The Continued Role

of Transesophageal
Echocardiography in TAVR:
When a Minimalistic
Approach Is Not Enough

A review of when transesophageal echocardiography may be preferred over transthoracic

echocardiography and fluoroscopy during TAVR procedures.
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ince the first-ever case of transcatheter aortic
valve replacement (TAVR) in 2002, the tech-
nique and procedural requirements for perform-
ing a TAVR procedure have changed dramati-
cally. This is in part due to the experience gained from
the early TAVR cases as well as the advancement of
valve design and improvements in delivery systems.
Similarly, the role of intraprocedural imaging has
changed over time, with early TAVR cases all performed
under general anesthesia with transesophageal echocar-
diography (TEE) guidance to now, where the majority of
cases are done under monitored anesthesia care (MAC)
with transthoracic echocardiography (TTE) guidance.’?
Furthermore, MAC has been shown to be associated
with shorter procedural time and shorter length of
stay.* More than half (60.3%) of all TAVR cases in the
United States were done under MAC from 2011 to
2018, according to the TVT registry.> However, this has
changed since that time, with a higher proportion of
sites utilizing conscious sedation, with its use increasing
from 50% to 76% and the proportion of patients receiv-
ing conscious sedation increasing from 33% to 64%. This
is due to increasing experience and comfort level by
operators at various institutions performing TAVR and
studies showing improved outcomes seen with utiliza-

tion of conscious sedation.® TEE in MAC cases is now
reserved as a backup in as-needed situations.

TAVR is routinely executed with the aid of multiple
imaging modalities. TTE is used for the initial diagnosis
of significant aortic stenosis (AS) or aortic regurgitation
(AR). Multidetector CT (MDCT) is then used for further
assessment and procedural planning to evaluate sizing,
distribution of calcification, and access site consider-
ations. Fluoroscopy is almost always performed at the
time of TAVR intervention, frequently in conjunction
with aortogram as well as peripheral and coronary angi-
ography. Additional imaging modalities also play a sig-
nificant role in selected cases. These modalities include
TEE and cardiac magnetic resonance imaging (CMRI).
This article explores the continued utilization and rel-
evance of TEE in the current TAVR era.

USE OF TRANSESOPHAGEAL IMAGING
WHEN TRANSTHORACIC IMAGING IS
SUBOPTIMAL

Transthoracic imaging is routinely used for the major-
ity of uncomplicated TAVR procedures. However, occa-
sionally TTE imaging falls short in providing adequate
assistance during intraprocedural imaging. TEE has
greater spatial resolution when compared to TTE. It can
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TABLE 1. CONSIDERATIONS FOR UPFRONT TEE INSTEAD OF
TTE DURING TAVR

- Patient characteristics
- Unfavorable patient chest wall anatomy

- Other comorbid conditions precluding the ability to protect
airway

- Native aortic valve anatomy
- Heavily calcified leaflets
- Complex bicuspid anatomy
- Severe sinotubular junction calcification

- Low-lying coronaries with high risk for coronary obstruction
requiring intervention

- Alternative access requiring surgical preparation of the chest
- VValve-in-valve for poorly visualized valves on fluoroscopy

- TAVR done with minimal or no contrast

- New devices being studied in trials for treatment of AS and AR

Abbreviations: AR, aortic regurgitation; AS, aortic stenosis; TAVR,
transcatheter aortic valve replacement; TEE, transesophageal
echocardiography; TTE, transthoracic echocardiography.

override the common challenges faced by TTE during
intraprocedural imaging, such as supine imaging instead
of left lateral, barrel-shaped chest due to emphysema-
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tous lungs in chronic obstructive pulmonary disease,
radiation-related AS in patients with breast implants,
and TAVR in patients with chest wall deformities like
pectus excavatum. Factors that might urge providers
to consider upfront TEE instead of the routinely per-
formed TTE are described in Table 1.

Furthermore, important preassessment details such
as presence of AR, other coexisting valvular pathology,
intracardiac thrombus or significant aortic atheroma
can be overlooked with poor TTE imaging windows.
One of the most important markers of procedural
success is the absence of paravalvular leak (PVL).
Suboptimal imaging windows may preclude assessment
of PVL and may underestimate the degree of paraval-
vular regurgitation. More than mild (1+) PVL is directly
related to poor outcomes, according to multiple pro-
spective studies.”® The accurate location and degree of
PVL cannot be assessed with certainty with an aorto-
gram under fluoroscopy alone. Figure 1 shows the vari-
ous examples of challenges faced with TTE imaging in
certain patient populations.

