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Imaging in Cardiovascular Procedures

The role of Imaging Modalities in the Evaluation and
Percutaneous Treatment of Patent Foramen Ovale

Dr. Mustafa Ozan Girsoy, Dr. Sadik Volkan Emren

Foramen ovale which is supposed to close during physiological changes soon after birth,
closes in 75% of the adult population and remains open in the rest 25%; defined as
patent foramen ovale (PFO)." It has been associated with several disorders (migraine with
aura, decompression sickness, etc.) including serebrovascular disease. Despite detailed
evaluation, the cause of ischemic stroke remains unclear in 25% of the patients which
is defined as cryptogenic stroke. The relationship between PFO and cryptogenic stroke
may be associated with paradoxical embolism, thrombus formation in the tunnel, left
atrial dysfunction and atrial arrhythmias. Epidemiological data and clinical observational
studies are supported by recent randomized studies which demonstrated the reduction
in recurrent serebrovascular events after percutaneous closure of PFO.2 The use of mul-
timodality imaging tools is necessary in diagnosis and percutaneous treatment of PFO.

Imaging

The imaging tools play an essential role in diagnosis and guiding the treatment of PFO
like the other structural heart diseases that were treated percutaneously. These tools
include fluoroscopy, angiography, transthoracic echocardiography (TTE) and transe-
sophageal echocardiography (TEE). Intracardiac echocardiography (ICE) may be less
frequently preferred by interventionalists. Among these tools, TEE is the gold standart
to diagnose and manage the treatment of PFO as well as fluorocopy which is definitely
used during percutaneous closure of the defect.? The role of each imaging modality for
the steps of PFO closure is demonstrated in the Table 1.

The Imaging Steps
Before the Intervention

TTE is the initial monitoring tool in diagnosis of PFO. It is widely available in the hos-
pitals and can be performed noninvasively (except the use of agitated saline or other

Table 1. Imaging Modalities Used During PFO Closure

Process Useful (1) Potentially Not useful
useful (11) (111)

Pre-procedure imaging

PFO scanning | I TD: |

Detection of shunt volume | | TD: |

Presence of atrial septal aneurysm I |

PFO tunnel length

Thickness of the septum secundum I

Evaluation of additional structures Il

- ASD I

- Chiari network eustachian valve Il |

Procedural imaging

Device positioning and stabilization I | Fluoroscopy: |

Post-procedure imaging

Embolism | | BT: Il

Follow-up (device thrombus complete closure) I | BT: Il

CT: Computed tomography; TD: Transcranial doppler; TEE: Transesophageal echocardiography; TTE: Transtho-
racic echocardiography; 1: Useful; 11: Potentially useful; 111: Not useful.
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echocardiographic contrast medium for a bubble test). During
TTE study, interatrial septum can be evaluated in multiple win-
dows. Especially, in apical 4- chamber view, a drop out may be
noted and mistakenly considered as a septal defect but it should
be remembered that the ultrasound beam is parallel to the inter
atrial septum in this view. Therefore, better views can be obtained
in subxiphoid frontal and subcostal views where the interatrial
being imaged is perpendicular to the ultrasound beam.*

As the patient is not sedated during TTE, he/she can perform
strong and sustained Valsalva maneuvers; this increases the sen-
sitivity of the method where the intravenously performed agi-
tated saline contrast needs to fill the right atrium near the inter-
atrial septum at the end.

In almost all echocardiography laboratories in Turkey, contrast
bubbles are produced by mixing 9 mL of saline with 1 mL of air
(and 1 mL of blood sometimes) which are rapidly squeezed back
and forth between 2 syringes connected by a 3-way stopcock
and administered by antecubital vein.

In patients with large Eustachian valve, the agitated serum con-
trast may not effectively reach interatrial septum due to the
non-contrast stained blood coming from the lower extremi-
ties which washes out the contrast at the site of the PFO. This
induces a 'negative contrast'image. In this situation, a more sus-
tained and powerful Valsalva maneuver should be tried or the
contrast test should be performed via lower extremity vein to be
directed toward the PFO by the Eustachian valve. A more detailed
information about contrast study is presented in the following
‘Evaluation and Characterization of PFO by TEE' section.

Transcranial Doppler study, which is cheap and easy to perform,
is an alternative highly sensitive imaging modality for indirectly
detecting a PFO by assessing for the presence of right-to-left
shunting. It allows functional assessment of the shunt through
insonation of the middle cerebral arteries after venous injection
of agitated saline and release of the Valsalva maneuver.® Being a
higher sensitive test compared to TEE, makes transcranial Doppler
study an essential screening modality for the detection of PFO.®

On the other hand, a right-to-left shunt, carries the possibility
of being a false-positive for the presence of a PFO either from
an ASD or intrapulmonary shunt. It should be remembered that
transcranial Doppler study is an indirect functional test that does
not depict IAS and thus a confirmatory test either with TEE or ICE
(if available during percutaneous intervention) should be per-
formed following a positive transcranial Doppler study.

Evaluation and Characterization of PFO by TEE

The differential diagnosis of a right-to-left-shunt includes inter-
atrial shunts, as well as shunts in the pulmonary vasculature.
These shunts can be differentiated from a PFO-induced shunt by
the time needed for the microbubbles to reach the left atrium;
this can be difficult in patients with central pulmonary arterio-
venous shunts.

TEE is an essential tool used in the diagnosis of PFO and other
defects including ASD. IAS imaging by TEE predominantly includes
upper esophageal short axis views as well as multiple midesopha-
geal views. In midesophageal window, starting from O degrees (4
chamber), IAS and PFO tunnel can be delineated between mul-
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Figure 1. Demonstration of the interatrial septum and PFO
tunnel at the mid-esophageal level during TEE examination.
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Figure 2. The passage of microbubbles from right to left in
contrast echocardiography is demonstrated.

tiple degrees and views (especially 45°-60 ° short axis and 105°-
120° bicaval) (Fig. 1). The color Doppler scale can be reduced
slightly to approximately 35-40 cm/sec to capture low-velocity
flow across a small fenestration, PFO, or smaller ASD.*

During contrast TEE study, inadequate technique may lead to a
false negatif result; therefore several points should be carefully
taken into consideration. First of all, the steps should include:
1) The patient bears down for 5-10 seconds, 2) The saline is
injected, 3) The contrast reaches right atrium, 4) The patient
relaxes. The agitated saline should be correctly prepared and
densely opacify the right heart. The interatrial septum should
visibly shift from right to left ensuring the Valsalva was correctly
performed. During TEE study, sedation and the presence of a
probe inside the esophagus often decrease the Valsalva strain,
which causes an inadequate Valsalva maneuver. Therefore,
inferior vena cava (IVC) compression maneuver, which involves
manual compression of the abdomen to produce partial IVC col-
lapse and increased IVC flow upon release can be performed.’
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Alternatively, the patient may be asked to cough that can be
performed despite sedation. The Eustachian valve and Chiari
network direct venous blood return from the lower extremities
toward the PFO. Atrial septal aneurysm (ASA), when present,
is frequently associated with PFO and large shunt. It may also
lead to to frequent openings of the PFO during forceful respira-
tion. The presence of ASA and large shunt increases the risk of
paradoxical embolism. The quantification of the shunt is based
on the number of microbubbles crossing the PFO. The appear-
ance of microbubbles in the left atrium within 3-6 cardiac beats
after opacification of the right atrium is considered positive for
the presence of an intracardiac shunt such as a PFO (Fig. 2).*
Although cut-off values are not clear, >20 bubbles with intense
opacification of the left atrium usually indicates a large shunt.
It should be kept in mind that if the bubbles appear in the left
atrium after 3-6 cycles (late bubbles), this represents a pulmo-
nary arteriovenous malformation and usually rules out PFOs.

While IAS is being imaged with respect to diagnose any PFO, the
characteristics of the septum and the tunnel should be evaluated
and reported in detail: the relationship with surrounding struc-
tures (vena cava, coronary sinus, heart valves and pulmonary
veins), the size of the shunt, length of the tunnel, the presence
of any Eustachian valve, Chiari network and ASA, the thickness
of septum secundum. Furthermore, other potential causes of
stroke including left atrial appendage trombus and aortic ather-
oma should also be excluded. The characteristics of complex PFO
that may make the intervention more challenging are described
in the Table 2.8 In a recent study, Holda et al.® evaluated the PFO
channel's morphological and functional features that could pose
a risk for paradoxical embolism. The magnitude of the shunt is
associated with multiplane opening of the PFO channel; there-

Table 2. Complex PFO Features
Accompanying atrial septal aneurysm*
Tunnel length 28 mm

Septum secundum thickness = 10 mm

Multiple fenestrations in atrial septum

Eustachian valve or Chiari network

Anatomy Changes Due to Aortic Root Enlargement

*An atrial septal aneurysm is a deformity of the atrial septum, usually in the fossa
ovalis region, bulging 10 mm towards either the right or left atrium, or a total of
15 mm towards both.

fore the larger the opening of the PFO channel is, the greater
the probability of paradoxical embolism and greater the risk for
ischemic stroke. They showed that PFO channel length reduction
was identified as the strongest predictor of PFO-related stroke;
when the PFO channel length decreases, it allows the throm-
bus to pass through its lumen much more easily than it does in
longer channels. Furthermore, low PFO channel length/height
ratio during the Valsalva maneuver was identified in this study as
a cryptogenic stroke risk factor. Consequently, shorter and wider
channels are found to be more prone to paradoxical embolism.

Imaging of the fossa ovalis is usually obtained using a 2D TEE
bicaval plane view. In the last two decades, 3D TEE has emerged
as an indispensable tool that compliments 2D imaging of cardiac
structures and therefore may also permit a clearer understand-
ing of PFO morphology. The surrounding structures within left
and right atrium are that may have a relationship with PFO can
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be easily delineated before and during the closure procedure.*
'° To depict the entire atrial septum 3D zoom mode is the most
preferred method, especially in bicaval view, where the atrial
septum lies perpendicular to the ultrasound beam. Superior and
inferior vena cava are included in this view. With a 90 ° up-down
angulation of the pyramidal data set, the entire left-sided aspect
of the septum is shown in an "en face" view. Once the left side of
the atrial septum is acquired, a 180° counterclockwise rotation
shows the right side of the atrial septum and the fossa ovalis as a
depression on the septum.* PFO is not a circular, but an elliptical
structure. Furthermore, similar to atrial septal defect, dynamic
changes in the area of PFO during cardiac cycle are observed
(larger in ventricule systole compared to diastole). Maxiumum
and minimum dimensions of the defect can be accurately calcu-
lated using multiplanar reconstruction and; therefore the opti-
mal type and size of the closure device can be easily determined.

Selection of the PFO Occluder

During percutaneous closure of PFO, mostly used devices
include Amplatzer (Abbott; Chicago, Ilinois) and Amplatzer-
type occluders with a left atrial anchoring disc and an intercon-
nected right atrial disc. Appropriate sizing is essential to prevent
embolization of the device and ensure a stable position. At this
time there is no consensus regarding the selection of device size
for PFO closure; however, TEE provides precious clue regarding
the selection of the optimal device including length and width
(opening) of the tunnel, thickness of septum secundum, pres-
ence of ASA and/or coexisting atrial septal defect.

A thick septum secundum requires a larger right atrial disc as
the right atrial disc may slide off the septum secundum and flip
into the PFO tunnel.® Similar risk is also present for patients with
a large ASA and very short PFO tunnel. Therefore, the presence
of 1 or 2 of the risk factors (thick septum secundum, ASA, and
short or no tunnel) should trigger selection of the larger PFO
occluder (e.g., an Amplatzer 35 mm PFO Occluder), whereas
the presence of all 3 risk factors mandates selection of the larger
PFO Occluder.? Although long-tunnel PFO tracts pose particular
challenges for device closure, long tunnel or a small PFO open-
ing renders a thick septum secundum or an ASA less essential
and may still allow a standard device to be used.> " On the other
hand, in patients with large ASA, multifenestrated 'cribriform’
devices may be preferred by some operators following septos-
tomy. During percutaneous closure of PFO, the use of “sizing
balloons” is not generally required as it provides limited addi-
tional information (width and length of the PFO tunnel) and
carries a small risk for complications such as tearing of a thin
septum primum.

Briefly, TTE acts as an initial tool to describe some of the PFO char-
acteristics, but subsequent two and three dimensional TEE, provides
invaluable data about PFO to select the appropriate PFO occluder.’?

Periprocedural Imaging

Imaging during PFO closure procedure is mainly aimed to
demonstrate the device deployment, device position and pres-
ence of the shunt. Fluoroscopy is sometimes the only preferred
imaging method during periprocedural period by some opera-
tors; however, TEE or ICE gives more accurate information about
the demonstration of device deployment and position. The main
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Figure 3. A-F. Perioperative echocardiographic imaging. (A) Passage
of the wire through the patent foramen ovale (PFO) tunnel.
(B) Demonstration that the wire is in the pulmonary vein. (C)
Positioning of the guide catheter in the left atrium. (D) Opening of
the left atrial disc in the left atrium. (E) Positioning the left atrial
disc against the septum and opening of the right atrial disc. (F)
Release of the device covering the PFO and partially the septum.

Figure 4. A-F. Perioperative fluoroscopic imaging. (R) Passage of the
wire through the patent foramen ovale (PFO) tunnel. (B) Advancement
of the wire into the left upper pulmonary vein with a catheter. (C)
Positioning of the guide catheter in the left atrium. (D) Opening of
the left atrial disc in the left atrium. (E) Positioning the left atrial disc
against the septum and opening of the right atrial disc. (F) Checking
the position from a left oblique angle after the device is released.

pitfalls of TEE may be the requirement of sedation and impair-
ment of patient comfort. Furthermore, general anesthesia and
intubation may be needed in case of TEE imaging to avoid aspi-
ration while the patient is lying on supine position. Besides, being
closed to the collimator may expose the echocardiographer to
higher radiation (nearly 3 to 10 times) which is considered as
another drawback of echocardiographic imaging during the pro-
decure.™ Fluoroscopic images are usually adequate to show the
advancement of wire and catheter through the PFO tunnel. In
this context, multipurpose catheter is positioned at 2 clocks at
the junction of right atrium and IVC, then advanced through the
PFO tunnel over the 0.035- or 0.038-inch wire (Fig. 3A and 4A).
The catheter and wire should be kept in a clockwise torque in
order to stay positioned at pulmonary vein instead of left atrial
appendix due to the concern of perforation (Fig. 3B and 4B).
Before the advancement of delivery sheath, soft tip 0.035- or
0.038-inch wire should be exchanged with extra-stiff, floppy/J-
tipped0.035-inch exchange-length guidewire. The position of
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wire and catheter can be confirmed with echocardiography or
fluoroscopy. Fluoroscopy is solely adequate during the advance-
ment of delivery system. In this regard, delivery system should
be advanced through PFO at 2 clock at anteroposterior view on
fluoroscopy (Fig. 3C and 4C). In our practice, combination of flu-
oroscopic and echocardiographic imaging increases the success
of procedure. We usually prefer TEE guidance to visualize the
opening of the left atrial disc in left atrium without traumatizing
the atrial wall (Fig. 3D and 4D) and the positioning of left atrial
disc towards septum (Fig. 3E). Afterwards, the right atrial disc is
opened and deployed and the occluder seats the septum (Fig.
4E). After unlocking the lock system, anatomical position of the
device can be confirmed with the fluoroscopy or TEE (Fig. 3F and
4F). If 3D TEE is available, the relationship between guidewire
and delivery system and surrounding structures may be better
depicted, and this may reduce the total fluoroscopy time. Before
discharge, the patient should be evaluated with TTE in terms of
device position, and presence of any embolization, pericardial
effusion and thrombus. The second echocardiographic (TTE or
TEE) evaluation should be performed within 3 and 6 months
after discharge.™

Conclusion

PFO, which is a common finding in adult population, may be
associated with several disorders including cryptogenic stroke.
Percutaneous management of PFO has been shown to decrease
recurrent cerebrovascular events. Multimodality imaging, includ-
ing transthoracic and transesophageal echocardiography, is cru-
cialin the evaluation of PFOs, and helps in selecting the optimal
closure device and increases procedural success.

Imaging Modalities in Evaluation and
Percutaneous Treatment of Atrial Septal Defect

Dr. Fahriye Vatansever Agca, Dr. Omer Furkan Demir

Atrial septal defects (ASD) constitute 10% of congenital
heart diseases. Ostium secundum type defect is the fourth
most common congenital heart disease and its incidence is
3.78/10 thousand live births." Since the first case of percuta-
neous transcatheter closure (PTC) was reported in 1976, PTC
has become the standard choice of theraphy for secundum
ASD with advances in transcatheter techniques, device tech-
nology. and imaging. Transthoracic echocardiography (TTE)
is the first-line imaging modality for interatrial septal eva-
luation. However, transesophageal echocardiography (TEE) is
required for further evaluation of atrial septal abnormalities
before deciding on closure. With widely usage of three-di-
mensional (3D) TEE in recent years, the atrial septum is
displayed as en-faced and more accurate measurements are
obtained, especially in complex defects. Another technique,
intracardiac echocardiography (ICE), can be used to guide
ASD closure procedures and acquire imaging comparable to
TEE.* "¢ ASD can also be visualized and supplementary infor-
mation can be obtained by cardiac magnetic resonance (MR)
imaging and multislice computed tomographic angiography
(CT).* However, this article will focus on echocardiographic
imaging in ASD closure and review the use and guidance of
echocardiography before, during, and after the procedure in
percutaneous ASD closure.
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Figure 5. A-B. (AR) Subxiphoid four-chamber frontal window,
visualization of a defect in the interatrial septum. (B) Subxiphoid
four-chamber frontal window, visualization of left-to-right flow
across the interatrial septum with color Doppler.
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Figure 6. Visualization of passage through the septum in a
modified apical four-chamber view.
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Figure 7. Visualization of the defect in the interatrial septum, along
with the aortic and posterior rims, in the parasternal short-axis view.

Preprocedural Imaging
Transthoracic Echocardiographic Imaging

The interatrial septum (IAS) is a complex, dynamic and three-di-
mensional structure. The secundum type ASDs can be of diffe-
rent locations, diameters, shapes and numbers. TTE is the most
important method to determine existence of ASD, evaluating its
hemodynamic significance, and demonstrating other accom-
panying anomalies. Although TTE allows septum examination in
multiple planes, the fact that the septum is far from the trans-
ducer in adults leads to suboptimal results, and it may cause
drop-out defects or an overestimation of the existing defect dia-
meter due to the parallel course of ultrasound waves to the IAS,
especially in the apical windows. To circumvent this, subxiphoid
windows provide the most important images of atrial septum
and related structures, especially in pediatric population.

The subxiphoid four-chamber frontal window is best for viewing
the atrial septum along the anteroposterior axis (Fig. 5A, B, Vid.
1A, B). This helps to avoid artifact which cause drop out image
especially in the middle part of the septum and can helps to
distinguish a true defect. The right pulmonary vein rim may be
examined in this window. The subxiphoid sagittal TTE window is
best for visualization of the atrial septum along its upper-lower
axis. SVC and IVC rims can be measured in this window and is
a convenient window to view a sinus venosus type defect. The
modified apical four-chamber window, visualized by shifting
probe from the apical four-chamber view to the medial border
of sternum, is an alternative method for visualizing the atrial
septum in patients where subcostal images are difficult to obtain
(Fig. 6, Vid. 2). The parasternal short axis window is useful for
measure the aortic and the posterior rims (or lack thereof) (Fig.
7. Vid. 3). Of the alternate windows, the left anterior oblique
window is obtained by rotating the probe 45- counterclockwise
from the four-chamber view. This window is used to view the
length of the atrial septum and is useful for recognising the
ostium primum defects and assessing coronary sinus dilatation.
It is useful for evaluating SVC rim and the right-sided pulmonary
venous return. The high right parasternal window is a parasagittal
view obtained with the probe in the upper-lower orientation in
the right lateral decubitus position. Ultrasaound beam is perpen-
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Figure 8. A-B. (R) Visualization of a dilated right ventricle. (B) Diastolic flattening (D-shape) of the interventricular septum.

dicular to septum and it is ideal for visualization of sinus venosus
defects, especially while subxiphoid windows are suboptimal.?

Contrast echocardiography with agitated saline helps to detect the
PFO/ASD when used in combination with physiologic maneuvers like
valsalva and coughing. The test is accepted as positive if microbubb-
les are seen in the left atrium within 3-6 cardiac cycles after rihgt
atrial opacification." Associated findings, like dilatation of right atrium,
ventricle, and/or pulmonary artery, and diastolic flattening of the inter-
ventricular septum, are important signs of left-to-right shunts (Fig. 8,
Vid. 4). However, despite all these standard and alternative imaging
windows and techniques, TTE imaging in adults cannot provide suf-
ficient information in evaluation for PTC, and TEE could be required.

Table 3. TEE checklist of ASD evaluation for percutaneus closure

Assessment of ASD

Primum, secundum, sinus venosus
type. unroofed coronary sinus type
Left to right, right to left or
bidirectional flow

Presence of anomalous pulmonary
venous drainage

Significant mitral valve or other
pathology necessitating surgical
intervention

Defect size and shape

Number of defects
Measurement of all rims-aortic,
RUPV superior, posterior, inferior,
AV septal

Atrial septal aneurysm

Eustachian valve

Chiari network

Measurement of area and
maximum/minimal diameters in
end-systole and end-diastole

Necessary steps
Type of ASD

Doppler flow presence

Need for surgery

Detailed assessment of defect

Associated findings

Dynamic nature of ASD

Transesophageal Echocardiographic Imaging
2D TEE Imaging

To complete and systematically evaluation of the defect size,
shape, location, and relationship with surrounding structures, the
all interatrial septum should be scanned in 15-degree increments
of transducer angle, starting with multiple and sequential standard
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TEE windows. The examinations that should be done in standard
TEE imaging for ASD are given in Table 3. While examining the
IAS, after optimization of two-dimensional images, color Doppler
imaging should be performed. Doppler scale should be reduced to
35-40 cm/sec in order to display low velocity currents. Next, the
images should be examined using a pulsed and continuous Dopp-
ler to measure the speed, direction, and duration of the interatrial
shunt. After detection of ASD, the relationship of the defect to
both vena cava, pulmonary veins, mitral and tricuspid valves, aorta
and coronary sinus must be evaluated. It is critical to measure the
rims surrounding the defect for the patient's suitability for PTC. A
missing rim is defined as lower than 5 mm of adequately thick rim
length in multiple sequential views, which should be evaluated
in at least three consecutively related multi-plane windows with
15° increments. Another window imaging is required to evaluate
the hemodynamic consequences of ASD, like right heart cham-
bers, pulmonary artery dilatation, and pulmonary artery pressure.*
While the usage of TEE, five basic windows may be useful for eva-
luating IAS and surrounding structures.

Upper Esophageal Short-Axis View

This window gained through the upper esophagus, the probe
angle beginning at 0° and progressing slowly to at 15°, 30°, and
45°. This window allows to evaluate the upper part of the septum
secundum, the roofs of the atria, and adjacent great vessels (supe-
rior vena cava and ascending aorta). By advancing probe into the
middle esophagus and rotating the clockwise, we can visualize
right pulmonary veins ostea. Abnormal pulmonary venous drainage
and SVC type sinus venous defect is visualized from this window.

Midesophageal Aortic Valve (AoV) Short-Axis View

It is the window in which the probe starts at an angle of approxi-
mately 30° in the middle esophagus and progresses step by step by
recording additional images at 45°, 60°, and 75°. These view is used
to obtain short axis views of the AoV and its surrounding septum
and to measure the anterior (anterior superior, aortic) and posterior
(posterior) rims of the defect. It is used to image the short-axis
views of the AoV and its surrounding septum. It also allows to mea-
sure the anterior-posterior diameter of the defect (Fig. 9A). Total
septal length can be measured from this window (Fig. 9A).
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Figure 9. A-B. (A) Mid-esophageal aortic valve short-axis view, measurement of the aortic (anterior superior) and posterior rims
(deficient aortic rim). (B) Measurement of the AV valve and posterior rims in the mid-esophageal four-chamber view.

Adult Echo TISO7 MiO04

Figure 10. A-B. (A) Visualization of SVC type sinus venosus ASD in the mid-esophageal bicaval view. (B) Measurement of the SVC
and IVC rims in the mid-esophageal bicaval view.

Midesophageal Four-Chamber View

These images are acquired from middle esophagus by beginning
at angles of 0° and step by step increases to 15° and 30°. This
image is used for evaluating relationship of the AV septum and
any ASD to the AV valves. It is used to measure the anterior infe-
rior (AV valve) rim. It should be noted that the aorta is closed in
this window (Fig. 9B).

Midesophageal Bicaval View

These view can be gained through the mid-esophagus multiplane
by changing angles to 90°, 105°, and 120°. By this window visu-
alization of all of interatrial septum is possible. This window allows
to evaluate sinus venosus defects and abnormal pulmonary venous
return (Fig. 10A). To examine IVC-type defects, the probe is advan-
ced to the stomach, retroflexed, then slowly retracted into the lower
esophagus, and the angle is evaluated at 90°+20°. Examining SVC
type defects by pulling the probe back slightly towards the upper
esophagus and increasing the angle towards 120°+20° enables these

defects to be viewed more easily. IVC (posterior inferior) rim and SVC
(posterior superior) rims are measured from this window (Fig. 10B).

Mid-Esophageal Long-Axis View

It is used to examine left atrium's roof while the percutane-
ous occlusion device is placed. These images are acquired from
middle esophagus by changing multiplane angles to 120°, 135°
and 150°. Rotation past the LA appendage show the entry of left
pulmonary veins into left atrium.

3D TEE Imaging

In ASD evaluation, 3D TEE is complementary to 2D TEE and is
indispensable especially in complex anatomical defects. A wide
and detailed 3D examination is usually achieved by starting with
a real-time narrow-angle imaging after 2D image optimization
from standard windows with electrocardiographically marked 3D
wide-angle and zoom images to acquire high resolution images
from temporal and spatial window. Three dimension images can
be obtained from all standard 2D TEE windows, but the bicaval
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Figure 11. 3D imaging of the ASD, examining the shape and number
of defects, and the diameter of the defect during systole and diastole.

window is most commonly used. With zoom mode viewing, the
depth of pyramidal datasets should be adjusted to include only
the left and right sides of the atrial septum in this window. Both
the superior and inferior vena cava must be visualized. With the
90° up-down angulation of the pyramidal dataset, the left atrial
side of the septum can be represented as "en-face perspective”.
After obtaining the left side of atrial septum, a 180° counterclo-
ckwise rotation is useful for visualizing right side of atrial septum
and fossa ovalis as a depression on the septum. With appropriate
gain setting, this window is used to examine the size and shape
of the ASD in systole and diastole (Fig. 11).

