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. ABSTRACT

A major advantage of echocardiography over other advanced imag-
ing modalities (magnetic resonance imaging, computed tomographic
angiography) is that echocardiography is mobile and real time. Echo-
cardiograms can be recorded at the bedside, in the cardiac catheteri-
zation laboratory, in the cardiovascular intensive care unit, in the
emergency room—indeed, any place that can accommodate
a wheeled cart. This tremendous advantage allows for the perfor-
mance of imaging immediately before, during, and after various pro-
cedures involving interventions. The purpose of this report is to
review the use of echocardiography to guide interventions. We pro-
vide information on the selection of patients for interventions, mon-
itoring during the performance of interventions, and assessing the
effects of interventions after their completion.

In this document, we address the use of echocardiography in com-
monly performed procedures: transatrial septal catheterization, peri-
cardiocentesis, myocardial biopsy, percutaneous transvenous
balloon valvuloplasty, catheter closure of atrial septal defects
(ASDs) and patent foramen ovale (PFO), alcohol septal ablation for
hypertrophic cardiomyopathy, and cardiac electrophysiology. A con-
cluding section addresses interventions that are presently investiga-
tional but are likely to enter the realm of practice in the very near
future: complex mitral valve repairs, left atrial appendage (LAA) oc-
clusion devices, 3-dimensional (3D) echocardiographic guidance,
and percutaneous aortic valve replacement.

The use of echocardiography to select and guide cardiac resynch-
ronization therapy has recently been addressed in a separate docu-
ment published by the American Society of Echocardiography and
is not further discussed in this document.

The use of imaging techniques to guide even well-established pro-
cedures enhances the efficiency and safety of these procedures.
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Table 1 Interventional procedures: use of echocardiography for guidance

Interventional Procedure

Transseptal catheterization

PMBV

Transcatheter closure of ASD, ventricular septal defect, and PFO

Alcohol septal ablation in HOCM

Percutaneous mitral valve repair

Percutaneous left ventricular assist device placement

Percutaneous stented aortic valve prosthetic placement

Balloon or blade atrial septostomy

Placement of LAA occlusion devices

Myocardial and intravascular biopsy

Congenital heart disease applications (completion of Fontan
procedure, coarctation repair)

Placement of aortic endograft

TTE TEE ICE

+ ++ ++ (radial or phased array)
++ +++ ++

+ ++ ++ (phased array)
++ ++ -

+ +++ +

- ++ ++

- + +

++ ++ ++

- ++ ++

++ ++ ++ (phased array)
+ + +

+ (radial or phased array)

—, No documented role or benefit in the literature; +, anecdotal reports of use and benefit exist, but further study is needed to delineate; ++, advantages

favor use when available; +++, clearly documented benefit or role.

II. INTRODUCTION

Traditionally, percutaneous cardiovascular interventions have pre-
dominantly used angiographic and fluoroscopic guidance, which is
limited when interventions involve the myocardium, pericardium,
and cardiac valves.

The purposes of this report are to (1) delineate the role of echocar-
diography in guiding a wide variety of interventional and electrophys-
iological procedures, (2) discuss the critical echocardiographic aspects
of these procedures, and (3) delineate the intraprocedural differences
between echocardiographic modalities, comparing transthoracic
echocardiography (TTE), transesophageal echocardiography (TEE),
and intracardiac echocardiography (ICE) wherever appropriate data
are available. We have particularly emphasized the use of ICE where
appropriate, because it is the newest of the echocardiographic modal-
ities, and readers may be unaware of some potential applications.
Table 1 provides a summary of literature data concerning the use of
the different echocardiographic modalities for each of the specific
procedures. This report is not intended to provide detailed instruc-
tions on “how to” perform these procedures; more specific proce-
dural details are available for review in the referenced documents.
Instead, we intend to highlight and illustrate the ways in which echo-
cardiography has had an important impact in the procedures being
performed and their outcomes. Summary recommendations are
listed in boldface type at the end of each section.

As percutaneous therapy for heart disease continues to advance at
a rapid pace, it is inevitable that echocardiographic procedural guid-
ance will continue to evolve rapidly as well. We have sought to
keep the material in this report current as of this writing, by adding
a section on future directions. Similarly, other modalities, such as mag-
netic resonance imaging and combined multiple imaging modalities
(eg, reconstructed 3D computerized tomography with superimposed
real-time echocardiography) will continue to evolve and develop
roles in guiding these complex procedures as well.

Ill. GENERAL IMAGING CONSIDERATIONS

A. TTE

TTEis widely available and portable and offers excellent image quality;
as such, it has been used widely in guiding percutaneous noncoronary
interventional and electrophysiologic procedures. Most currently

available ultrasound systems, including handheld and portable ultra-
sound systems, offer sufficient 2-dimensional (2D) and Doppler capa-
bilities to guide a variety of interventions, such as echocardiography-
guided pericardiocentesis, alcohol septal ablation for hypertrophic car-
diomyopathy, percutaneous balloon mitral valvuloplasty (PBMV),
and myocardial biopsy. The advent of Doppler tissue imaging has
made TTE essential in the optimization of biventricular pacemakers.

B. TEE

TEE has been widely used as an alternative to TTE in guiding complex
procedures. TEE offers superior image resolution to TTE and can be
used to monitor a variety of interventions, such as percutaneous transcath-
eter closure (PTC) of septal defects, PBMV, transseptal catheterization,
and many others. Compared with TTE, it excels at assessing intraproce-
dural anatomy and physiology, monitoring catheter position and contact,
and excluding thrombus, pericardial effusion, and other complications.

C. ICE

A more recent application of cardiac ultrasound, ICE has also demon-
strated great potential for monitoring and guiding interventions. Ex-
perimental and clinical studies have demonstrated the utility of ICE
in monitoring left ventricular and right ventricular function, delineat-
ing anatomy, guiding transseptal punctures and therapy, and biopsy of
cardiac masses.' '3

ICE offers imaging that is comparable with or superior to TEE. ICE
has been shown to provide significant benefits when used for radio-
frequency ablation of atrial fibrillation (AF) and transcatheter atrial
septal closure procedures and has become the imaging standard dur-
ing these procedures at many centers.'*?® In the catheterization lab-
oratory during these procedures, an advantage over TEE is that ICE
obviates the need for general anesthesia and for additional echocardi-
ography physician support. Compared with guidance using TEE, ICE
has been shown to improve patient comfort, shorten both procedure
and fluoroscopy times, and offer comparable cost with TEE-guided in-
terventions.'> 7252829 Additional uses of ICE may include guidance
of transseptal catheterization, the placement of LAA occluder de-
vices, the placement of percutaneous left ventricular assist device can-
nulas, the performance of PBMV, and many others.>”3933
Diagnostic intracardiac imaging may be considered as an alternative
to TEE in selected patients with absolute contraindications to TEE
(eg, esophagectomy) or to potentially evaluate anatomic regions
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Table 2 Potential risks of ICE

Vascular
e Trauma at catheterization site
e Bleeding
e Hematoma
o Retroperitoneal bleed
e Perforation of venous structures
Cardiac perforation
e Pericardial effusion
e Tamponade
Arrhythmia
e Atrial premature beats
o AF
e Ventricular ectopy and tachycardia
e Heart block
Thromboembolism
e Venous
e Arterial
Cutaneous nerve palsy

that TEE may not be able to visualize well because of shadowing from
other structures (eg, ascending aortic evaluation, which is not well
seen on TEE because of tracheal shadowing in the “TEE blind
spot”). The risks of ICE are listed in Table 2.

IV. ECHOCARDIOGRAPHY IN TRANSSEPTAL
CATHETERIZATION

Transseptal catheterization is performed when procedural access to
the left atrium is required and is used for PBMV, anterograde aortic bal-
loon valvuloplasty, radiofrequency ablation of AF and other left-sided
arrhythmias, transseptal PFO closure, the placement of percutaneous
left ventricular assist device cannulas in the left atrium, balloon or blade
atrial septostomy, the measurement of complex hemodynamics (such
as evaluation of a mechanical aortic valve prosthesis or critical aortic ste-
nosis in which the valve itself cannot be crossed), and, most recently,
investigational applications such as the placement of LAA occlusion de-
vices and percutaneous mitral valve repair.>**° Traditionally, transsep-
tal catheterization has relied on fluoroscopic guidance, in which
anatomic structures are not directly visualized.

Observational studies have suggested that TTE or TEE may be
helpful in performing this procedure by allowing direct visualization
of the transseptal catheter and its relationship to the fossa ovalis. Al-
though echocardiographic imaging is not invariably required for the
successful performance of transseptal catheterization, it offers poten-
tial advantages over traditional anatomic and fluoroscopic guid-
ance.”?%419 Anatomic variability in the position and orientation of
the fossa ovalis and its surrounding structures may present specific
challenges to even those interventional cardiologists with significant
transseptal experience, and imaging offers increased safety, with
a lower risk for cannulating other spaces adjacent to the fossa. Inad-
vertent puncture of the intrapericardial aorta is a serious complication
of transseptal catheterization, and echocardiographic imaging reduces
this risk. Similarly, imaging may decrease the time required for the
transseptal puncture to be performed and minimizes the fluoroscopy
time required for the procedure. In patients undergoing PBMV who
are pregnant, radiation exposure can be reduced with echocardio-
graphic guidance of the procedure, including the transseptal punc-
ture.*3 Imaging may also assist those operators without significant
transseptal experience who are learning the procedure.
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Figure 1 ICE. Phased-array ICE from the right atrium (RA), dem-
onstrating the tenting of the fossa ovalis (arrow) toward the left
atrium (LA) before transseptal catheterization. The length of
the catheter is seen in the RA.

Early studies of TTE-guided transseptal puncture demonstrated
that TTE can delineate the aorta and interatrial septum and the char-
acteristic bulging (or tenting) of the fossa ovalis at a satisfactory loca-
tion that occurs before transseptal puncture.*’ Saline contrast
echocardiography with TTE may help confirm needle position in
the right atrium before puncture and in the left atrium after puncture.
TTE does not always offer sufficient imaging resolution to guide trans-
septal catheterization, and as such, TEE and more recently ICE have
been used when imaging is required. TEE and ICE also provide the
ability to choose the exact site of transseptal puncture, which is impor-
tant in performing advanced mitral valve interventions for mitral re-
gurgitation (MR) because the catheters are more difficult to
manipulate and position if the transseptal crossing point is too close
to the plane of the mitral valve orifice. Because ICE can be performed
without additional sedation or general anesthesia, as well as with min-
imal additional patient risk and discomfort, it has become the stan-
dard at many centers if imaging is required only for the transseptal
catheterization aspect of a procedure.” 3924345485051

With ICE during a transseptal procedure, recognition of tenting of
the interatrial septum identifies the location of the transseptal sheath
before puncture (Figure 1). The possibility of perforation of the aorta,
pulmonary artery, and atrial wall exists during transseptal catheteriza-
tion. The injection of a small amount of microbubbles or contrast into
the left atrium after the needle has crossed the septum is used to con-
firm left atrial access (Figure 2). Finally, a guidewire is passed into the
left atrium under guidance with ICE to establish stable left atrial access
(Figure 3).

Echocardiography offers the potential for improved
safety in performing transseptal catheterization, and al-
though it is not invariably required in all procedures, its
use is recommended. ICE offers the advantage of not requir-
ing echocardiographic support when performing transsep-
tal catheterization.

V. ECHOCARDIOGRAPHY-GUIDED PERICARDIOCENTESIS

Fluoroscopic guidance and electrocardiographic needle monitoring
have been used to improve the safety of pericardiocentesis,>>>> but
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Figure 2 ICE. Injection of a small amount of saline microbubbles
confirms access in the left atrium (LA). The intracardiac echocar-
diographic catheter is resting on the interatrial septum (IAS).

complications, including damage to the liver, myocardium, coronary
arteries, and lungs, have been reported.>*

A. Safety and Efficacy of Echocardiography-Guided
Pericardiocentesis

In a Mayo Clinic series, echocardiography-guided pericardiocentesis
was successful in withdrawing pericardial fluid or relieving tampo-
nade in 97% of the procedures.>® Major complications (including
chamber laceration, intercostal vessel injury, pneumothorax requiring
a chest tube, sustained ventricular tachycardia (VT), bacteremia, and
death) occurred in 1.2% of patients, and minor complications (includ-
ing transient cardiac chamber entry, transient arrhythmia, minor
pneumothorax, and vasovagal reactions) were noted in 3.2%.%°
The safety and efficacy of echocardiography-guided pericardiocente-
sis had been shown in various subgroups, including pediatric pa-
tients,® patients who were hemodynamically very unstable after
cardiac perforation secondary to invasive percutaneous proce-
dures,®” postoperative patients,’® and patients with malignancies®”
or connective tissue diseases.®°

B. Technique of Echocardiography-Guided Pericardiocentesis

The following is a guide to only the critical aspects of echocardiogra-
phy-guided pericardiocentesis. Additional procedural details are
documented in the references. Two-dimensional and Doppler studies
are performed to assess the size, distribution, and hemodynamic im-
pact of the effusion and to identify the ideal entry site and needle tra-
jectory for pericardiocentesis. The ideal site of needle entry is the
point at which the largest fluid collection is closest to the body surface
and from which a straight needle trajectory avoids vital structures. Be-
cause ultrasound does not penetrate air, the lungs are effectively
avoided. Safety is ensured by using sheathed needles and withdraw-
ing the steel needle upon entering the fluid space.

