacemakers or intracranial aneurysm
clips, even though the prosthesis used now are CMR
compatible.

LV function and hemodynamics

Echocardiography is most common used tool to evaluate
the changes described after TAVI, like reductions in
LV mass®, recovery in EF®?, amelioration in diasto-
lic function, and reduction of mitral regurgitation®”.
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Although, CMR evaluation of LV mass provides a greatly
precise calculation!,

Valve area and gradients

Determination of mean and peak transvalvular pre-
ssure gradients and the calculation of effective orifice
area are easily obtained with continuous wave Doppler
with TTE, not forgetting suprasternal notch and
right parasternal windows to confirm that maximum
gradients are catched. CoreValve and Edward Sapien
valves have very good flow features with mean gra-
dients of 10-15 mmHg, with relatively stable gradi-
ents® or little rise in mean transvalvular gradient
(3.8%/year) and a low decrease in valve area (0.06
cm?/year)?,

Aortic regurgitation

Follow-up echocardiograms should recognize the
existence, position, and severity of valvular and
paravalvular AR, using all the possible views in case of
eccentrical jets. Paravalvular regurgitation is generally
produced by imperfect device apposition to the host
annulus because of to remaining calcium, undersized
prosthesis, or too low position of the valve®*, so
imaging in multiple planes is necessary. Valvular and
paravalvular AR affect LV hemodynamic condition,
determined by raised volume burden, consequently
affecting chamber dilatation, LV performance, and
progress to pulmonary hypertension, so total AR should
routinely be calculated combining information from
color and spectral Doppler. Three-dimensional TTE
allows quantification of AR with greater accuracy than
2D TTE. CMR might be the technique of election in
cases of severe AR, or disagreement in gradients with
echocardiography™.

Although it is always difficult to predict the future,
TAVI seems a truly promising therapeutic alternative
with settled indications nowadays and expanding
indications (intermediate risk, aortic regurgitation,
valve in valve®®, etc.). What seems clear is that
cardiovascular imaging will be needed in this field in
order to achieve all its potential objetives.

To sum up, although at the begining multiple test
and measurements were required, as experience
grows, patients and devices selection are improving,
with @ more rational imaging algorithm, based in local
expertise and availability.
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