Indication for ASD Closure, Shunting and Hemodynamic
Evaluation

ESC 2020 Adult Congenital Heart Disease Treatment Guidelines,
with evidence of right ventricular volume overload (right ventri-
cular enlargement with increased stroke volume) and without left
ventricular disease and pulmonary arterial hypertension (no evi-
dence of non-invasive PAP elevation, or invasive if such findings
are present, PVR <3WU) closure of the ASD is recommended
regardless of the symptom (class I, level of evidence B). Closure
with a device is recommended for secundum ASD in technically
eligible patients (class I, level of evidence C)."® When performing
shunt and hemodynamic evaluation in ASD patients, both stru-
ctural examination and color and spectral Doppler examination
should be performed. The shunt direction from the ASD is usually
left to right, but in the presence of significant pulmonary hyper-
tension, the shunt direction can be right-to-left or bidirectional.

Besides color Doppler, pulse wave spectral Doppler is useful to
determine the shunt's direction. Besides color Doppler, pulse wave
spectral Doppler's settings of the color scale must be optimized for
low velocity of shunting (25-40 cm/sec). In cases with mitral ste-
nosis, impaired LV compliance, or increased pressure from LV outf-
low obstruction, a higher-rate left-to-right shunt will occur. The
amount of shunt may be calculated by the ratio of pulmonary blood
flow (Qp) to systemic (Qs) blood flow. This is calculated from the
formula by measuring the maximum systolic diameters of the RV
and LV outflow tract and systolic velocity time integrals (VTI) obta-
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ined with pulse wave Doppler.” This method has been compared
with oxymetric methods and has been validated in the presence of
accompanying pathologies such as pulmonary hypertension, mitral
and tricuspid regurgitation, ventricular septal defect and Eisenmen-
ger syndrome.?° Dilatation in the right heart chambers should be
evaluated. The grade of dilation is related with relative compliance
of these structures and the relative systemic and pulmonary vascu-
lar resistances, as well as the size of the ASD. In most patients, gre-
ater compliance of the RV compared to the LV and lower resistance
of the pulmonary circulation compared to the systemic circulation
result in a clear left-to-right shunt that leads to dilatation of the RV.
A right ventricule diameter over 41 mm at baseline and over 35 mm
in midle indicates RV dilatation. Additionally, a longitudinal diame-
ter over 83 mm indicates RV dilatation.?’ RVend-diastolic volume
measured by 3D echocardiography and indexed by body surface area
is considered increased if it is 287 mL/m? in males and 274 mL/
m? in females.?? When volume overloads, in case of left-to-right
shunt via the ASD, as the RV expands, the interventricular septum is
displaced towards the LV in diastole, causing diastolic septal flatte-
ning. Systolic septal flattening may also be present in patients with
ASD and pulmonary hypertension. Visual recognition of diastolic
and systolic ventricular septal flattening is useful for diagnosis of RV
volume and/or pressure overload. Examination of pulmonary hyper-
tension is a mandatory stage of the echocardiographic evaluation of
an ASD before intervention. Systolic PA pressure is calculated from
tricuspid regurgitation jet velocity (V) and RV systolic pressure using
the Bernoulli equation: RV systolic pressure = 4(V)2 + estimated RA
pressure. Normally, the peak RV systolic pressure must be lower than
30-35 mm Hg. PA diastolic pressure may be calculated for pulmo-
nary regurgitation end-diastolic rate, and mean PA pressure may be
calculated the peak pulmonary regurgitation diastolic rate. With
ongoing RV volume overload and increasing PA flow over time,
some patients develop pulmonary hypertension (PH) and a smaller
percentage may develop irreversible pulmonary vascular disease.?*
The type of ASD is also associated with the frequency and rate of
pulmonary hypertension. Sinus venosus-type defects are associa-
ted with pulmonary hypertension earlier and more frequently than
with secundum ASDs.?> ESC guidelines require right heart cathe-
terization to calculate PVR for all patients with pulmonary hyper-
tension findings before deciding on closure. Percutaneous closure is
not recommended for patients with PVR =5 WU, fenestrated ASD
closure can be considered when PVR falls below 5 WU after targeted
PAH therapy and in the presence of significant left-right shunt (Qp/
Qs >1.5) (class lIb, level of evidence C). In the presence of significant
shunt in patients with PVR between 3-5 WU, ASD closure is recom-
mended as class lla, level of evidence C.™

LV diastolic dysfunction that occurs with age can increase the
left-to-right shunt, resulting in worsening of RV volume over-
load. Such patients are risky for acute heart failure after closing
their ASD. Pre-procedural echocardiographic examination of LV
diastolic function, together with evaluation of mitral inflow and
annular velocities, can recoginize such kind of patients. LV dias-
tolic function abnormality may be masked by the ASD and pres-
sure equalization between the left and the right heart. In these
patients, it is recommended to determine the patients at risk of
pulmonary edema with the balloon occlusion test and measure-
ment of the LA pressure before the ASD closure procedure, and
to make a decision by carefully weighing in terms of closing /
closing by fenestrated device/not closing.® 2¢
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Figure 12. Measurement of the defect diameter with MPR in 3D-TEE.

Measurement of ASD Size

The ideal defect for percutaneous transcatheter closure is a single
ASD with intact and adequately sized rims with a maximum diame-
ter of less than 20 mm, but defects lower than 40 mm in diameter
may be repaired percutaneously.?” As the ASD size change during
the heart cycle; the maximal ASD diameter should be measured at
the end of ventricular systole.?® The change in ASD diameter of 50%
or more according to the cardiac cycle is named “dynamic ASD".
These is a situation that increases the risk of erosion.* If the maximal
two-dimensional measurements, taken in all TEE planes [0, 45, 90,
135] are similar (1-2 mm) the largest measurement gives the ASD
size. If the measurements differ significantly (=3 mm), it is recom-
mended to reveal the shape of the defect with 3D TEE and take
measurements. It is recommended to calculate the device size to
be selected as the measured ASD size plus 20%.2° However, it is
recommended to add 25% in the presence of atrial septal aneurysm
orin the absence of aortic rim.3® The maximal jet width measured by
color Doppler echocardiography is directly proportional to the sur-
gically measured diameter of the defect in both TTE and TEE mea-
surements, but it may cause an error when only this measurement

Turk Kardiyol Dern Ars. 2022;50(S3):51-556

is used; therefore, it is recommended to rely on 2D or 3D measu-
rements without color Doppler. Variability in color quality and color
settings between devices can cause excessive coloration on the atrial
septum, resulting in an overestimation of the true defect diameter.'
3D multi-plane reconstruction (MPR) provides a detailed evaluation
of ASD and rims and is the gold standard method for measuring
defect diameter. With 3D imaging, true long and short axis diame-
ters of the defect are obtained quickly and more accurately (Fig. 12).
3D TEE ASD measurements appear to be more accurate compared
to 2D. The latest 3D softwares allows measurements of the ASD
diameter from the live 3D image instantly and directly from the live
3D image and make it available during the procedure.*® 32

Balloon sizing is an alternative method for determining the diame-
ter of the defect and thus the size of the device. During the proce-
dure, the balloon, which is inflated over the full defect by placing
a mixture of opaque material and saline, is monitored echocardi-
ographically and the measurement is taken with Color Doppler as
soon as the flow is lost across the defect (stop flow technique).
The central narrowest part of the inflated balloon gives us the
diameter of the defect. The same measurement is also checked
over the scope. This diameter is equal to the device diameter to be
used. Even in patients with aortic rim deficiency, a device 2-4 mm

Table 4. Assessment of ASD, rims and periprocedural imaging by
TEE

Anatomic Atrial septal Probe Suggested Procedural
rim anatomy orientation multiplane assesstment
angles

Aortic rim  Superior/ Mid-esophageal/ 30, 45, 60, Device
anterior rim  short axis view 75 relationship
between the to AoV and
ASD and the posterior
AoV annulus atrial wall
and aortic
root

AV valve Inferior/ Mid-esophageal/ 0, 15,30  Device

rim anterior rim  four-chamber relationship
between the view to AV valves
ASD and the
AV valves

SVCrim  Superior/ Mid-esophageal/ 90, 105,  Device
posterior rim  bicaval view 120 relationship
between the to RA roof/
ASD and the dome
SvC

IVC rim Inferior/ Mid-esophageal/ 90, 105,  Device
posterior rim  bicaval view 120 relationship
between the to RA roof/
ASD and the dome
IVC

Posterior  Posterior rim Mid-esophageal/ 0, 15,30  Device

rim between four-chamber relationship
ASD and view to posterior
posterior atrial wall
atrial walls

Right Posterior rim Mid to upper 0, 15,30, Device

upper between the esophageal/ 45 relationship

pulmonary ASD and the basal transverse in atrial roof

vein RUPV view

(RUPV)

rim

larger than the balloon diameter should not be used due to the risk
of erosion. Many centers, like ours, have abandoned the routine
application of balloon sizing due to the publications that stretched
ASD diameter measurement in this way can lead to an increase in
the diameter of the defect, and especially the highly successful
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diameter measurements of 3D echocardiography. However, it may
be useful in cases such as floppy rims or multiple defects.>

Measurement of the ASD Rims

It is crucial to measure all of rims on TEE procedure to analyze if

Imaging in Cardiovascular Procedures

the patient is suitable for PTC. The edges (rims) of the surrounding
tissue are named according to the surrounding adjacent anatomical
structures. The strength and integrity of the rim tissue is important,
thin and loose rims are unlikely to have the strength to hold the
device disc, despite appearing to be of sufficient length. Conven-
tionally, surrounding tissue contains six anatomic rims (Table 4).
The minimal two-dimensional measurement of rims are taken into
account. Measurements should be made from the thick parts of
the rims, thin and weak parts should not be included in the measu-
rement (Fig. 9A,B; 10B). Rims should be more than 5 mm in length,
the most important rim is the inferior vena cava (IVC) rim. The
minimum two-dimensional dimension of the rims must be taken
into account and must be at least 5 mm long. The most important
and indispensable rim is the inferior vena cava (IVC) rim. Adequate
SVC, RUPV, IVC, and AV valve rims are essential for transcatheter
ASD closure. More than 40% of patients with ASD have aortic rim
<5 mm (Fig. 10A). Although missing aortic rim is not an absolute
contraindication for device closure, it is a potential risk factor for
erosion.3* However, as the increasing experience, defects with less
rims can be successfully closed. PTC is not recommended if two or
more rims are missing. The rims and features to be considered in
the patient evaluated for ASD closure are given in Table 4.

Associated Anatomical Findings
Partial Anomalous Pulmonary Venous Return (PAPVR)

PAPVR is relatively rare, only occurring in 0.1%-0.4% of the adult
population.® Although it can also be seen in isolation, it more frequ-
ently accompanies sinus venosus type defects, but it can also rarely
seen with secundum type defects. In the adult population, most
abnormal pulmonary veins occur in the left upper lobe, less frequ-
ently in the right upper lobe.* 3¢ To view right pulmonary veins, the
probe should be put at mid-oesophageal level at 45°+10°, rotated
clockwise and gradually withdrawn untill veins are visualised. Left
pulmonary veins may be examined by placing the probe at mid-oe-
sophageal level at 120°£10°, rotating counterclockwise with gradual
withdrawal (Fig. 13A, B).>” Pulmonary vein imaging is an indispen-
sable part of ASD imaging, and the orifices of all four pulmonary veins
should be visualized before the procedure, in case of doubt, cardiac
MRI or multislice CT angiography should be examined, and cases with
return anomaly should be referred to surgical closure (Fig. 14A-C).

Multiple Defects

To exclude the presence of multiple ASDs, the atrial septum should
be scanned with color Doppler and 3D TEE (Fig. 15A, B). In 7.3% of

Figure 14. A-B-C. (A) Demonstration of left-to-right shunting in a patient with secundum type ASD using multislice CT angiography. (B) Demonstration
of partial anomalous pulmonary venous return in a patient with secundum type ASD using multislice CT angiography, showing the right upper pulmonary
vein draining into the superior vena cava (SVC). (C) Measurement of the defect diameter in a patient with secundum type ASD using the MPR method.
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Figure 15. A-B. Imaging of multiple defects with 3D TEE.

patients with secundum type ASD, multiple defects are detected.?®
In patients with multiple defects, the distance between the defects
is important to determine the number of devices to be used. If this
distance is 7 mm or less, closure can be done with a single device.
A major concern in the presence of two separate septal defects is
the possibility of missing additional defects. Apart from scanning
with 3D TEE and color Doppler, scanning can be performed along
the entire septum with color Doppler, following the closure of the
existing defect with a balloon during the procedure.

Atrial Septal Aneurysm

ASA is an excess or saccular deformity of the atrial septum which
leads to increased mobility. ASA is defined as a combined devi-
ation of 10 mm or a total of 15 mm from the plane of the atrial
septum to the RA or LA. ASA has been associated with multiple
septal fenestrations (multi-fenestrated ASD) (Fig. 16A, B). It is
crucial to measure the size of an ASD associated with a septal
aneurysm, as ASD with a defect diameter (<20 mm) can be
closed using a PFO closure device. An ASD closure device should
be used when the associated defect diameter is >20 mm.**

Eustachian Valve

As an embryologic remnant that lies at the junction of the infe-
rior vena cava and right atrium, the valve size and proximity to
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Figure 16. A-B. Multifenestrated ASD: Visualization of four
distinct defects on the septum in the same patient and the
left-to-right shunting from each defect with color Doppler.

the IAS must be calculated in the echocardiographic evaluation.
A large valve close to the IAS, may interact with the device during
opening of the RA disc of the closure device, may lead to inac-
curate assessment of the defect and creating difficulty during
the procedure. In such cases, it is recommended to perform the
closure procedure with TEE guidance.*

Chiari Network

The Chiari network can interact with wires, catheters, sheaths,
cables, and devices as they pass through the RA. Therefore, inves-
tigation of the presence of Chiari network before device closure
of the ASD should be part of the echocardiographic evaluation.*

Cardiac Magnetic Resonance Imaging (CMR)

In recent years, CMR has emerged as an important imaging moda-
lity. CMR has dramatically evolved for congenital heart disease.*
It offers superior temporal and spatial resolution, lesser operator
dependence, large feld of view, 3D multiplanar imaging, detailed
cardiovascular anatomical imaging and highly accurate and repro-
ducible measurements and calculations about cardiovacular physi-
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Figure 17. Imaging of two ASD closure devices implanted in the patient using
cinefluoroscopy. In a patient with multifenestrated ASD, four defects located
in the interatrial septum have been closed with two different devices.

Figure 18. A-B. Visualization of the guide wire passing through the defect
during the procedure and its positioning in the left upper pulmonary vein.

512

Imaging in Cardiovascular Procedures

ology. It is the gold standard imaging method for right heart volume
evaluation.*! In patients with ASD, phase contrast CMR allows 3D
en-face visualisation of the defect. Diameter can be measured, car-
diac volumes can be calculated, and shunt ratio can be measured di
rectly. CMR-derived defect dimensions are strongly correlated with
balloon sizing results and are superior to 2D TEE measurements.
CMR is very successful in detecting concomitant intracardiac and
extracardiac anomalies like PAPVR. It is also very successful in ima-
ging the posterior inferior rims, which are difficult to visualize with
TEE. In a study, it was found that more than 70% of patients with
deficient posterior inferior rim on TEE actually had sufficient rim on
CMR and suitable for percutaneous closure.*? Defects in floppy thin
septums can be missed with cardiac MRI, and alternative imaging
techniques should be used in these patients. Again, the use of MRI
is limited in prosthetic valve patients, patients with claustrophobia,
and patients who cannot hold their breath well.

Cardiac Computed Tomographic Imaging

Cardiac computed tomography (CCT) has recently undergone major
technological developments that currently allow quantification of
cardiac morphology and function with low-dose radiation exposure in
congenital heart disease. With CT, the Qp/Qs ratio can be measured
non-invasively, the diameter and shape of the defect can be determi-
ned, and rim measurements can be made. The Qp/Qs ratio calculated
with CT is correlated with right heart catheterization (Fig. 14A). The
use of CT in the evaluation of ASD is presented as a reliable option and
provides an opportunity to recognize additional malformations such
as pulmonary venous return anomaly (Fig. 14B). Defect diameter
and rims measured by the MPR (multiplanar reconstruction) method
provide results in good correlation with TEE (Fig. 14C). Right and left
heart volumes can also be measured. In addition, concomitant coro-
nary artery anomalies and coronary artery stenosis can be observed
simultaneously, especially in older patients. The use of contrast mate-
rial and radiation exposure, are important hazards of CCT.%-44

Intraprocedurel Imaging
Cineflouroscopy

Cineflouroscopy is an imaging method used in the catheter labo-
ratory during the percutaneus closure procedure. Intraprocedu-
ral fluoroscopic imaging is complementary to echocardiography.
Cinefluoroscopy specifically guides the interventional cardio-
logist during advancement, placement, and release of guidewire
and closure device (Fig. 17).

Echocardiography

It is the primary imaging modality for procedural guidance during
percutaneous transcatheter closure of ASDs. Real-time proce-
dural echocardiography with TTE, TEE, 3D imaging or ICE acquires
essential data before, during and after device insertion. While
each imaging modality has its own advantages and disadvan-
tages, all offer useful and detailed information for patient and
device selection, procedural guidance, monitoring complicati-
ons, and outcome evaluation. Transthoracic echocardiography
is the least invasive imaging method and may be sufficient for
procedural guidance, especially in childs and smaller patients.
Limitations include poor image quality and device-related arti-
facts in larger patients. Using TTE has the advantages of shorter
procedure time, shorter hospital stay, and lower cost due to avo-
idance of general anaesthesia.*>*’
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Figure 19. A-B. Evaluation of the device's relationship with
surrounding structures on all rims before releasing the device
during the procedure, and residual shunt control.

Transesophageal echocardiography provides more detailed infor-
mation during the procedure. The disadvantage is that it requires
conscious sedation or general anesthesia to reduce patient com-
fort and aspiration risk. During TEE-guided closure, a guide wire
is advanced through the defect and left atrium, and is usually
inserted into the left upper pulmonary vein (LUPV) (Fig. 18A,
B). The echocardiographer should follow the guidewire on the
mid-esophageal 40-60° view and verify proper positioning from
the RA through the defect and left atrium to the LUPV. With
Live 3D imaging, guide catheters can be clearly observed and
the operator can be guided simultaneously. Since the left atrial
appendage is a thin-walled structure, it is important to prevent
catheters and rigid guidewires from causing perforation and
pericardial effusion. After the device is loaded into the delivery
sheat, the insertion should be performed under the guidance of
TEE. After making sure that the tip of the sheat is on the left
atrium, the left disc can be inserted. The device is then pulled
back towards the IAS under TEE guidance so that the bottom of
the device captures the aortic rim or aortic root. The device is
then retracted towards the RA until its upper portion captures
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the upper portion of the ASD. With TEE, after ensuring that the
LA disc is well positioned at the edges of the ASD, the right atrial
disc of the device is opened within the RA and the device grasps
the edges of the defect. The imager should confirm good appo-
sition of both discs and evaluate the residual shunt (Fig. 19A, B).
In addition, according to guideline recommendations, the device
relationship with the AoV, posterior atrial wall, AV valves, and
atrial roof should be evaluated (Table 4). In patients with ina-
dequate IVC rim, it may cause obstruction of IVC or CS flows. In
the presence of an insufficient AV rim, the device may interact
with the mitral leaflets to produce mitral regurgitation. In the
presence of insufficient SVC rim, SVC and RUPV currents may be
compromised. Small residual shunts from the central or device
edge are not uncommon. These are not clinically significant and
disappears after endothelialization of the device. In the absence
of the aortic rim, the device placed around the aorta should
demonstrate a typical "Y" pattern. If this view is not present, the
device must be repositioned due to the risk of erosion. The ASD
occluder device is released after Minnesota maneuver.* 3

Postprocedural Imaging

In the early period, TTE should be performed the day after device
insertion. TEE is usually performed when a clinical complication is
suspected or cannot be decided with TTE. Immediately after the pro-
cedure, the presence of shunt should be evaluated with color Dopp-
ler and contrast echocardiography with agitated saline. In addition,
the device and adjacent anatomical structures, improper placement
of the device, aortic, mitral, or tricuspid valve functions, vena cavae,
CS or pulmonary venous return obstruction, and pericardial effusion
should be evaluated. Long-term follow-up with TTE should be per-
formed at 3, 6, and 12 months after the procedure and thereafter,
when clinically indicated. Residual shunts should be re-evaluated for
long-term follow-up. In 7% of cases, there is a residual shunt in
the early period immediately after the device is released. In the long
term, complete shunt closure rates have been reported in 97% of
cases.* Heart structure and functions usually normalize after ASD
closure. RV volume overload is reversed in 3 weeks in children and in
1 to 9 months in adults after the procedure, and systolic pulmonary
artery pressure almost normalizes in a few months.>® %'

Conclusion

The most important parameter in successful percutaneous ASD
closure is effective visualization of the defect and surrounding
structures. Before the procedure, the location, size, shape of
the defect and the adequacy of the rims should be determi-
ned echocardiographically. Although cardiac MRI, CT and intra-
cardiac imaging methods can be used, but the main imaging
method is TEE. In recent years, 3D TEE has provided very suc-
cessful results in this regard and has become the gold standard
imaging method in ASD evaluation. In cases with suboptimal TEE
imaging or in case of additional congenital anomalies like venous
return anomaly cardiac MRI or multislice CT angiography can be
used. For intraprocedural imaging, intracardiac echocardiography
eliminates the need for anesthesia and echocardiographer and
provides satisfactory imaging. However, its access and use is very
limited. Addition to optimal vizualization of ASD, the experience
and collaboration of the echocardiographer and interventional
cardiologist are important factors that determine the success of
the procedure.
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Figure 20. Echocardiographic findings of rheumatic mitral stenosis.
Thickening of the mitral valves and doming of the mitral anterior
leaflet (left arrow), fish-mouth appearance of the mitral orifice
opening due to commissural fusion (right arrow).

Figure 21. Measurement of the mitral valve area with three-dimensional
Transesophageal Echocardiography. The multiplane method allows
for the measurement of the orifice area at the moment of maximum
opening in diastole. The calculated mitral valve area is 0.6 cm?.

Imaging for Percutaneous Mitral Balloon
Valvuloplasty

Dr. Dilek Cicek Yilmaz

Percutaneous mitral balloon valvuloplasty (PMBV) is the proce-
dure of choice in symptomatic patients with severe rheumatic
mitral stenosis and suitable mitral valve anatomical features.
Echocardiography plays a central role in all aspects of PMBV.
The success of PMBV depends on the echocardiographic assess-
ment of the pliability of the leaflets, the degree of degenera-
tion and calcification of the commissures, subvalvular apparatus,
annulus, and valve leaflets, and determination of the degree of
mitral regurgitation at baseline. During the procedure, echocar-
diography is used to exclude left atrial thrombus, ensure optimal
transseptal puncture, select the appropriate balloon size, deter-
mine the change in hemodynamics and degree of mitral regur-
gitation following each balloon inflation, and rapidly identify
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complications. Procedural outcomes depend heavily on approp-
riate patient selection and definitive imaging.

Introduction

Although there has been a steady decline in the incidence of rheu-
matic heart disease in industrialized countries, rheurnatic mitral
stenosis is still a common disease in the developing countries and
it is a significant cause of cardiovascular mortality and morbidity.>?

For treatment of rheumatic mitral stenosis, closed mitral commis-
surotomy was first described in 1948 and this was followed by open
commissurotomy after the advent of cardiopulmonary bypass.>* In
1984, a Japanese cardiac surgeon named Kanji Inuoe first descri-
bed the technique of balloon mitral valvuloplasty.>* Percutaneous
mitral balloon valvuloplasty (PMBW) has since proven to be an
effective procedure for patients with severe symptomatic rheu-
matic mitral stenosis, providing hemodynamic and clinical impro-
vement and excellent results in patients with suitable mitral valve
anatomical features.>*->® European Society of Cardiology recom-
mends PMBYV as the first-line therapy in rheumatic patients with
isolated significant mitral stenosis and feasible valve morphology.>®

Echocardiography plays an important role in the diagnosis of
rheumatic mitral stenosis, determining suitability for PMBV, int-
raprocedural guidance for PMBV, and postprocedural assessment.

Table 5. Wilkins Classification for Echocardiographic Grading of Mitral
Valve Features

Grade Mobility Subvalvular Thickening Calcification
Thickening

1 Only tips of ~ Minimal Near normal Increased
mitral leaflets thickening thickness (4-5 echogenicity in
are slightly just below the ~ mm) a localized area
mobile leaflets

2 Normal Thickening in Normalin the  Scattered
mobility in the chordal middle with bright spots at
the mid and  structures thickeningat  the edges
basal parts of the edges
the leaflets

3 The valve Thickening Thickening Brightness
moves extends to the  affects the reaching the
forward distal third of ~ entire leaflet middle parts of
especially the chords (5-8 mm) the leaflets
from the
base during
diastole

4 No or Widespread Significant Intense
minimal thickening and  thickening of  brightness
forward shortening all leaflet tissue covering all
movement in of all chordal (>8-10 mm) leaflet tissue
diastole structures to

the papillary
muscle

Diagnosis of Rheumatic Mitral Stenosis and Determining
Suitability for PMBV

The characteristic imaging features of chronic rheumatic mitral
stenosis include: (1) doming of the anterior mitral leaflet, where
the narrowest orifice is at the leaflet tips creating a hockey stick
deformity of the anterior mitral leaflet, (2) restricted mobility
or immobility of the posterior mitral leaflets, (3) a fish mouth
opening appearance of the mitral valve orifice caused by fusion
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Table 6. Padial Method for Echocardiographic Scoring Post-
Percutaneous Mitral Valvuloplasty for Severe Mitral Regurgitation

-l Thickening of the valve (score each valve separately)

1 Leaflet near normal thickness (4-5 mm) or only one
thick segment
2 Leaflet uniformly fibrotic and/or calcified; no thin areas
3 Leaflet irregularly fibrotic and/or calcified; thinner
segments slightly thickened (5-8 mm)

1l Commissural calcification

1 Fibrosis and/or calcium present only at one
commissure

2 both commissures mildly affected

3 Calcium in both commissures, one markedly affected

4 Calcium in both commissures, both markedly affected
% Subvalvular Disease

1 Mild thickening in the chordal structures just below
the valve

2 Thickening extends one-third the length of the chord
3 Thickening reaches the distal third of the chord

4 Widespread thickening and shortening of all chordal
structures to the papillary muscle
Total score, the sum of all echocardiographic criteria (maximum 16).

of the commissures, and (4) subvalvular thickening and chordal
shortening (Fig. 20, Video 5).%° Doppler echocardiography is used
to estimate the transmitral valve gradients. Adequate mitral valve
area assessment is an important step before PMBV. The mitral
valve area can be calculated using the pressure half-time method
or measured by direct planimetry of the mitral orifice. However,
the direct measurement of mitral valve area with planimetry is
highly operator dependent and difficult. 2-dimension planimetry
may overestimate the orifice area when patient image quality
is poor or if the narrowest cross-sectional orifice is not properly
identified. The reliability of the pressure half-time method is
affected by changes in the preload or left ventricular compliance.