The left chest wall is often the location selected for entry.”> The
subcostal route involves a longer path to reach the fluid, passes ante-
rior to the liver capsule, and is directed toward the right chambers of
the heart.
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Figure 3 ICE. The length of the guidewire (arrow) is seen in the
right atrium (RA) and the left atrium (LA) as it enters a left pulmo-
nary vein. The mitral valve (MV) and left ventricle (LV) are seen in
the far field.

Figure 4 TTE. Agitated saline contrast injection for assessment
of position of Teflon-sheathed needle during pericardiocentesis
with opacification of the pericardial space (asterisk) after saline
contrast injection. LA, Left atrium; LV, left ventricle; RV, right
ventricle; RA, right atrium; VS, ventricular septum.

The position of a catheter introduced into the pericardial space can
be confirmed by the injection of agitated saline, and this is performed
if bloody fluid has been aspirated or if the catheter position is in ques-
tion. The appearance of contrast in the pericardial sac confirms its po-
sition (Figure 4). If the catheter is not in the pericardial space, it should
be repositioned, or another needle passage should be attempted.

The indwelling catheter is removed once the drainage has de-
creased (typically to <25 mL in 24 hours) and follow-up echocardiog-
raphy reveals no significant residual effusion.

C. Precautions and Contraindications

The contraindications to echocardiography-guided pericardiocentesis
are few, and even these should be evaluated on a case-by-case basis.
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Figure 5 TTE. Apical 4-chamber view demonstrating a bio-
ptome in the right ventricle positioned along the interventricular
septum before biopsy. LA, Left atrium; LV, left ventricle.

In theory, pericardiocentesis is contraindicated in the setting of myo-
cardial rupture or aortic dissection because of the potential risk for ex-
tending the rupture or dissection with decompression.®’
Echocardiography-guided pericardiocentesis with ex-
tended catheter drainage can be performed safely and
with efficacy at centers with staff members experienced
in this technique. Using echocardiography to guide the pro-
cedure avoids the radiation associated with fluoroscopy
and allows the procedure to be performed in the catheteri-
zation laboratory, at the bedside, or in the echocardiogra-
phy laboratory. Increased safety and markedly lower cost
compared with surgery ensure that echocardiography-
directed pericardiocentesis is a procedure of choice.

VI. USE OF ECHOCARDIOGRAPHY TO GUIDE
MYOCARDIAL BIOPSY

Endomyocardial biopsies are typically performed in the right ventricle
to diagnose a wide variety of myocardial disorders, including infiltrative
cardiomyopathy and cardiac transplant rejection. Although endomyo-
cardial biopsy is often performed with fluoroscopic guidance alone,
some centers use 2D TTE to complement or replace fluoroscopy.®> ¢
Similarly, others have reported using TEE or ICE to guide biopsies of
masses in the right heart and aorta in selected patients.'®®”¢°

With echocardiographic guidance, it is possible to provide a wider
choice of biopsy sites. In addition to the ventricular septum, both the
right ventricular apex and free wall can be biopsied. Moreover, this
approach improves the yield of the biopsy by reducing the number
of fibrotic samples due to “bites” in the same site (midventricular sep-
tum). This approach may also reduce the likelihood of perforation
and damage to the tricuspid valve.®® Other potential advantages of
echocardiography-guided endomyocardial biopsy include the reduc-
tion of radiation exposure and portability.

Optimal views on TTE for guiding right ventricular biopsies include
the apical 4-chamber view and the subxiphoid 4-chamber view
(Figures 5 and 6). The transducer may be positioned more medially
(midclavicular line) to optimally visualize the right ventricle during
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Figure 6 TTE. Apical 4-chamber view demonstrating a bio-
ptome (arrow) in the right ventricle in a suboptimal position as
it appears free in the right ventricular cavity. Echocardiography
facilitates recognition of nonideal biopsy site and repositioning
of the bioptome. Note, however, that the tip of a catheter cannot
always be visualized with certainty. LA, Left atrium; LV, left ven-
tricle; RA, right atrium.

biopsy. Optimal views on TEE include the midesophageal 4-chamber
view, as well as the transgastric short-axis and long-axis views. ICE
from either the right atrium or the right ventricle can be used for
the guidance of right ventricular biopsy. Note, however, that the tip
of a catheter cannot always be visualized with certainty.

Other limitations to the use of echocardiography for guiding myo-
cardial biopsy include the difficulty in performing TTE in patients in
the catheterization laboratory who are in the supine position and
the difficulty in imaging patients such as those with chest tubes and
bandages, obesity, or chronic lung disease. TEE and ICE overcome
these limitations in image quality, although with the need for addi-
tional echocardiography physician support and sedation (for TEE),
as well as additional cost and attendant vascular risks (for ICE).

Echocardiography, particularly TTE, is useful as an ad-
junctive imaging modality in patients undergoing intracar-
diac and intravascular biopsy procedures. Although TEE
and ICE may offer improved imaging over TTE, the addi-
tional risk and cost must be outweighed by significant pro-
cedural benefits, and the modalities are recommended for
use only in highly selected patients.

VIl. ECHOCARDIOGRAPHIC GUIDANCE
OF PERCUTANEOUS TRANSVENOUS BALLOON
MITRAL VALVULOPLASTY

A. General Imaging Considerations

PBMYV is performed with fluoroscopic guidance alone at many cen-
ters, but radiographic anatomic landmarks can mislead even experi-
enced operators. Kronzon et al*® recommended 2D TTE (in the
apical 4-chamber and parasternal short-axis views) as a useful adjunct
to fluoroscopy during transseptal cardiac catheterization during
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Figure 7 TEE. Midesophageal 4-chamber view demonstrating
the valvuloplasty balloon (arrow) as it is inflated across the mitral
valve. LA, Left atrium; RA, right atrium.

PBMV. Pandian et al”® advocated the use of subcostal views to assist
PBMV as well. Disadvantages of TTE include that it interrupts the flow
of the procedure, potentially interferes with sterile technique, and
provides inadequate imaging in some patients.

TEE is an alternative to TTE for guiding PBMV”'7° (S. A. Gold-
stein, personal communication). The role of TEE before and during
balloon mitral valvuloplasty is well established. TEE can be used for
patient selection’®”” and for all aspects of online procedural guid-
ance’'”® (S. A. Goldstein, personal communication). It is used to
guide the transseptal catheterization and is generally superior to
TTE in this regard. TEE is also superior to TTE when it is used to ex-
clude left atrial and LAA thrombus, and it facilitates wire and balloon
position before and during inflation (Figure 7). TEE is used to measure
transmitral gradients and mitral valve area and to assess the degree of
MR immediately after each balloon inflation. Finally, TEE can be used
to look for complications of PBMV, such as severe MR, pericardial ef-
fusion or tamponade, dislodgement of thrombus, and residual ASD.
Moreover, some authors have suggested that the use of online TEE
can both reduce fluoroscopic and procedure time and improve re-
sults”'”> (S. A. Goldstein, personal communication).

ICE provides another alternative for online guidance of
PBMV.224878 [t provides an excellent view of the fossa ovalis and
can be used to guide the transseptal puncture.*® Newer phased-array
intracardiac echocardiographic catheters provide pulsed-wave, con-
tinuous-wave, color flow Doppler, and Doppler tissue imaging.
Thus, like TEE and TTE, ICE can facilitate the immediate assessment
of the results of the valvuloplasty, including the transmitral gradient,
the mitral valve area, the presence or worsening of MR, and the de-
tection of complications, such as cardiac perforation, tamponade, or
a torn mitral valve. Like TEE, ICE does not interfere with the catheter-
ization process and can be used for each of the sequential tasks
needed to perform mitral valvuloplasty.>*”® The relative value of
ICE compared with TTE and TEE has yet to be determined. Cost is
a significant consideration, because a phased-array intracardiac echo-
cardiographic catheter costs approximately $2,500 to $3,000, for
a catheter that may only be used up to 3 times. Visualization of left-
sided structures on ICE may be inferior or superior to that provided
by TEE or TTE, depending on the chamber from which the catheter
is providing images. In particular, the LAA may not be well visualized
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when intracardiac echocardiographic images originate only from the
right atrium, and the presence or absence of an intracardiac thrombus
cannot be confirmed. Imaging from the left atrium or pulmonary
artery may overcome this limitation. On the other hand, ICE visual-
izes the mitral valve structures, especially the subvalvular structures
of chordae tendineae and papillary muscles, with superior spatial res-
olution compared with TEE or TTE.”® Images should be transmitted
to a monitor that is easily viewed by the catheterization operator, usu-
ally adjacent to the fluoroscopic monitor.

B. Immediate Assessment of Results

Online echocardiography during the procedure is ideally suited for
the immediate assessment of the results of PBMV.” The adequacy
of valvulotomy can be determined by evaluating the maximal mitral
leaflet separation and by continuous-wave Doppler determination of
the mean mitral gradient and mitral valve area. With TEE and ICE in
addition, the pulmonary venous flow profile can be assessed, with
a more rapid diastolic deceleration expected after successful
PBMV.”® Finally, new or worsening MR is sought by color Doppler.
Decisions about the adequacy of the procedure versus the need for
further dilation should be made on the basis of both echocardio-
graphic and hemodynamic data.

C. Early Detection of Complications

Although uncommon, serious complications do occur with PBMV.
The majority of these (eg, the development of severe MR, cardiac per-
foration and tamponade, ASDs) can be identified accurately and
quickly by online echocardiography during the procedure. An in-
crease in the degree of MR occurs in approximately half of patients
after PBMV*9708981 (5 A Goldstein, personal communication). In
most, this increase is mild, but the reported incidence of the develop-
ment of severe MR is 1% to 6%.”* Acute, severe MR may be caused
by tear or rupture of the mitral leaflets, by ruptured chordae tendi-
neae, or rarely by avulsion of a papillary muscle.®? Each of these
can be detected readily by echocardiography, particularly by TEE or
ICE. Moreover, the presence and severity of MR can be determined
without the need for ventriculography.

The incidence of cardiac tamponade during PBMV has been re-
ported to be between 0% and 9%.”#8> Perforation of the atrial free
wall at the time of transseptal puncture is the most common cause
of bleeding into the pericardial space. Echocardiographic detection
of such fluid is immediate and permits rapid pericardiocentesis before
major hemodynamic compromise occurs. Perforation of the left ven-
tricle, especially with the double-balloon technique, has also been re-
ported. Online TEE can lead to rapid detection and treatment of this
potentially life threatening complication.83

The reported incidence of ASD resulting from PBMV is highly vari-
able depending on the technique used for its detection. A left-to-right
shunt at the atrial level is detected by oximetry in only 8% to 25% of
patients.”> TTE can detect an atrial shunt after PBMV in 15% to 60%
of patients. TEE, a more sensitive technique, has been reported to
detect shunts in as many as 90% of patients. ICE, with its excellent
visualization of the fossa ovalis, should offer comparable sensitivity.
Because the defects are usually small and because left atrial pressure
in these patients is high, the small left-to-right shunting jets are easily
detected by transesophageal echocardiographic or intracardiac echo-
cardiographic color Doppler imaging. The creation of a small ASD
should be considered an expected consequence rather than a true
complication in the majority of patients.
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D. Limitations

Several investigators have pointed out that immediately after PBMV,
Doppler evaluation of mitral valve area by the pressure half-time
method should be interpreted with caution because of a reduced cor-
relation with hemodynamic measurements obtained by cardiac cath-
eterization. This discrepancy may be related in part to acute
alterations in left atrial and left ventricular compliance and a reduced
initial peak mitral valve gradient.

E. Effect on Outcomes

The use of echocardiographic guidance during the procedure may im-
prove the procedural success and complication rates.®*8> Online im-
aging can provide more precise targeting of the transseptal needle
toward the fossa ovalis region of the atrial septum, thereby minimizing
the likelihood of perforation.”>838%87 In addition, imaging not only
has the potential to reduce the risk for procedural complications
but may also allow immediate identification of these complications
should they occur, permitting more prompt correction. Moreover,
echocardiographic guidance may reduce procedural and fluoroscopic
time®® (S. A. Goldstein, personal communication). Park et al®® evalu-
ated fluoroscopic guidance only (n = 64) and patients who under-
went PBMV with online transesophageal echocardiographic
guidance (n = 70). The procedural time was significantly shorter in
the latter group (99 * 48 vs 64 *= 22 minutes; P<.0001). The aver-
age fluoroscopic time was also shorter in the TEE-guided group (30 =
17 vs 19 = 15 minutes), but this was not statistically significant (P =
.25). Echocardiographic guidance may also reduce the risk for wors-
ening MR as a result of the better assessment of the number of bal-
loon inflations required and better positioning of the balloon
catheter. Further studies are required to validate the incremental
safety and efficacy of echocardiographic guidance to supplement or
replace fluoroscopic guidance of PBMV.