High-Risk Native Valve Anatomy

Severe bulky asymmetrical calcification of the leaf-
lets, sinotubular junction, or left ventricular outflow
tract (LVOT) and annulus poses a significant risk for

Artifact related to
tissue expanders

Artifact related to-
breast implant

Figure 1. Chest x-ray of a patient with a pectus deformity showing the sternal distortion. The position of TTE and TEE is shown in
relation to the heart (A). Chest x-ray and relative positioning of probes in a patient with chronic obstructive pulmonary disease and
a tubular heart and overinflated lungs (B). Suboptimal parasternal long axis (PLAX) and apical four-chamber imaging windows in a
patient undergoing TAVR (C). Patient with breast implants showing significant artifact preventing visualization of aortic valve (D).
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Figure 2. Spiculated LVOT calcification seen on preassessment (yellow arrows) (A). Intraprocedural TEE demonstrating protru-
sion of calcium into the surrounding tissue (red arrows) (B). Orthogonal imaging of the aorta showing a dissection flap seen in
a patient with dissection following a TAVR (white arrow) (C). Example of moderate PVL (green arrow) related to under-expan-

sion of TAVR valve due to calcification that was treated with postdilatation (D, E). Erosion of large descending aortic atheroma

noted on TEE (orange arrows) (F).

complications associated with the TAVR procedure.
The complications include aortic root injury or annular
rupture, moderate or more PVL, incomplete expansion
of the TAVR valve, structural valve degeneration (SVD),
need for permanent pacemaker, and stroke. The risk for
these complications is higher in patients with bicuspid
aortic valve (BAV) than tricuspid aortic valve morphol-
ogy."®" Historically, BAV patients were excluded from
pivotal trials due to complex and variable anatomy,
coexisting aortopathy, and young age of BAV patients.
However, the practice of offering TAVR as an option for
BAV patients has increased over time. If there is reason-
able anatomy, TAVR is a safe and efficacious option for
BAV patients based on results from recent studies.'>'
As we move into an era in which TAVR is considered
for the low-risk AS population, caution should be exer-
cised with careful patient selection, preprocedural plan-
ning, and close intraprocedural monitoring to avoid the
aforementioned complications.

Optimal imaging is key in preventing complications
during high-risk TAVR procedures. Simultaneous imag-
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ing during ongoing fluoroscopy is only possible with
TEE at the time of TAVR. “Poking” or protrusion of
calcium during valve deployment can be visualized, and
the interventionalist is alerted of this finding. For sino-
tubular calcification, the goal may be to land just below
the hunk of calcification, which is also easily done with
TEE guidance. The decision to postdilate the implanted
TAVR valve in cases of moderate or more PVL and
underexpanded valves is also made instantaneously,
and this can be performed in a safe manner with con-
tinuous imaging. Inability to visualize acute complica-
tions may lead to delay in diagnosis and intervention
leading to grim consequences. Figure 2 demonstrates
the various high-risk features, TAVR complications, and
use of TEE during intraprocedural imaging for high-risk
TAVR anatomy.

Coronary Artery Obstruction During TAVR

Coronary obstruction during TAVR is a devastating
complication that occurs when the newly implanted
valve displaces the native or prior degenerated prosthetic
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Figure 3. Three-dimensional multiplanar imaging showing position of the BASILICA catheter (yellow arrow) in front of the left
main coronary artery (red arrow) (A). Laceration of the left coronary cusp during BASILICA procedure (white arrow) (B). Color-
compare imaging of the aortic valve showing acute AR following leaflet laceration (white arrow) (C). Preserved coronary blood
flow noted in the left coronary system following valve implantation (D). Example of coronary protection with prewiring of the
coronary artery (blue arrow) (E). Measurement of the sinus dimensions using multiplanar reconstruction (MPR) imaging in a
case with borderline sinus measurement (F). TEE short-axis image demonstrating preserved space in the sinus and flow into the
left coronary (G). The self-expanding valve was completely deployed under constant visualization (H).

valve leaflet over the coronary ostium, leading to obstruc-
tion of blood flow into the vessel. Coronary obstruction

is associated with grave consequences, with mortality
exceeding 50%."