Three-dimensional (3D) echocardiography is superior in quan-
tifying mitral stenosis severity and these 3D echocardiography
area measurements are known to correlate strongly with area
measurements derived invasively using the Gorlin formula.®’
Multiplanar reformations from 3D echocardiography images can
consistently identify the smallest stenotic orifice for area mea-
surements (Fig. 21, Video 6).

Although 3D echocardiography is a very beneficial tool to evalu-
ate mitral valve, it is not widely available in developing countries.
Therefore, the mitral leaflet separation index (MLSI) is proposed
to reduce the discrepancy. This new index could be a useful sur-
rogate measure of mitral valve area.®> The MLSI measures the
distance between the tips of the mitral leaflets in the parasternal
long-axis and apical four-chamber views. The two readings are
averaged to produce the MLSI as a reliable measure of mitral
stenosis severity. In one study, MLSI index correlated as MLSI
of 0.70 mm with MVA <1 cm? and 0.92 mm with MVA >1.5
cm?.%3 Several studies have reported a good correlation between
MLSI and mitral valve area.®3-%* Mitral leaflet separation index is
an easy and reliable measurement for the assessment of mitral
stenosis before and after PMBV.%> There was also a significant
positive correlation between MLSI and 3D echocardiographic
measurement of mitral valve area (r =0.93, P<0.001).%¢
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Figure 22. A large thrombus (arrow) within the left atrial appendage
as shown by three-dimensional Transesophageal Echocardiography.

Echocardiography is also used to determine the severity of mitral
regurgitation. For evaluation of mitral regurgitation, mitral valve
quantification through 3D-transesophageal echocardiography
(TEE) is a simple automated method, easily applicable to patients
before PMBV.¢’

When considering intervention for mitral stenosis, we must
carefully evaluate the anatomy of the mitral valve to determine
the suitability and safety of the PMBV. The first and most widely
used echocardiographic scoring system to predict success of
PMBV is known as the Wilkins score.®® Wilkins score takes into
consideration the anatomical features of the leaflet, the com-
missures, and the subvalvular apparatus. The scoring system
assigns a point value from 1 to 4 for each of the following: (1)
valve calcification, (2) leaflet mobility, (3) leaflet thickening, and
(4) subvalvular apparatus degeneration (Table 5). A mitral valve
with a score of <8 to 9 with no more than moderate mitral regur-
gitation is deemed the best candidate for PMBV. In patients with
a score of >9 to 10, especially with more than moderate mitral
regurgitation, surgical therapy should be advised, except in cases
with serious comorbidities. Moderate or severe mitral regurgita-
tion at baseline is a considered a contraindication to PMBV.

The development of severe mitral regurgitation following PMBV
is an important cause of mortality and morbidity. Especially, sig-
nificant bilateral or asymmetric calcium patterns in the commis-
sures are associated with the development of significant mitral
regurgitation following PMBV.%° For prediction of severe mitral
regurgitation after PMBYV, Padial and colleagues refined the Wil-
kins score to incorporate the commissural calcium pattern (Table
6).7° They described a new mitral regurgitation-echocardiograp-
hic (MR-echo) score that can predict the development of severe
mitral regurgitation after mitral balloon valvuloplasty performed
by the double balloon technique.

Stenotic mitral valve with a greater extent of commissural fusion
may benefit more from PMBV than a valve without any com-
missural fusion, in which the stenosis is due to rigid leaflets or
annular narrowing. In the latter circumstance, the leaflets or
subvalvular apparatus may fracture during PMBYV, resulting in
worsening mitral regurgitation.
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Nunes and colleagues demonstrated improved accuracy for predicting
success with PMBV and the development of worsening mitral regur-
gitation using the commissural area ratio and leaflet displacement
measurement.”” These quantitative criteria incorporate both functio-
nal and morphologic features of rheumatic mitral stenosis to predict
PMBV success and the likelihood of causing severe mitral regurgita-
tion. Independent predictors of outcome were assigned a point value
proportional to their regression coefficients: mitral valve area <1 cm?
(2 point), maximum leaflet displacement <12 mm (3 point), com-
missural area ratio =1.25 (3 point), and subvalvular involvement (3
point). Three risk groups were defined: low (score of 0-3), intermedi-
ate (score of 5), and high (score of 6-11), with observed suboptimal
PBMV results of 16.9%, 56.3%, and 73.8%, respectively. The use of
the same scoring system in the validation cohort yielded suboptimal
PMBV results of 11.8%, 72.7%. and 87.5% in the low-, interme-
diate-, and high-risk groups, respectively (P<0.0001). The model
improved risk classification in comparison with the Wilkins score (net
reclassification improvement, 45.2%; P<0.0001). Long-term out-
come was predicted by age and postprocedural variables, including
mitral regurgitation, mean gradient, and pulmonary pressure.”

In addition to measurement of mitral valve area, 3D echocardiog-
raphy-based score for PMBV has been developed with improved
predictive value of success compared with the 2D echocardiog-
raphy-based Wilkins score.”? This improvement was achieved by
adding evaluation of the mitral commissural regions to the score
and by allowing assessment of individual segments of each leaf-
let to acknowledge the uneven distribution of anatomic abnor-
malities in rheumatic mitral stenosis.'?

Intraprocedural Guidance for PMBV

Prior to PMBV, mitral valve should be evaluated for severity of
the stenosis, the regurgitation and for the suitability for the pro-
cedure with a complete transthoracic echocardiogram. A tran-
sesophageal echocardiogram should be performed immediately
prior to PMBV to exclude thrombus within the left atrium or left
atrial appendage. Patients with left atrial or left atrial appendage
thrombus should not undergo PMBV (Fig. 22, Video 7).

Transesophageal echocardiography or intracardiac echocardiog-
raphy can be useful for guiding the transseptal puncture. TEE can
visualize the transseptal needle and/or catheter within the left
atrium and confirm successful puncture of the interatrial septum
particularly in patients with severely dilated atria or abnormal
interatrial septum anatomy (Video 8). The optimal location for

Table 7. Imaging Modalities Efficacy for TAVI (Transcatheter Aortic
Valve Implantation)

TTE/TGE  CT  MRI Fluoroscopy
Aortic stenosis severity +4++ + ++ +
LV function +++ + ++ _
LV septal thickness +++ ++ ++ -
Accompanying valve disease +++ + 4+ .
Aortic valve annulus diameter +++ +++ 4+ ++
Aortic valve anatomy ++ e+ 4+ _
Valve calcification ++ 4+ - ++
Aortic root measurements ++ FHE ++
Coronary artery height + +++ +++ +
Coronary artery disease - ++ ++ e+
Peripheral artery disease - +++ ++ ++
Peripheral artery calcification - - _ .
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transseptal puncture for PMBV is in the middle or slightly pos-
terior aspect of the fossa ovalis. TEE is also used to confirm the
balloon position across from the mitral valve leaflets and to avoid
damaging the subvalvular apparatus. Otherwise, misplacement
of balloon beyond the valve may cause chordal rupture.

A critical factor in performing PMBV is selecting the appropriate
balloon size. An undersized balloon may not alleviate the stenosis,
whereas an oversized balloon may cause excessive damage to the
commissures, leaflets, or subvalvular apparatus, leading to severe
mitral regurgitation. Mitral annular diameter measured by echo-
cardiography or distance between the 2 commissures in the apical
2-chamber view may be used to select the optimal balloon size.”®

To asses the success of the procedure and the possible comp-
lications, echocardiography should be performed during PMBV.
Echocardiographic images must be obtained to determine the
transmitral valve gradients and severity of mitral regurgitation
after each successive balloon inflation.

Postprocedural Assessment

After the PMBV procedure, we must assess the leaflet mobility,
morphology of the leaflet, transmitral valve gradients, mitral valve
area and the presence of mitral regurgitation and pericardial effusion.

Prediction of late favorable results is multifactorial and strongly
determined by age, previous symptoms and post-procedural
mitral valve area.” Immediately after the PMBV, the mitral valve
area should be measured by direct planimetry rather than calcu-
lated by the pressure halftime method. The pressure half-time
method for calculating mitral valve area has been shown to be
inaccurate immediately after PMBV before chamber compli-
ance has had sufficient time to adjust to relief of stenosis.” The
pressure half-time is highly dependent on chamber compliance,
which changes dramatically over time after PMBV.

Severe mitral regurgitation after mitral balloon valvuloplasty is a
major complication of this procedure. This complication confers
an adverse prognosis and frequently requires intensive treatment
and urgent mitral valve surgery.”® The mechanism of severe mitral
regurgitation after PMBV is most often due to leaflet tears and
the incidence of severe mitral regurgitation has been reported to
be between 1% and 9% following PMBV.>77 Nunes et al studied
mechanisms of mitral regurgitation with 3D echocardiography
after PMBV.7® In this study, significant mitral regurgitation was
found in 18.6% of patients following PMBV based on quantitative
echocardiographic parameters, with severe mitral regurgitation in
6.7% of patients. Four mechanisms for the development of mitral
regurgitation were identified, with major differences in outcomes.
Mitral regurgitation resulting from tearing along nonanatomic
planes of the valve, especially at the central scallop of the anterior
leaflet, was mostly associated with severe hemodynamic impa-
irment requiring emergency surgery. The study concluded that it
is not the severity of mitral regurgitation but its mechanism that
decides long-term prognosis besides obtained mitral valve area
and net atrioventricular compliance.”®

In conclusion, PMBV is the procedure of choice in symptomatic
patients with severe rheumatic mitral stenosis and suitable mitral
valve anatomical features. Echocardiography plays a central role
in all aspects of PMBV.
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Figure 23. Measurement of the distance between the aortic valve
annulus plane and the coronary artery ostia.

Figure 24. Subclinical valve thrombosis with hypoattenuated
thickening observed in all three leaflets.

Imaging Techniques in TAVI Procedures

Dr. |_/olkan Kozluca, Dr. Tirkan Seda 1"an Kiirkld,
Dr. Irem Mige Akbulut Koyuncu, Dr. Irem Dincer

Surgical treatment is considered in patients with symptomatic
aortic stenosis but one third of these patients are not suitable
for this treatment due to reasons that increase the surgical risk
(advanced age, frailty, comorbidities). Transcatheter aortic valve
implantation (TAVI) appears to be a less traumatic alternative for
these patients because of not requiring thoracotomy and cardi-
opulmonary bypass. In patients with high operative risk, TAVI is
superior to medical treatment and noninferior to surgical valve
replacement in clinical outcomes.”

The support of imaging methods is essential for planning and
performing the TAVI procedure. While echocardiography is mostly
used to diagnose valve disease, computed tomography (CT) enab-
les vital measurements such as vascular access site, iliofemoral
diameters, aortic annulus and coronary height measurements.
Fluoroscopy is used to perform coronary angiography before the
procedure and aortography for valve alignment during implanta-
tion. Echocardiography is also used to monitor possible complica-
tions (pericardial fluid, etc.) and valve functions (paravalvular leak,
mitral valve function, etc.) after the procedure.® 8! Table 7 sum-
marizes the effectiveness of various imaging modalities for TAVI.

The Role of Multi Dedector Computed Tomography
(MDCT) in Transcatheter Aortic Valve Implantation (TAVI)

In recent years with the increasing number of detectors, visua-
lisation of the entire cardiac structure with a single breath hold
of the patient is possible. The temporal resolution has increased
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with the developing dual-origin scanner technology. As a result,
MDCT has become the standard procedure for the evaluation of
the aortic valve, aortic root, descending aorta and iliofemoral
vascular system before TAVI. MDCT has a critical role in obtai-
ning the aortic annulus measurements and choosing the correct
prosthesis valve size. MDCT images that are obtained before the
procedure are also used to determine the optimal fluoroscopic
co-planar projection during valve implantation. In order to make
a proper evaluation, MDCT should have a minimum of 64 dede-
ctors and should be electrocardiography (ECG) gated.® 8

Evaluation of the Peripheral Vascular Access

Despite the shrinkage in device profiles over the years, the inci-
dence of major vascular complications related to TAVI is still
around 7.9%. As a result, pre-procedural evaluation of the
abdominal aorta and the iliofemoral tract with MDCT in terms
of vessel diameters, wall calficications (especially circumferen-
tial), minimal luminal diameters, atherosclerotic plaque burden,
vessel tortuosity, dissections, complex atheromas, occlusive and
aneurysmal disease is crucial. Studies have shown that the eva-
luation of the peripheral vascular tract with contrast-enhanced
MDCT is superior to conventional 2D angiography. MDCT is also
superior to conventional 2D angiography in the evaluation of
calcification and tortuosity. Standard MDCT evaluation includes
3D volume rendering, curved multiplanar reformat (MPR) and
maximum intensity projection (MIP). In 10-15% of the cases,
transfemoral access for TAVI is not suitable and alternative access
routes like transapical, transaortic, transaxillary, transcarotid and
transcaval are used. MDCT is also the standard procedure for eva-
luation for these alternative routes.8+ 8

Evaluation of the Aortic Root and Aortic Valve Anatomy

With current MDCT systems, the aortic root can be evaluated
with minimal section thickness (0.5-0.75 mm), allowing oblique
reconstruction without sacrificing spatial resolution. With the
help of MDCT; the aortic root diameter, distance to coronary
ostea, diameters of sinus Valsalva and sinotubular junction and
the aortic valve morphology can be evaluated prior to TAVI.

MDCT has become the standard procedure, especially for the
measurement of the aortic annulus. The aortic annulus undergoes
conformational change throughout the cardiac cycle and is largest
at systole. Therefore, the annular measurements should be carried
out in the systolic phase and at maximal valvular opening. Aortic
annulus measurements are made from the lowest hinge point of
the aortic valve leaflets, both on the long and short axis. Accurate
annulus measurement is crucial in selecting the correct prosthesis
valve size. Incorrect measurements may lead to improperly sized
valve implantation and paravalvular regurgitation. In recent years,
it has been shown that measurement of the annulus perimeter
and cross-sectional area rather than the annular diameter reduces
paravalvular aortic regurgitation after the procedure.®

MDCT is also useful in the evaluation of the number of aortic
valve leaflets and the degree of calcification. The echocardi-
ographic evaluation of valvular calcification may be insufficient
due to acoustic shadowing. MDCT, on the other hand, perfectly
shows the localisation and degree of aortic valve calcification,
owing to its high spatial resolution. MDCT allows reconstruction
in the plane of coronary ostea and measurement of the distance
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Figure 25. Manual aortic annulus measurement with 3D multiplanar
reconstruction.

Figure 26. Semi-automatic aortic annulus measurement with 3D imaging.

between the annulus and left main coronary artery ostium,
owing to the multiplanar and 3D techniques (Fig. 23). As a result,
procedural coronary obstruction risk is significantly reduced.®’

Evaluation of Concomitant Cardiac Pathologies

MDCT provides complementary information to echocardiog-
raphy in the evaluation of left ventricular hypertrophy, presence
and degree of septal hypertrophy, concomitant mitral regurgita-
tion and biventricular function.

Aortic annulus is in close proximity to the mitral valve appara-
tus. Most of the non-coronary leaflet and some part of the left
coronary leaflet have the same fibrous continuity as the ante-
rior mitral valve leaflet. Intense mitral annular calcification in this
region is a major risk factor for the development of paravalvular
regurgitation following TAVI. Therefore, evaluation of anterior
mitral leaflet is crucial prior to the procedure. MDCT is recom-
mended as the preferred imaging modality for grading accom-
panying calcifications.

Approximately 15-48% of patients with severe aortic stenosis
have at least moderate mitral regurgitation. Although echocar-
diography is the preferred imaging modality in the evaluation of
accompanying mitral regurgitation, MDCT can also be used in
calculations such as left ventricular volumes, mitral regurgitant
volume, total stroke volume and regurgitant fraction.
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Left ventricular thrombus is a contraindication for TAVI. There-
fore, it should be ruled out prior to the procedure. Although the
main evaluation method is echocardiography, MDCT can also be
used in the presence of suboptimal sonographic data.

The risk of development of heart block following TAVI is particulary
high after use of self-expandable systems like Medtronic CoreValve
(Medtronic, Inc.; Minneappolis, MN). Since the bundle of His penet-
rates the interventricular septum at the junction of the membra-
nous and muscular septum, measuring the length of the membra-
nous septum in the coronal plane with MDCT before the procedure
helps to predict the risk of heart block after the procedure.

Morphological evaluation of the left ventricular outflow tract
(LVOT), subannular region and interventricular septum is essential
prior to TAVI. Extensive calcification in this region is associated with
an increased risk of paravalvular leak and annular rupture after the
procedure. Similarly, the presence of significant septal hypertrophy
may complicate the positioning of the prosthetic aortic valve and
may even constitute a contraindication for the procedure.

LVOT morphology can often be adequately evaluated by transtho-
racic and transesophageal echocardiography. On the other hand,
in the presence of insufficient sonographic data, MDCT measure-
ments can also provide complementary information. At the same
time, MDCT provides a more reliable measurement of interventri-
cular septum thickness compared to echocardiography.®

Evaluation of the Coronary Arteries

Evaluation of coronary arteries prior to TAVI is important both to
determine the risk of coronary obstruction due to the procedure
and to detect concomitant coronary artery disease. Coronary
artery obstruction due to TAVI is a rare but serious complica-
tion. The left coronary artery is more frequently affected than
the right coronary artery. The use of balloon-expandable valves
is also a risk factor for coronary obstruction. Several anatomical
features have been described that predict a high risk of coronary
obstruction due to TAVI:

-Mean sinus valsalva diameter <30 mm
-Coronary ostium-basal leaflet attachment distance <10-12 mm
-Sinus valsalva diameter/annulus diameter ratio <1.25

Patients should be evaluated with MDCT in terms of these ana-
tomical features before the procedure.

The incidence of coronary artery disease in the patient popu-
lation treated with TAVI is around 40-75%. Routine revascu-
larization of concomitant proximal coronary artery disease is
recommended before TAVI. MDCT is increasingly being used as
an alternative to invasive coronary angiography in the detection
of proximal coronary artery disease. On the other hand, the pre-
sence of coronary calcification may interfere with optimal lumi-
nal evaluation.®®

Long Term Follow-up

Hemodynamically significant valve thrombosis can rarely be seen
after TAVI. As a result of the widespread use of MDCT in the
post-procedural period, incidental subclinical valve thrombosis
has been detected frequently (Fig. 24). The clinical significance
of these subclinical valve thromboses, which cannot be dete-
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Figure 27. Use of fluoroscopy in TAVI procedures (From left to right: coplanar angle, balloon aortic valvuloplasty, determination of valve
implantation depth, paravalvular leak control).

cted by echocardiography and are observed as symmetrical or
asymmetrical leaflet thickening on MDCT, is unclear.?® Echo-
cardiography is the main imaging modality in the evaluation of
transvalvular and paravalvular aortic regurgitation following TAVI.
On the other hand, MDCT can also be used in the quantitative
evaluation of regurgitant volumes.8¢

In conclusion, MDCT evaluation prior to TAVI, is essential for pro-
viding invaluable anatomical information that optimizes many
factors, from proper patient selection to procedural outcomes.
Concomitant renal dysfunction, contrast allergy, arrhythmias
and pulmonary disease are the main factors limiting the use of
MDCT. In the presence of factors, alternative imaging modalities
like 3D trans-esophageal echocardiography may be preferred.

The Role of Echocardiography in Transcatheter Aortic
Valve Implantation

TAVI is among the most frequently performed percutaneous
procedure worldwide. Echocardiography is used effectively at
every stage of the TAVI procedure as an imaging method that
has the main role in patient follow-up in the preoperative, intra-
operative, and postoperative periods.

Pre-procedural echocardiography is performed to evaluate
valve morphology, severity of stenosis, and cardiac response to
aortic stenosis. Aortic valve area measurement with echocardi-
ography is commonly performed with the continuity equation.
The common error in this method is related to left ventricular
outflow tract (LVOT) measurement. LVOT measurement should
be performed in early mid-systole. It should be measured from
inner edge to inner edge of the point where the right coronary
valve attaches to the ventricular septum to the point where the
posterior inter-leaflet triangle meets the anterior mitral leaflet.
Measurements of under the annulus underestimates the result.
Therefore, at the level of the aortic valve measurements of LVOT
diameter is more accurate and reproducible.?® °' As a result of
the developments in three-dimensional (3D) echocardiographic
evaluations in recent years, 3D aortic valve area measurement
has been demonstrated as an efficient and reproducible method.

The assessment of the valve anatomy, diameter, and geometry of
the aortic root should be evaluated prior to operation to decide the
valve size. For this reason, multiple imaging methods are used to
assess valve and aortic root diameters. Likewise, the location of the
coronary ostia and the calcification of the annulus are important
considerations that determine the procedure decision. Although

tomography is the essential and gold standard imaging method
to evaluate the aortic valve and vascular access before the ope-
ration, transthoracic echocardiography (TTE) and transesophageal
echocardiography (TEE) are the important imaging modalities in
patients who have higherrisk for contrast nephropathy. TTE and TEE
can be used in several times in the decision-making process before
the operation. Although tomography is the gold standard evalua-
tion method in the selection of valve size, manual aortic annulus
measurement with 3D echocardiography gives optimal results in
patients who cannot undergo tomography (Fig. 25). Apart from
3D manual measurement, Vendor specific semi-automatic mea-
surement methods have been developed (Fig. 26). Previously
two-dimensional (2D) measurements were found as insufficient
to determine the aortic diameter.®2 %3 Aortic annulus measure-
ments with 3D multiplanar reconstruction has been found to be
accurate. In addition, several studies showed the annulus measu-
rements with 3D multiplanar reconstruction was correlated with
tomographic measurements. Besides validation studies demonst-
rated moderate correlation and 10% underestimation with vendor
specific measurements compared to tomography.®* As a result, it
is stated that optimal procedural success is achieved with mild or
more paravalvular leak with 3D echocardiographic measurement in
TAVI candidates who have high contrast nephropathy risk. Apart
from the annulus, the aortic root can be accurately measured by
echocardiography and the distance of the coronary ostia from the
aortic annulus can be measured by 3D multiplanar reconstruction.

During the procedure, the appropriate valve position is deter-
mined by using fluoroscopy, aortography and echocardiography.
Since TEE can instantly evaluate every stage of the procedure,
it can identify acute complications of TAVI. Echocardiography is
also the crucial imaging method to decide the valve position,
its relationship with the mitral valve, and the presence of para-
valvular leak. Due to the fact that the procedure has been per-
formed under light sedation in recent years, TEE is not tolera-
ted. Therefore, the procedure is performed under the guidance
of TTE in most centers. TTE is an important imaging method as
TEE that can identify all intra-operative complications as well. In
particular, the presence of tamponade and paravalvular leak can
be clearly determined. The appropriate position of the valve can
also be decided with TTE and TEE. It is known that every valve
has different annular position. For example, SAPIEN 3 (Edwards
Lifesciences, Irvine, CA), should be placed 1-2 mm below the
annulus.®® And, optimal aortic location of Evolut R (Medtronic,
Minneapolis, MN) valve is 2-4 mm below the annulus.®
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Figure 28. Three-dimensional echocardiography, clock-face representa-
tion of a mitral prosthetic valve. LAA, Left Atrial Appendage; AV, Aortic
Valve; IAS, Interatrial Septum; LVOT, Left Ventricular Outflow Tract.

Immediately after the procedure, the position and shape of the
valve movement can be quickly evaluated with echocardiog-
raphy. While the parasternal long axis view is the best window for
valve position, valve shape is best evaluated in parasternal short
axis views. The most common complication associated with the
procedure is paravalvular leak. It is detected at a rate of about
0-24%.” There are many treatment modalities for paravalvu-
lar leak such as balloon-in-stent, stent-in-stent or paravalvular
leak closure, and the degree of leakage can easily determined by
echocardiography which is also used to choose the best treatment
option for the leakage. Suboptimal valve opening, deterioration
in valve geometry due to severe annulus calcification, and valve
localization can be easily determined by echocardiography. The
degree of paravalvular leak can be evaluated by many methods.
Among them, blood pressure change, Doppler pressure half-
time and holodiastolic flow reversal in the descending aorta are
the common methods to understand the severity of the leakage.
However, one of the most used methods is the evaluation of the
aortic annulus in the short axis with colored flow Doppler. More
than 30% leakage in aortic annular circumference is considered
as severe paravalvular leak. 3D measurement of vena contracta is
the novel method to assess the paravalvular leak that gives highly
accurate information especially for eccentric regurgitation jets.

After the procedure, the measurement of the valve area is cru-
cial. Valve area can be measured with the continuity equation
and Doppler velocity index. Gradient and valve area measure-
ment after the procedure is important in detecting the new pat-
hology during the follow-up.

The Role of Fluoroscopy in Transcatheter Aortic Valve
Implantation (TAVI)

Fluoroscopy is used to detect coronary artery disease and perform
percutaneous treatment of coronary lesion in preprocedural period.
Fluoroscopy is also facilitate to measure the invasive aortic gradient
and valve regurgitation severity. Aortic valve diameter estimation

520

Imaging in Cardiovascular Procedures

are not practical unlike in the other imaging modalities, but valve
implantation depth measurement can be made precisely.

Lower extremity, abdominal and thoracic aorta and aortic annulus
measurements are made with CT for guidance in fluoroscopy. The
vascular access site (mostly common femoral artery) is determined
with the support of fluoroscopic anatomy and ultrasonographic
imaging. The valve is delivered with a guide wire and if the valve
is too calcific, balloon valvuloplasty is performed under fluoros-
copy. The coplanar angle, the angle at which three cusps aligned,
is determined with the information obtained from tomography.
Aortography is performed with a guide pigtail catheter placed in
the non or right coronary cusp during implantation, depending on
the type of valve. Coplanar images are obtained from left anterior
oblique views and the optimalimplantation depth (3-5 mm below
the aortic annulus) is determined. In the ‘Cusp Overlap' method,
which is an alternative imaging technique, the left and right coro-
nary cusps are overlapped at the right anterior oblique and caudal
angle, and this angle allows higher implantation without an inc-
rease in paravalvular leak or device embolism risk. The presence
of paravalvular leak is evaluated with control aortographic images
after implantation. The fluoroscopic approach allows the safe and
effective procedure. In addition, it shortens the procedure and
hospitalization time. The disadvantages of this approach are radia-
tion exposure and the necessity of using radiopaque materials.”® &
Figure 27 shows fluoroscopic images during procedure.