Echocardiography provides significant benefit in percuta-
neous balloon valvuloplasty for mitral stenosis and is rec-
ommended for the assessment of patient selection and to
assess the adequacy of results. Online intraprocedural echo-
cardiography offers significant advantages compared with
fluoroscopic guidance, in monitoring procedural efficacy
and monitoring for complications. TEE can also be used to
guide the procedure. TTE is recommended for procedural
guidance, monitoring for complications, and to assess the
adequacy of results, when preprocedural TEE has already
been performed. ICE can be used for procedural guidance
and provides imaging that is comparable with TEE.

Vill. ECHOCARDIOGRAPHIC GUIDANCE OF ATRIAL SEPTAL
DEFECT AND PATENT FORAMEN OVALE CLOSURE

A. Introduction

Percutaneous transcatheter closure of ASDs and PFO is an increas-
ingly attractive alternative to surgical repair. These procedures are
widely performed for hemodynamically significant left-to-right shunt-
ing, to prevent recurrent paradoxical embolism, and for the platyp-
nea-orthodeoxia syndrome. A variety of different approaches are
used to guide PTC of ASDs and PFO, each with unique advantages
and disadvantages. These include primary fluoroscopic guidance

and echocardiographic guidance with TTE, TEE, and, most recently,
[CE.15/17,20,25,27,29,88-90
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B. Echocardiographic Modalities

TTE, TEE, and ICE are used to evaluate and guide the percutaneous
closure of PFOs and ASDs. TTE has the advantage of offering multiple
planes to evaluate the device and atrial septum, but it has limited ability
to interrogate the lower rim of atrial septal tissue above the inferior vena
cava after device placement, because the device interferes with imaging
in virtually all planes. In addition, because the septum is relatively far
from the transducer (relative to TEE or ICE), color imaging is suboptimal
in larger patients. Some centers, however, use TTE for monitoring in all
patients. In adult patients, TTE typically provides more limited imaging
of the interatrial septum and surrounding structures, and as such, most
adult centers typically use TEE or ICE to guide PTC.

Transesophageal echocardiographic guidance has been described
extensively in adult patients and offers the advantages of providing
real-time, highly detailed imaging of the interatrial septum, surround-
ing structures, catheters, and closure device.">?%?> TEE requires ei-
ther conscious sedation, with attendant aspiration risk in a supine
patient, or general anesthesia, with an endotracheal tube to minimize
this risk. This approach also requires a dedicated echocardiographer
to perform the TEE while the catheterization operator performs the
closure procedure, as well as anesthesia support personnel if general
anesthesia is used.

ICE provides imaging of the interatrial septum and surrounding
structures that is comparable with TEE but does not require additional
sedation or general anesthesia to perform. Currently available intra-
cardiac echocardiographic systems provide a single-use 8Fr to 10Fr
mechanical or phased-array intracardiac ultrasound—equipped cathe-
ter and require additional 8Fr to 11Fr venous access. The develop-
ment of newer, smaller caliber catheters has allowed the use of ICE
in smaller pediatric patients. In addition to obviating the need for gen-
eral anesthesia in adults, ICE offers the potential to reduce the need
for additional echocardiographic support, because the operator per-
forming the percutaneous closure can also manipulate the catheter.
At some centers, however, additional echocardiography expertise is
used to assist in ICE during these procedures. This is particularly help-
ful in patients with large defects, for whom the risk for misplacement
or embolization is greater. In these patients, continuous evaluation
with echocardiography during device placement can prevent compli-
cations of the procedure.

Additional advantages of ICE in the guidance of PTC compared with
TEE include shorter procedure and fluoroscopy times, improved imag-
ing, and the addition of supplementary incremental diagnostic informa-
tion, and as such, it is emerging as the standard imaging modality for
evaluation of the interatrial septum and for guiding
PTC.!>172027.2988 |CE can be used as the primary imaging modality,
without supplemental TTE or TEE. Recently, ICE has been shown to
offer comparable cost with TEE-guided PTC when general anesthesia
is used for those undergoing TEE-guided closure.!>!7/20-2527,29,888991

C. General Procedural Considerations

A number of different devices are currently in use for PTC, and the
method of implantation is variable and unique to each device. The
mechanism of closure of all devices ultimately involves stenting the
defect, with subsequent thrombus formation and neoendothelializa-
tion along the interatrial septum.

Preprocedural assessment of the interatrial septum includes evalua-
tion of the entire interatrial septum and surrounding structures. A PFO
is defined as any anatomic communication through the foramen ovale,
and a stretched PFO is defined when resting or intermittent left-to-right
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Figure 8 ICE. Phased-array ICE from the right atrium (RA), dem-
onstrating the bulging of septum primum, which opens a large
PFO (arrow) into the left atrium (LA).

flow on color Doppler imaging is seen (Figure 8). Right-to-left shunting
through a PFO is typically demonstrated by the injection of agitated sa-
line microbubbles at rest and with provocative maneuvers such as the
Valsalva maneuver. An atrial septal aneurysm is typically defined as 11
to 15 mm of total movement of a 15-mm base of atrial septal tissue.

Echocardiography offers the ability to define ASD type (ostium se-
cundum, ostium primum, sinus venosus, or coronary sinus), maximum
ASD diameter, and defect number if multiple defects are present. Pres-
ently, only ostium secundum ASDs are amenable to PTC, and an in-
teratrial septum that contains multiple small fenestrations may not
be suited to PTC with currently available devices. Defects up to 40
mm in diameter have been closed successfully via PTC, as have mul-
tiple ASDs and those associated with atrial septal aneurysms. Associ-
ated abnormalities of the pulmonary veins, inferior vena cava,
superior vena cava, coronary sinus, and atrioventricular valves should
be excluded. Consideration of the size of the atrial septal rim of tissue
surrounding the defect is important in evaluating patients for success-
ful PTC, and a surrounding rim of 5 mm is generally considered ade-
quate. The inferior and superior rims may be particularly important for
successful PTC, although small series have reported success in patients
with deficient rims.”® In smaller patients, assessment of total septal
length is an important additional consideration, because this may limit
the size of the device that can be placed successfully.”?

Echocardiography is recommended to guide PTC of PFO
and ASDs. All modalities of echocardiography can be used,
but ICE should be considered when suitable expertise is
available. Numerous factors must be considered when
choosing the ideal echocardiographic modality for proce-
dure guidance, including the patient population, specific
anatomy, and local expertise.

IX. ECHOCARDIOGRAPHIC GUIDANCE OF ALCOHOL
SEPTAL ABLATION FOR HYPERTROPHIC OBSTRUCTIVE
CARDIOMYOPATHY

A. Introduction and Indications

Surgical myectomy for severely symptomatic patients with hypertro-
phic obstructive cardiomyopathy (HOCM) has been performed for
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Figure 9 TEE. Midesophageal 4-chamber view before (left) and
after (right) the injection of contrast (small arrow). A radiographic
contrast agent is used in this illustration and may be used in pa-
tients to demonstrate the perfusion territory supplied by the cho-
sen septal perforator; this is an alternative to the use of an
ultrasound contrast agent.

>40 years but is performed at only a relatively small number of expe-
rienced centers with acceptable morbidity and mortality.”>* Atrial-
ventricular sequential pacing is an alternative to surgical myectomy,
but after initial enthusiasm, randomized controlled trials reported
less favorable results, with incomplete gradient reduction and a lack
of sustained symptomatic improvement.”> A second alternative to
surgery is the more recently developed alcohol septal ablation tech-
nique.”® This technique involves the introduction of alcohol into a tar-
get septal perforator branch of the left anterior descending coronary
artery for the purpose of producing a myocardial infarction within
the proximal ventricular septum.

This procedure, which results in a localized septal infarction, was
referred to as nonsurgical septal reduction therapy by Sigwart,”®
who first described the procedure in 1995. Since the introduction
of this procedure by Sigwart, a number of other groups have applied
and modified this technique with good results.”” %' Perhaps the most
important modification has been the use of myocardial contrast echo-
cardiography to delineate the vascular distribution of the individual
septal perforator branches of the left anterior descending artery. In
fact, the use of contrast echocardiography is paramount to the success
of this procedure.102

TTE is the conventional approach for intraprocedural echocardio-
graphic monitoring of transcoronary ablation of septal hypertrophy
for HOCM. Some laboratories prefer TEE because it provides more
precise imaging of the subaortic anatomy of the left ventricle than
TTE.'%% ICE is a third imaging alternative for use during this proce-
dure.

B. Methods for Guidance

Because the septum is perfused through a number of septal perfora-
tors, with significant individual variation and overlap in distribution,
exact delineation of the vascular territory of each perforator artery
is important to determine the vessel or vessels that should receive
the alcohol injection.'®*!9 To determine that the presumed target
septal perforator was correctly selected, intraprocedural myocardial
contrast echocardiography should be performed. After verification
of the correct balloon position and the hemodynamic effect of bal-
loon occlusion, 1 to 2 mL of diluted echocardiographic contrast agent
followed by a I-mL to 2-mL saline flush is injected through the
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Figure 10 TEE. Transgastric short-axis view before (left) and after (right) the injection of ultrasound contrast (arrows) demonstrating
the site of perfusion of the selected septal perforator. Ultrasound contrast is used not only to define the desired perfusion area of the
target septal perforator but also to exclude perfusion of unwanted areas, such as the papillary muscles, the distal (apical) portion of
the ventricular septum, and the right ventricle. This transgastric short-axis view is particularly useful to delineate the papillary muscles.

LV, Left ventricle.

inflated balloon catheter under continuous TTE or TEE. The echocar-
diographic contrast agent should be diluted with normal saline to op-
timize myocardial opacification and to minimize attenuation. Details
of the dilution vary with the contrast agent used. Agitated radio-
graphic contrast can be used instead of an ultrasound contrast agent
(Figure 9).

The optimal target territory of the basal septum should include the
color Doppler—estimated area of maximal flow acceleration and the
area of systolic anterior motion—septal contact without contrast opa-
cification of any other cardiac structures (Figures 9-11). After myocar-
dial contrast echocardiography confirms that the presumed target
septal perforator perfuses the desired region of the basal septum, al-
cohol can be administered.

If TTE is used, apical 4-chamber and 3-chamber (long-axis) views
should be used. These views may be supplemented with parasternal
long-axis and short-axis views. If TEE is used, the apical 4-chamber
view (at 0°) and the longitudinal view (usually 120°-130°) should
be used. These views may be supplemented by the transgastric
short-axis view to help ensure that no erroneous perfusion of the pap-
illary muscles occurs. The deep transgastric view, which resembles an
apical 4-chamber transthoracic view, is useful for measuring the intra-
cavitary gradient with TEE.

C. Immediate Assessment of Results

Intraprocedural echocardiography is also useful for evaluating the re-
sults of the procedure in the catheterization laboratory.'9319>19¢ The
region of the basal septum, which is infarcted by the infused alcohol, is
typically intensely echo dense. In addition, this region of the septum
should have reduced thickening and contractility.'®® There should
also be resolution or improvement of the degree of systolic anterior
motion of the anterior mitral leaflet and usually reduction in the de-

Figure 11 TEE. Midesophageal 4-chamber view after the injec-
tion of contrast (arrows), demonstrating that the site of perfusion
of the selected septal perforator is too apical and therefore not
related to the point of septal contact of the mitral valve. LA,
Left atrium; LVOT, left ventricular outflow tract.

gree of MR. In addition, there should be elimination or reduction of
the intracavitary gradient. This is readily measured by TTE and can of-
ten be measured by TEE with a deep transgastric view or midesopha-
geal long-axis view.

D. Outcome Data

Several studies have suggested a favorable impact of echocardio-
graphic monitoring during this procedure.'0%19%197 Echocardio-
graphic monitoring of percutaneous transluminal septal myocardial
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ablation has resulted in the reduction of the amount of injected alco-
hol and the number of occluded septal branches.!°? Online echocar-
diography may also reduce the need for repeat interventions with
occlusions of several septal branches, thus avoiding unnecessary en-
largement of the septal scar with all of the associated potential nega-
tive consequences for left ventricular systolic and diastolic function.

Another important advantage of myocardial contrast echocardiog-
raphy during the procedure is that opacification of myocardium dis-
tant from the intended target septal area can prevent erroneous
instillation of alcohol into unwanted territory, such as the papillary
muscle, left ventricular free wall, or right ventricle (Figure 11).

A recent American College of Cardiology and European Society of
Cardiology consensus document on HOCM stated that “myocardial
contrast echocardiography guidance...is important in selecting the
appropriate septal perforator branch.”'%81%? Nevertheless, a random-
ized multicenter study with respect to this issue does not exist.