The BASILICA (bioprosthetic or native aortic scal-
lop intentional laceration to prevent coronary artery
obstruction) technique was developed and presented
in 2018 as an alternative to the previous bailout
strategies in case of acute coronary occlusion, which
included emergency bypass surgery or attempt to
percutaneously intervene.' Prior to the routine use of
MDCT for preprocedural planning, this complication
was often detected after the TAVR valve was implant-
ed, subsequently leading to delays in intervention.
Currently, patients at high risk for coronary obstruc-
tion are identified during preprocedural CT evaluation
so a planned intervention can be performed at the
time of TAVR.'®'” Coronary obstruction is much more
common in valve-in-valve (ViV) TAVR. This is often
due to reduction in sinus space after surgical biopros-
thetic valve implantation and supra-annular implanta-
tion of the surgical valve. Some bioprosthetic valves
have leaflets sewn outside the stent frame to allow
for maximal effective orifice area (eg, Crown [Sorin
Group], Dokimos [Labcor], Mitroflow [Sorin Group],
Trifecta and Trifecta GT valve [both Abbott]). These
valves carry a higher risk for coronary obstruction dur-
ing a ViV procedure.

With the help of multiplanar imaging and three-
dimensional (3D) imaging at the time of TAVR, TEE helps
identify the left main occlusion at the time of balloon
inflation for borderline cases, guide snorkel procedures,
and identify the laceration point in front of the coro-
nary ostium to guide optimal laceration of the leaflet,
as well as aid use of newer investigational devices such
as ShortCut (Pi-Cardia), a dedicated leaflet splitting
device.”® Additionally, TEE also helps confirm the mea-
surements obtained from CT prior to commencement of
the procedure. Figure 3 shows examples of the use of TEE
in coronary protection.

Patient characteristics at highest risk for coronary
obstruction, as demonstrated in multiple prior stud-
ies, are female sex, coronary height < 10 mm, sinus of
Valsalva < 28 mm, bulky calcification, long leaflet extend-
ing beyond the coronary ostia, valve-to-coronary ostium
distance < 4 mm for ViV TAVR, and prosthetic valves
with leaflets sewn on the outside of the stent frame.

Alternative Access Requiring Surgical Preparation of
the Chest

TAVR via transfemoral access is considered the gold
standard approach, but this approach is not feasible
in approximately 5% to 10% of patients due to periph-
eral vascular challenges such as severe iliofemoral
calcification, suboptimal vascular size, certain peripheral
interventions, or severe vascular tortuosity that pro-

MARCH/APRIL 2024 59



uprasternal access|

Subclavian access
Axillary access

Transcarotid
access

Transfemoral
access

Imaging Tea m‘J.

Equipment

table

Anesthesia
equipment

B
_ . WA

ey

v
/El

2l

)
f ' ¢' +«——— Anesthesia Team

“— = Lead shield

Patient

Figure 4. Various alternative access sites used for performing TAVR (A). Positioning of the patient and the multidisciplinary
team during an alternative access TAVR case (B). Image created with Biorender.com.
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Figure 5. Examples of various BAVs with poor visualization during TAVR fluoroscopy. Used with permission from aortic ViV

application created by Dr. Vinayak Bapat.
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Figure 6. Color Doppler image of the aortic valve showing degenerated bioprosthesis with severe eccentric AR (yellow
arrow) (A). Three-dimensional MPR image showing positioning of the TAVR for ViV deployment (B). Fluoroscopic image of
TAVR within a degenerated Biocor Epic valve (Abbott). Biocor valve has poor visualization on fluoroscopy (C). Positioning of
TAVR valve in a patient with a bioroot (D). Final position showing good TAVR placement (E). Fluoroscopic image showing lack

of markers during TAVR valve deployment (F).

hibits the passage of catheters.” To avoid the use of
transfemoral access in these patients, alternative access
techniques have been developed, including transcaval,
transcarotid, subclavian, direct aortic/suprasternal, and
transaxillary access. Most alternative access routes need
surgical preparation of the patient’s chest and neck,
which precludes transthoracic imaging at the time

of valve intervention with the imager positioned on

the left side of the patient. Imaging with TEE offers an
ergonomic solution to this problem. TEE can help guide
alternative access TAVR with the imager stationed at
the head or right of the patient. Figure 4 shows the
various access points used for TAVR and the arrange-
ment of personnel in the operating room for alternative
access cases.