Imaging in Aortic and Mitral Paravalvular Leaks
Dr. Kadriye Memic Sancar, Dr. Gamze Babur Giiler

Prosthetic valve obstruction and regurgitation are the main causes
of prosthetic valve dysfunction. Prosthetic valve regurgitation can be
either transvalvular or paravalvular. The correct distinction is so impor-
tant for diagnosis and treatment. While pathological transvalvular
leak is accompanied by degeneration, thrombosis and perforation in
bioprosthetic valve; obstruction (pannus/thrombus) is expected in
mechanical prosthetic valves. During the evaluation of paravalvular
leak (PVL), it is necessary to determine symptoms and laboratory

Table 8. Which findings on transthoracic echocardiography
require further evaluation?

Abnormalities in mitral prosthetic valve structure and movement

Dilated or hyperkinetic left ventricle

Systolic flow convergence in the left ventricle towards the valve

Peak mitral E velocity 1.9 m/sn

Left atrial dilatation

Unexplained or recently deteriorated pulmonary hypertension

Table 9. Determining the severity of paravalvular mitral
regurgitation

Mitral prosthetic valve structure and motion

Color Doppler jet area

Proximal isovelocity surface area (PISA)
Jet density

Pulmonary venous flow pattern

Although validation is limited in prosthetic valves like native mitral valves,
numeric parameters can bu used: Vena contracta width, regurgitaion
volume, regurgitaion fraction and effective regurgitaion area.
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Figure 29. Mitral mechanical prosthetic valve. Measurement of
the radius (r) using the PISA method in a single paravalvular leak.
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Figure 30. Mitral prosthetic heart valve (PHV). Three different
paravalvular leak jets, seen on two-dimensional echocardiography.
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Figure 31. Mitral prosthetic heart valve (PHV). Placement of a
catheter after transseptal puncture in a defect located anterolaterally.
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Figure 32. Mitral mechanical prosthetic valve (PHV). A defect
located posteriorly has been accessed via a retroaortic route.

results of the patients, severity of regurgitation and the appropriate
treatment which is medical, surgical or percutaneous closure.

PVL is detected 5-17% in long term follow up period of patients which
had history of surgical valve replacement.®® '® Paravalvular leak is seen
more common in mitral mechanical valves than aortic mechanical
valves.'® Although most PVLs are benign, 1-5% of PVLs are associated
with progressive symptoms and clinical worsening.’" % |n the last 10
years, the preference of transcatheter aortic valve replacement (TAVR)
in patients with high surgical risk makes management of PVL related to
TAVR important. TAVR associated PVL is reported as 15% in first gene-
ration and last generation TAVR valves.'® Although PVL rates are higher
in self expanding prosthetic valves compared to balloon- expanding
valves,'® nowadays there is still no comparison between two groups.

Prosthetic valve regurgitation is directly related to severity of leak,
hemodynamic effects, secondary results (dilatation of left heart cham-
bers, pulmonary hypertension, etc) and related pathologies (vegetation,
dehissence, trombosis, pannus). While most patients are asymptoma-
tic, previous studies showed that 1-5% of the patients with PVL were
symptomatic'®" "% Especially new, unexplained, findings of resistant
heart failure, hemolysis with or without anemia and changes in auscul-
tation should suggest prosthetic valve dysfunction and require further
evaluation. According to 2020 American College of Cardiology (ACC)
and American Heart Association (AHA) guideline for the management
of patients with valvular heart disease; PVL closure is recommended
as class lla in an experienced heart center, in the case of intractable
hemolysis (with or without anemia) or new-onset heart failure in symp-
tomatic patients at high surgical risk who have prosthetic valves.'%

In this review, we aimed to examine the imaging methods in aortic
and mitral PVLs, their contribution to the process from diagnosis to
treatment, the differences between aortic and mitral valve; in a way
that would be beneficial for our daily practice, in a sequence ranging
from echocardiography laboratory to catheter laboratory.

Approach to Paravalvular Leaks by Using Multimodality
Imaging Techniques

Evaluation in the Echocardiography Laboratory

Transthoracic echocardiography (TTE) is initial test for diagnosis
as easily accessible, non-invasive and most-experienced method.
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Mitral valve

Figure 33 A-C. (A) Cresentric, semilunar-shaped defect. (B)
Slit-like defect. (C) Oval-shaped defect.

Wpical 5-chamber
view (A5C view)

(long-axis)

135-degree LVOT view
RCA

Figure 36. Clock-face presentation in aortic valve. LMCA: Left
main coronary artery, LAA: left atrial appendage, DTG: Deep
transgastric view, IAS: Interatrial septum, LVOT: Left ventricular
outflow tract, RCA:Right coronary artery.

Two-dimensional (2D) transesophageal echocardiography (TEE) pro-
vides benefits such as transvalvular and paravalvular jets distinction,
determining severity, number and location of leaks, evaluation of
additional lesions (pannus, thrombosis, vegetation etc.) and detection
of hemodynamic results.Three dimensional (3D) echocardiography
Figure 34. Mechanical mitral valve prosthesis (MVR). In three-dimensional echocar- is so important especially in evaluation of number, location, shape,
diography, five different paravalvular leaks from multiple defects are observed. tunnel length, size and severity of PVL, in the planning of suitability
for the interventional procedure and deciding device type and size.

Evaluation of Mitral Paravalvular Leak

Although defining severity of mitral PVL is recommended in current gui-
delines, recommendations are similar with parameters of native mitral
regurgitation and validation of it is not sufficient.’”: 1% PVL is typically
defined as a flow that extends from the left ventricle to the left atrium
outside the mitral annuloplasty ring suture. Clock-face representation
from the left atrial perspective which is called surgical view (enface
view) is used in the evaluation of mitral PVL by 3D echocardiography
(Fig. 28). As well as this is important for determining number and loca-
tion of PVL, it is a crucial definition to use common language between
imaging specialist and surgeon or invasive cardiologist. According to
this, the aortic valve is located at the 12 o'clock position, the interatrial
septum at 3 o'clock and left atrial appendage at 9 o'clock. It is stated
that mitral PVLs are most frequently located in anterolateral (10-11 o'c-
lock) and posteromedial (5-6 o'clock) segments.'® It has been specula-
ted that non-homogeneous distribution of collagen tissue in the mitral
annulus, insufficient suture area in the posterior region and mechanical
stress in the non-monoplanar mitral annulus is most effective in the
posteromedial and anterolateral regions.™® In addition to this, PVL in the
mitral valve can occur anywhere from the valve ring. Thus, it is signifi-
cant to evaluate the suture ring around the prosthetic valve in multiple
windows and using rotational maneuvers (clockwise and counter clock
wise) in TEE. Another important point is to confirm the defects detected
in 3D echocardiography by using 2D echocardiography. Although there is
no issues with the new software; 3D echocardiography, a common used
evaluation technique, may show artefact due to arrhythmia, stitching
artefacts due to incapabilities of holding breath, and ‘drop-out’ artefacts

Figure 35 A-C. Mechanical mitralvalve prosthesis (MVR). (A) Evaluation
of the anatomical effective orifice area with the multiplanar recon-
struction method. (B) Evaluation of the anatomical effective orifice
area with the multiplanar reconstruction method with colour Doppler.
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Figure 37. Aortic prosthesis valve. Evaluation of the exact
exit points of the two leaks in the reference window with 3D
echocardiography X plane mode.
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Figure 38. Aortic prosthesis valve. Severe eccentric paravalvular
leak (S shaped) where jet width criteria is not beneficial.

due to the improper adjustment of gain during the evaluation process.
These artefacts can lead to misdiagnosis of one or more defects during
3D echocardiographic study. So, it is extremely important that all defects
which are detected in 3D echocardiography are determined in expected
localization in 2D echocardiography. It may not be possible to evaluate
mitral PVL completely in TEE due to acoustic shadowing and reverbera-
tion artifacts. In this reason, it is necessary to assess the indirect findings
and secondary results that may suggest prosthetic valve dysfunction.

Table 8 summarizes PVL's indirect findings in TEE."® """ [t is required
to assess by TEE in the presence of one or more of these parameters.
Findings of TTE and TEE that are shown at Table 9 are generally used
to determine severity of leakage after differentiating transvalvular
and paravalvular prosthetic valve dysfunction in TEE."%” 2 However,
it is known that validation of some parameters is limited or absent
in prosthetic valve regurgitation like native mitral valve regurgitation.
This situation makes the evaluation of PVL even more difficult.

Assessment of mitral valve movement (fixed or limited, also exaggera-
ted movement due to dehissence and rocking motion) is the first step
in evaluating mitral valve regurgitation in TEE. If there is accompanying
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lesion (pannus/thrombus/vegetation), its definition is important to
determine medical and interventional treatment options. If we exa-
mine the echocardiographic parameters used to determine the seve-
rity of mitral PVL; vena contracta width is a helpful parameter for the
quantification.? Prosthetic valve artifacts make it difficult to measure
the desired vena contracta, and do not make it possible to measure the
vena contracta in the presence of eccentric and multiple jets.

Although proximal isovelocity surface area (PISA) (Fig. 29) is not vali-
dated to quantify mitral PVL, widened PISA indicates severe PVL."%
Regurgitation volume and fraction are not generally recommended
because they are not validated in paravalvular leakage.' In the case of
multiple jets and eccentric jets, PISA formula can not be applied (Fig.
30). Pulmonary venous systolic flow is is a useful parameter; although
it is specific for severe mitral regurgitation, it is not sensitive."? Leak
that occurs by finding a pathological way along the side of prosthetic
valve ring is usually encountered with eccentric and multiple jets. Thus,
conventional methods are insufficient to determine severity.

In TEE examination, it is necessary to create the image plane from the
sewing ring levelin order to visualize the orifice of PVL defect. Otherwise,
a slight angulation from this plane will cause the leak to appear oblique
or cause the jet size to be confused with the defect and overestima-
ted. After determining the severity, it is required that the location of
the defect, its shape and number should be defined. At this stage, the
contribution of 3D echocardiography is very crucial and has no alterna-
tive."" The clock face mentioned before is very important to be used as
a common language in defining location of mitral PVL. Location of the
defect is essential for planning for percutaneous closure.

Though the transseptal route can be tried in medially located defe-
cts, it is often insufficient; defects that are located anterolaterally
are the most suitable for transseptal access (Fig. 31). Loop must be

Table 10. Determining the severity of paravalvular aortic insufficiency
Prosthetic aortic valvi structure and its movement

Diameter of left ventricle
Width (especially central) and density of the jet flow
Pressure half time of jet flow

Determination of percentage of peripheral spread of paravalvural jet flow via
prasternal short axis view

Diastolic reverse flow in descending aorta

created via retro-aortic route (Fig. 32) or it must be reached apically
for medially or posteriorly located defects. Shape of mitral PVL may
be serpentine; the defect orifice defined as cresentric (Fig. 33A), slit
like (Fig. 33B), oval (Fig. 33C), rounded. As the number of defects
increases, determining the number of defects by using 2D echocar-
diography becomes more difficult. Three dimensional echocardiog-
raphy is very important in determining the distance between defects
as well as making it easier to identify different defects (Fig. 34).

Determination of the size of PVL is crucial for measuring the size of
the device during PVL closure process. In order to do that, vena cont-
racta of PVL can be used but 2D calculation is not adequate for a 3D
defect. Planimetric measurement of the vena contracta area with 3D
TEE is more valuable in the selection of device type and size. From 3D
echocardiography modalities, PVL output can be detected simultane-
ously from different angles with the simultaneous biplane (X-plane/
multiplane) mode. With 3D zoom or live 3D modalities, anatomic (Fig.
35A) or colored Doppler formats (Fig. 35B) should be used in order to
determine the shape and dimensions of the defect orifice. It has been
shown that a major diameter of 20.65 cm of the 3D colored effective
regurgitant orifice (ERO) in mitral PVLs has a positive predictive value
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of 87.1% and a negative predictive value of 94% in the diagnosis
of 3 and 4" grade regurgitation.' In the same study, it was shown
that color Doppler ERO measurement was superior to the anatomical
regurgitant orifice in detecting severe PVL. In the evaluation of mitral
PVL and in the management of the procedure in the catheter room,
3D echocardiography is much more vital than aortic PVL. Extent of
PVL should be measured in catheter labs with balloon because there
is a risk of rupture due to calcification of the surrounding tissue.™®

Evaluation of Aortic Paravalvular Leak

In aortic PVLs, TTE and TEE images should be evaluated together.
If the defect is located on the right coronary cusp side (anterior), it
can be easily detected by TTE, thus if it is located on the non-co-
ronary or left coronary cusp side (posterior), it should be evaluated
further with TEE."” Recommended TEE image windows in aortic PVL
analysis'® are mid-esophageal short and long axis view windows
and deep transgastric view windows. In TEE imaging, while locating
aortic PVL, clock-face method can be used. Five o'clock corresponds
to the commissure between right and left coronary sinus, 8 o'clock
corresponds to the commissure between the right and non-coronary
sinus and 11 o'clock corresponds to the commissure between the
non-coronary and left coronary sinus (Fig. 36). Statistically, aortic
PVLs most commonly seen between 7 and 11 o'clock (%46) and
between 11 and 3 o'clock (%36).""° Other than this, PVL localization
can be done by using cusp names. In the process of TEE, reporting
the localization of coronary arteries and specifying their relations
with PVL is crucial in planning of interventional treatment.

Evaluation of aortic PVL should begin with the evaluation of valve
movements. Dehiscence, 'rocking’ movement, limitation of leaflet
movements, accompanying thrombus, vegetation, presence of pannus
are the contraindications for PVL closure. At the same time, it is also
important to determine the shape of the defect orifice (half-moon or
oval) and measure its size with color 3D imaging modes (3D zoom/live
3D/X plane) (Fig. 37). The severity of aortic regurgitation associated with
the prosthetic valve can be determined by the parameters and methods
shown in Table 10.7%7:1% However, validation of the parameters used in
the evaluation of aortic prosthetic valve related regurgitation is limited,
as is the case with the mitral valve.”? When PVLs are frequently eccent-
ric, the jet width measurement has low accuracy. Although the ratio of
the width of the jet to the left ventricular outflow tract is the first and
most frequently used method in the assessment of severity in practice,
it is not possible to accurately evaluate a jet directed to the interventri-
cular septum or anterior mitral valve with this method, (Fig. 38) and its
correlation with PVL severity is weak."? It is considered as severe para-
valvular regurgitation when the pressure-half time (measured by conti-
nuous wave Doppler) is <200 ms, and mild requrgitation when it is >500
ms. However, since Doppler measurements of intermediate values are
affected by many factors (such as left ventricular compliance, left vent-
ricular pressure, heart rate), it requires evaluation together with other
quantitative parameters (vena contract-flow convergence). When the
anatomically regurgitant orifice of the PVL is non-circular, the accu-
racy of the flow convergence method decreases." Reflected flow in the
descending aorta may be misleading, especially in elderly patients, with
deterioration of aortic compliance and may cause holodiastolic reverse
flow, including in the case of mild PVL."%” The 2D evaluation, which is
important for the evaluation of aortic PVL, is important for carefully
visualizing the neck of the jet at the level of the prosthetic suture ring in
the short axis image and to determine the circumferential extent of the
regurgitation.” In the aortic short axis, at the level of the sewing ring,
a ratio of the jet neck to the circumference of the sewing ring greater
than 30% is significant for severe PVL."2 However, when applying this
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Figure 39. In treatment of posteriorly located mitral paravalvular
leak, 3D echocardiography is used step by step to determine if the
device is perpendicular to the defect.

method; it should be ensured that this ratio is taken from the level of
the suture ring, otherwise the angulations will cause an exaggerated
measurement of the defect rate.

Approach to the paravalvular insufficiency related to TAVR is totally
different. Because the insufficiency flow that develops after surgical
aortic replacement occurs with the release of the sutures between
the placed valve and the annulus after the removal of calcification in
the aortic area during surgery.’ However, in percutaneously placed
valves, the valve is implanted without stitches. Although calcifica-
tion in the aortic annulus seems to allow full and symmetrical place-
ment of the valve with the transcatheter pathway, the shape of the
calcification and the diameter of the aortic annulus may predispose
to the formation of PVL.%

Transcatheteric aortic PVLs are evaluated via echocardiography in
parasternal long and short axis. In fact the evaluation is not diffe-
rent from the PVLs seen after surgery. Despite this, Pibarot et al.’®'
has formed a new evaluation for insufficient flow regarded to TAVR
procedure. Along with this, a detailed classification has been formed
covering; grade determination by cineangiography, invasive hemod-
ynamic evaluation (aortic regurgitant index), evaluation of valve
structure and left ventricular diameter by Doppler echocardiography,
detailed examination of the properties of the jet (width, density,
half-time, multiplicity), calculation of the width and area of the
vena contracta, numerical Doppler parameters (regurgitant volume,
regurgitant area, effective regurgitant orifice area).

Use of Other Imaging Methods in Paravalvular Leaks
Cardiovascular Magnetic Resonance Imaging

Cardiovascular MR imaging is preferred when TEE and TTE is not suffi-
cient for evaluating the insufficient flow caused by prosthetic valve. Yet
this method has restricted usage in clinical practice due to technical
complexity and lack of experience. In mechanical valves and stented
bioprosthetic valves, the applied magnetic field is often disturbed near
the prosthetic ring which causes signal loss. Cardiac MRI enables flow
imaging and volume-based measurements, especially in patients with
multiple jets whose evaluation with TEE is complex.’?? Cardiac MRl also
contributes to the measurement of heart cavities and detailed analysis
of the anatomy around the prosthetic valve in stentless valves.
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Figure 40. Aortic prosthesis valve. In fluoroscopy, a device is
inserted into the aortic paravalvular leak and the movement of a
single leaflet is severely restricted.
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Figure 41. Amplatzer Vascular Plug (AVP) Ill device is inserted into
the anterolateral mitral paravalvular leak.

In TAVI related PVLs cardiac MRI has some significant advanta-
ges;"?" 1- Regurgitant volume can be calculated independently
from number of jets and its morphologies 2- Calculations can be
done repetitively. Despite these advantages, there are also studies
showing that the rate of moderate/severe PVL is 2-3 times higher
with cardiac MR compared to TTE."?* This has been interpreted as TTE
underestimating eccentric, multiple jets, or whereas overestimation
of PVL by cardiac MRI due to several technical issues.'?

Cardiac Computer Tomography

The main indication for cardiac computed tomography (CT) in patients
with significant prosthetic valve insufficiency who could not clearly be
evaluated in TTE and TEE is differentiation of pannus and thrombus,
evaluation of calcification and valve movements.'” CT evaluation for
aortic mechanical prosthetic valve is also recommended in the current
guideline.’® Cardiac CT contributes to the selection of the appropri-
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ate method in the closure process by determining the location, size,
calcification and characteristics of the surrounding tissue in PVLs
with three or four-dimensional reconstruction.'* In addition to that,
a recently developed CT fluoroscopy fusin imaging facilitates access
route, wire passage and device insertion during PVL closing procedure.
Unfortunately, artefact problems arising from the prosthetic valve that
we experience echocardiographically cause difficulties during evalua-
tion of CT as well (such as blooming artefact, beam hardening).

Cinefluoroscopy (CF)

CF is an imaging method used in the catheter laboratory during clo-
sure procedure. Along the procedure, fluoroscopic imaging is comp-
lementary to the echocardiographic imaging. Although CF can be
used in preop evaluation of PVL, it is a subjective and semi-quan-
titative method. CF can not determine the anatomical properties
of the defect and when we consider radiation exposure and use of
opaque materials, it seems rational to use it only during PVL closure.

Percutaneous Closure in Paravalvular Leaks
Intraprocedural Imaging

Percutaneous PVL closure can be done from different entry routes
depending on the location of the PVL. Transfemoral arterial access, aortic
retrograde pathway (aortic PVL and some medial mitral PVLs) and tran-
sapical route are mainly used for PVL closure. Transradial access may be
preferred to close small PVLs." Echocardiography guidance with 3D TEE
is the preferred imaging modality during mitral PVL closure.’? For deter-
mining the location of the defect and device size, 3D TEE is found to be
superior to 2D TEE."#-'2% |n addition to that, 3D TEE directs the process in
real time, allowing catheter manipulation and reaching the defect with
2D fluoroscopy.’® 3D echocardiography is the only method by which
valve perpendicularity can be checked before the device is released (Fig.
39). If there is a residual defect after device placement, the viewer can
re-measure with 3D images for additional device planning. In addition,
TEE provides safe transseptal puncture, preventing possible complications
(cardiac tamponade or aortic root injury). Although intracardiac echocar-
diography is not commonly used in our country, it can be used in patients
that cannot tolerate the TEE probe even while in general anaesthesia
or sedation.™" 132 Transseptal puncture with transvenous access provi-
des antegrade access to the mitral PVLs. Transseptal puncture should be
performed under TEE and fluoroscopy guidance. Gibblet et al." stated
in his review on PVL that they preferred a high transseptal puncture for
lateral PVLs (6-12 o'clock) and a lower transseptal puncture for septal
PVL (12-6 o'clock). The transapical access route is a technique that can
be used when it is difficult to reach mitral PVLs via the transvenous or
transarterial route, or in the presence of mitral and aortic valve prosthesis.

During the percutaneous closure procedure, it is important to evaluate
multiple images taken in one plane or, if possible, to take two orthogo-
nalimages simultaneously with biplane fluoroscopy in terms of guiding
the procedure.”™ Fluoroscopy is found to be successful in guidance
and emplacing of the wire and also in evaluating the valve movements
after the device is implanted.™* Regardless of the path chosen, the
aim is to pass through the PVL with the guide wire. At this stage, TEE
(2D or 3D) and fluoroscopy are important in deciding whether to pass
through the valve or PVL. First, the catheter and then the device pla-
cement steps are passed over the wire. At this stage, it is very impor-
tant to evaluate whether the inserted device affects the movements of
the valve (it may affect both closing and opening) (Fig. 40). Monito-
ring the pericardial effusion throughout the procedure and detecting a
new thrombus that may occur on the catheter/wire is the responsibi-
lity of the imaging specialist. Since there is a risk of coronary occlusion
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for aortic PVLs, especially in defects located on the left coronary cusp
side, the device should be checked with aortography before being rele-
ased. While the contribution of TEE's guidance during the procedure to
the success of the procedure is indisputable; the indirect effect on the
duration of the procedure, radiation exposure and the use of contrast
material cannot be ignored. Success of the procedure can be defined
by successful placement of the device, absence of residual defect and
absence of newly developed prosthetic valve dysfunction.’* Clinical
success on the other hand is defined related to increase in functional
capacity (=1 New York Heart Association) and improved haemolysis.'3?

In PVL closure, there are no specially manufactured devices, the devices
are vascular or congenital defect closure devices used in the 'off label'
indication. The Amplatzer Vascular Plug Ill (AVP3; Abbott Vascular) is
the most commonly used device for PVL closure worldwide. PVL Device
(PLD; Occlutech) and AVP 3 devices (Fig. 41) have the closest shape to
the anatomical structure of PVL defects. Off-label AVP 2, AVP 4 and
Amplatzer Duct Occluder (StJude Medical) devices are also used for PVL
closure.™* AVP 2 device is suitable for cylindrical and round leaks, while
AVP 4 can be used for serpiginous leaks, especially PVL developing after
TAVR.™> Usually, a single device is sufficient for aortic PVLs.

For the TAVR associated PVLs; balloon post-dilatation, valve in valve
or defect closure methods are preferred according to the severity,
location and etiology of the PVL instead of closure of the PVL due
to the different mechanisms mentioned above.’ In TAVR associa-
ted PVLs there are problems such as irregular tunnels, calcifications,
stenting of the valve and difficulty in advancing the device (displa-
cement of the valve). Since the tunnels are small and narrow, smaller
devices should be used instead."”

Paravalvular Leaks Prognosis and Follow Up After
Paravalvular Closure

There is no specific period suggested for long term follow up imaging
after closure of PVL."*¢ Prognosis of patients with PVL is related to the
reason and severity of the PVL. Mild PVLs have good prognosis in the
absence of haemolysis.’” However, some of the studies reported inc-
reased mortality rates (especially worsening of mitral PVL) in patients
with moderate PVL."® PVL-related haemolysis is associated with poor
short-term outcome, even if there is no significant anemia at the time
of diagnosis.”® Mitral PVLs have a worse prognosis than aortic PVLs.
Cho et al.”* followed up 54 patients with mild-to-moderate PVLs for 8
years. Primary end-points were determined as cardiac death, all-cause
death, recurrent surgery, and emergency admission due to heart failure.
The 8-year event-free survival rate was 70£12% in patients with aortic
PVL and 1618% in patients with mitral event-free survival rate was
70£12% in patients with aortic PVL and 16+8% in patients with mitral
PVL. For this reason, it is important to evaluate the symptoms that occur
during the follow-up of patients with surgical and transcatheter prost-
hetic valves and to detect the problem earlier with imaging methods.

Conclusion

A successful closure of PVL starts with an effective imaging. Prior to the
PVL closure procedure; location, size, shape, severity and number of the
PVL defects are determined with imaging. There are various imaging
methods in the diagnosis of PVL. However, there is no optimal method
for diagnosis as all methods have their advantages and disadvantages.
According to our clinical experience, although the validation of the para-
meters used to evaluate PVL closure is limited and there are still prob-
lems with the devices used for PVL closure, the use of multiple imaging
modalities and the experience of the imaging specialist and interven-
tional cardiologist are the most important determinants of procedural.

526

Imaging in Cardiovascular Procedures

The Role of Imaging in the Mitraclip Process
Dr. Selcuk Opan, Dr. Gzge Ozden

Percutaneous intervention in the treatment of symptomatic severe
mitral regurgitation (MR) is an alternative to mitral valve replacement
and open surgical repair in patients at high surgical risk. With the Mit-
raClip (Abbott Laboratories, Menlo Park, California, USA) device, similar
to the Alfieri surgical technique, anterior and posterior mitral leaflets are
approximated to create a double MR flow and the mitral valve area is
reduced at the same time.’ This minimally invasive, catheter based
approach has revolutionized the treatment of patients at high surgical
risk. In the COAPT study, which is a randomized controlled trial, it has
been shown that MitraClip-based interventional therapy significantly
reduces hospitalizations and total mortality.™" In current guidelines
interventional edge-to-edge repair with MitraClip device is recommen-
ded in symptomatic severe MR patients with high surgical risk.10¢ 142

MitraClip procedure is performed under fluoroscopy and transesopha-
geal echocardiography (TEE). Fluoroscopy is primarily used to evaluate
the opening angle of the MitraClip arms and TEE is the primary ima-
ging modality for pre-procedural evaluation, procedural guidance, and
post-procedural outcome and potential complications. TEE is used to
determine the transseptal puncture site, which is one of the key steps
for the procedure, to determine the optimal positioning of the MitraClip
device, and to evaluate the severity of residual MR just before and after
the final insertion of MitraClip. In the first years of MitraClip procedure,
two-dimensional (2D) TEE was used as the standard imaging method.
Today, with three-dimensional (3D) TEE, which plays a crucial role in
most stages of MitraClip application, the possible complication rate is
reduced while the procedure time is shortened. Additional to anatomical
guidance, 3D TEE offers real-time direct imaging of the mitral valve and
adjacent structures. Studies have found that 3D TEE is superior to 2D TEE
in guiding many steps in MitraClip application.™3 MitraClip; requires full
collaboration between the operator performing the procedure and the
cardiovascular imaging specialist responsible for TEE.