Echocardiography is recommended in selecting the ap-
propriate septal perforator during alcohol injection during
septal ablation for HOCM. Both TTE and TEE can be used.
They provide an assessment of immediate procedural re-
sults and allow monitoring for complications.

X. INTRACARDIAC ECHOCARDIOGRAPHY AND CARDIAC
ELECTROPHYSIOLOGY

A. Anatomy-Dependent Arrhythmias

Catheter-based ICE has been applied extensively in cardiac electro-
physiology laboratories to guide ablative procedures. To a large de-
gree, this early adoption has occurred because of the critical
dependence of specific cardiac arrhythmias on underlying anatomy.
For example, accessory atrioventricular pathways bridge from atrial
to ventricular tissue across the mitral or tricuspid annulus, requiring
selective energy delivery at a specific anatomic location to successfully
eliminate related supraventricular tachycardias. In addition, clarifica-
tion of the pathophysiology of typical atrial flutter demonstrated
that the cavotricuspid isthmus was a critically important component
of the underlying reentrant circuit.!'%!!! Because of this, the nomen-
clature of this arrhythmia was changed to “isthmus-dependent, coun-
terclockwise atrial flutter.” It follows that the ability to visualize specific
anatomic structures should be of substantial importance in the non-
pharmacologic treatment of these arrhythmias.

B. Phased-Array Imaging

The application of phased-array technology with a transesophageal
probe was shown in early studies to be useful for imaging during
VT ablation''? and the treatment of accessory pathway—mediated
tachycardias.'">"'> The miniaturization of this technology and appli-
cation via intracardiac catheters allowed deeper penetration and stan-
dard 2D visualization and Doppler imaging of both right-sided and
left-sided structures from within the right heart.''® Long-axis imaging
with phased-array technology has been particularly suited for the
electrophysiology laboratory environment. Within the context pro-
vided by forward imaging, intracardiac ultrasound frequently has
been used to guide the insertion of catheters into specific cardiac
chambers, across the cardiac valves into the ventricles, and to guide
transseptal catheterization into left-heart structures, from a single im-
aging viewpoint or with minimal catheter rotation. Intracardiac ultra-
sound has been preferable to transesophageal imaging because it does
not require prolonged esophageal intubation, accompanying patient
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Figure 12 ICE. Phased-array ICE of long-axis view of the left
atrium (LA) from the right atrium (RA). Shown is the catheter-tis-
sue contact of a 20-electrode catheter positioned along the pos-
terior mitral annulus (arrow).

discomfort, or the risk for aspiration. It is also routinely performed
by a single interventionist, without the need for other personnel for
further image acquisition and interpretation.

C. Ultrasound-Guided Anatomic Ablation

Intracardiac ultrasound has been applied to guide the positioning of
ablation catheters near specific cardiac structures for ablation of the
related arrhythmia, as seen in Figure 12. The value of such intracardiac
echocardiographic imaging extends to establishing a clear-cut rela-
tionship between the catheter tip and underlying tissue, a critically im-
portant determinant of ablation success. In many cases, the lesion
produced in the delivery of ablation energy can be visualized in tissue
adjacent to the catheter tip. This observation is of theoretical impor-
tance, because the identification of each individual lesion could facil-
itate the juxtaposition of subsequent energy deliveries, as required in
linear ablation. This utility has also been documented in linear ablation
studies from several centers.2"!"”"1"” However, the visualization of an
evolving lesion is a function of the imaging frequency, the distance of
the ablation site from the transducer, the catheter tip—tissue contact,
the delivered energy, and the thickness of the underlying tissue. There-
fore, the lesions formed by the ablation of ventricular myocardium are
more readily seen than with atrial ablation.'*%"'?? Furthermore, contin-
ued energy delivery in the ablation of atrial tissue to the point of lesion
visualization is not necessary for a successful outcome and may be ex-
cessive. In short, lesion visualization with B-mode imaging is insuffi-
ciently sensitive for establishing an end point for ablation. Other means
of enhancing lesion detection are currently being studied.'*>

Avariety of studies have tested the utility of intracardiac ultrasound
in the setting of atrial tachycardias,'** atrioventricular nodal reentrant
tachycardia,'®° sinus tachycardia,'%° ventricular arrhythmias,'?” atrial
flutter, 10121128129 54 AR 18212224130 Apation of the cavotricuspid
isthmus has been found to be 95% to 98% successful in eliminating
atrial flutter simply through the identification of the anatomic site of
origin of that arrhythmia.!'%!"!! Recent studies'>""'*2 have also shown
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Figure 13 ICE. Phased-array ICE from the right ventricle. Imag-
ing through the interventricular septum (IVS) to display the left
ventricle (LV) and left atrium (LA) demonstrates an emerging
pericardial effusion (arrow) during an ablation procedure. MR
is also shown by color Doppler mapping.

the utility of imaging the left ventricular scar that results from myocar-
dial infarction in ablation of postinfarct VT. Typically, stable VT arises
within the border zone of an infarct. In such cases, intracardiac ultra-
sound can be used to guide ablation and create lesion bridges from
the center of the scar, across the infarct border zone, on to a neighbor-
ing electrically inert cardiac structure such as the mitral annulus. Such
lesions interrupt the VT circuit that passes through the spared tissue
immediately around the infarct, such as the submitral valve isthmus
in the setting of inferior wall infarction.'** Linear ablation along the
border of an infarction, such as is required for ablation of fast, unstable
VT, has also been facilitated by direct imaging.">' Such left ventricular
imaging is best conducted from below the tricuspid valve from
a venue near the right ventricular outflow tract. From this position,
both long-axis and short-axis images of the left ventricle can be
created."'®

D. Ablation of AF

ICE has been used most consistently for the guidance of ablation of
AF. This approach establishes the number and position of pulmonary
veins and determines whether a left pulmonary vein antrum, formed
by the confluence of the left superior and inferior pulmonary veins, is
present. ICE also clarifies the branching patterns of the right pulmo-
nary vein, guides the positioning of interventional catheters, verifies
catheter tip—tissue contact, assesses underlying pulmonary vein phys-
iology, helps in the positioning of balloon-type catheters for ablative
interventions, and monitors for excessive tissue heating as manifested
by the occurrence of microbubbles. Furthermore, ultrasound estab-
lishment of the venoatrial junction has recently been shown in prelim-
inary studies to be more accurate than is possible with contrast
venography.>*!3> Given its position in relationship to the left pulmo-
nary veins, the location of the vein of Marshall, relevant in AF ablation,
can also be identified from imaging of the “Q-tip” ridge, seen between
the LAA and those pulmonary veins.'>®

Not only does the ultrasound beam allow identification of the un-
derlying pulmonary vein and other relevant structures, it also enables
positioning of guidance catheters, such as the circular Lasso catheter,
to a position immediately at the orifice of the pulmonary vein. This is
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particularly critical because these catheters have a tendency to drift
into the vein, providing a false sense of the true orifice of the vessel.'>”
Ablation too far into a vein increases the risk for pulmonary vein ste-
nosis and decreases the efficacy of AF ablation.'*® Several stud-
jes!822130.139,140 have shown the utility of intracardiac ultrasound
to guide ablation at or outside the pulmonary vein orifice, which re-
sults in increased efficacy for AF ablation.

E. Monitoring for Ablation-Related Complications

Microbubble formation has also been widely observed with intracar-
diac ultrasound imaging.2""'*"'*2 This phenomenon may be even
more accurate than catheter-tip temperature monitoring for the as-
sessment of heat generation during the ablation of cardiac tis-
sue.'*2143 Nevertheless, although this finding has been proposed as
an end point to guide ablation, recent studies have demonstrated
that microbubble appearance frequently reflects excess tissue heating
to substantially greater temperatures than reflected by catheter-tip
temperature monitoring.13 %141 This inadvertent tissue overheating,
in turn, may lead to clot, char, or crater formation; intracardiac throm-
bus; or even pulmonary vein stenosis. Therefore, ultrasound visualiza-
tion of microbubbles is most useful for prompting discontinuation of
energy delivery when microbubbles are seen.

Along this same line, intracardiac ultrasound is useful in monitoring
for potential complications of ablative intervention. In addition to the
observation of the untoward results of tissue overheating, several
studies have recently demonstrated the utility of ultrasound for de-
tecting thrombus formation on the interventional catheter, which
could lead to either a stroke or a peripheral thromboembolic
event."**!*> Ongoing surveillance of the pericardium during an inter-
ventional case is useful for the early detection of an effusion
(Figure 13), before its physiological relevance is manifested by tampo-
nade physiology. Imaging from an intracardiac venue also facilitates
the catheter-based treatment of the effusion.

Doppler imaging likewise has contributed in the surveillance pro-
cess. Pulsed-wave Doppler imaging, available with phased-array imag-
ing over the course of an ablation, reveals an increase in flow velocity
with pulmonary vein narrowing. An increment to a level in excess of
1.6 m/s has been found to be predictive of subsequent stenosis.'*® In
contrast, veins with lower flow velocities, =1.0 m/s, are unlikely to
progress to any significant degree.'” It is noteworthy, however, that
these intracardiac Doppler flows are highly dependent on the pres-
ence of AF or catecholamines.'*®

ICE is recommended for radiofrequency ablation for AF. It
is used to guide transseptal catheterization, as well multiple
aspects of the procedure, to monitor for complications, and
to assess pulmonary vein flow before and after ablation.

Xl. FUTURE DIRECTIONS

A. Echocardiography in Complex Mitral Valve Procedures
(Investigational Devices)

Newer investigational percutaneous mitral valve repair systems are
being developed as an alternative to surgical repair for MR, either us-
ing the concepts of the edge-to-edge repair technique developed by
Alfieri et al'**""®! but performed with a percutaneous endovascular
repair system'>>1°® or by the performance of a percutaneous mitral
annuloplasty repair with a device placed in the coronary sinus or at
the level of the mitral annulus. A variety of delivery approaches for
these devices have been proposed. For example, an endovascular
mitral repair system uses a steerable guide catheter to precisely
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manipulate and position a clip that approximates the middle anterior
and posterior leaflet scallops of the mitral valve, thus reducing or elim-
inating MR.!>* This system is currently being investigated in humans
in phase | and I trials. Additional percutaneous mitral repair devices
that use the concept of edge-to-edge repair are also being developed.

The delivery of the percutaneous edge to edge mitral valve repair
system has 5 steps that require echocardiographic guidance: transsep-
tal catheterization, alignment of the clip delivery system perpendicu-
lar to the plane of the mitral valve and centered with reference to the
line of coaptation, alignment of the clip with the open arms perpen-
dicular to the coaptation line of the mitral valve, closing of the arms
and approximation of the tips of the mitral valve, and release of the
implant device. A combination of TEE and supplemental TTE has
been used to guide the procedure.

Other coronary sinus and mitral annular devices are also being
developed to perform percutaneous mitral annuloplasty repair,
thereby reducing MR by enhancing mitral coaptation. TEE or ICE
can be used to guide cannulation of the coronary sinus ostium, place
the device, monitor for procedural complications, and assess the de-
gree of MR and transmitral gradients before and after the procedure.

B. Role of Echocardiography in the Placement of LAA
Occluders (Investigational Devices)

The majority of thromboemboli in AF arise in the LAA.">*'°! That
observation led to the hypothesis that functional obliteration of the
LAA could prevent stroke. For this reason, surgeries for several indi-
cations often include prophylactic intraoperative ligation of the
LAA, 2163 3nd some have recommended LAA ligation in all patients
having cardiac surgery, regardless of the indication.'®*

A percutaneous transcatheter approach for the prevention of car-
dioembolic stroke in patients with AF has been proposed, by the
placement of an implantable prosthetic device that seals that the com-
munication between the LAA and the left atrium. Initial testing in an-
imals®’ and humans'® and, more recently, anatomic and
hemodynamic data 166 have suggested successful occlusion and stroke
prevention. A percutaneous LAA transcatheter occlusion device was
the first device tested in humans; ultimately, the trials of this first de-
vice were halted because of increased morbidity and mortality. TEE
had been used in all published human trials of this device. A newer
device has been described.'®” This nitinol metal device is designed
to be placed in the LAA via a percutaneous transcatheter approach
by a standard transseptal approach with fluoroscopic and TEE guid-
ance. TEE is important in sizing the ostium of the LAA and selecting
an appropriately sized device for implantation.

After device release, TEE is repeated to confirm the proper de-
ployment of the device and to assess for procedural complications.
The device is examined for stability and leakage. Atrial septal exam-
ination is performed to look for an ASD; a small residual defect is
common after the procedure. The pericardium is reevaluated for
effusion.

C. 3D Echocardiography

A new application of echocardiography, 3D imaging, offers the po-
tential to contribute significantly to interventional procedures. For ex-
ample, myocardial biopsy has been performed with 3D imaging as
a guide for bioptome position (as opposed to the standard approach
with fluoroscopy). In one study of 63 routine right ventricular biopsy
procedures in cardiac allograft recipients, 3D imaging was deemed
feasible, and improved localization of the bioptome was observed,
with the potential to improve cardiac biopsy efficacy and safety.'®®
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Figure 14 TEE. Reconstructed 3D image of the left atrial surface
of the mitral valve in a patient with severe MR originating from
nearly the entire mitral coaptation surface (arrow indicating red
flow into the left atrium on color mapping). Anatomic coordi-
nates are indicated for reference.