ViV for Poor Fluoroscopically Visualized Valves

ViV TAVR is an attractive alternative to redo surgery
for treating patients with failed prior aortic bioprosthe-
sis who are at high risk for surgery.’ Appropriate selec-
tion of valve type, size, intraprocedural placement, and
adequate expansion are all key elements for successful
ViV implantation. Favorable outcomes (ie, lower rate
of moderate to severe PVL, lower transvalvular gradi-
ents, lower PVL incidence) depend on all the previously
mentioned factors.22" Most surgical bioprosthetic valve

have their stent frame as a fluoroscopic marker, which
allows for placement using fluoroscopy. However, there
are certain valves with poor or no fluoroscopic mark-
ers, which makes landing of the TAVR valve challeng-
ing with fluoroscopy alone (Figure 5). In these cases,
TEE is extremely helpful in simultaneous visualization,
with two-dimensional and 3D imaging used to land the
TAVR valve at the desired location and ensuring com-
plete expansion (Figure 6).

TAVR With Minimal or No Contrast

Early studies from the various databases revealed an
incidence of chronic kidney disease (CKD) of 33.5% and
end-stage renal disease of 4.1% in patients undergoing
TAVR.2223 Presence of renal disease modifies the natural
progression of various cardiovascular diseases due to
accelerated calcium deposition and early degenera-
tion of valves. Advanced renal disease has been shown
to have poor short- and long-term outcomes after
TAVR.2*?4 Jodinated contrast is used in several stages
of planning and executing TAVR such as the preproce-
dural CT scan, access at the time of TAVR, positioning
of the TAVR valve, aortography for assessment of PVL,
and assessment of peripheral vasculature post-TAVR.

All these steps increase the likelihood of acute kid-
ney injury at the time of the procedure. Experienced
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Figure 7. Short-axis image of the left ventricle showing diffusely thick walls in a patient with stage 4 CKD (A). Strain imaging
showing the classic “cherry on top” apical sparing appearance suggesting amyloidosis in a CKD patient (B). Peripheral vascular
ultrasound used to access the common femoral artery (C). Use of the mitral valve navigator software for assessing aortic annu-
lar measurement (D). Use of 3D MPR imaging measurement of both left and right coronary height and leaflet length (E). Use
of orthogonal imaging for valve positioning prior to deployment (F). 2D, two-dimensional; LV, left ventricle; MVN, mitral valve

navigator.

institutions have developed ways to mitigate this issue
by performing TAVR with low or no contrast. The pre-
assessment needed for sizing of the TAVR valve can be
done using 3D TEE, either at the time of TAVR or as a
study done prior to TAVR. The use of 3D multiplane
reconstruction (MPR) imaging has been validated against
MDCT for assessment of aortic annular sizing using mul-
tiple available software. New automated software is being
developed and some are currently in use for accurate
modeling and assessment of annular and root measure-
ments.2>28 The access in patients with advanced renal
disease can be carefully performed using ultrasound guid-
ance. Intravascular ultrasound is another tool that can be
used for vessels not accessible with surface ultrasound.
TEE guidance is used for valve positioning and postassess-
ment after TAVR. Figure 7 shows an example of a patient
with amyloidosis and advanced renal disease with severe
symptomatic AS who underwent a TAVR using TEE and
peripheral ultrasound.

Evaluation of New Devices for Treatment of AS and AR
There is constant evolution and innovation in the
field of structural heart disease. Multiple new TAVR
devices are being developed, and there are ongoing
efforts in the industry to make a durable TAVR device
with lower incidence of SVD. Early iterations of these
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new devices may need the aid of TEE at the time of
TAVR for assessing feasibility of valve deployment,
accurate assessment of PVL, and transaortic gradients.

CONCLUSION

Although TTE in conjunction with fluoroscopy is the
predominant imaging modality used in TAVR cases per-
formed across most institutions, there is a role for TEE in
select complicated cases. Careful planning and the use of
TEE proactively in these cases can avert complications. ®
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