Mitral Valve Anatomy

The mitral valve apparatus, which consists of mitral annulus, anterior and
posterior mitral valve leaflets, chordae tendineae and papillary muscles,
has a very complex structure. The anatomical description of the valve
is made with a segmentation of 6 scallops. While the posterior leaflet
consists of P1, P2, and P3 scallops from lateral to medial, the correspon-
ding anterior leaflet scallops are named as A1, A2, and A3 scallops. The
posterior leaflet of the mitral annulus, which forms two-third of the
annulus, has a wider circumference than the anterior leaflet; but has
a shorter leaflet length. While the anterior and posterior leaflets of a
mitral valve show complete closure in a normal anatomy, cases where
complete closure is not possible present as MR clinically. Although the
left ventricular wallis not a defined component of the mitral valve appa-
ratus, it plays a critical key role in functional MR.

Mitral valve disease has many etiologies and mitral regurgitation is basi-
cally divided into organic (primary) and functional (secondary) mitral
regurgitation. Fibroelastic deficiency, Barlow's disease, rheumatic mitral
valve disease, congenital mitral cleft, annulus calcification, infective
endocarditis, marantic endocarditis are the main causes of primary MR,
while coronary artery disease and dilated cardiomyopathy are the lea-
ding causes of secondary MR. Each of these disorder affects the valve
apparatus in uniquely different ways.

Features of the Mitraclip System

The percutaneous edge-to-edge repair system consists of the MitraClip
system and the steerable guide catheter (SGC) system that allows its
implantation. A guide catheter with a proximal part of 24F and a distal
part of 22F is advanced into the left atrium with a transseptal approach
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Figure 42. A 3D en face TEE image shows the cleft in the posterior
leaflet without an optimal valve pathology for the MitraClip
procedure.

Figure 43. 3D TEE image depicted from the mitral valve ventricular
face shows rheumatic valve disease commissural fusion with
unsuitable valve pathology for the MitraClip procedure.

through a guide wire and dilator. MitraClip is placed at the tip of the clip
delivery system (CDS) and advanced into the left atrium over the SGC.
Both SGC and CDS can be guided from outside. Thus, MitraClip is posi-
tioned perpendicular to the annulus plane at the beginning of the MR
flow. MitraClip is a 2-armed, polyester-coated mechanical device that
can be opened and closed. Mitral leaflets are grasped by the arms and
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Figure 44. Bicommissural 2D TEE image showing vegetation due
to infective endocarditis with unsuitable valve pathology for the
MitraClip procedure.

1. 1mmHg

Figure 45. Mean gradient on the mitral valve is measured while
assessing the suitability for the MitraClip.

fixed between the arms and the grippers by closing the arms. A locking
mechanism prevents the MitraClip from opening after fixation.’*

Patient Selection

Transthoracic echocardiography (TTE) is the first line imaging modality
to determine the severity of MR. While TTE is often sufficient to evalu-
ate the severity of MR, TEE has an important place in the evaluation of
the morphological features of the valve and in determining the severity
of MR in patients with poor echogenicity. TEE is also very useful in the
measurement of eccentric MR jets and pulmonary venous flow, which
are difficult to evaluate with TTE. During the quantitative evaluation of
MR, the patients should be followed up under appropriate medical tre-
atment. In addition, all treatment options such as percutaneous revas-
cularization and cardiac resynchronization therapy, which may contri-
bute to the reduction of MR severity, should be considered, and MR
should be re-evaluated after appropriate invasive treatment options are
performed. MR may benefit from transcatheter aortic valve replacement
in patients with severe aortic stenosis and high surgical risk. In patients
with concomitant severe tricuspid regurgitation, severe pulmonary
hypertension or right ventricular dysfunction; clinical results are more
limited although the severity of MR is reduced with MitraClip prosedure.

In the EVEREST study, which is the index study for MitraClip, patients
with severely affected left ventricular structure and functions (left vent-
ricular end-systolic diameter >55 mm or left ventricular ejection fraction
<25%) were excluded from the study. On the basis of data obtained
from this study, suitable candidates for MitraClip procedure are deter-
mined as the ones whose left ventricular structure and functions are
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Figure 46. Before the transseptal puncture, the superior-inferior
orientation is adjusted in the bicaval TEE image and the anterior-
posterior orientation is adjusted in the short-axis image.

Figure 47. Puncture height is adjusted from 0° four-chamber view
before transseptal puncture.

not severely affected; with +3 +4 symptomatic chronic MR. In addition,
asymptomatic patients with mild to moderate affected left ventricular
structure and function (left ventricular ejection fraction 25%-60% left
ventricular end-systolic diameter 40-55 mm) or patients with pulmo-
nary hypertension or new atrial fibrillation can be considered as suitable
candidates.™ There are studies showing that MitraClip application can
be performed safely with promising results in patients with very low
ejection fraction.™6. 147

Pre-Procedural Echocardiographic Evaluation

It is important to know the mitral valve morphology well and to recog-
nize the scallops that constitutes the valve from various windows with
TEE while chosing the patient. In 0° images (depending on the height
of the probe in the esophagus), the AT and P1 segments can be seen in
the upper position, the A2 and P2 segments in the more middle position
and the A3 and P3 segments in the lower position. In the 60° intercom-
missural window, segments P1, A2, and P3 are demonstrated when the
image plane precisely crosses both commissures. Clockwise rotation of
the probe reveals the A1, A2, and A3 scallops of the anterior leaflet, and
counterclockwise rotation shows the posterior leaflet scallopes P1, P2,
and P3. By adding 90° to the angle from which the intercommissural
window is obtained, a left ventricular outflow tract (LVOT) view and the
A2 and P2 scallops are shown.'® 3D TEE of the mitral valve can give a
comprehensive view of the entire mitral valve from a single window in real
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time, with simultaneous visualization of all scallops. By providing a direct
view of the entire mitral valve from the atrial side with 3D TEE; adjacent
structures such as the left atrial appendage and aortic valve can be evalu-
ated in a single window. Percutaneous mitral valve repair aims to grasp the
free edges of the anterior and posterior leaflets. Especially deep cleft-like
depressions in the posterior leaflet may be associated with severe MR and
the presence of these structures may hinder the success of the proce-
dure. 3D TEE is superior to 2D TEE in detecting mitral clefts visible from
the atrial and ventricular aspects of the mitral valve (Fig. 42)."#°

In the EVEREST study, MitraClip procedure was limited to A2-P2 scallops
with central jets; however today, successful MitraClip application is also
performed in pathologies of P1 or P3 segment.’° The presence of calcifi-
cation in the ‘grasping zone' of the mitral valve is an important limitation
for successful implantation of MitraClip. At least 5 mm of distal mitral
leaflet tip without calcification should be confirmed in the pre-procedural
evaluation. Another point to check is the length of the anatomically shor-
ter posterior leaflet. The posterior leaflet must be long enough to allow it
to be safely caught by the MitraClip. The preferred posterior leaflet length
is 210 mm, but MitraClip can be applied to the 7-10 mm long posterior
leaflet with normal motion. It has been shown that mitral valve anatomy
with posterior leaflet less than 7 mm in length is not suitable for MitraClip.
Mitral valve area can be reduced by 50% with the first MitraClip and by
30-40% with the second.™’ In order to avoid mitral stenosis after the pro-
cedure, mitral valve less than 4 cm? is not preffered. In patients with good
leaflet mobility, a valve area of 3-4 cm? is not an obstacle to the applica-
tion of MitraClip." It is known that a valve area of less than 3 cm? s likely
to result in mitral stenosis as a result of MitraClip, and therefore a mitral
valve with a valve area of less than 3 cm?is also not well suited to MitraC-
lip. In the pre-procedural evaluation of the valve area, 3D TEE and Mul-
tiplanar reconstruction (MPR) measurement provide valuable information
and are superior to 2D measurements.’3 The presence of a flail mitral
valve may adversely affect the success of MitraClip. It is recommended
that the flail segment width should be less than 15 mm and the flail
gap less than 10 mm. Leaflets that do not meet these conditions may
require more than one MitraClip implantation. MitraClip application is not
recommended in cases with rheumatic involvement (Fig. 43) and endo-
carditis sequela accompanied by advanced valve restriction (Fig. 44).'#

Mitral gradients as well as mitral valve area should be determined before
the procedure. The increased flow associated with MR may lead to ove-
restimation of the stenosis. The mean gradient should be measured
before the procedure, and if it is 5 mmHg or more, it should be kept in
mind that the patient is not suitable for the procedure (Fig. 45) When
the indication for intervention of MR is evaluated, a cardiac team con-
sisting of a cardiovascular surgeon, interventional cardiologist, and an
experienced echocardiographer with expertise in mitral valve imaging
should consider all treatment options. High surgical risk patients with
appropriate valve pathology may be candidates for MitraClip.

The MitraClip procedure is divided into the following steps: 1) Transsep-
tal puncture; 2) Advancing the Steerable Guide Catheter into the left
atrium; 3) Advancement of the Clip Delivery System into the left atrium;
4) Positioning the MitraClip above the mitral valve; 5)Advancement of
MitraClip into the left ventricle; 6) Grasping the leaflets, evaluating the
result and releasing MitraClip.

Transseptal Puncture

Transseptal puncture, which is the first step of the procedure, is one of
the most critical stages that determines the success of the procedure. A
suitable puncture point allows other steps to be performed quickly and
safely. For a successful transseptal puncture, the anatomy of the interat-
rial septum (IAS) and the corresponding TEE images should be known. A
guide wire and a catheter over the wire are inserted into the superior vena
cava prior to puncture. The catheter is retracted into the right atrium
along the IAS and the tenting image of the catheter towards the left
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Figure 48. 2D and 3D TEE images are used during advancement of
the MitraClip over the CDS.

Figure 49. Positioning the MitraClip device in the left ventricle in
the 2D TEE LVOT view.

atrium provides a visual reference for determining the puncture point.
Traditional puncture guided by fluoroscopy would not be an adequ-
ate approach for the MitraClip procedure. Three TEE planes are used to
define the puncture site. Superior-inferior orientation is adjusted in the
90°-120° bicaval view, while the anterior-posterior orientation is adjus-
ted in 30°-50° short-axis view (Fig. 46). Finally, the distance to the mitral
valve plane (puncture height) is determined in 0° four-chamber view.
The short-axis view image is very important to avoid aortic puncture.'>?

It is preferred that the optimal puncture point be in the superior and pos-
terior portion of the IAS. The location of the transseptal puncture to be
preferred in degenerative and functional MR is different. In degenerative
MR, a height of 4-5 cm to the plane of the mitral annulus is preferred. In
functional MR, the coaptation line is located below the annulus plane.
Therefore, the puncture site should be lower and closer to the annular
plane. Approximately 3.5 cm above the annular plane is the preferred
puncture site in these patients (Fig. 47).'>3 Even if patent foramen ovale
is present, it is not a preferred puncture point due to its anterior loca-
tion. Atrial septal defect; cannot stabilize SGC and there is an increased
risk of atrial septal rupture. Therefore, even if it is in a suitable location,
atrial septal defect is not a suitable transition zone.'* The puncture point
should be confirmed with agitated saline injection after the puncture.
An unsuitable puncture site prolongs the procedure time and paves the
way for possible complications. Choosing the most suitable puncture
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point by using more than one TEE windows while determining the pun-
cture site will facilitate the other steps of the MitraClip procedure.

Advancing the Steerable Guiding Catheter Into the Left
Atrium

Following the transseptal puncture under TEE guidance, the Mullen
sheath and dilator are advanced into the left atrium, and a guidewire is
placed in the left upper pulmonary vein. Placement of the guidewire in
the left atrial appendage is associated with an increased risk of throm-
boembolism. The position of the wire should be carefully checked with
the utility of TEE. The SGC is a large (24F) sheath with its own dilator
through which the CDS is advanced into the left atrium. After the posi-
tion of the wire is controlled, the SGC is advanced into the left atrium
with a dilator under the guidance of fluoroscopy and TEE. A perspective
showing both the right and left atrial cavities divided by the IAS provides
the best view to follow the progression of the SCC from the right atrium
to the left atrium.™® During the passage of the guiding catheter with the
dilator the tenting image of IAS is observed.

There is a radiopaque and hyperechoic double ring at the tip of the SGC,
which allows it to be recognized. The advancement of the SGC should be
carefully monitored under continuous TEE and fluoroscopic monitoring to
avoid injury to the free left atrial wall. When the SGC is safely placed in
the left atrium, the dilator is withdrawn first, followed by the wire. The use
of 3D TEE allows the measurement of the length of the SGC in the left
atrium. It is very important to know this length when the SGC needs to
be pushed in or pulled back inside the left atrium in the following steps.'>*

Advancement of the Clip Delivery System Into the left
Atrium

The CDS is slowly advanced to the tip of the catheter. At this stage, the
movement of the CDS inside the catheter should be carefully monitored
with fluoroscopy. At the same time, the position of the catheter along
the IAS, whether there is a safe space between the tip of the cathe-
ter and the left atrial free wall, and the safety distance from the left
atrial appendage should be checked by TEE. Thus, complications such
as retraction of the catheter into the right atrium, free wall injury and
thromboembolism can be avoided. Three dimentional TEE and X-plane
images can be useful for monitoring the catheter tip. Under fluoroscopy
guidance, the MitraClip is pushed 1 cm out of the CDS to assess the
space in front of its catheter. If friction is not felt and MitraClip motion
is not abnormal, the MitraClip is retracted into the CDS and the CDS is
advanced into the left atrium with the same length (Fig. 48).1%

When the CDS reaches the tip of the SGC, the tip of the catheter should
be checked in TEE with agitated saline. The CDS is removed through the
catheter while the catheter is in a laterally oriented position.

Positioning of the Mitraclip Above the Mitral Valve

As the CDS is pulled more medially along the aortomitral junction on to
the mitral valve, this movement can be observed by counterclockwise
rotation of the TEE probe in the range of 35°-55° view and slightly
retraction of the probe. During these maneuvers, the atrial protrusion
between the left superior pulmonary vein and the left atrial appendage
may become an obstacle to the CDS maneuver, and care must be taken
not to damage this protrusion. Control is required in at least two TEE
planes during this movement. The first plane enables the visualization of
the CDS blocked by the atrial protrusion and the second allows the mea-
surement of the distance of the guide catheter to the IAS."* A regular
cross controlis required between these two planes. 3D TEE is very useful
in directing the distal part of the CDS to the target in the mitral valve.

After the CDS is positioned on the mitral valve, the arms of the MitraC-
lip device are opened 180° to achieve optimal positioning before the
advancement into the left ventricle. The initial target for the first clip

$29



Turk Kardiyol Dern Ars. 2022;50(S3):51-556

Figure 50. Demonstration of the leaflet capture phase of the
MitraClip device in the 2D TEE LVOT view.
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Figure 51. The disappearance of the systolic flow reversal in the
pulmonary veins and the predominance of the S' wave in the upper
left and right upper pulmonary veins by TEE with the decrease in
the severity of MR.

Figure 52. Mean gradient of the mitral valve measured after
MitraClip implantation.

depends on the expected number of clips to be used. The tip of the
MitraClip should be directed towards the largest proximal isovelocity
surface area (PISA). If more than one MitraClip is planned to be used, a
‘medial to lateral’ approach should be followed.™® When the MitraClip is
opened on the mitral valve, two special conditions need to be checked.
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Figure 53. The orifices developed after MitraClip are measured
planimetrically with 3D TEE: The new areas are added to each
other arithmetically.

The first is the perpendicular position of the CDS axis to the mitral valve
plane. The second situation is when the MitraClip arms are in the open
position, a perfectly perpendicular angle to the coaptation line should be
maintained. Medial-lateral position of MitraClip is evaluated in the inter-
commissuural view at 40°-60° mid-esophageal, while anterior-posterior
positioning is performed in the LVOT view at 135°-150°. MitraClip align-
ment can be performed by monitoring these two planes simultaneously
in X-plane imaging. In the correct position, MitraClip arms should not
be visible in the intercommissural view, and both MitraClip arms should
be visualized in full length in the LVOT view.™ At this stage, MitraClip
positioning can be performed by reducing probe manipulation with 3D
TEE. In addition, TTE short-axis images at the level of the mitral leaflets
can be used in cases where TEE windows are not sufficient.

Advancement of Mitraclip Into the Left Ventricle

In routine practice, it is recommended to advance the MitraClip into the
left ventricle while the arms of the clip are open. However, during the
advancement from the left atrium into the left ventricle, the carefully
adjusted orientation of the MitraClip may be distorted. It is often preferred
to advance the closed MitraClip by holding breath by anesthesia in the
LVOT image, under the mitral leaflets, in the region of the regurgitant
jet.™®” Under the guidance of fluoroscopy and TEE, advancement along the
mitral valve should be observed. Advancement of the MitraClip into the left
ventricle is best followed in X-plane imaging, where the intercommissural
view and the LVOT view can be evaluated simultaneously. The arms of the
MitraClip, which were closed during the transition, should be opened again
below the coaptation line. The 2D transgastric short-axis view allows the
MitraClip alignment to be visualized relative to the coaptation line. 3D TEE
from the atrial face allows for careful monitoring of subtle movements
under the valve, and this window is very useful in confirming the per-
pendicular position of the MitraClip to the coaptation line. If any changes
for the MitraClip position are required, these should be minimal to avoid
entanglement in the chordaes. If significant movements are required, the
MitraClip should be retracted into the left atrium where it can be safely
manipulated.™® Correct orientation of the MitraClip dividing the MR jet
in intercommissural and LVOT views, vertical alignment to the coaptation
line, and verification that both mitral leaves move freely over the arms of
the MitraClip are critical for successful grasping of the mitral valve leaflets.

Grasping of the Leaflets, Evaluation of the Grasping of
the Leaflets and Release of the Mitraclip

Two-dimensional TEE is the basic imaging method to be preferred
during the grasping of the mitral leaflets by MitraClip. The image obta-
ined with 3D TEE can not provide sufficient resolution at this stage.'®
In LVOT imaging with 2D TEE, the MitraClip arms are positioned at 120°
angle and pulled back until the leaflets are firmly captured (Fig. 49, 50).

Capture of the posterior leaflet can be observed in LVOT view, and cap-
ture of the anterior leaflet can be observed in four-chamber view.'*
Entanglement of the chordae tendinea between the arms of the Mit-
raClip adversely affects the success of the procedure; this can be checked
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in intercommissural view. If sufficient leaflet tissue is captured between
the grippers and arms, MitraClip is gradually closed and the remaining
amount of regurgitation is monitored with color Doppler. Excessive dis-
tortion of the mitral valve should be avoided. Initial echocardiographic
results of valve grasping with MitraClip should be evaluated under gene-
ral anesthesia. The essential point to be considered here is that similar
hemodynamic conditions as maintained in the first echocardiographic
evaluation of the patient should be met during the final measurements.
Providing hemodynamically similar conditions is especially important in
functional MR."* In addition, the initial color and gain settings of the
device should be preserved. A reduction in MR should be confirmed by
TEE before MitraClip is released from the CDS. The total amount of new
double regurgitation jets depicted in color Dopplerin 2D TEE may lead to
overestimation of MR.™® With the improvement in the severity of MR,
it is expected that the systolic flow reversal observed in the pulmonary
veins will disappear and the S wave will become dominant (Fig. 51).

Optimal evaluation after MitraClip procedure has prognostic significance.
The echocardiographic evaluation performed for native MR cannot be
applied exactly because of the artifacts created by the clip and the morp-
hological changes in the valve after MitraClip procedure. Although para-
meters such as color Doppler, transmitral flow and regurgitant volume have
been shown to be unuseful, other parameters are promising. Although it is
difficult to evaluate 3D vena contracta area, it provides valuable prognos-
tic data during follow-up together with the pulmonary vein flow pattern.
However, no validation study has been conducted on this subject yet. More
studies and standardization in this area are of utmost importance.™

After MitraClip implantation, the mitral valve gradient should be evalu-
ated to exclude significant valve stenosis. Assessment of mitral gradient
have similar sensitivity to double orifice planimetric measurements.'®
A mean gradient of up to 5 mmHg is considered acceptable (Fig. 52).

Planimetric measurement of the mitral valve can be done on short-axis
transgastric images and 3D TEE by arithmetic addition of both orifice
areas to each other (Fig. 53).

The final orifice area and geometry are precisely evaluated by 3D TEE. If
the result after MitraClip implantation is not satisfactory, the MitraClip can
be reopened and repositioned to achieve a more optimal position. If the
residual MR is satisfactory; MitraClip is released from the transport system
and, CDS and SGC are retracted. TEE is used to ensure that the system does

Table 11. Tricuspid Regurgitation
Primary

Secondary

1. Rheumatic 1. Pulmonary hypertension
accompanying RV remodeling due to

left heart origin

2. Infective Endocarditis 2. Dilated Cardiomyopathy
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Table 12. ACC/AHA Guidelines for Tricuspid Valve Grading

Stage Description Valve Hemodynamic Clinical
Hemodynamics  Outcomes Symptoms
and Signs
B Progressive Width of Vena ERO <0.40 Regurgitant
TV, central Contracta <0.7 cm? volume <45
jet covers less  cm mL
than 50%
of RA
C Asymptomatic Width of Vena Dilated RV and  Venous
Severe TV, Contracta >0.7 RA, increased  pressure
central jet cm RA c-V wave increase, no
covers more symptoms
than 50%
of RA
D Symptomatic  The central jet Venous ERO >0.40
Severe TV, occupies more pressure cm?,
same as than 50% of the increase, Regurgitant
Stage C with  right atrium dyspnea on volume >45
symptoms Vena contracta exertion, mL
width >0.7 cm, fatigue, ascites
ERO >0.40 cm?
Regurgitant

volume >45 mL
Dense, triangular-
shaped CW
Doppler signal
Systolic flow
reversal in the
hepatic vein

The c-V wave indicates a positive systolic wave, ERO stands for effective regur-
gitant orifice; RA is the right atrium; RV is the right ventricle, and TY denotes
tricuspid insufficiency.

lacement. It is of utmost importance to select the best patient
with a precise clinical and echocardiographic analysis for the suc-
cess of this procedure. 3D echocardiography is useful not only for

Table 13. Qualitative and Quantitative Echocardiographic Measurements
Defining Severe TR According to the ESC Guidelines

Qualitative Abnormal/flail

Tricuspid valve morphology Very large central jet or
eccentric wall-impinging jet
Early peaking, dense, triangular-
shaped signal

Color Doppler regurgitant jet

3. latrogenic (device lead 3. Annular dilatation (associated with

endomyocardial biopsy) AF)*
4. Congenital (Ebstein anomaly, 4. RV volume loading (shunt/high
major artery transposition) output)

5. Others (carcinoid syndrome,

endomyocardial fibrosis, drug use,

radiation, trauma)

*: Isolated TV is defined for cases accompanied by AF with left ventricular
EF >60%, systolic pulmonary artery pressure <50 mmHg, no accompanying
left-side valve disease, and normal-appearing tricuspid valve leaflets.

not contact the atrial structures during the system retraction. Repeated
hemodynamic, angiographic and echocardiographic evaluations are perfor-
med. The degree of any shunt after transseptal puncture is also assessed.

Conclusion

MitraClip procedure is an important therapeutic option of severe
MR in patients with high risk for surgical mitral valve repair or rep-

CW Doppler signal of the regurgitant jet
Semi-quantitative
Vena contracta width (mm)

> 73b

PISA radius (mm)

> Qc

Hepatic vein flow

Systolic flow reversal

Tricuspid inflow

E-wave dominant =1 m/s?

Quantitative
EROA (mm?) 240
Regurgitant volume (mL/beat) >45

Chamber/vessel enlargement RV, RA, inferior vena cava

CW, continuous wave; EROA, effective regurgitant orifice area; PISA, proximal
isovelocity surface area; RA, right atrium; RV, right ventricle; TR, tricuspid
regurgitation. a: Nyquist limit 50-60 cm/s. b: Preferably biplane. c: Baseline
Nyquist limit adjusted to 28 cm/s. d: In the absence of other causes increasing
right atrial pressure.

preprocedural mitral valve evaluation, but also for intraprocedural
guiding, postprocedural complication and assessment of procedu-
ral success.
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Table 14. Proposed 5-Stage Tricuspid Regurgitation Classification

Parameter Mild Moderate Severe Massive® Torrential®
Qualitative

TV morphology Normal/Abnormal Normal/Abnormal Abnormal, flail, large coaptation defect

TR jet by color Doppler Mild, central Moderate Very large central jet or wall-impinging eccentric jet

TR jet CW Doppler signal Faint, parabolic Dense, parabolic

Early-peaking dense / triangular ~ Peak TR velocity <2 m/s -

Semi-quantitative

VC width (mm)® <3 3-6.9 7-13.9 14-20 >21
PISA radius (mm) <5 6-9 >9 - -
Hepatic vein flow Systolic dominance Systolic blunting Systolic flow reversal

Tricuspid inflow Normal Normal Dominant E wave (=1 cm/s)

Quantitative

EROA (mm?) by PISA <20 20-39 40-59 60-79 >80
EROA (mm2) by - - 75-94 95-114 2115
quantitative Doppler

EROA (mm?2) by 3D echo - - 75-94 >115
Regurgitant volume (mL) <30 30-44 45-59 60-74 >75

by PISA

a: Further studies are required; b: Biplane measurement is recommended. CW, continuous wave; EROA, effective regurgitant orifice area; PISA, proximal isovelocity

surface area; TV, tricuspid valve; TR, tricuspid regurgitation; VC, vena contracta.

Role of Imaging in Transcatheter Tricuspid
Edge-to-Edge Repair
Dr. Gokhan Kahveci, Dr. Emir Dervis

Moderate or severe tricuspid regurgitation (TR) is a valve disorder,
which is observed more frequently in increasing ages and affect
about 4% of the patients aged 75 years or more.'® TR is also asso-
ciated with increased mortality and morbidity due to contribution
to development of right heart failure irrespective of left ventricular
(LV) systolic functions and pulmonary hypertension.'®" %2 The Eti-
ology is of secondary origin in 90% of the patients with TR1.%®" In
patients with primary or secondary pulmonary hypertension, leaflet
tethering and annulus dilatation as a result of right ventricular (RV)
remodelling due to pressure or volume overload are associated with
the development of secondary TR.'% In addition, there is a subgroup
of patients with isolated TR because of annulus dilation. This situ-
ation is usually associatad with atrial fibrillation in the absence of
LV pulmonary hypertension and LV systolic dysfunction.’®* Causes of
primary TR include infective endocarditis, rheumatic valve disorders,
carcinoid syndrome, blunt chest trauma, myxomatous disease, con-
genital disease (Ebstein anomaly), endomyocardial fibrosis, iatrogenic
etiologies (pacemaker leads, endomyocardial biopsies) (Table 11).7%

TR severity is evaluated with multiple qualitative and quantitative
parameters that are recommended by ESC and ACA/ACC guidelines.
In patients with anatomically normal tricuspid valve (TV) trace and
mild TR that does not cause any physiological consequences can
be observed with transthoracic echocardiography (TTE). However,
severe TR is associated with poor long term outcomes.’®* Regurgi-
tation could be seen more severe especially in primary disorders of
the tricuspid apparatus.’® Table 12 shows the stages of TR in AHA/
ACC guidelines.