Mitral valve anatomy may be better studied with 3D imaging than
with 2D imaging (Figure 14), and therefore, 3D imaging can play a sig-
nificant role in the planning of surgical or percutaneous approaches to
mitral valve repair'®®”! (Figure 15). Human studies with intraopera-
tive 3D TEE have shown excellent correlation with surgical findings
(94% [34 of 36 patients]) in the correct identification of scallop or
segment prolapse.'”!

Others have found incremental value from 3D TEE and TTE over
2D echocardiography for the selection of appropriate patients and the
accurate visualization of postprocedural commissural splitting and
leaflet tears in patients undergoing PBMV."7%!73 Similarly, it is ex-
pected that 3D echocardiography will play a role in the planning of
percutaneous mitral repair of MR, such as that shown in Figure 16."7*

The use of percutaneously delivered devices for ASD or PFO re-
pair is increasing. Three-dimensional imaging allows for accurate an-
atomic assessment before the procedure and can localize the closure
device during the procedure in relation to other cardiac structures,
potentially enhancing success and possibly decreasing the complica-
tion rate."” In 40 of 41 patients (98%) undergoing device ASD clo-
sure, 3D images of defects were obtained, and these images more
accurately assessed ASD size (using balloon sizing as the “gold
standard”) than did 2D TEE. Additionally, device position was
more accurately assessed with 3D imaging.!”® Real-time 3D echo-
cardiography has also been used for accurate assessment of the mor-
phology and efficacy of transcatheter devices used for ASD and
PFO closure.'”” In 4 patients who underwent percutaneous closure
of ASDs or PFO (3 ASDs, 1 PFO), real-time 3D echocardiography
provided comprehensive anatomic assessment of ASD and PFO clo-
sure devices.!””

Interventional approaches for the treatment of patients with
HOCM are also increasing.'®' Realtime 3D echocardiography has
also been successfully used to guide the surgical approach to myec-
tomy and mitral valve repair in 10 patients in whom a “surgeon’s
view” by 3D echocardiography allowed refinement of the planned
surgical approach.
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Mitral Valve:
Prosthesis

Figure 15 Three-dimensional TEE. (A) Three-dimensional image of a mitral bioprosthesis (black arrow) and two closure devices
(white arrows) used to close paravalvular MR. (B) Explanatory overlays added. The perspective is from the left atrium. It is often dif-
ficult to identify the exact site of regurgitation and also to guide interventional devices to the correct location when repairing para-
valvular regurgitation using occluder devices. In this case, real time 3D imaging was critical in positioning the closure devices and
defining the location and extent of the paravalvular jet.

o 35w Anterior

o 70 w

Figure 16 Three-dimensional TEE. Percutaneous edge-to-edge repair of MR using a clip. (A) Percutaneous clip being aligned over
the mitral valve in the left atrium. The large arrow indicates a clip prior to opening, and the smaller arrow indicates a guide catheter tip.
(B) The open “arms” of the prosthesis (arrow) as they are aligned perpendicularly to the line of coaptation prior to grasping of the
leaflets. (C) Imaging from the left ventricle perspective demonstrates a closed clip (arrow) creating a double-orifice mitral valve repair.
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D. Echocardiography in Percutaneous Aortic Valve
Replacement

Recently, percutaneous transcatheter aortic valve replacement has
been described, and initial studies are presently being performed
with two distinct biologic valves mounted on stents, which are
crimped onto a balloon and delivered using a valvuloplasty tech-
nique.'”® '8! These valves can be percutaneously placed via a retro-
grade transaortic approach or via a surgical direct transapical
approach.'®%18% Echocardiography plays a critical role in patient se-
lection, particularly in choosing the appropriate size of the prosthesis
to be implanted. In particular, the aortic annular diameter is important
in determining prosthesis size.'8? Small differences in aortic annular
diameter and geometry have been demonstrated between TTE and
TEE. During the procedure, TEE has been used to help ensure appro-
priate positioning of the prosthesis and to assess for paravalvular re-
gurgitation after the valve has been implanted. Real-time 3D TEE
has also been described during this procedure, but its role and incre-
mental value compared with standard TEE are not fully known at this
time.

REFERENCES

1. Pandian NG, Kumar R, Katz SE, Tutor A, Schwartz SL, Weintraub AR,
et al. Real-time, intracardiac, two-dimensional echocardiography: en-
hanced depth of field with a low-frequency (12.5 MHz) ultrasound
catheter. Echocardiography 1991;8:407-22.

2. Pandian NG, Schwartz SL, Weintraub AR, Hsu TL, Konstam MA,
Salem DN. Intracardiac echocardiography: current developments. Int
] Card Imaging 1991;6:207-19.

3. Syracuse DC, Gaudiani VA, Kastl DG, Henry WL, Morrow AG. Intrao-
perative, intracardiac echocardiography during left ventriculomyotomy
and myectomy for hypertrophic subaortic stenosis. Circulation 1978;
58:123-7.

4. Weintraub AR, Schwartz SL, Smith ], Hsu TL, Pandian NG. Intracardiac
two-dimensional echocardiography in patients with pericardial effusion
and cardiac tamponade. ] Am Soc Echocardiogr 1991;4:571-6.

5. Schwartz SL, Pandian NG, Kumar R, Katz SE, Kusay BS, Aronovitz M,
et al. Intracardiac echocardiography during simulated aortic and mitral
balloon valvuloplasty: in vivo experimental studies. Am Heart ] 1992;
123:665-74.

6. Schwartz SL, Pandian NG, Hsu TL, Weintraub A, Cao QL. Intracardiac
echocardiographic imaging of cardiac abnormalities, ischemic myocar-
dial dysfunction, and myocardial perfusion: studies with a 10 MHz ultra-
sound catheter. ] Am Soc Echocardiogr 1993;6:345-55.

7. Hung]S, Fu M, Yeh KH, Wu CJ, Wong P. Usefulness of intracardiac echo-
cardiography in complex transseptal catheterization during percutane-
ous transvenous mitral commissurotomy. Mayo Clin Proc 1996;71:
134-40.

8. Tardif JC, Vannan MA, Miller DS, Schwartz SL, Pandian NG. Potential
applications of intracardiac echocardiography in interventional electro-
physiology. Am Heart | 1994;127:1090-4.

9. Miyamoto N, Kyo S, Motoyama T, Hung J-S, Suzuki S, Aihara S, et al.
Usefulness of intracardiac echocardiography for guidance of transseptal
puncture procedure [in Japanesel. ] Cardiol 1995;25:29-35.

10. Segar DS, Bourdillon PD, Elsner G, Kesler K, Feigenbaum H. Intracardiac
echocardiography-guided biopsy of intracardiac masses. ] Am Soc Echo-
cardiogr 1995;8:927-9.

11. Vazquez de Prada JA, Chen M, Guerrero JL, Padial L, Jiang L,
Schwammenthal E, et al. Intracardiac echocardiography: in vitro and in
vivo validation for right ventricular volume and function. Am Heart ]
1996;131:320-8.

12. Sonka M, Liang W, Kanani P, Allan ], DeJong S, Kerber R, et al. Intracar-
diac echocardiography: computerized detection of left ventricular bor-
ders. Int ] Card Imaging 1998;14:397-411.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Journal of the American Society of Echocardiography
March 2009

. Spencer KT, Kerber R, McKay C. Automated tracking of left ventricular

wall thickening with intracardiac echocardiography. ] Am Soc Echocar-
diogr 1998;11:1020-6.

. Bartel T, Konorza T, Arjumand ], Ebradlidze T, Eggebrecht H, Caspari G,

et al. Intracardiac echocardiography is superior to conventional monitor-
ing for guiding device closure of interatrial communications. Circulation
2003;107:795-7.

. Boccalandro F, Baptista E, Muench A, Carter C, Smalling RW. Compar-

ison of intracardiac echocardiography versus transesophageal echocardi-
ography guidance for percutaneous transcatheter closure of atrial septal
defect. Am ] Cardiol 2004;93:437-40.

. Rhodes JF Jr, Qureshi AM, Preminger T], Tuzcu EM, Casserlyl IP,

Dauterman KW, et al. Intracardiac echocardiography during transcatheter
interventions for congenital heart disease. Am | Cardiol 2003;92:1482-4.

. Mullen M, Dias BF, Walker F, Siu SC, Benson LN, McLaughlin PR. Intra-

cardiac echocardiography guided device closure of atrial septal defects.
] Am Coll Cardiol 2003;41:285-92.

. Marrouche NF, Martin DO, Wazni O, Gillinov M, Klein A, Bhargava M,

et al. Phased-array intracardiac echocardiography monitoring during pul-
monary vein isolation in patients with atrial fibrillation: impact on out-
come and complications. Circulation 2003;107:2710-6.

. Jongbloed MR, Bax J], de Groot NM, Dirksen MS, Lamb H]J, deRoos A,

et al. Radiofrequency catheter ablation of paroxysmal atrial fibrillation:
guidance by intracardiac echocardiography and integration with other
imaging techniques. Eur ] Echocardiogr 2003;4:54-8.

Butera G, Chessa M, Bossone E, Negura DG, De Rosa G, Carminati M.
Transcatheter closure of atrial septal defect under combined transesophageal
and intracardiac echocardiography. Echocardiography 2003;20:389-90.
Martin RE, Ellenbogen KA, Lau YR, Hall JA, Kay GN, Shepard RK et al.
Phased-array intracardiac echocardiography during pulmonary vein isola-
tion and linear ablation for atrial fibrillation. ] Cardiovasc Electrophysiol
2002;13:873-9.

Mangrum JM, Mounsey JP, Kok LC, DiMarco JP, Haines DE. Intracardiac
echocardiography-guided, anatomically based radiofrequency ablation
of focal atrial fibrillation originating from pulmonary veins. ] Am Coll
Cardiol 2002;39:1964-72.

Calo L, Lamberti F, Loricchio ML, D’'Alto M, Castro A, Boggi A, et al.
Intracardiac echocardiography: from electroanatomic correlation to
clinical application in interventional electrophysiology. Ital Heart ] 2002;
3:387-98.

Morton |B, Sanders P, Byrne MJ, Power ], Mow C, Edwards GA, et al.
Phased-array intracardiac echocardiography to guide radiofrequency ab-
lation in the left atrium and at the pulmonary vein ostium. ] Cardiovasc
Electrophysiol 2001;12:343-8.

Hijazi Z, Wang Z, Cao Q, Koenig P, Waight D, Lang R. Transcatheter clo-
sure of atrial septal defects and patent foramen ovale under intracardiac
echocardiographic guidance: feasibility and comparison with transeso-
phageal echocardiography. Catheter Cardiovasc Interv 2001;52:194-9.
Koenig P, Cao QL, Heitschmidt M, Waight D], Hijazi ZM. Role of intra-
cardiac echocardiographic guidance in transcatheter closure of atrial sep-
tal defects and patent foramen ovale using the Amplatzer device. ] Interv
Cardiol 2003;16:51-62.

Koenig PR, Abdulla RI, Cao QL, Hijazi ZM. Use of intracardiac echocar-
diography to guide catheter closure of atrial communications. Echocardi-
ography 2003;20:781-7.

Zanchetta M, Onorato E, Rigatelli G, Pedon L, Zennaro M, Carrozza A,
et al. Intracardiac echocardiography-guided transcatheter closure of
secundum atrial septal defect: a new efficient device selection method.
] Am Coll Cardiol 2003;42:1677-82.

Zanchetta M, Pedon L, Rigatelli G, Carrozza A, Zennaro M, DiMartino R,
et al. Intracardiac echocardiography evaluation in secundum atrial septal
defect transcatheter closure. Cardiovasc Intervent Radiol 2003;26:52-7.
Johnson SB, Seward ]B, Packer DL. Phased-array intracardiac echocardi-
ography for guiding transseptal catheter placement: utility and learning
curve. Pacing Clin Electrophysiol 2002;25:402-7.

Nakai T, Lesh MD, Gerstenfeld EP, Virmani R, Jones R, Lee R]. Percuta-
neous left atrial appendage occlusion (PLAATO) for preventing



Journal of the American Society of Echocardiography
Volume 22 Number 3

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

cardioembolism: first experience in canine model. Circulation 2002;105:
2217-22.

Salem MI, Makaryus AN, Kort S, Chung E, Marchant D, Ong L, et al.
Intracardiac echocardiography using the AculNav ultrasound catheter
during percutaneous balloon mitral valvuloplasty. ] Am Soc Echocardiogr
2002;15:1533-7.

Das P, Prendergast B. Imaging in mitral stenosis: assessment before, dur-
ing and after percutaneous balloon mitral valvuloplasty. Expert Rev Car-
diovasc Ther 2003;1:549-57.