Table 13 show echocardiographic criteria of severe TR which is
recommended in ESC guideline.™?

However with the percutaneous tricuspid valve repair studies there
is a trend towards to revise the severity of TR grading, because there
are difficulties in explaining the improvements in TR degree after
the intervention with the current TR classification.'® For example,
in the SCOUT (Percutaneous Tricuspid Valve Annuloplasty System for
Symptomatic Chronic Functional Tricuspid Regurgitation) trial, quan-
titative EROA decreased by -0.22+0.29 mm?2. However, pre-pro-

cedure EROA was 0.85+0.22 mm?, and post-procedure EROA was
0.63+0.29 mm?. Therefore, current TR severity grading schemes do
not take into account the “torrential” nature of TR in the patients
who were enrolled in these trials. In the SCOUT study, although TR
grading decreased from "severe TR" to "severe TR" according to the
current definition, patients quality of life parameters improved and
their forward stroke volume increased.'® To better characterize, the
TR severity was proposed increasing the grades to include massive
and torrential.’® The proposed new TR grading scheme was sum-
marized in Table 14.

Except grading and understanding the etiology of TR, the effects of
TR on RV functions should be evaluated with echocardiography. In
patients with TR undergoing left sided valve surgery, tricuspid annu-
lus diameter should be measured. An annular diastolic diameter >40
mm (or >21 mm/m?) is associated with increased risk of persistant
or progressive TR after mitral valve surgery.'®” Pulmonary artery sys-
tolic pressure is calculated from maximal TR velocity. Assessment of
RV functions poses a challenge due to the geometric structure of
RV which is affected by volume status and needs appropriate image
acquisition.’®® ' Normal RV systolic function could be defined with
some parameters: Tricuspid annular plane systolic excursion (TAPSE)
>16 mm, tricuspid valve systolic annular velocity >10.0 cm/s, and
RV end-systolic area <20.0 cm? or fractional area change >35%.
Alternative to echocardigraphy, cardiac catheterization can be per-
formed to evaluate pulmonary vascular resistance and cardiac MRI
regurgitation volume and RV functions can be evaluated.'®

Treatment

Medical Therapy

Patients with severe TR usually have right HF symptoms or signs
like peripheral edema and ascites. Diuretics can be used to decrease
volume overload (Class 2a-C-EQ). HF symptoms can be alleviated
with loop diuretics, however their use is restricted because with using
excesive diuretics may worsen the low-flow syndrome.’® Aldosteron
antagonists may be helpful, especially in patients with hepatic con-
gestion. However, medical therapy is limited in patients with stage
C and D groups described by the ACC guideline. Guideline directed
medical therapy is useful for secondary TR related to HF with redu-
ced LVEF. In selected patients with pulmonary hypertension,spesific
pulmonary vasodilators reduce pulmonary hypertension and pul-
monary vascular resistance; as a result this may decrease secondary



Imaging in Cardiovascular Procedures Turk Kardiyol Dern Ars. 2022;50(S3):51-556

Tricuspid Regurgitation Management Algorithm

Requirement for left-sided heart surgery

~
4
Etiology / Severity Etiology / Severity
Severe Severe Primary

Secondary TR TR L

Severe Primary

or Secondary TR

dilatation

Severe RV/LV
dysfunction or
severe pulmonary

- No additional
hypertension

TR surgery

" |

Medical TV repair or
therapy replacement®

Heart Team evaluation:
Is the patient suitable Tricuspid valve
for surgery? repair or
replacement®

Evaluation for
transcatheter
treatment options?®

Figure 54. Management algorithm for tricuspid regurgitation as recommended in the ESC guidelines. (a) The anatomical suitability of the
tricuspid valve (TV) for transcatheter procedures should be assessed by a Heart Team including specialists in tricuspid valve interventions
(considering coaptation gap, presence of lead-associated TR, tethering height, and jet location). (b) If repair is not feasible, valve replacement
is preferred. Y, yes; N, no; LV, left ventricle; RV, right ventricle; TA, tricuspid annulus; TV, tricuspid valve; TR, tricuspid regurgitation.
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TR severity and RV afterload (Class 2a- C-EQ)."7% 7" Restoration of
normal sinus rhytm should be considered in patients with TR attribu-
table to annular dilation asssociated with AF (Sinif 2a- C-EQ)."72173

Invasive Management

TV interventions are underutilized in clinical practice and are often
delayed for intervention.”* Appropriate timing of the intervention is
important to avoid the risk of end organ damage and irreversible RV
failure, which is associated with increased risk of surgery. In ESC guide-

Table 15. 2021 ESC Guidelines for Tricuspid Valve Insufficiency
Treatment

Imaging in Cardiovascular Procedures

In addition if it is possible,annuloplasty with prosthetic ring is pre-
ferred option to valve replacement.’’” Valve replacement may be
necessary if there is severe annular dilatation or intrinsic valve pat-
hology.'? Figure 54 and Table 15 show recommendations of ESC
guidelines for the TR treatment.'?

In the ACC/AHA guidelines, TV surgery is recommended in patients
with severe TR (Stages C and D) undergoing left-sided valve surgery
(Class 1-B-NR). TV surgery is beneficial in patients with progres-
sive TR (stages B) undergoing left-sided valve surgery, when annulus
diameter is >40 mm or in patients with signs and symptoms of RV
failure (Class 2a- B-NR). In patients with primary severe TR (stage
D) isolated TV surgery can be beneficial in order to reduce symp-

Recommendation Class Level to.ms and recurrent hospitalizations (class 22.3— B-NR). In. pe.atien.ts

In patients undergoing left-sided surgery with severe ] c with severe secondary TR (stage D) re_Lated with a_nnulalt dilation (in

primary Tl the absence of pulmonary hypertension or left-sided disease) who
: : . e are poorly responsive to medical therapy, isolated TV surgery can be

SlL)Jrgmtalltreatmfnt |stfecorpm(:nde‘;1h|f R\l/ Syjfunctlo%ls 1 c beneficialin order to reduce symptoms and recurrent hospiatlizations

e Se? n syn’rp omatic pa |eln SWI' sotate Selvere (class 2a- B-NR). In asymptomatic patients with severe TR (stage C)

Consider surgical treatment in patients undergoing 2a  C when progressive RV dilation or systolic dysfunction occurs, isola-

left-sided surgery with moderate Tl

Surgical treatment should be considered in mildly 2a C Table 16. TRI-SCORE: Risk Factors and Scoring for In-Hospital

symptomatic or asymptomatic patients with isolated severe Mortality Post Isolated Tricuspid Valve Surgery

Tl and suitable for surgery with RV dilation Risk Factor Score

In patients undergoing left-sided surgery with severe 1 B Age >70 1

secondary Tl, surgical treatment is recommended NYHA functional capacity IlI-IV 1

Consider surgical treatment in patients undergoing 2a B Right heart failure symptoms 2

left-sided surgery with mild or moderate Tl and a dilated Daily furosemide dose >125 mg 2

annulus

nth ; dary T1 (reqardiess of ori 5 5 Glomerular filtration rate <30 mL/min 2

n the presence of severe secondary Tl (regardless of prior a P

left-sided surgery), consider surgical treatment if there is RV Elevated t.otal bm.mb'.n - o 2

dilation or symptoms without RV or LV dysfunction Left ventricular ejection fraction <60% 1

In patients who cannot undergo surgery as decided by a 2b C Moderate/severe right ventricular dysfunction 12

Total 1

heart team, consider transcatheter treatment at specialized
centers for severe symptomatic secondary Tl

LV: Left ventricle; RV: Right ventricle; TK: Tricuspid valve; TY: Tricuspid insufficiency;
2D: Two-dimensional. a Recommendation class; b Level of evidence; ¢ Recurrent
left-sided valve dysfunction must be excluded in patients who have previously
undergone left-sided surgery; d Transcatheter procedures can be applied in
experienced centers as decided by the Heart Team in patients with suitable tricuspid
valve anatomy where an increase in quality of life or survival is expected.

lines, surgery is recommended in symptomatic patients with severe TR
(Class 1-C). In selected asymptomatic or mild symptomatic patients
with severe TR who are appropriate for surgery, intervention should
be considered when RV dilation or dysfunction occured (Class 2a-C).

Surgery is recommended in patients with severe TR who are planned
for left sided valve surgery (Class 1-B). Surgery should be consi-
dered in patients undergoing left sided valve surgery with mild or
moderate TR and diastolic tricuspid annulus >40 mm (or >21 mm/
m?) measured by 2D echocardiography (Class 2a-B).'* Surgical TV
repair does not increase perioperative risk during left-sided surgery.
On the contrary TV repair promotes reverse remodelling of RV and
increase functional status when patient has annular dilation even in
the absence of severe TR.¢7-175.176

Patients with new-onset or worsening secondary TR have increased
postoperative risk in reoperation due to delayed referral or accom-
panying poor clinical condition."” In order to improve prognosis even
in this challenging scenario, treatment of severe TR should be consi-
dered in case of RV dilatation or decreased RV systolic function, even
if the patient is not symptomatic (after exclusion of left-sided valve
dysfunction, severe RV or LV dysfunction and severe pulmonary vas-
cular disease/ hypertension) (Class 2a-b).
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a: In the study, moderate/severe right ventricular dysfunction is defined as TAPSE
<17 and/or tissue Doppler systolic peak annular velocity of 9.5 cm/s and/or visually
significant reduced fractional area change.

ted TV surgery may be considered (Class 2b C-LD). In patients with
severe TR (stage D) who have previously undergone left-sided valve
surgery, reoperation with isolated TV surgery may be considered in
the absence of severe pulmonary hypertension or severe RV systolic
dysfunction (Class 2b- B-NR).' In Figure 55, recommendations of
ACC/AHA guidelines for invasive management of TR is illustrated.

Isolated TV surgery is reported to be a high risk surgery with 10%
mortality."”#'% |n a study performed in France, early and mid-term
outcomes of patients who underwent isolated TV surgery were
investigated.™' Although isolated TV surgery was found to be asso-
ciated with high mortality in this study, preoperative clinical (NYHA
class 3/4, RV failure signs), echocardiographic findings (moderate/
severe RV dysfunction or dilation) and laboratory markers (lower
glomerular filtration rate) rather than the TR etiology were associa-
ted with mortality and morbidity. Therefore, the main reason for the
high mortality in TV surgeries is that the most patients presented
with advanced stages of the disease and with impaired kidney and
liver functions.®" It is obvious that both Society of Thoracic Surgeons
(STS) and logistic EuroSCORE/EuroSCORE |l risk scores are not desig-
ned for TV surgeries. This study revealed the necessity of spesific
risk model which could predict mortality for TV surgery. Dreyfus et
al.”®2 developed a new risk model, which is named as TRI-SCORE,
to predict in hospital mortality after isolated TV surgery (Table 16).
In this risk model, there are 8 different variables and the expected
mortality over a maximum of 12 points increases from 1 point to 9
points, from 1% to 65%.
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Tricuspid Regurgitation
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Figure 55. ACC/AHA guideline tricuspid regurgitation management scheme. TC, tricuspid valve; TR, tricuspid regurgitation; PAP, pulmonary
arterial pressure; PH, pulmonary hypertension; RV, right ventricle; GDMT, guideline-directed medical therapy and management.

In the study, the risk score <3 was accepted as low risk, 4-5 as medium
risk, 26 points as high risk.'® According to these results, TV interven-
tion can be considered before the patient's performance decreases
and at the late and hopeless stage of the disease. In addition, patients
defined as high-risk TV surgery in the past were conservatively

managed. However, with developing transcatheter technologies and
published studies with satisfactory results, such symptomatic high-
risk patients can be referred to transcatheter intervention. According
to ESC guidelines, transcathater interventions may be considered by
the Heart Team at expreienced Heart Valve centers in symptomatic,
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inoperable, anatomically eligible patients (Class 2b-C).*> Nowadays,
the most preferred transcatheter intervention is edge-to-edge repair
of the valve.” In some retrospective analyzes, edge-to-edge repairs
have been shown to significantly reduce the TR severity and improve
symptoms.'84 185 The 1-year follow-up results of the prospective,
multicenter, international, single-arm TRILUMINATE study, in which
TriClip (Abbott, Chicago, IL, USA) device was used as edge-to-edge
repairing system, showed that a durable repair with significant redu-
ction in TR were associated with improvements in quality of life and
functional capacity; reduced rates of hospitalization and low morta-
lity in a fragile population at high risk; and positive structural and fun-
ctional right ventricular reverse remodeling over time."® From August
1, 2017 to November 29, 2018, a total of 85 patients who had symp-
tomatic moderate or greater TR and high surgical risk and no indica-
tions for left sided or pulmonary valve correction and received suc-
cessful edge-to-edge repair by TriClip tricuspid valve repair system,
were included in this study. Patients were exluded from the study
if they had systolic pulmonary artery pressure of more than 60 mm
Hg measured by echocardiography, a previous tricuspid valve proce-
dure, cardiovascular implantable electronic devices (either pacema-
ker orimplantable cardioverter defibrillator leads) which would inhibit
proper TriClip placement. In this study, only patients with coaptation
gaps of less than 10 mm were included.’® TR severity was asses-
sed according to five-class grading scheme (mild, moderate, severe,
massive, and torrential).'®® The primary safety endpoint was a com-
posite of major adverse events at 6 months, including cardiovascu-
lar mortality, myocardial infarction, stroke, new onset renal failure,
endocarditis requiring surgery, and non-elective cardiovascular sur-
gery for tricuspid valve repair system-related adverse events post
procedure. The primary efficacy endpoint was a reduction in tricuspid
regurgitation severity by at least one grade at 30 days. At 30 days,
71 (86%) of 83 patients had at least one grade reduction in tricus-
pid regurgitation severity.’®” At 1 year, 87% of subjects had sustai-
ned TR reduction =1 grade.' In this study, after TV edge-to-edge
repair, significant improvement in quality of life, clinical status and
reduced hospitalization rates was observed. Clinical improvements
occured mostly within first month after the procedure. There was
no significant difference in NYHA class and 6 minute walk distance
between 30 days and 1 year. At 6 months, three (4%) of 84 patients
experienced a major adverse event. Cardiovascular death occured in
two patients and in one patient new onset renal failure was obser-
ved.In other clinical safety end points, in five (7%) of 72 patients, a
single leaflet device attachment occurred (three anterior, two septal)
without clinical findings or worsening of tricuspid regurgitation. In 9
patients major bleeding and new onset atrial fibrillation was obser-
ved in one patient. Tricuspid stenosis (mean 5.3 mm Hg) developed
in 6 patients requiring no further intervention. No cases of stroke,
myocardial infarction, or device embolisation were reported within
6 months. There were no cases of endocarditis or device related
adverse event requiring non-elective cardiovascular surgery. In conc-
lusion, TriClip repair system has been found to be safe and effective
in patients with moderate or greater TR and has been associated with
excellent repair durability and a sustained and marked clinical benefit
with reduced rates of hospitalization and low mortality after 1 yearin
a fragile population at high risk.’® However, selection and evaluation
of the patients, who are suitable for percutaneous TV repair, is impor-
tant to increase the success of the intervention. In this regard there
are echocardiographic and clinical parametes to consider. According
to instructions for use TriClip device is indicated for patients whose TV
anatomic coaptation gaps are <10 mm, and who are at high risk for
TV surgery, do not have severe mitral regurgitation or severe pulmo-
nary hypertension (systolic pulmonary artery pressure >60 mm Hg)
and are symptomatic despite medical therapy.'® Contraindications
include rheumatic TV disease, active endocarditis and presence of
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thrombus of intracardiac origin or in femoral veins or vena cava.'®®
In addition, device is not approved for TR associated with congeni-
tal valve lesions. The required minimum leaflet insertion (6 mm for
smaller and 9 mm for larger devices) defines the minimum mobile

Table 17. Predictors of Success and Exclusion Criteria for
Echocardiography During Procedures

Success Predictors Exclusion Criteria
Coaptation gap <7 mm

Leaflet length >7 mm

Tethering height 10 mm

Mean tricuspid pressure gradient <3 mmHg
Echocardiographic exclusion criteria
Inadequate visualization of the valve
Rheumatic/congenital etiology

Active endocarditis

Intracardiac thrombus

Severe leaflet and annular calcification

leaflet length. It is recommended that pre-implantation transvalvuler
mean gradient should be <3 mm Hg because leaflet grasping may
cause valvular stenosis. (mean pressure gradient of =5 mm Hg should
be considered as a significant risk factor for creating tricuspid valve
stenosis).'® In the Edwards PASCAL user manual, which is another
edge-to-edge repair system approved for use in Europe, echocardi-
ographic contraindications are stated as poor visualization of the TV,
intra-cardiac mass, thrombus or vegetation. In addition, the operator
is advised to consider the anatomical structures described: non-de-
generative TV diseases, moderate to severe signs of calcification in
the grasping area, severe calcification in the annulus or subvalvular
apparatus, presence of cleft or perforation in the grasping area, and
as well as leaflet mobility length <8 mm.®® Optimal echocardiog-
raphic criteria for percutaneous tricuspid edge-to-edge repair are still
in development. In a substudy of TriValve registry it has been shown
that baseline RV size and functions, as well as estimates of systolic
pulmonary pressure did not predict clinical outcomes.' Neverthe-
less, coaptation gap (7 mm), regurgitation jet in central or antero-
septal location, and tethering height (€10 mm) are associated with
higher procedural success and improved survival.'®® Table 17 summa-
rizes the echocardiographic markers that affect the success of the
procedure and echocardiographic exclusion criteria.'®®

Echocardiographic Imaging
Pre-Procedural Evaluation

Tricuspid Valve Anatomy

The TV is the largest and most apically positioned of cardiac valves
with a normal orifice area between 7 and 9 cm?."° TV peak trans-tri-
cuspid diastolic velocity is lower than 1 m/s with mean gradients of
2 mm Hg due to the low pressure difference and large surface area
between the RA and RV."' The TV can be divided into 4 components
similar to mitral valve: TV leaflets, papillary muscles, chordal attach-
ments, and annulus (with attached atrium and ventricle).™"

Tricuspid Valve Leaflets

Although TV usually consist of 3 leaflets of unequal size, it may con-
sist of 2 or more than 3 leaflets.' '°2 Leaflets are defined as septal,
anterior-superior and inferior according to the anatomical position of
the body."" However, the nomenclature was made as septal, anterior
and posterior. The anterior leaflet has the widest and longest radial
length, with a larger surface and greater range of motion. The pos-
terior leaflet, which has the shortest circumferential diameter, may
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Figure 56. A, B. Parasternal inflow windows. (A) Anterior and
septal leaflets are observed when the coronary sinus ostium (*)
or IVS is observed. (B) Anterior and posterior leaflets are observed
when the probe is angled inferiorly and slightly to the right and no
IVS is seen. A, anterior; IVS, interventricular septum; P, posterior;
RA, right atrium; RV, right ventricle; S, septal.

consist of multiple scallops. Septal leaflet has the shortest radial
length and is the least mobile." Although the anatomical markers of
the leaflets may vary according to the size and shape of the annulus,
the commissure between the posterior and septal leaflet is usually
located near the entrance of coronary sinus to the right atrium. The
commissure between the septal and anterior leaflet is usually adja-
cent to the non-coronary sinus valsalva of the aortic root. The ante-
ro-septal commissure is the longest, as the anterior and septal leaflet
are the largest circumferentially.® The coaptation of TV is located at
the level of annulus or just below it,with the coaptation length of 5
to 10 mm."* This long coaptation length acts as a reserve, allowing
the annulus to expand slightly before the malcoaptation occurs.™
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The Papillary Muscles and Chordae

There are 2 distinct papillary muscles, anterior and posterior, and a
third variable papillary muscle. The anterior papillary muscle is the
largest papillary muscle and support both anterior and posterior
leaflets with chordae. Posterior papillary muscle, which is bifid or
trifid, support with chordae to posterior and septal leaflets. Septal
papillary muscle may show variations and be small, multiple, or
absent in 20% of normal patients. The chordae may extend directly
from the septum to the anterior and septal leaflets. Accessory chor-
dae can attach directly to right ventricular free wall and as well as to
moderator band.?

Tricuspid Annulus

The normal tricuspid annulus is D-shaped and consists of nonpla-
nar two distinct segments: a large C-shaped segment corresponding
to the RV and RA free wall, and a relatively straight segment that
corresponds to the septal leaflet and ventricular septum. The tri-
cuspid annulus has a complex and dynamic structure that allows it
to change under loading conditions. Unlike the mitral annulus, the
semilunar valve corresponding to the tricuspid annulus has no fibrous
continuity.” In healthy group, the circumference and area of the
tricuspid annulus are 121 cm? and 112 cm?, respectively.”® In
addition, during atrial systole and also during late systole/early dias-
tole, there is a significant increase in the annulus area (29.6%5.5%)
and circumference.’ The posteroseptal annulus is more ventricular,
while the anteroseptal part is more atrial.’®” 1% In secondary TR, the
annulus expands towards the posterior free wall and laterally and
becomes more spherical and planar.”’ Dilation of the septal seg-
ment of the annulus is limited due to its relationship with the fibrous
skeleton of the heart.'*®

Transthoracic Echocardiography

Because of the complex structure of the TV, it is difficult to visualize
the 3 leaflets in a single 2D plane. Therefore, it is tried to evaluate
the structure of the valve and the pathophysiology of the regurgi-
tation jet by using some anatomical markers from multiple different
views. For example, the commissure between the anterior and septal
leaflet is adjacent to the non-coronary cusp of the aortic valve,
while the coronary sinus is adjacent to the commissure between the
posterior and septal leaflet.” The first TTE view in the evaluation of
the tricuspid valve.

Parasternal Long Axis of the Right Ventricular Inflow View

From the parasternal long-axis (LAX) view, the transducer is angled
inferiorly and to the right (toward the right hip) to produce the
parasternal inflow view. If the coronary sinus ostium or the mus-
cular interventricular ventricular septum appears, then the leaflets
imaged are the anterior and septal ones. With the transducer angled
more acutely inferiorly and to the right with no IVS seen, the anterior
and posterior leaflets are imaged (Fig. 56A-B).2®

Parasternal Short Axis View

Rotation of the transducer about 90° from the parasternal long-axis
view will yield the short-axis view, where the anterior tricuspid valve
leaflet is generally seen. Septal leaflet can be seen if the image plane
is tilted towards the left ventricular outflow tract.

Apical 4 Chamber

In 4 chamber view, typically septal leaflet and posterior or anterior
leaflet can be observed. With slight anterior angulation, anterior and
septal leaflet can be seen. With slight anterior angulation, anterior
and septal leaflets can be evaluated with a slight visualization of
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Figure 57. In the apical 4-cavity window, anterior or posterior leaflet is observed together with the septal leaflet. With slight posterior
angulation, septal and posterior leaflets are observed with observation of the coronary sinus (+), whereas with anterior angulation, anterior
and septal leaflets are observed with observation of the LVOT (*) entrance. A, anterior; P, posterior; RA, right atrium; S, septal.

Figure 58. Anterior and posterior leaflet is observed in the
midesophageal commissural window. Biplane imaging of the
posterior leaflet shows the septal and posterior leaflet. A, anterior;
P, posterior; S, septal.

the aorta, and septal and posterior leaflets can be evaluated with
angulation posteriorly and viewing the coronary sinus (Fig. 57A-C).

Recent ASE guidelines recommend performing the right ventricu-
lar examination from apical 4-chamber, right ventricular-focused
apical 4-chamber and modified 4-chamber views.?!

Septolateral tricuspid annulus measurement should be performed in
end diastole. Tricuspid tenting height and area should be performed
in end systole.™ In addition, vena cava inferior size and respiratory
changes should be examined through the subcostal view for RA fil-
ling pressures.

3D Echocardiography

Three-dimensional echocardiography greatly improved the accu-
racy of images, identification of TV leaflets, evaluation of associ-
ated anatomical structures, and mental reconstruction of multiple
2D planes.?® Lang et al.'? have recommended that the interatrial
septum should be placed inferiorly (at the 6 o'clock position) regard-
less of ventricular or atrial orientation for image standardization.
Three-dimensional images can be obtained from the apical, subcos-
tal, or parasternal axis. The view, in which axis has the best acoustic

S38

visual quality, is used while getting 3D images.?® In order to obtain
a good 3D acqusition, it is important to obtain 2D images in which
the demarcation of TV can be seen clearly.” In order to maximize
the spatial resolution and volume velocity, the pyramidal imaging
volume should be reduced to the lowest point, including the dis-
tinctive anatomical markers where all leaflets are seen. In order to
increase the temporal resolution, the number of beats taken can be
increased. However, the greater number of beats increase the pro-
bability of stitching artifacts, due to patient and/or operator move-
ments.”? With 3D imaging of the valve, accurate leaflet location,
where the regurgitation jet occurs and further anatomical landmarks
can be evaluated. In addition, since the tricuspid valve is anteriorly
located, it is likely to obtain better 3D images with TTE rather than
with TEE.2%

Transesophageal Echocardiography

Before the procedure, the anatomy of the tricuspid valve and the
structure of the regurgitation should be evaluated with TEE. Biplane
imaging of all views simultaneously is essential in understanding of
TV anatomy.?%® The tricuspid valve is evaluated with multilevel ima-
ging which starts from the mid-esophageal view, and from the distal
esophagus and transgastric view.

Mid-Esophageal View

With 4-chamber view, the septal and typically the anterior leaflet
can be evaluated; simultaneous biplane imaging may help clarify
which leaflet is imaged because the anterior leaflet is typically seen
adjacent to the aorta. As we increase the transducer angle to 30°
with retroflexion, the posterior leaflet may be seen. Then prob is
proceeded to about 60 to 70°, which yields a “commissural” view,
where the anteroseptal and posteroseptal commissures can be eva-
luated using biplane imaging (Fig. 58). At 90°, anterior and posterior
leaflets can be observed. With biplane imaging either leaflet can be
visualized with septal leaflet.2 Superior and inferior vena cava and
interatrial septum are observed with bicaval view. In this view Eus-
tachian valve, Chiari network structures, pacemaker leads/ ICD leads
or intra atrial anatomy (ASD/PFQ) or implants that could possibly
interact with the device should be evaluated.

Distal Esophageal View

Right sided anatomy can be evaluated more clearly by advancing
the probe slightly into distal esophageus, where there is no left
atrium in view. At 0° in the distal esophageal view, the anterior and
posterior leaflets can be observed. Anterior and septal leaflet are
evaluated at 90°.
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Figure 59. Evaluation of tricuspid valve anatomy with three-
dimensional imaging. A, anterior; P, posterior; S, septal.

Figure 60. Visualization of all 3 leaflets in a transgastric short axis
window. This is the only window in which all 3 TK leaflets are
visualized simultaneously with 2D. A, anterior; P, posterior; S, septal.

Figure 61. With biplane imaging from the tip of the posterior
and anterior leaflets in the transgastric RV inflow window, all 3
leaflets can be clearly observed.
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Figure 62. Transportation of the clip system through the bicaval
window into the right atrium.

Transesophageal 3D Imaging

Multiple 3D TEE data sets from multiple probe positions should
be collected for the evaluation of the valve and annulus, as long
as the 2D images are of sufficient quality (Fig. 59). Care should
be taken to include anatomical markers such as aortic root and
interatrial septum in optimal imaging. Full volume 3D images
should be obtained from the modified bicaval view will help
to define the leaflets and anatomy according to the relations-
hip of the TV with the aorta and interatrial septum. In addi-
tion, 3D images can be obtain from distal esophageal views to
obtain better images due to the absence of left heart structu-
res. If satisfactory images can not be obtained, attempts should
be made from shallow and deep transgastric views. Information
about the anatomy and severity of the TR can also be obtained
from Doppler imaging in 3D views.

Transgastric Views

It is the most important view to analyze the tricuspid valve regur-
gitation and to plan for edge-to-edge repair treatment strategy. For
optimal evaluation, all 3 leaflets, coaptation zones and coaptation
gaps should be clearly visualized.

When the heart is in the distal esophagus, after the probe is positi-
oned at 0° in the middle of the screen, the probe is slowly advanced
into the stomach, after the liver is seen, the anterior and posterior
leaflet of the tricuspid valve is observed with right flexion and antef-
lexion. As we increase the transducer angle to 20-40° all 3 leaflets
can be visualized (Fig. 60). The septal leaflet is near the septum and
the anterior leaflet can be seen in the far field, while the posterior
leaflet is in the near field. Biplane imaging can be used to observe
spesific leaflets, as a consequence we can evaluate among which
leaflets TR is located and malcoaptation occurs (Fig. 61). In this
view, leaflets, which are device targeted, can be determined and
according to this, strategy will be planned.

Intraprocedural Imaging

Demonstrating the TV leaflet anatomy, the location of the regurgi-
tation jet, and the leaflet capture process multiplan by TEE are vital
in the procedure. During the procedure, multiplan images from all
levels should be actively obtained as previously mentioned and the
TV and TR should be visualized in 3D views.

Two leaflets will be clipped as anterior and septal or posterior and
septal, and the targeted TR jet at the beginning of the procedure,
should be clearly demonstrated, especially through the trans-
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Figure 63. Coaxial guidance of the triclip system to the tricuspid
valve through a modified bicaval window.

Figure 64. Advancement of the TriClip system in the intercomissural
window in an anteroseptal orientation in the direction of the TV.
Biplane is used to simultaneously demonstrate the system in the
anterior and septal leaflet neighborhood.

TIS06 MIOS

Figure 65. Use of color Doppler during device orientation.

gastric short axis view. Orienting the clip delivery system to the
tricuspid valve is the first step (Fig. 62, 63). The device should be
moving toward the TV along the right atrial wall and bicaval view
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Figure 66. Transgastric short axis window showing the Triclip
system positioned perpendicular to the anterior and septal leaflet.
A, anterior; P, posterior; S, septal.

TIS03 MI0S

Figure 67. Demonstration of leaflet capture using biplane in the
intercomissural window.

guides this step. The most important point of this process is to
avoid damage and possible perforation to the interatrial septum.
The system may be directed towards the inferior of the interatrial
septum while clip advances to TV and since the system is in a
rigid structure, the septum may be damaged as a result of pus-
hing the system further.? 203 204 |ntercommissural view or distal
esophageal view at 60-80° is used to guide the delivery system
toward the TV (Fig. 64, 65). The clip system must be coaxial to
TV during transition. In commissural view with biplane imaging
we can optimize the delivery system trajectory to TV and adjust
the clip position with making rotation at the targeted TR. In
transgastric short axis view, the coaptation site of all 3 leaflets
can be optimally visualized (Fig. 66). This view is especially very
important for navigating the clip system to the right ventricle and
monitoring its rotation simultaneously. If the coaptation site can
not be clearly demonstrated in a single axis, multiplane imaging
should be used. In addition, optimal positiom of the clip should
be verified with 3D imaging.

During grasping the targeted leaflets, both arms of the clip should
be clearly demonstrated with multiplane imaging (Fig. 67). By set-
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Figure 68. Demonstration of regression of regurgitation jet after
procedure in a modified bicaval window. In this patient, 2 clip
systems were used between the anterior and septal leaflets.

TIS0.3 MI 0.0

+ Vmax 91.8 cm/s
Vmean 658cm/s
Max PG 3 mmHg
Mean PG 2 mmHg
vTi 17.8cm

PAT T. 37.0C
TEET.384C

Figure 69. CW Doppler measurement after clip implantation
showed that the mean gradient over the tricuspid valve was less
than 4 mmHg.

ting the primary view as commissural view, the clip can be easily
positioned along the septal commissure. For anteroseptal grasps, the
secondary plane should be directed anteriorly (toward the aorta),
and for posteroseptal grasps, the secondary plane should be directed
posteriorly (away from the aorta). After clip placement, adequate
leaflet grasping must be demonstrated before clip release. We can
demonstrate from multiple views to ensure restriction of the leaf-
let motion near the clip on 2D imaging, an adequate tissue-bridge
from 3D imaging, and reduction of TR by color Doppler (Fig. 68).2%4
After clip insertion, acceptable mean transvalvular gradient should
be below 4 mm Hg (Fig. 69).2%

Conclusions

Severe TR is associated with poor long term outcomes and inc-
reased mortality. In this respect, the evaluation, follow-up and
classification of TR are important. Transcatheter methods can
significantly improve the quality of life and reduce the hospita-
lization rates of patients who are not suitable for surgical inter-
vention.
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Use of Transesophageal Echocardiography in
Percutaneous Left Atrial Appendage Closure

Dr. Bisra Glvendi Sengér, Dr. Alev Kilicgedik

Atrial fibrillation is the most common arrhytmia, the prevalance of
which reaches 13% at the age of 80 or older and it is responsible for
15-20% of all ischemic strokes.?% 2% Although oral anticoagulant the-
rapy provides a reduction in ischemic strokes and mortality, it may not
be a proper option for every patients due to the bleeding risk and narrow
therapeutic range. In these patients, percutaneous closure of left atrial
appendage (LAA), an important source of cerebral thromboembolism,
appears an alternative treatment option.2%” Transesophageal echocardi-
ography plays a significant role in pre-procedure assessment, guidance
during the procedure and follow-up. In this review, perioperative echo-
cardiographic evaluation for the most frequently used three devices
(Watchman, Amulet, Lambre) are summarized.

Left atrial appendage anatomy. Left atrial appendage (LAA) is a tubular,
blind-ended pouch connected to the main trunk of the left atrium. In
70% of the patients, LAA has a bent or spiral axis and varies greatly in
size and shape.?® Since LAA orifice is often ovoid-shaped, it has one
large and one small orifice diameter. The anatomical orifice differs from
landing zone, which is important for most devices, and separated from
the left pulmonary veins by a structure known as the Marshall liga-
ment or coumnadin ridge. The orifice is followed by the region of neck,
body and apex, respectively.?”® Anatomically, LAA is divided into three
regions as the orifice, the neck and the lobar region.?'® It has usually 2
lobes (54%), and its inner surface has complex indentations formed by
pectinate muscles. Morphologically, the shape of LAA is classified into
four types: chicken wing (48%), cactus (30%), wind-sock (19%) and
cauliflower (3%). While the chicken wing is the most common morp-
hology, the cauliflower is the most commonly associated with embolic
events.?" The chicken-wing morphology is a cause of procedural chal-
lenge regardless of the device to be selected due to variable size and
shallower depth.?®

The Percutaneous Closure of the LAA
Pre-Procedural Assessment

The percutaneous closure of the LAA largely depends on the accurate
determination of the anatomical structure. An accurate measurement
of the LAA dimensions is also crucial to select the appropriate device.
Choice of the proper device is the key of procedural success. Choice of
a small device size may cause embolization and peri-device leaks, while
choice of a large device may result in tamponade or obstruction of the
left upper pulmonary vein. Therefore, the accurate measurement of the
landing zone and orifice diameter play a significant role in performing
procedure safely and successfully.?'?

Transesophageal echocardiography (TEE) is the main imaging modality
used to evaluate anatomy of the LAA and its relationship with sur-
rounding structures, to decide on the appropriate device and size, to
investigate thrombi and to identify probable anatomical contrandica-
tions. Fluoroscopy can be used during the procedure in addition to two
or three dimensional (2D or 3D) TEE as well as CT or MRI can be used
for further assessment of the LAA before the procedure.?" It should
be noted that dehidratation due to fasting and sedation before the
procedure may show LAA measurements less than they are, therefore,
it is recommended that the diameters of the LAA should be measured
when the patient is euvolmevic and LA pressure is 212 mm Hg. Before
the procedure, the administration of 500-1000 cc of saline is also
recommended.?'® To select the proper size of device, measurements
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Figure 70. The measurements for the WATCHMAN device (Horizontal line shows
landing zone for the WATCHMAN device, perpendicular line shows the LAA depth.)

Figure 71. The measurements for the Amulet device (Yellow line
shows the landing zone for the Amulet device).

should be made when the LAA size is the widest, that is, at the end
of ventricular systole and under normal left atrial filling pressures.?'-213
TEE images should be evaluated from at least 4 different mid-esopha-
geal planes, which are typically at ~0°, ~45°, ~90°, and ~135°. The LAA
is the most anterolateral structure of the heart. The correct position
of the TEE probe at mid-esophageal level, at 50°-70° with a slight
retroflexion provides the best long-axis image (the longest depth) of
the LAA. In this plane, mitral anulus, the circumflex (CX) artery (at the
medial of the LAA), limbus or coumadin ridge (at the lateral and supe-
rior) and the left upper pulmonary veins (at the lateral) can be viewed.
If the LAA is more anteriorly located, its long axis can be viewed at
0°-45° and if it is more laterally located, it can be best viewed at 70°-
90°. The short axis of the LAA (the shortest depth) is best viewed
from 135°. Although it is challenging to image with a 2D probe, accu-
rate position can be achieved by biplane imaging from 45° with a 3D
probe.?'® Because of the oval shaped of the orifice, it should be taken
into account that the LAA orifice can be measured wider at 135° than
at lower angles.?' This TEE image and measurements determine the
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success of the device deployment because this location is the most
common place for peri-device leaks after implantation. The choice of
a suitable percutaneous closure device depends on the accuracy of the
landing zone measurements. The selected device size should be seve-
ral mm larger than the landing zone measurements to obtain a secure
and stable device location. The maximum length of the fixing lobe
should be additionally measured to ensure that the selected device has
the appropriate area for deployment. Different measurements should
be made in accordance with manufacturer's recommendation for dif-
ferent device designs.?'>2'> The angle among the orifice, the neck and
the lobes should be evaluated before the procedure, because this may
affect the location of septal puncture. The number of additional lobes
and their initial parts should be investigated.?™

Currently, in Turkey, there are three percutaneous closure devices, named
the WATCHMAN, Amulet ve LAmbre, in our country. The WATCHMAN
is a self-expandable system with an outer diameter of 14 Fr, which con-
sists of a nitinol frame covered by polyethylene fabric and 10 fixation
barbs. More data has been avalaible about the WATCHMAN than the
other closure systems. The Amulet is a second generation self-expan-
dable system with an outer dimeter of 14.4-16.5 Fr, which consists of
a fixed size cover disk, lobe and stabilization hook. Its design is based
on the first generation of the AMPLATZER cardiac plugs. Amulet has a
slightly larger disk than first-generation devices, which provides better
closure of the LAA. The middle part and the lobe are longer than the
first-generation plugs, and there are more stabilization wires around the
device to improve flexibility and stability of the device. The LAmbre,
increasingly used in recent years, is a self-expandable system, made
of a nitinol mesh and polyester membrane with an outer diameter of
approximately 10 Fr. The LAmbre is composed of a hook-embedded
umbrella, a cover disk which isolates the LAA and a thin cylindrical part
to connect other parts. The umbrella part has 8 small distal hooks and 8
U-shaped ends, which allow better fixation of the device.?’

The LAA evaluation for the WATCHMAN and LAmbre is performed with
2D TEE from 0°, 45°, 90° ve 135° to find the widest landing zone and
depth of the LAA.2% The landing zone for the WATCHMAN is measured
from the top of the mitral valve anulus or the inferior part of the LAA
orifice at the level of the CX artery, to 2 cm below of the left upper
pulmonary vein. The depth of the LAA is obtained by drawing a perpen-
dicular line to this measurement (Fig. 70). The landing zone, measured
from all angles with 2D TEE, may not have been in the same plane,
this limitation could be overcome with 3D multiplanar reconstruction
(MPR) mode. By aligning two different long axis views of the LAA with
3D MPR, a short axis view is obtained, therefore, landing zone diameter
can be more accurately measured.?”® The device is selected according
to the largest landing zone diameter, more than 8-20% of the largest
diameter is determined as a device diameter. The WATCHMAN device
can not be used if the LAA orifice is too small (<16.8 mm) or too wide
(>30.4 mm), if the LAA depth is too shallow (less than the diameter of
the widest diameter of the orifice) and if the depth of secondary LAA
lobe is too close to the LAA orifice.

Echocardigraphic assessment for the Amulet is perfomed from 0°,
45°,90° ve 135° with 2D TEE, as in the WATCHMAN device. Howe-
ver, it is recommended to focus on the smallest landing zone dia-
meter from long axis views (30°-60°) and the widest landing zone
diameter from short axis views (120°-150°).2° The measurements for
the device size are different from the measurements established for
the WATCHMAN. The diameter of the LAA orifice is the line between
pulmonary vein-coumadin ridge and the CX artery. The landing zone
diameter is measured from the 10-12 mm distal to the neck of the
LAA perpendicular to this line, the depth of the main lobe is measu-
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red based on the expected axis of the device (Fig. 71).2° Although
the device selection is mainly based on the experience and choice of
the operators, the LAmbre system should be considered first, if the
patients have chicken wing morphology or multilobulated LAA or if
the groin complications during the transportation are foreseen.?'> 216

Peri-procedural assessment. During the procedure, 2D and 3D TEE is
the most valuable imaging method and it supports fluoroscopy. TEE
plays a great role in evaluating the presence of the thrombi before
transseptal puncture, guiding the puncture, verifying the location of
the catheter and sheat during the procedure, positioning and place-
ment of the device.

Transseptal Puncture

The location of the transseptal puncture is probably the most important
stage affecting positioning and placement of the device. The transseptal
puncture is performed from a more inferior and posterior of the fossa
ovalis due to anterolaterally located LAA. Therefore, the sheat position
becomes more co-axial to reach the LAA. Bicaval view (90°~110°) is the
initial imaging for superior and inferior orientation, after tenting in the
mid and inferior of the fossa ovalis, anteroposterior assessment is perfor-
med at 45°. After the appropriately performed transseptal puncture, the
wire and catheter system are parked in the left upper pulmonary vein.

Imaging During the Placement of the WATCHMAN Device

The procedure begins with baseline evaluation with 2D and 3D TEE.
During the procedure, thrombi should be excluded in the LAA and
the measurements should be repeated with fluoroscopy to select the
appropriate size and device.?'” The presence of intra-cardiac thrombi
and pericardial effusion, characteristics of the inter-atrial septum and
the LAA are evaluated. Measurements of the LAA body and orifice are
made again. Valve diseases, movable aortic atheromas and intracardiac
shunts are investigated. After transseptal puncture, the WATCHMAN
device system, 14 Fr, is advanced to the LA with a pigtail catheter under
the guidance of 2D and 3D echocardiography. After puncture, 2D and
3D TEE allows to view the entire catheter from the LA through the LAA.
Therefore, it can be seen passing the tip of the catheter through the
septum, how far the catheter is from the septum or how much of it is in
the LA. A probable injury of the interatrial septum and atrial free wall can
be prevented. After the guide catheter is advanced to the LAA orifice,
a pigtail catheter is advanced through the guide catheter into the LAA
and contrast angiography is performed for fluoroscopic evaluation of the
LAA. Meanwhile, a large number of bubbles are noted in the LAA with
2D and 3D echocardiography. Then, the guide catheter is properly inser-
ted in the LAA and the pigtail catheter is removed. The WATCHMAN
device system is advanced.?'® Four 'PASS' criteria must be met prior to
device release. These criteria are defined as Position, Anchor, Size, Seal.

Position: The device shoulder, the curved part inside the LAA ostium,
should not protrude too far from the LAA.

Anchor: The Tug test is performed under TEE. The device is retracted and
it should return to the original position when it is released.

Size: A compression grade of the device should be 8-20% from images
at 0°, 45°,90° ve 135° with 2D TEE.

Seal: The peri-device leaks are evaluated under 3D TEE. The narrowest
cross-section of the leak, vena contracta (VC), is measured from the
plane where the device is closest to the LAA wall. If the VC of the leak
is <5 mm, it is acceptable, but, if the VC is >5 mm, the device should
be repositioned or replaced with a larger device. It is recommended to
evaluate the leakage with a low Nyquist limit (20-30 cm/s) and the
peripheral spread of the leakage can be assessed with 3D TEE.
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Imaging During the Placement of the Amulet Device

The wire is advanced to the left upper pulmonary vein after the trans-
septal puncture. The guide catheter is advanced to the LA through the
wire. For the Amulet devices, there are two guide catheter options, 12
Fr and 14 Fr, depending on the size of the preferred device. After the
catheter is advanced to the LA, the wire is retracted and the catheter is
directed to the LAA. The catheter tip is placed in the landing zone of the
LAA, the Amulet device is advanced through the catheter, and the lobe
of the device is partially opened. After the lobe of the device is placed
exactly in the landing zone, the remained disk of the device is opened if
its angle and position are appropriate.

Before the device release, the following a number of checks are car-
ried out:

The lobe of the device should be rubber-shaped.

It should be shown that there is a certain degree of decoupling between
the device lobe and the disk.

The device disk should be concave relative to the LA body.

The axis of the device lobe should be perpendicular to the axis of the
LAA neck.

At least 2/3 of the device lobe should be positioned at the distal of the
CX artery.

Tug test should be performed for device stability.

Peri-device leaks can be evaluated with a low Nyquist limit (35-45
cm/s) for the Amulet device. The presence of the defects <3 mm in
diameter or multiple jets (the sum of leaks <3 mm) are considered to be
small leaks, while 3-5 mm leaks are considered medium, >5 mm leaks
are defined as large leaks.2%%210

Imaging During the Placement of the LAmbre Device

The LAmbre device has a stabilization system, consisting of anchors
and hooks which targeted the trabecula and the pectinate musles of
the LAA.2'>-219 The risk of LAA perforation is the lowest in this device
due to its structure.?” The guide catheter of the device is positioned
proximalto the LAA, and the the umbrella is inserted. The stability of
the device is confirmed by the Tug test, and it is confirmed whether
the device completely closes the LAA orifice with contrast study and
TEE. The LAmbre device has advantage due to having many options
of different sizes, therefore, it can be able to use in all anatomical
types of the LAA (multiple lobes, wide orifice, relatively small depth)
with a LAA orifice larger than 12 mm.21>216.219

The use of 2D and 3D TEE helps to evaluate leaks after device pla-
cement and to recognize complications. The device size should not
be less than the largest LAA diameter, it should be selected 2-6
mm larger according to the anatomy of the LAA, the manufactu-
rer's recommendations and the operator's experience.?'> The cor-
rect positioning of the device is also crucial. Placing the device too
deeply prevents the closure of the proximal lobes, while its more
proximal positioning may result in embolization due to reduced
stabilization.?'" After device placement, the mitral valve apparatus
adjacent to the device, the left upper pulmonary vein and the CX
artery must be examined carefully for probable compression. The
presence of a link between the LA and the LAA should be checked
with colour Doppler at a low Nyquist limit. Complications such as
pericardial effusion, tamponade, iatrogenic atrial septal defect and
possible thrombi should be explored by echocardiography before the
procedure is terminated.?'"-21°
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Follow up. After the procedure, TTE is recommended to exclude
device embolization and pericardial effusion before discharge. TEE is
usually used to evaluate device embolization, erosion, thrombus for-
mation or peri-device leaks at 1, 3, 6 and 12 months. At 1 year, TTE
is preferred for follow up if there is no suspicion of complications.?"
The atrial septal defect secondary to the transseptal puncture should
be re-evaluated during each examination. After the WATCHMAN
device is placed, endothelialization occurs approximately within 45
days. Following 45 days of placement of WATCHMAN and Amulet
device, an echocardiographic examination is performed, the device
position and stabilization is evaluated.?®® Although the absence of
peri-device leak by complete closure of the LAA is the most impor-
tant determinant of procedure succsess, peri-device leaks are
common after procedure and <3-5 mm leaks may be acceptable.
Leaks that occur during the procedure may continue to increase or
new leaks may develop during follow up. On the case of peri-device
gap is >5 mm, it is recommended to continue anticoagulation.??
221 The presence of any thrombus on the device should be checked.

Conclusion

Percutaneous closure of the LAA is a new and developing treat-
ment option used to prevent embolic events in eligible patients with
non-valvular AF. 2D and 3D TEE are the most frequently used ima-
ging method to determine eligible patients before the procedure, to
choose proper devices and sizes, to monitor during and after the pro-
cedure and they have a significiant role in guiding the intervention.

Imaging in the Process of Septal Alcohol Ablation
in Patients with Hypertrophic Cardiomyopathy

Dr. Mert Pehlivan Altin, Dr. Selcen Yakar Tiillice

Hypertrophic cardiomyopathy (HCM) is defined as left ventricular
(LV) hypertrophy that cannot be solely explained by loading con-
ditions. Left ventricular hypertrophy is often accompanied by myo-
cardial fibrillar misalignment, interstitial fibrosis and intramural small
vessel disease. Its prevalence is 1:500 and it is actually a relatively
common cardiomyopathy. While there is an autosomal dominant
cardiac sarcomere protein gene mutation in 50-60% of the cases,
there is a sporadic mutation in 40-50% of the cases.??? Although
patients may be asymptomatic, they can present with different cli-
nical conditions such as heart failure, arrhythmia and sudden cardiac
death. Symptoms such as chest pain, dyspnea, palpitations, pres-
yncope and syncope can be observed in the course of the disease.
These symptoms generally develop due to LV diastolic and systo-
lic dysfunction of varying degrees, dynamic LV outflow obstruc-
tion, myocardial ischemia and arrhythmias. In 1/3 of the patients
with HCM, no pressure gradient is detected in the LV outflow tract
(LVOT), while a gradient is detected during rest or with exertion in
the remaining cases.??

Hypertrophic cardiomyopathy is a disease with a reported annual
mortality rate of 3-4%, and the aim of treatment in patients with
symptomatic obstructive HCM is to increase functional capacity,
reduce the degree of LVOT obstruction, improve diastolic filling and
increase survival.??* Considering that the presence of a significant
gradient in the LVOT is an important factor in the pathophysiology
of dyspnea, angina and syncope as the main symptoms of the dise-
ase, the importance of reducing the LVOT pressure gradient with
treatment could be better understood. The initial treatment of LVOT
obstruction is medical, and beyond that, alcohol septal ablation
(ASA) and surgical myectomy are the other main modalities. With
the ASA procedure performed in angiography laboratories, the dec-
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reased LVOT area due to hypertrophy can be increased, the seve-
rity of mitral regurgitation can be reduced and the coronary flow
reserve can be increased.??>??’ Decreasing the LVOT gradient reduces
LV afterload, resulting in an increased cardiac stroke volume. As a
result of these hemodynamic changes, the diastolic pressure in the
aorta increases, while the LV diastolic pressure decreases, thus inc-
reasing the coronary filling pressure. In addition, hemodynamic and
echocardiographic studies have also revealed that myocardial relaxa-
tion indicators, especially active relaxation, are improved after ASA,
resulting in an improvement in diastolic functions.?25-23°

It has been shown earlier that the obstruction can disappear after
myocardial infarction in patients with LVOT obstruction.?3! The idea
for the first catheter-based treatment to reduce the LVOT gradient
in patients with HCM was created by Sigwart, Kuhn et al.,?*> when
they noticed that systolic wall motion decreases when the coronary
artery perfusing the septum is occluded with a balloon. In 1995, for
the first time, Sigwart?3* performed ASA percutaneously and repor-
ted positive results in 3 patients. Initially, this method was questio-
ned in terms of long-term results, considering that it might increase
myocardial scar burden in this patient group who already had the risk
of malignant ventricular tachycardia.?* 23° Especially with the use of
myocardial contrast echocardiography, ASA has begun to be perfor-
med in many parts of the world as a less invasive alternative to mye-
ctomy.?¢ Echocardiography-guided ASA, which was first described
by Faber and his team and Seggewiss et al., has become a treatment
method performed in many centers around the world today.?>” The
aim of this article is to review the basic and current imaging met-
hods used in the selection of suitable patients for the ASA procedure,
during and after the procedure.

Preoperative Imaging
Evaluation of the anatomy

Previously, ASA was recommended for patients with an interventri-
cular septum thickness of 17-30 mm. In recent publications, it has
been shown that ASA is also effective and safe with thinner septum
thickness (15-16 mm).?3® Especially with septal thicknesses <16
mm, myectomy treatment is more likely to cause both iatrogenic
ventricular septal defect and a high residual LVOT gradient due to
inadequate myectomy.?* In patients with septal thickness >30 mm
and in cases with intense septal scarring, the possibility of bene-
fiting from ASA is low.??? Because obstruction may also be at the
midventricular level, especially in the younger patient population
with massive septal hypertrophy, extended myectomy may provide
more symptomatic relief by reducing or eliminating obstruction at
all levels. Certainly, measuring the septal thickness alone is not suf-
ficient when performing preoperative cardiac imaging. Since LVOT
obstruction may also be related to the length of the mitral valves, the
submitral chordae under the mitral valve, papillary muscle number,
hypertrophy and insertion abnormalities (Fig. 72, Video 9, 10), the
obstruction mechanism may need to be evaluated with other ima-
ging methods such as transesophageal echocardiography and cardiac
magnetic resonance imaging, when necessary,?* since determining
the level of contribution of abnormalities other than septal thickness
in the LVOT obstruction mechanism will guide which invasive septal
reduction treatment method should be selected.