Johnston TA, Jaggers ], McGovern J], O’Laughlin MP. Bedside transseptal
balloon dilation atrial septostomy for decompression of the left heart dur-
ing extracorporeal membrane oxygenation. Catheter Cardiovasc Interv
1999;46:197-9.

Rocha P, Berland ], Rigaud M, Fernandez F, Bourdarias P, Letac B. Fluo-
roscopic guidance in transseptal catheterization for percutaneous mitral
balloon valvotomy. Catheter Cardiovasc Diagn 1991;23:172-6.

Reig ], Mirapeix R, Jornet A, Petit M. Morphologic characteristics of the
fossa ovalis as an anatomic basis for transseptal catheterization. Surg
Radiol Anat 1997;19:279-82.

O’Keefe JH Jr, Vlietstra RE, Hanley PC, Seward ]B. Revival of the trans-
septal approach for catheterization of the left atrium and ventricle.
Mayo Clin Proc 1985;60:790-5.

Roelke M, Smith A], Palacios IF. The technique and safety of transseptal
left heart catheterization: the Massachusetts General Hospital experience
with 1,279 procedures. Catheter Cardiovasc Diagn 1994;32:332-9.
Doorey AJ, Goldenberg EM. Transseptal catheterization in adults: en-
hanced efficacy and safety by low-volume operators using a “non-stan-
dard” technique. Catheter Cardiovasc Diagn 1991;22:239-43.
Lundqyist B, Olsson C, Varnauskas SB. Transseptal left heart catheteriza-
tion: a review of 278 studies. Clin Cardiol 1986;91:21-6.

Hurrell DG, Nishimura RA, Symanski ] D, Holmes DR Jr. Echocardiography
in the invasive laboratory: utility of two-dimensional echocardiography in
performing transseptal catheterization. Mayo Clin Proc 1998;73:126-31.
Mitchel JF, Gillam LD, Sanzobrino BW, Hirst JA, McKay RG. Intracardiac
ultrasound imaging during transseptal catheterization. Chest 1995;108:
104-8.

Epstein LM, Smith T, TenHoff H. Nonfluoroscopic transseptal catheteri-
zation: safety and efficacy of intracardiac echocardiographic guidance. |
Cardiovasc Electrophysiol 1998;9:625-30.

Kyo S, Motoyama T, Miyamoto N, Noda H, Dohi Y, Omoto R. Percuta-
neous introduction of left atrial cannula for left heart bypass: utility of
biplane transesophageal echocardiographic guidance for transseptal
puncture. Artif Organs 1992;16:386-91.

Hanaoka T, Suyama K, Taguchi A, Shimizu W, Kurita T, Aihara N, et al.
Shifting of puncture site in the fossa ovalis during radiofrequency cathe-
ter ablation: intracardiac echocardiography-guided transseptal left heart
catheterization. Jpn Heart ] 2003;44:673-80.

Hahn K, Gal R, Sarnoski ], Kubota ], Schmidt DH, Bajwa TK. Transeso-
phageal echocardiographically guided atrial transseptal catheterization
in patients with normal-sized atria: incidence of complications. Clin Car-
diol 1995;18:217-20.

Szili-Torok T, Kimman G, Theuns D, Res ], Roelandt ]R, Jordaens L]. Trans-
septal left heart catheterisation guided by intracardiac echocardiography.
Heart 2001;86:11-5.

Cafri C, de la Guardia B, Barasch E, Brink |, Smalling RW. Transseptal
puncture guided by intracardiac echocardiography during percutaneous
transvenous mitral commissurotomy in patients with distorted anatomy
of the fossa ovalis. Catheter Cardiovasc Interv 2000;50:463-7.
Kronzon I, Glassman E, Cohen M, Winer H. Use of two-dimensional
echocardiography during transseptal cardiac catheterization. ] Am Coll
Cardiol 1984;4:425-8.

Hung ]S, Fu M, Yeh KH, Chua S, Wu J], Chen YC. Usefulness of intracar-
diac echocardiography in transseptal puncture during percutaneous
transvenous mitral commissurotomy. Am | Cardiol 1993;72:853-4.
Daoud EG, Kalbfleisch S], Hummel ]D. Intracardiac echocardiography to
guide transseptal left heart catheterization for radiofrequency catheter ab-
lation. ] Cardiovasc Electrophysiol 1999;10:358-63.

52.

53.

54.

55.

56.

57.

58.

59.

60.

6l.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Silvestry et al 227

Bishop LHF, Estes EHJ, McIntosh HD. The electrocardiogram as a safe-
guard in pericardiocentesis. JAMA 1956;162:264-5.

Duvernoy O, Borowiec ], Helmius G, Erikson U. Complications of percu-
taneous pericardiocentesis under fluoroscopic guidance. Acta Radiol
1992;33:309-13.

Kerber RE, Ridges ] D, Harrison DC. Electrocardiographic indications of
atrial puncture during pericardiocentsis. N Engl ] Med 1970;282:1142-3.
Tsang T, Enriquez-Sarano M, Freeman W, Barnes ME, Sinak L], Gersh BJ,
et al. Consecutive 1127 therapeutic echocardiographically guided peri-
cardiocenteses: clinical profile, practice patterns, and outcomes spanning
21 years. Mayo Clin Proc 2002;77:429-36.

Tsang T, El-Najdawi E, Freeman W, Hagler D, Seward |, O’'Leary P. Per-
cutaneous echocardiographically guided pericardiocentesis in pediatric
patients: evaluation of safety and efficacy. ]| Am Soc Echocardiogr
1998;11:1072-7.

Tsang T, Freeman W, Barnes M, Reeder G, Packer D, Seward . Rescue
echocardiographically guided pericardiocentesis for cardiac perforation
complicating catheter-based procedures: the Mayo Clinic experience. |
Am Coll Cardiol 1998;32:1345-50.

Tsang T, Barnes M, Hayes S, Freeman WK, Dearani JA, Osborn Butler SL,
et al. Clinical and echocardiographic characteristics of significant pericar-
dial effusions following cardiothoracic surgery and outcomes of echo-
guided pericardiocentesis for management: Mayo Clinic experience,
1979-1998. Chest 1999;116:322-31.

Tsang T, Seward ], Barnes M, Bailey KR, Sinak L], Urban LH, et al. Out-
comes of primary and secondary treatment of pericardial effusion in pa-
tients with malignancy. Mayo Clin Proc 2000;75:248-53.

Cauduro S, Moder K, Tsang T, Seward ]. Clinical and echocardio-
graphic characteristics of hemodynamically significant pericardial effu-
sions in patients with systemic lupus erythematosus. Am | Cardiol
2003;92:1370-2.

Isselbacher EM, Cigarroa JE, Eagle KA. Cardiac tamponade complicating
proximal aortic dissection: is pericardiocentesis harmful? Circulation
1994;90:2375-8.

Mortensen SA, Egeblad H. Endomyocardial biopsy guided by cross-sec-
tional echocardiography. Br Heart ] 1983;50:246-51.

Williams GA, Kaintz RP, Habermehl KK, Nelson ]G, Kennedy HL. Clin-
ical experience with two-dimensional echocardiography to guide endo-
myocardial biopsy. Clin Cardiol 1985;8:137-40.

Miller LW, Labovitz A], McBride LA, Pennington DG, Kanter K. Echocar-
diography-guided endomyocardial biopsy: a 5-year experience. Circula-
tion 1988;78(supp)):111-99-102.

Grande AM, DePieri G, Pederzolli C, Rinaldi M, Vigno M. Echo-guided
endomyocardial biopsy in heterotopic heart transplantation: case report.
] Cardiovasc Surg 1989;39:223-5.

Ragni T, Martivelli L, Goggi C, Speziali G, Rinaldi M, Roda G, et al. Echo-
controlled endomyocardial biopsy. ] Heart Transplant 1990;9:538-42.
Scott BJ, Ettles DF, Rees MR, Williams GJ. The use of combined transeso-
phageal echocardiography and fluoroscopy in the biopsy of a right atrial
mass. Br ] Radiol 1990,63:222-4.

Azuma T, Ohira A, Akagi H, Yamamoto T, Tanaka T. Transvenous biopsy
of a right atrial tumor under transesophageal echocardiographic guid-
ance. Am Heart ] 1996;131:402-4.

Kang SM, Rim §J, Chang HJ, Choi D, Cho SY, Cho SH, et al. Primary car-
diac lymphoma diagnosed by transvenous biopsy under transesophageal
echocardiographic guidance and treated with systemic chemotherapy.
Echocardiography 2003;20:101-3.

Pandian NG, Isner JM, Hougen TJ, Desnoyers MR, Mclnerney K,
Salem DM. Percutaneous balloon valvuloplasty of mitral stenosis aided
by cardiac ultrasound. Am ] Cardiol 1987;59:380-1.

Campbell AN, Hong MK, Pichard AD, Leon MB, Milner MR, Mintz GS,
et al. Routine transesophageal echocardiographic guidance is useful dur-
ing percutaneous transvenous mitral valvuloplasty [abstract]. ] Am Soc
Echocardiogr 1992;5:330.

Kultursay H, Turkogtu C, Akin M, Payzin S, Soydas C, Akilli A. Mitral bal-
loon valvuloplasty with transesophageal echocardiography without using
fluoroscopy. Cathet Cardiovasc Diagn 1992;27:317-21.



228 Silvestry et al

73.

74.

75.

76.

77.

78.

79.

80.

8l.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Nigri A, Alessandri N, Martuscelli E, Mangieri E, Berni A, Comito F. Clin-
ical significance of small left-to-right shunts after percutaneous mitral val-
vuloplasty. Am Heart ] 1993;125:783-6.

Goldstein SA, Campbell AN. Mitral stenosis: evaluation and guidance of
valvuloplasty by transesophageal echocardiography. Cardiol Clin 1993;
11:409-25.

Goldstein SA, Campbell A, Mintz GS, Pichard A, Leon M, Lindsay | Jr.
Feasibility of on-line transesophageal echocardiography during balloon
mitral valvulotomy: experience with 93 patients. ] Heart Valve Dis
1994;3:136-48.

Wilkins GT, Weyman AE, Abascal VM, Block P, Palacios IF. Percutaneous
balloon dilatation of the mitral valve: an analysis of echocardiographic
variables related to outcome and the mechanism of dilatation. Br Heart
] 1998;60:299-308.

Reid CL, Chandraratna AN, Kawanishi DT, Kotlewski A, Rahimtoola SH.
Influence of mitral valve morphology on double-balloon valvuloplasty in
patients with mitral stenosis: analysis of factors predicting immediate and
3-month results. Circulation 1989;80:515-24.

Green NE, Hansgen AR, Carroll JD. Initial clinical experience with intra-
cardiac echocardiography in guiding balloon mitral valvuloplasty: tech-
nique, safety, utility, and limitations. Catheter Cardiovasc Interv 2004;
63:385-94.

Srinivasa KH, Manjunath CN, Dhanalakshmi C, Patil C, Venkatesh HV.
Transesophageal Doppler echocardiographic study of pulmonary venous
flow pattern in severe mitral stenosis and the changes following balloon
mitral valvuloplasty. Echocardiography 2000;17:151-7.

Inoue K, Owaki T, Nakamura T, Kitamura F, Miyamoto N. Clinical appli-
cations of transvenous mitral commissurotomy by a new balloon cathe-
ter. ] Thorac Cardiovasc Surg 1984;87:394-402.

Kandpal B, Gary N, Anand KV, Kapoor A, Sinha N. Role of oral antico-
agulation and Inoue balloon mitral valvulotomy in presence of left atrial
thrombus: a prospective serial transesophageal echocardiographic study.
] Heart Valve Dis 2002;11:594-600.

Waksmonski CA, McKay RG. Echocardiographic diagnosis of valve dis-
ruption following percutaneous balloon valvuloplasty. Echocardiography
1989;6:277-81.

Park S-H, Kim M-A, Hyon M-S. The advantages of on-line transesopha-
geal echocardiography guide during percutaneous balloon mitral valvu-
loplasty. ] Am Soc Echocardiogr 2000;13:26-34.

Chiang C-W, Hsu L-A, Chu P-H, Ko Y-S, Ko Y-L, Cheng NJ, et al. On-line
multiplane transesophageal echocardiography for balloon mitral com-
missurotomy. Am ] Cardiol 1998;81:515-8.

Applebaum RM, Kasliwal RR, Kanojia A, Seth A, Bhandari S, Trehan N,
et al. Utility of three-dimensional echocardiography during balloon mitral
valvuloplasty. ] Am Coll Cardiol 1998;32:1405-9.

Iung B, Cormier B, Discimetiere P, Porte ]-M, Nallet O, Michel P-L, et al.
Functional results 5 years after successful percutaneous mitral commis-
surotomy in a series of 508 patients and analysis of predictive factors. |
Am Coll Cardiol 1996;27:407-14.

Yeh KH, Kung ]S, Wu CJ, Fu M, Chua S, Chern M. Safety of Inoue balloon
mitral commissurotomy in patients with left atrial appendage thrombi.
Am | Cardiol 1995;75:302-4.

Earing MG, Cabalka AK, Seward ]B, Bruce CJ, Reeder GS, Hagler DJ. In-
tracardiac echocardiographic guidance during transcatheter device clo-
sure of atrial septal defect and patent foramen ovale. Mayo Clin Proc
2004;79:24-34.

Lopez L, Ventura R, Welch EM, Nykanen DG, Zahn EM. Echocardio-
graphic considerations during deployment of the Helex septal occluder
for closure of atrial septal defects. Cardiol Young 2003;13:290-8.

Du ZD, Koenig P, Cao QL, Waight D, Heitschmidt M, Hijazi ZM. Com-
parison of transcatheter closure of secundum atrial septal defect using
the Amplatzer septal occluder associated with deficient versus sufficient
rims. Am ] Cardiol 2002;90:865-9.

Alboliras ET, Hijazi ZM. Comparison of costs of intracardiac echocardi-
ography and transesophageal echocardiography in monitoring percuta-
neous device closure of atrial septal defect in children and adults. Am ]
Cardiol 2004;94:690-2.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

Journal of the American Society of Echocardiography
March 2009

Momenah TS, McElhinney DB, Brook MM, Moore P, Silverman NH.
Transesophageal echocardiographic predictors for successful transcath-
eter closure of defects within the oval fossa using the CardioSEAL septal
occlusion device. Cardiol Young 2000;10:510-8.

Nishimura RA, Holmes DR. Hypertrophic cardiomyopathy. N Engl |
Med 2004;350:1320-7.

Maron BJ, DearaniJA, Ommen SR, Maron MS, Schaff HV, Gersh B, et al.
The case for surgery in obstructive hypertrophic cardiomyopathy. ] Am
Coll Cardiol 2004;44:2044-53.

Fananapazir L, Epstein ND, Curiel RV, Panza JA, Tripodi D,
McAreavery D. Long-term results of dual-chamber (DDD) pacing in ob-
structive hypertrophic cardiomyopathy: evidence for progressive symp-
tomatic and hemodynamic improvement and reduction of left
ventricular hypertrophy. Circulation 1994;90:2731-42.

Sigwart U. Non-surgical myocardial reduction for hypertrophic obstruc-
tive cardiomyopathy. Lancet 1995;346:211-4.

Seggewiss H, Gleichmann U, Faber L, Fassbender D, Schmidt HK,
Strick S. Percutaneous transluminal septal myocardial ablation in hyper-
trophic obstructive cardiomyopathy: acute results and 3-month follow-
up in 25 patients. ] Am Coll Cardiol 1998;31:252-8.

Lakkis NM, Nagueh SF, Kleiman NS, Killip D, He Z-X, Verani MS, et al.
Echocardiography-guided ethanol septal reduction for hypertrophic ob-
structive cardiomyopathy. Circulation 1998;98:1750-5.

Kimmelstiel CD, Maron BJ. Role of percutaneous septal ablation in hy-
pertrophic obstructive cardiomyopathy. Circulation 2004;109:452-5.
Faber L, Seggewiss H, Welge D, Fassbender D, Schmidt HK, Gleichmann U,
et al. Echo-guided percutaneous septal ablation for symptomatic hypertro-
phic cardiomyopathy: 7 years of experience. Eur ] Echocardiogr 2004;5:
347-55.

Hess OM, Sigwart U. New treatment strategies for hypertrophic obstruc-
tive cardiomyopathy: alcohol ablation of the septum: the new gold stan-
dard? ] Am Coll Cardiol 2004;44:2054-5.

Faber L, Seggewiss H, Gleichmann U. Percutaneous transluminal septal
myocardial ablation in hypertrophic obstructive cardiomyopathy: results
with respect to intra-procedural myocardial contrast echocardiography.
Circulation 1998;98:2415-21.

Kuhn H, Gietzen FH, Schafers M, Freick M, Gockel B, Strunk-Muller C,
et al. Changes in the left ventricular outflow tract after transcoronary ab-
lation of septal hypertrophy (TASH) for hypertrophic obstructive cardio-
myopathy as assessed by transesophageal echocardiography and by
measuring myocardial glucose utilization and perfusion. Eur Heart |
1999;20:1808-17.

Faber L, Meissner A, Ziemssen P, Seggewiss H. Percutaneous translumi-
nal septal myocardial ablation for hypertrophic cardiomyopathy. Heart
2000;83:326-31.

Faber L, Ziemssen P, Seggewiss H. Targeting percutaneous transluminal
septal ablation for hypertrophic obstructive cardiomyopathy by intrapro-
cedural echocardiographic monitoring. ] Am Soc Echocardiogr 2000; 13:
1074-9.

Flores-Ramirez R, Lakkis NM, Middleton K], Killip D, Spencer WH 1I],
Nagueh SE. Echocardiographic insights into the mechanisms of relief of
left ventricular outflow tract obstruction after nonsurgical septal reduc-
tion therapy in patients with hypertrophic obstructive cardiomyopathy.
] Am Coll Cardiol 2001;37:208-14.

Nagueh SF, Lakkis NM, He ZX, Middleton K], Killip D, Zoghbi WA, et al.
Role of myocardial contrast echocardiography during non-surgical septal
reduction therapy for hypertrophic obstructive cardiomyopathy. ] Am
Coll Cardiol 1998;32:225-9.

Maron BJ, McKenna W], Danielson GK, Kappenberger L], Kuhn H]J,
Seidman CE, et al,, for the Task Force on Clinical Expert Consensus Doc-
uments, American College of Cardiology, and Committee for Practice
Guidelines, European Society of Cardiology. American College of Cardi-
ology/European Society of Cardiology clinical expert consensus docu-
ment on hypertrophic cardiomyopathy: a report of the American
College of Cardiology Foundation Task Force on Clinical Expert Consen-
sus Documents and the European Society of Cardiology Committee for
Practice Guidelines. ] Am Coll Cardiol 2003;42:1687-713.



Journal of the American Society of Echocardiography
Volume 22 Number 3

109.

110.

111

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

Maron BJ, McKenna W], Danielson GK, Kappenberger L], Kuhn H],
Seidman CE, et al, for the American College of Cardiology Foundation
Task Force on Clinical Expert Consensus Documents, and European So-
ciety of Cardiology, Committee for Practice Guidelines. American Col-
lege of Cardiology/European Society of Cardiology clinical expert
consensus document on hypertrophic cardiomyopathy: a report of the
American College of Cardiology Foundation Task Force on Clinical Ex-
pert Consensus Documents and the European Society of Cardiology
Committee for Practice Guidelines. Eur Heart ] 2003;24:1965-91.
Olgin JE, Kalman JM, Fitzpatrick AP, Lesh MD. Role of right atrial endo-
cardial structures as barriers to conduction during human type I atrial flut-
ter: activation and entrainment mapping guided by intracardiac
echocardiography. Circulation 1995;92:1839-48.

Kalman JM, Olgin JE, Saxon LA, Fisher WG, Lee R], Lesh MD. Activation
and entrainment mapping defines the tricuspid annulus as the anterior
barrier in typical atrial flutter. Circulation 1996,94:398-406.

Saxon LA, Stevenson WG, Fonarow GC, Middlekauff HR, Yeatman LA,
Sherman CT, et al. Transesophageal echocardiography during radiofre-
quency catheter ablation of ventricular tachycardia. Am ] Cardiol
1993;72:658-61.

Packer D, Kapler ], Hammill S, Stanton M, Khandheria B, Seward ]. Char-
acterization of the pathophysiologic sequelae of the impedance rise dur-
ing radiofrequency ablation of accessory pathways. Circulation 1991;84:
11-709.

Goldman AP, Irwin JM, Glover MU, Mick W. Transesophageal echocar-
diography to improve positioning of radiofrequency ablation catheters
in left-sided Wolff-Parkinson-White syndrome. Pacing Clin Electrophysiol
1991;14:1245-50.

Lai WW, Al-Khatib Y, Klitzner TS, Child |S, Wetzel GT, Saxon LA, et al.
Biplanar transesophageal echocardiographic direction of radiofrequency
catheter ablation in children and adolescents with the Wolff-Parkinson-
White syndrome. Am | Cardiol 1993;71:872-4.

Packer DL, Stevens CL, Curley MG, Bruce CJ, Miller FA, Khandheria BK,
et al. Intracardiac phased-array imaging methods and initial clinical expe-
rience with high resolution, under blood visualization: initial experience
with intracardiac phased-array ultrasound. ] Am Coll Cardiol 2002;39:
509-16.

Olgin JE, Kalman JM, Chin M, Stillson C, Maguire M, Ursel P, et al. Elec-
trophysiological effects of long, linear atrial lesions placed under intracar-
diac ultrasound guidance. Circulation 1997;96:2715-21.

Epstein LM, Mitchell MA, Smith TW, Haines DE. Comparative study of
fluoroscopy and intracardiac echocardiographic guidance for the creation
of linear atrial lesions. Circulation 1998;98:1796-801.

Roithinger FX, Steiner PR, Godeki Y, Goseki Y, Liese KS, Scholtz DB,
et al. Low-power radiofrequency application and intracardiac echocardi-
ography for creation of continuous left atrial linear lesions. ] Cardiovasc
Electrophysiol 1999;10:680-91.

Chugh SS, Chan RC, Johnson SB, Packer DL. Catheter tip orientation af-
fects radiofrequency ablation lesion size in the canine left ventricle. Pac-
ing Clin Electrophysiol 1999;22:413-20.

Chan RC, Johnson SB, Seward ] B, Packer DL. The effect of ablation elec-
trode length and catheter tip/endocardial orientation on radiofrequency
lesion size in the canine right atrium. Pacing Clin Electrophysiol 2002;25:
4-13.

Doi A, Takagi M, Toda |, Teragaki M, Yoshiyama M, TakeuchiK, et al. Real
time quantification of low temperature radiofrequency ablation lesion
size using phased array intracardiac echocardiography in the canine
model: comparison of two-dimensional images with pathological lesion
characteristics. Heart 2003;89:923-7.

Roman-Gonzalez |, Johnson SB, Wahl MR, Packer DL. Utility of echo-
contrast for accurate prediction of chronic radiofrequency lesion di-
mensions in ventricular tissue. Pacing Clin Electrophysiol 2001;24:
681A.

Kalman JM, Olgin JE, Karch MR, Hamdan M, Lee R, Lesh MD. “Cristal
tachycardias”: origin of right atrial tachycardias from the crista terminalis
identified by intracardiac echocardiography. ] Am Coll Cardiol 1998;31:
451-9.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Silvestry et al 229

Batra R, Nair M, Kumar M, Mohan ], Shah P, Kaul U, et al. Intracardiac
echocardiography guided radiofrequency catheter ablation of the slow
pathway in atrioventricular nodal reentrant tachycardia. ] Interv Card
Electrophysiol 2002;6:43-9.

Kalman JLR, Fisher WG, Chin MC, Fisher WG, Chin MC, Ursell P, et al.
Radiofrequency catheter modification of sinus pacemaker function
guided by intracardiac echocardiography. Circulation 1995;92:3070-81.
Jongbloed MR, Bax |, Zeppenfeld K, van der Wall EE, Schalij M]. Ana-
tomical observations of the pulmonary veins with intracardiac echocardi-
ography and hemodynamic consequences of narrowing of pulmonary
vein ostial diameters after radiofrequency catheter ablation of atrial fibril-
lation. Am ] Cardiol 2004;93:1298-302.

Okishige K, Kawabata M, Yamashiro K, Ohshiro C, Umayahara S,
Gotoh M, et al. Clinical study regarding the anatomical structures of
the right atrial isthmus using intra-cardiac echocardiography: implication
for catheter ablation of common atrial flutter. ] Interv Card Electrophysiol
2005;12:9-12.

Morton ]B, Sanders P, Davidson NC, Sparks PB, Vohra JK, Kalman JM.
Phased-array intracardiac echocardiography for defining cavotricuspid
isthmus anatomy during radiofrequency ablation of typical atrial flutter.
] Cardiovasc Electrophysiol 2003;14:591-7.

Packer DL, Monahan KH, Peterson LA, Friedman PA, Munger TM,
Hammill SC, et al. Predictors of successful atrial fibrillation ablation
through pulmonary vein isolation. Pacing Clin Electrophysiol 2003;26:
962.

Razavi M, Munger TM, Shen WK, Packer DL. Intracardiac ultrasound val-
idation of dense scar delineation by electro-anatomic voltage mapping.
Pacing Clin Electrophysiol 2003;26:930.

Callans DJ, Ren JF, Narula N, Michele ], Marchlinski FE, Dillon SM. Ef-
fects of linear, irrigated-tip radiofrequency ablation in porcine healed an-
terior infarction. ] Cardiovasc Electrophysiol 2001;12:1037-42.