Pressure Gradient

Obstructive type HCM is diagnosed in patients with a LVOT gradient
>30 mmHg, and latent type obstructive HCM in patients with a res-
ting gradient <30 mmHg and a gradient =30 mmHg with provoca-



Imaging in Cardiovascular Procedures

Adult Echo
51

50Hz
16em

TISO4 M3

2

Figure 72. Apical 4-chamber window echocardiographic image of
false tendon (blue arrow) attached to the left ventricular outflow
tract; therefore, the patient was not considered suitable for ASA
and was treated surgically. ASA: Alcohol Septal Ablation.

tion. For a HCM patient to be a candidate for ASA or surgical mye-
ctomy treatment, the patient should be symptomatic (NYHAclass
1) despite negative inotropic agents recommended in the guideli-
nes, and the LVOT gradient evaluated at rest or during provocation
should exceed 50 mmHg (Table 18).?%? In other words, the threshold

Table 18. Optimal Patient Characteristics for Septal Alcohol Ablation
Persistent severe symptoms despite optimal medical treatment NYHA
class lll/1V

Dynamic LVOT obstruction due to systolic anterior motion of the
mitral valve Peak gradient >50 mmHqg with rest or provocation
Ventricular septum thickness >15 mm

No intrinsic mitral valve disease

No accompanying cardiac surgery required e.g., no coronary bypass or
valve replacement needed

NYHA: New York Heart Association class of heart failure; LVOT: Left ventricular
outflow tract.

of LVOT gradient to diagnose obstructive type HCM and the thres-
hold of LVOT gradient for refering a patient to an invasive procedure
are not the same;?* but some centers set a resting gradient =230
mmHg and a provocation gradient 250 mmHg as a threshold to refer
patients to ASA therapy.?*°

Electrocardiography

Both ASA and surgical myectomy procedures might cause damage
to the cardiac conduction system, resulting in atrioventricular (AV)
block and a need for a permanent pacemaker. Therefore, it is very
important to evaluate the cardiac conduction system before the
procedure. Typically, patients undergoing ASA develop a right bundle
branch block by surgical myectomy patients develop a left bundle
branch block postoperatively; therefore the presence of a contra-
lateral bundle branch block before the procedure is an important
predictor of future complete AV block development and the need
for a permanent pacemaker.?*! For this reason, the presence of a
left bundle branch block before the procedure in patients who will
undergo ASA or a right bundle branch block in patients who will
undergo surgical myectomy is considered as a relative contraindica-
tion to these procedures in a few publications.?®
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Peroperative Imaging

A diagnostic heart catheterisation might be done at a preceding ses-
sion or immediately before ASA. Measurement of the intraventricu-
lar gradient aims at concluding the diagnosis and site of significant
obstruction (LVOT versus midventricular) and should be performed
both at rest and during provocative manoeuvres (e.g. strain phase
of Valsalva, after an extrasystole). Before the procedure, coronary
angiography is also performed in order to exclude concomitant pre-
sence of a coronary artery disease and to identify the septal artery
or branch that is most likely to supply blood to the septal area where
LVOT obstruction occurs (anterior mitral leaflet contact area). For
this purpose, femoral artery and vein are punctured using the stan-
dard Judkins technique, through the femoral approach, a 6F tempo-
rary pacemaker is placed in the apex of the right ventricle, a 5F/6F
‘pigtail’ or ‘multipurpose’ catheter is placed in the LV, and a 6F/7F
guiding catheter is placed in the ascending aorta.?*? Usually, the
target artery for the ASA is the first major septal artery or a branch
of it originating from the left anterior descending artery (LAD). Since
many variations can be encountered in perfusion of the intervent-
ricular septum, as in the blood supply of other cardiac structures,
it would be more appropriate to consider the perfusing area where
the LVOT obstruction occurs as the target vessel for alcohol ablation
during transthoracic echocardiography performed using intracoro-
nary echocontrast agent or bubbled mixture. During the transtho-
racic echocardiography procedure, the initial LVOT gradient is also
evaluated and recorded. After the target septal artery is determined,
the left main coronary artery is engaged with a well-supporting cat-
heter, and a 0.014-inch coronary guidewire is placed in the predic-
ted target septal artery. Then, a balloon catheter (1.5-2.5 mm, pre-
ferably <10 mm long) with a diameter that will completely occlude
the target septal artery when inflated is sent over this guidewire.
This balloon catheter is in the over-the-wire (OTW) system, unlike
the quick-change monorail balloon catheter system used in rou-
tine coronary interventional procedures. The OTW system has two
lumens along the length of the balloon catheter, one that extends
to the balloon and inflates it, and the other that allows the passage
of the wire. Thus, after the target septal artery is completely dis-
connected from the proximal LAD coronary vascular network using
the inflated balloon catheter, this system allows administration of
contrast agent or alcohol via the catheter lumen to the area supplied
by the target septal artery after the wire is pulled back. After the
OTW balloon is inflated without protruding into the LAD, the 0.014
inch wire is withdrawn. Angiographic contrast agent is given to the
septal artery through the lumen where the wire is removed, and the
presence of possible backflow into the LAD and collateral connec-
tions of the septal artery are evaluated angiographically. Myocardial
contrast echocardiography can be performed when it is confirmed
that there is no backflow to the LAD and no collateral connections
with other cardiac structures. Since coronary angiography is a lumi-
nographic method, the area supplied by the ballooned septal artery
cannot be clearly distinguished angiographically. For this reason,
the possibility of the septal artery not supplying blood to the septal
myocardial area adjacent to the LVOT obstruction may cause unsa-
tisfactory procedural success or the possibility of supplying blood
to areas outside the target area (papillary muscle, etc.) may lead
to complications, before alcohol injection in the ASA, it is vital to
determine the myocardial area supplied by this septal artery using
myocardial contrast echocardiography. The decision to inject alcohol
into the evaluated septal artery can only be made after myocardial
contrast echocardiographic evaluation.
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Figure 73. During myocardial contrast echocardiography, contrast
enhancement of the basal septum (blue arrow) is observed in the
apical 5-chamber window.

Figure 74. During myocardial contrast echocardiography, apical
4-chamberwindow shows contrast enhancementin both the septum
(blue arrow) and papillary muscle (yellow arrow). Other septal
arteries were also evaluated due to the presence of enhancement
in the papillary muscle, and the patient was not considered suitable
for ASA due to recurrent enhancement in cardiac structures outside
the septum. ASA: Alcohol septal ablation.

Echocardiographic contrast agents are prepared by mixing the dry
powder in the vial with physiological saline and then shaking for 30-60
seconds.?*3 The dilution rates of different contrast agents in dry powder
vials with physiological saline are different according to the manufa-
cturer's recommendations. For example, one of the most commonly
used agents, “Levovist” (Berlex Laboratories, Montville, NJ) (concent-
ration 450 mg/ml), was used as a suspension of approximately 1.0-1.5
ml during the ASA procedure and contains microspheric bubbles with
a diameter of 7-8 pm containing air with a shell that is made of gala-
ctose stabilized with palmitine acid, which can pass into the capillary
mesh.?* There are also publications stating that instead of dedicated
contrast agents, as a simple and inexpensive method, 3 ml of intravas-
cular contrast (which we use during angiography) + 2 mlof saline + 1 ml
of air, with the help of two injectors in the 3-tap vascular access may be
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mixed and the mixture obtained can be used in contrast echocardiog-
raphy during the procedure.?> Another alternative that can be used in
cases when access to dedicated contrast agents is limited is a cold rinsed
Gelafundin 4% solution (Braun, Melsungen, Germany) and it is sugges-
ted that it may be superior to dedicated contrast agents.2%

While the balloon of the OTW balloon catheter is in the inflated posi-
tion, 1-2 ml of diluted echocardiographic contrast agent (e.g., Defi-
nity, Lantheus Medical Imaging, North Billerica, MA; Optison, GE
Healthcare, Milwaukee, WI; Levovist, GE Healthcare, Milwaukee, WI,
Montville, NJ; SonoVue, Bracco, Milan, Italy) or, since dedicated cont-
rast agents aren't available in TUrkiye, the bubbled mixture consisting
of intravascular contrast + saline + air prepared as mentioned above
is administered into the septal artery, and thereafter 1-2 ml of saline
solution is given for washing the lumen and simultaneously echocardi-
ographic imaging is performed (Fig. 73, Video 11).2>2%7 Before cont-
rast administration, a 2- harmonic setting should be used for better
echocardiographic image quality and a low mechanical index setting
(<1) to reduce contrast bubble destruction.?*® Contrast material dis-
persed within the septal artery perfusion area causes a hyperechoic
appearance on echocardiography and draws the boundaries of the area
where the infarct will occur as a result of alcohol administration. Trans-
thoracic echocardiography is the most commonly applied imaging
technique used in most centers for evaluation of contrast distribution.
It is very important to evaluate the borders of myocardial contrast dist-
ribution from multiple windows, including the apical four and three
chambers, and parasternal long and short axis, immediately after cont-
rast agent administration during the procedure.?”” It may be necessary
to re-administer echo-contrast agent or bubbled mixture to different
septal branches in order to better determine the area where the mitral
apparatus contacts the interventricular septum.?* There are also stu-
dies suggesting that intramyocardial contrast echocardiography using
3D TTE might be more successful in reducing periprocedural compli-
cations since it provides simultaneous assessment with multiple views.
When using 3D-TTE during the procedure, the highest possible frame
rate (frame rate at least 30 Hz) in the sector width to contain both the
right ventricle and LV cavities should be set in single-beat ‘full volume'
mode on apicalimages. In multiplanar sections, it is possible to evaluate
whether there is sufficient contrast in the targeted area with off-line
analysis. If the targeted septal area is not filled with enough contrast,
if more than 1/3 of the septal length is filled, or if the interventricular
septum adjacent to the right ventricle or the right/left ventricular free
wall, papillary muscles are contrasted, then the contrast-administe-
red septal branch should be considered inappropriate for the procedure
(Fig. 74).2% If the hyperechogenic myocardial area includes the area
adjacent to the LVOT obstruction, the area where the anterior mitral
leaflet contacts the septum as a result of systolic anterior motion, and
there is no more opacification of the tissues (LV anterior wall, right
ventricular free wall, papillary muscles, etc.) outside the target septal
area, the ASA is completed by injecting pure alcohol into the target
area with 1 ml fractions.?*® Otherwise, the existing septal artery should
be abandoned and another septal artery should be evaluated for ASA
with myocardial contrast echocardiography. Continuous fluorosco-
pic, hemodynamic and electrocardiographic monitoring is performed
during alcohol injection. However, when contrast enhancement is not
observed in the appropriate anatomical area, if the appropriate anato-
mic region is still not detected by repeated contrast echocardiography
despite switching to another septal artery or branch, the procedure is
terminated without ethanol administration and the patient is consi-
dered ineligible for the ASA procedure. Intravenous analgesia is also
applied in patients who are found to be suitable for alcohol injection,
as chest pain will develop during the procedure.
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The amount of alcohol used depends on the center. While it has been
suggested in the Euro-ASA registry that 1.5-2.5 mL of ethanol is the
most appropriate dose in terms of both efficacy and safety, which is
evaluated as periprocedural atrioventricular (AV) block development,
in a study by Kashtanov et al., 3 ml of standard alcohol was used in
150 HCM patients during the ASA procedure, regardless of perforator
artery width and interventricular septum thickness, and they suggested
that 3 ml of alcohol use was safe during the 15-year follow-up period.
However, the number of patients with 15-year follow-up was limited
and the need fo a permanent pacemaker was relatively high.?° In
another study conducted in patients with septal thickness 230 mm,
an average of 2.7+1.3 ml of alcohol was used in patients with septal
thickness 230 mm, while 2.2£0.9 ml of alcohol was used in the group
of patients with septal thickness <30 mm.* There are also centers that
recommend the use of 1 ml of alcohol per 1 cm of septal thickness.
It is worth mentioning that even septal branches with a thickness <1
mm may need to be ablated, especially those perfusing the areas where
the mitral valve contacts the septum. As the infarct area increases, the
frequency of arrhythmia due to scarring may increase, so it is important
to use the optimal amount of alcohol. Another point to be considered
is that the alcohol injection should be done slowly (1 ml/minute).?*
Usually T ml insulin syringes are suitable for this slow injection. A
>50% decrease in the LVOT gradient measured invasively during the
procedure immediately after alcoholinjection into the appropriate septal
perforating artery is considered as a successful procedure. If this goal is
not achieved, it is recommended to repeat the alcohol injection into the
same septal artery first, and if this is not successful, another septal artery
(or branch) should be evaluated for alcohol ablation.The severity of the
LVOT gradient and the degree of mitral regurgitation is also evaluated by
the imaging team using TTE. After the alcohol is injected, the balloon
is kept in an inflated state for about 10 more minutes, ensuring that
the tissue contact continues, while at the same time preventing the

Table 19. Potential Complications During or After the Procedure
Conduction abnormalities (1%-2" degree or complete AV block)
Mortality seen in early or late phases

Ventricular fibrillation

LAD dissection

Anterior myocardial infarction due to alcohol spreading to LAD
Pericardial effusion

Coronary artery spasm
Cardiogenic shock
Pulmonary embolism
Cerebrovascular event

AV: Atrioventricular; LAD: Left anterior descending artery.

spread to other branches.?** After the LVOT pressure target is achieved,
the balloon is deflated and the procedure is terminated by repeating the
coronary angiogram to assess whether the septal artery is occluded and
the LAD is patent.?*? Attention should also be paid to the development
of pericardial fluid or cardiac tamponade both during and after the
procedure. Complications that may occur during or after the procedure
are given in Table 19.

Postoperative Imaging

After the procedure, patients are followed in the intensive care unit.
The intensive care follow-up period is at least 24-48 hours, and the
length of stay in intensive care and hospitalization varies according to
the protocols applied by the clinic. In addition, during the intensive
care follow-up or in the first 24-48 hours of follow-up, the temporary
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pacemaker cable is left in place and the rhythm is monitored.240-242.244.251,
252 Wall thickness and gradients are evaluated on the first postoperative
day, before discharge, after three to six months and at the end of the
first year.242 245 251. 253 A gradient of >50% decrease in LVOT, which is
associated with myocardial stunning and is considered a success criteria
immediately after alcohol injection during the procedure, remains stable
in some patients throughout all these echocardiographic follow-ups.
The situation in which the pressure gradient is always low as in the early
postoperative period is called the monophasic pattern. In some patients
who have a successful ASA procedure, the gradient rises to the pre-
procedural high level in the first 3 days, followed by a return to the
successful low gradient level within the first 3 months, and this is called
the triphasic pattern.?>" In this group of patients with a triphasic pattern,
the gradient increase seen in the first 3 days is associated with edema
of the ablated area or hypercontractility of other intact segments.?*
The subsequent slower and permanent decrease in gradient is the result
of septal scarring, thinning and left ventricular remodeling.>? Post-
procedure septum thickness decreases by an average of 0.4-0.7 cm,
and although it is stated that this reduction is usually completed in the
first 3 months, there are also publications stating that it may take up to
a year.?*22> On the other hand, it can be seen that the decrease in the
gradient may improve in some cases in parallel with this septal thinning
in the long term. Therefore, to evaluate the success of the procedure,
not only the evaluations made in the first months, but also the
echocardiographic evaluation at the end of the 1-year follow-up should
be taken into account.??® It has been shown that the degree of mitral
regurgitation and the systolic pulmonary artery pressure decreased in
the echocardiographic follow-ups of patients.?®® Therefore, it should
be kept in mind that an adequate follow-up period is required before
deciding to re-intervene.?*

Perioperative Echocardiography

Dr. irem Dilara Can, Dr. Halenur Saribas, Dr. Elmas Kaplan,
Dr. Ertan Andac Al, Dr. Omac Tiifekcioglu

Perioperative transesophageal echocardiography (PTE) is used for
monitoring and diagnosis in cardiac and non-cardiac surgical proce-
dures. During the operation; volume status, ischemia detection, the
need for inotropic /vasopressor therapy, and basic structural heart
diseases can be easily evaluated with PTE.2°® PTE includes classical
transesophageal echocardiography and epicardiac echocardiography
with a sterile nylon coating on the transthoracic probe.?’ Transe-
sophageal echocardiography is relatively safe and has a mortality
of <1 in 10,000 patients and morbidity in 2-5 patients in 1,000
patients.?*® 2> There were no known complications associated with
use of epicardial echocardiography.?’

Evaluation of Left Ventricular Global and Regional Functions

Evaluation of left ventricular (LV) function is the most common indi-
cation for PTE. It is used in both cardiac and non-cardiac operations.
Global longitudinal deformation is evaluated with LV linear and volu-
metric measurements. As indicated in the ASE and EACVI guidelines,
4-chamber, 2-chamber, and long axis images taken at the middle
esophageal level are used to determine global and segmental fun-
ctions over the 17-segment LV model.?" Left ventricular mid-seg-
ments are also evaluated from transgastric short axis images.?*¢

Evaluation of Right Ventricular Global Functions

Right ventricular (RV) function assessment is the second most used
indication for PTE. There are many operations that may affect RV fun-
ction. Evaluation of RV function is important for liver transplantation
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among non-cardiac operations. In cirrhotic patients, it may increase
LV filling pressure and pulmonary artery pressure due to high flow and
increased preload. The chronic ongoing hyperdynamic state due to cir-
rhosis can cause enlargement of the right heart and even right heart
failure. It should be kept in mind that the possibility of underlying por-
to-pulmonary hypertension may also contribute to the formation of
right heart failure.?¢® Absolute RV function should be evaluated in heart
transplantation, LV assist device implantation, pulmonary vascular sur-
geries, and many cardiac surgical procedures involving the left heart.?%¢
RV and right atrial (RA) size should be measured. Both qualitative and
quantitative parameters of the RV should be measured using multiple
acoustic windows. The most frequently used parameters are: Fractional
area change for RV systolic function, tissue Doppler imaging-derived
tricuspid lateral annular systolic velocity wave, M-mode-derived tri-
cuspid annular plane systolic deviation, RV wall longitudinal deforma-
tion, and RV index of Doppler and myocardial performance with at
least one or a combination of RV function. RV systolic pressure cal-
culated using the tricuspid regurgitation jet and RA pressure based on
inferior vena cava size and collapse should be reported.?’

Hypovolemia

Hypovolemia is a common cause of hemodynamic instability in the
perioperative period. The first echocardiographic findings in hypo-
volemia are decreased left ventricular diastolic size. The most used
echocardiographic parameters in the diagnosis and follow-up are LV
end-diastolic diameter and LV end-diastolic area obtained in the
transgastric midpapillary short axis image. Volume resuscitation or
positive inotropic support of the hypovolemic patient should be fol-
lowed up with PTE.2"2%

Pulmonary Embolism

There is an increased risk for acute pulmonary embolism (APE)
after both surgery and trauma. Therefore, although it is not the
gold standard, PTE is used for the diagnosis of APE. With PTE, the
thrombus in the right heart can be seen directly, but visualization of
the thrombus in the pulmonary artery may not always be possible.
It may not always be possible to visualize the thrombus in the pul-
monary artery. However, RV dysfunction (eg, RV dilatation, RV wall
hypokinesia) and atypical regional wall motion abnormalities of the
RV free wall provide important clues to diagnose hemodynamically
significant APE.2%¢

Mitral Valve Surgery

Due to the complex anatomy of the mitral valve, PTE is an absolute
necessity in mitral valve stenosis and mitral regurgitation (MR) that
requires mitral valve surgery. Anatomical and hemodynamic severity
of valve pathology should be determined preoperatively.

In the evaluation of mitral stenosis, it is necessary to distinguish
between rheumatic and degenerative etiology. It is important to
determine the valve area planimetrically with multimodality ima-
ging methods, especially considering that patients may also have
low-flow low-gradient physiology. In addition, evaluation of valve
calcification, especially annular calcification is required. Other pat-
hologies accompanying mitral stenosis (other valve pathologies)
should be evaluated.

The Carpentier classification based on mitral leaflet mobility is used
in the preoperative assessment of mitral regurgitation. It is generally
used to classify the mechanism of MR and to identify cases that are
suitable for the surgical team. Type | MR occurs with normal mitral
leaflet movement, usually mitral annular dilatation, or mitral leaf-
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let perforation. Type Il MR occurs in the setting of excessive mitral
leaflet movement and due to mitral valve prolapse or flail leaflet (jet
directed away from the affected leaflet). Type Ill MR involves mitral
leaflet motility and is divided into type llla, which includes both sys-
tolic and diastolic leaflet restriction, and type lllb (jet towards the
affected leaflet), which is associated with limited leaflet movement
during systole. Type llla MR is seen in rheumatic or calcific degene-
rative mitral valve disease, type lllb MR is seen in LV dilatation or LV
wall motion disorder (with leaflet tethering).?®" In mid-esophageal
5-chamber or long axis views, the lengths of the posterior and ante-
rior mitral leaflets in mid-diastole, the ratio of anterior and posterior
leaflet heights measured from the mitral annulus to the coaptation
point at the end of systole, the distance from the coaptation point
of the mitral leaflets to the interventricular septum at the end of
systole (C-septal distance) and the angle between the mitral valve
and the annular planes of the aortic valve should be measured.?"
261 Anterior leaflet systolic anterior movement (SAM) is a serious
complication after mitral valve repair. Independent pre-opera-
tive predictors of SAM include thick basal interventricular septum
(>15 mm), short C-sept distance (<25 mm), narrow aorto-mitral
angle (<1200), anterior displacement of papillary muscles, and ratio
between anterior and posterior leaflet lengths >1.3.2"

PTE can be used during cannulation in minimally invasive or robo-
tic surgery. It should be visualized that the femoral venous catheter
passes through the RA through the inferior vena cava and enters
the superior vena cava. In addition, it is observed that the arterial
cannula entering from the femoral artery reaches the aortic root and
is located 2-4 cm more distal from the sinus valsalva, and the aorta
is fully endovascularly occluded (cross-clamp) during cardioplegia.
PTE plays an important role in the placement of a coronary sinus
catheter, and any persistent left superior vena cava should be dete-
cted. Especially in patients with persistent left superior vena cava,
adequate flow will not be provided during retrograde cardioplegia.
Care should be taken to avoid trauma to the interatrial septum, fossa
ovalis, and right atrial appendage during placement of the venous
cannula, and to monitor aortic injury during placement of the lar-
ge-bore arterial cannula.?™ 261

Valve evaluation after mitral repair is evaluated after aortic cross-c-
lamp removal, adequate LV filling volume, adequate elevation of
systolic pressure, and heart rate control (<100/min). Evaluation of
mitral valve repair includes: (1) residual MR, (2) iatrogenic mitral
stenosis (mean gradient <6 mmHg, especially after Alfieri-type
intervention), (3) SAM (considering adequate volume expansion
and heart rate control in evaluation), (4) LV function, (5) lateral and
posterior wall motion disorder in newly developed LV (circumflex
artery trauma due to posterior annuloplasty), (6) iatrogenic aortic
regurgitation (due to retraction of NC or LC aortic cusps due to their
proximity to the mitral valve), and (7 ) very rare iatrogenic fistula for-
mation from LV to coronary sinus, RA or RV. If the mitral valve is rep-
laced with a metallic prosthetic valve, in the post-pump evaluation;
It should be evaluated in terms of (1) paravalvular leak, (2) opening
of the cusps, and (3) any coronary artery damage.?" 2%

Rortic Valve Surgery

Aortic stenosis usually develops with rheumatic, degenerative or con-
genital etiologies. In calcific stenosis, the preference is to replace the
aortic valve with a metallic prosthetic valve. Annulus diameter should
be evaluated with PTE. If the annular diameter is <2.0 cm, the probabi-
lity of patient-prosthesis mismatch after the operation is high. LV outf-
low obstruction due to basal septal hypertrophy and anterior angula-
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tion of the aortic root at the pump outlet should be investigated. A LV
end-diastolic diameter <42 mm, a hyperdynamic and asymmetrical
hypertrophic LV (IVS/posterior wall >1.45) are independent predictors
of LV outflow tract obstruction after aortic valve replacement.?6?

Paravalvular aortic insufficiency in prosthetic valves is corrected by
stopping the heart again if necessary, depending on its severity. In
biological stentless prosthetic valves, which have paravalvular lea-
kage and vena contraction <3 mm, correction is not usually needed,
since the pump outlet is likely to improve after protamine, but it is
also checked again after protamine administration. If the vena cont-
racta is larger than 3 mm in contraction, paravalvular insufficiency
is corrected by re-entering the pump before protamine administra-
tion.2%3 Aortic root tears, fistula formation from the LV outflow tract
to the RA (Gerbode), mitral valve disorders due to its anatomical
proximity, interventricular septum dissection, and fistula formation
from the aorta to the RV or LV are among the complications that can
develop, although they are rarely seen.?®!

A classification like the Carpentier classification used for mitral valve
is used in the repair of aortic regurgitation (AR): Type | (normal cusp
motility), type Il (increased cusp motility) or type Il (limited cusp
motility). In type | AR, cusp mobility is normal, but there is AR due
to dilatation of the aortic root complex (annulus, root, or sinotubular
junction) or perforation of the aorta, most commonly resulting in
central regurgitation. In type Il AR, there is an excessive cusp mobi-
lity resulting from prolapse or flail, typically resulting in eccentric AR
directed away from the affected tip. Cushion prolapse may occur in
tricuspid aortic valves (most commonly the right valve is involved),
but more commonly occurs in bicuspid valves where the attached
cusp is most affected, although both valves may be prolapsed. It is
suitable for pulp prolapse, pulp plication or resuspension repair tech-
niques. In type Il AR, calcification, fibrosis or post inflammatory or
degenerative changes can be seen. Type Ill AR is the least suitable
type for repair. Bicuspid valves are often unsuitable for repair because
the annulus is enlarged, and the cusps are asymmetrical.2™ 261

When the pump becomes off after aortic insufficiency repair; the
presence of more than mild residual AR, coaptation tips being below
the annular plane, coaptation length <4 mm, and effective cusp
height <9 mm have all been shown to be predictors of significant
recurrent AR within 2 years.2%4

Other Uses of PTE

PTE plays an important role in the implantation of left ventricular
assist devices (LVAD). Contrast studies are required for the evaluation
of the patent foramen ovale during the operation. Due to the left
atrial suction effect that develops after actively working LVAD, the
oxygenated blood from the RA can pass to the left system. Aortic
regurgitation is also important in the evaluation, as it will cause blood
to be continuously taken from the LV and returned from the aorta
with the aortic cannula after the LVAD. It is valuable for the preven-
tion of complications in the evaluation of thrombus in the LV and left
atrium. It should be checked that the LV cannula position is correctly
implanted towards the mitral valve. After activating the LVAD, the
interventricular septum position and RV function are also checked.

PTE has important uses in tricuspid and pulmonary valve operati-
ons, heart and lung transplantation operations, insertion and remo-
ving external circulatory support systems and assessment of cardiac
masses.?%> PTE is an indispensable tool for the follow-up and treat-
ment of structural disorders of the heart and hemodynamic deterio-
ration in modern operating rooms.
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