Wilber DJ, Kopp DE, Glascock DN, Kinder CA, Kall JG. Catheter abla-
tion of the mitral isthmus for ventricular tachycardia associated with in-
ferior infarction. Circulation 1995;92:3481-9.

Arruda M, Wang ZT, Patel A, Anders RA, Kall ]G, Kopp D, et al. Intracar-
diac echocardiography identifies pulmonary vein ostea more accurately
than conventional angiography. ] Am Coll Cardiol 2000;35:110A.
Wood MA, Wittkamp M, Henry D, Martin R, Nixon ]V, Shepard RK, et al.
A Comparison of pulmonary vein ostial anatomy by computerized to-
mography, echocardiography, and venography in patients with atrial fi-
brillation having radiofrequency catheter ablation. Am | Cardiol 2004;
93:49-53.

Asirvatham S, Friedman PA, Packer DL, Edwards WD. Is there an endo-
cardial marker for the vein/ligament of Marshall? Circulation 2001;104:
1I-568.

Packer DL, Darbar D, Bluhm CM, Monahan KH, Peterson L,
Munger TM, et al. Utility of phased-array intracardiac ultrasound for guid-
ing the positioning of the lasso mapping catheter in pulmonary veins un-
dergoing AF ablation [abstractl. Circulation 2001;104:11-620.

Swarup V, Azegami K, Arruda M, Burke MC, Lin AC, Wilber D].
Four-vessel pulmonary vein isolation guided by intra-cardiac echocar-
diography without contrast venography in patients with drug refrac-
tory paroxysmal atrial fibrillation [abstractl. ] Am Coll Cardiol 2002;
39:114A.

Bunch TJ, Bruce GK, Johnson SB, Milton MA, Sarabanda AV, Packer DL.
Analysis of catheter-tip (8-mm) and actual tissue temperatures achieved
during radiofrequency ablation at the orifice of the pulmonary vein.
Circulation 2004;110:2988-95.

Verma A, Marrouche NF, Natale A. Pulmonary vein antrum isolation: in-
tracardiac echocardiography-guided technique. ] Cardiovasc Electrophy-
siol 2004;15:1335-40.

Bruce GK, Milton MA, Bunch TJ, Sarabanda A, Johnson SB, Packer DL.
Catheter tip/tissue temperature discrepancies in cooled-tip ablation: rel-
evance to guiding left atrial ablation. Circulation 2005;12:954-60.
Asirvatham S, Packer DL, Johnson SB. Ultrasound vs. temperature feed-
back monitoring microcatheter ablation in the canine atrium [abstractl.
Pacing Clin Electrophysiol 1999;22:822A.



230 Silvestry et al

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

Roman-Gonzalez |, Asirvatham S, Razavi M, Packer DL, Grice SK,
Friedman PA, et al. Marked discrepancies between catheter tip temper-
ature registration and pulmonary vein tissue changes during ablation of
focal atrial fibrillation in patients [abstract]l. Pacing Clin Electrophysiol
2001;24:656A.

Ren JF, Marchlinski FE, Callans S]. Left atrial thrombus associated with
ablation for atrial fibrillation: identification with intracardiac echocardiog-
raphy. ] Am Coll Cardiol 2004;43:1861-7.

Bruce (], Friedman PA, Asirvatham S], Munger TM, Shen W-K,
Peterson LA, et al. Frequency of left atrial thrombus occurrence in pa-
tients with atrial fibrillation during pulmonary vein isolation despite anti-
coagulation [abstract]. Circulation 2003;108:1V-321.

Ren JF, Marchlinski FE, Callans D], Zado ES. Intracardiac Doppler echo-
cardiographic quantification of pulmonary vein flow velocity: an effective
technique for monitoring pulmonary vein ostia narrowing during focal
atrial fibrillation ablation. ] Cardiovasc Electrophysiol 2002;13:1076-81.
Saad EB, Cole CR, Marrouche NF, Dresing T], Perez-Lugones A,
Saliba W], et al. Use of intracardiac echocardiography for prediction of
chronic pulmonary vein stenosis after ablation of atrial fibrillation. ] Car-
diovasc Electrophysiol 2002;13:986-9.

Ren JF, Marchlinski FE, Callans DJ. Effect of heart rate and isoproterenol
on pulmonary vein flow velocity following radiofrequency ablation:
a Doppler color flow imaging study. | Interv Card Electrophysiol 2004;
10:265-9.

Alfieri O, De Bonis M, Lapenna E, Regesta T, Maisano F, Torracca L, et al.
“Edge-to-edge” repair for anterior mitral leaflet prolapse. Semin Thorac
Cardiovasc Surg 2004;16:182-7.

De Bonis M, Lapenna E, La Canna G, Ficarra E, Pagliaro M, Torracca L,
et al. Mitral valve repair for functional mitral regurgitation in end-stage
dilated cardiomyopathy: role of the “edge-to-edge” technique. Circula-
tion 2005;112:1-402-8.

Maisano F, Torracca L, Oppizzi M, Stefano PL, D’Addario G, LaCanna G,
et al. The edge-to-edge technique: a simplified method to correct mitral
insufficiency. Eur ] Cardiothorac Surg 1998;13:240-5.

Alfieri O, Maisano F, Colombo A, Pappone C, La Canna G, Zangrillo A.
Percutaneous mitral valve repair: an attractive perspective and an oppor-
tunity for teamwork. Ital Heart ] 2004;5:723-6.

Block PC. Percutaneous mitral valve repair for mitral regurgitation. ] In-
tervent Cardiol 2003;16:93-6.

Daimon M, Shiota T, Gillinov AM, Hayase M, Ruel M, Cohn WE, et al.
Percutaneous mitral valve repair for chronic ischemic mitral regurgita-
tion: a real-time three-dimensional echocardiographic study in an ovine
model. Circulation 2005;111:2183-9.

Feldman T, Wasserman HS, Herrmann HC, Gray W, Block PC,
Whitlow P, et al. Percutaneous mitral valve repair using the edge-to-
edge technique: six-month results of the EVEREST phase I clinical trial.
] Am Coll Cardiol 2005;46:2134-40.

Herrmann HC, Wasserman HS, Whitlow P, Block PC, Gray WA, Foster E,
et al. Percutaneous edge-to-edge mitral valve repair using the Evalve
MitraClip™ device: initial one year results of the EVEREST phase 1 trial
[abstractl. Circulation 2005;112:11-520.

Liddicoat JR, MacNeill BD, Gillinov AM, Cohn WE, Chin C-H,
Prado AD, et al. Percutaneous mitral valve repair: a feasibility study in
an ovine model of acute ischemic mitral regurgitation. Catheter Cardio-
vasc Interv 2003;60:410-6.

Palacios IF. Percutaneous valve replacement and repair: fiction or reality?
] Am Coll Cardiol 2004;44:1662-3.

Madden ]. Resection of the left auricular appendix. JAMA 1948;140:
769-72.

Bailey C, Olsen A, Keown K, Nichols HT, Jamison WL. Commissurot-
omy for mitral stenosis technique for prevention of cerebral complica-
tions. JAMA 1952;149:1085-91.

Belcher JR, Somerville W. Systemic embolism and left atrial thrombosis in
relation to mitral stenosis. Br Med ] 1955;2:1000-3.

Bonow RO, Carabello B, de Leon AC Jr, Edmunds LH Jr, Fedderly B],
Freed MD, et al. ACC/AHA guidelines for the management of patients
with valvular heart disease: a report of the American College of Cardiol-

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

Journal of the American Society of Echocardiography
March 2009

ogy/American Heart Association Task Force on Practice Guidelines
(Committee on Management of Patients With Valvular Heart Disease).
] Am Coll Cardiol 1998;32:1486-582.

Cox JL. The surgical treatment of atrial fibrillation, IV: surgical technique.
] Thorac Cardiovasc Surg 1991;101:584-92.

Johnson WD, Ganjoo AK, Stone CD, Srivyas RC, Howard M. The left
atrial appendage: our most lethal human attachment: surgical implica-
tions. Eur ] Cardiothorac Surg 2000;17:718-22.

Sievert H, Lesh MD, Trepels T, Omran H, Bartorelli A, Bella PD, et al.
Percutaneous left atrial appendage transcatheter occlusion to prevent
stroke in high-risk patients with atrial fibrillation. Circulation 2002;
105:1887-9.

Hanna IR, Kolm P, Martin R, Reisman M, Gray W, Block PC. Left atrial
structure and function after percutaneous left atrial appendage transcath-
eter occlusion (PLAATO): six-month echocardiographic follow-up. ] Am
Coll Cardiol 2004;43:1868-72.

Sick PB, Schuler G, Hauptmann KE, Grube E, Yakubov S, Turi ZG, et al.
Initial Worldwide experience with the WATCHMAN left atrial append-
age system for stroke prevention in atrial fibrillation. ] Am Coll Cardiol
2007;49:1490-5.

McCreery C], McCulloch M, Ahmad M, deFilippi CR. Real-time 3-di-
mensional echocardiography imaging for right ventricular endomyocar-
dial biopsy: a comparison with fluoroscopy. ] Am Soc Echocardiogr
2001;14:927-33.

Chauvel C, Bogino E, Clerc P, Fernandez G, Vernhet J-C, Becat A, et al. Use-
fulness of three-dimensional echocardiography for the evaluation of mitral
valve prolapse: an intraoperative study. ] Heart Valve Dis 2000;9:341-9.
Sutaria N, Northridge D, Masani N, Pandian N. Three dimensional echo-
cardiography for the assessment of mitral valve disease. Heart 2000;84:
7-10.

Ahmed S, Nanda NC, Miller AP, Nekkanti R, Yousif AM, Pacifico AD,
et al. Usefulness of transesophageal three-dimensional echocardiography
in the identification of individual segment/scallop prolapse of the mitral
valve. Echocardiography 2003;20:203-9.

Langerveld ], Valocik G, Plokker HWT, Ernst SMPG, Mannaerts FJ,
Kelder JC, et al. Additional value of three-dimensional transesophageal
echocardiography for patients with mitral valve stenosis undergoing bal-
loon valvuloplasty. ] Am Soc Echocardiogr 2003;16:841-9.

Sugeng L, Weinert L, Lammertin G, Thomas P, Spencer KT, DeCara |JM,
et al. Accuracy of mitral valve area measurements using transthoracic
rapid freehand 3-dimensional scanning: comparison with noninvasive
and invasive methods. ] Am Soc Echocardiogr 2003;16:1292-300.
Fann JI, St Goar FG, Komtebedde ], Oz MC, Block PC, Foster E, et al.
Beating heart catheter-based edge-to-edge mitral valve procedure in
a porcine model: efficacy and healing response. Circulation 2004;110:
988-93.

Cooke JC, Gelman S, Harper RW. Echocardiologists role in the deploy-
ment of the Amplatzer atrial septal occluder device in adults. ] Am Soc
Echocardiogr 2001;14:588-94.

Maeno 'Y, Benson L, Boutin C. Impact of dynamic 3D transesophageal echo-
cardiography in the assessment of atrial septal defects and occlusion by the
double-umbrella device (CardioSEAL). Cardiol Young 1998;8:368-78.
Sinha A, Nanda NC, Misra V, Khanna D, Dod HS, Vengala S, et al. Live
three-dimensional transthoracic echocardiographic assessment of trans-
catheter closure of atrial septal defect and patent foramen ovale. Echocar-
diography 2004;21:749-53.

Cribier A, Eltchaninoff H, Bash A, Borenstein N, Tron C, Bauer F, et al.
Percutaneous transcatheter implantation of an aortic valve prosthesis
for calcific aortic stenosis: first human case description. Circulation
2002;106:3006-8.

Cribier A, Eltchaninoff H, Tron C, Bauer F, Agatiello C, Sebagh L, et al.
Early experience with percutaneous transcatheter implantation of heart
valve prosthesis for the treatment of end-stage inoperable patients with
calcific aortic stenosis. ] Am Coll Cardiol 2004;43:698-703.
Lichtenstein SV, Cheung A, Ye ], Thompson CR, Carere RG, Pasupati S,
et al. Transapical transcatheter aortic valve implantation in humans: initial
clinical experience. Circulation 2006;114:591-6.



Journal of the American Society of Echocardiography
Volume 22 Number 3

181. Webb ]G, Pasupati S, Humphries K, Thompson C, Altwegg L, Moss R,
et al. Percutaneous transarterial aortic valve replacement in selected
high-risk patients with aortic stenosis. Circulation 2007;116:755-63.

182. Ye], Cheung A, Lichtenstein SV, Pasupati S, Carere RG, Thompson CR,
et al. Six-month outcome of transapical transcatheter aortic valve implan-

tation in the initial seven patients. Eur | Cardiothorac Surg 2007;31:
16-21.

183.

184.

Silvestry et al 231

Moss RG, Ivens E, Pasupati S, Humphries K, Thompson C, Munt B. Role
of echocardiography in percutaneous aortic valve implantation. ] Am
Coll Cardiol Imaging 2008;1:15-24.

Berry C, Oukerrag L, Asgar A, Lamarche Y, Marcheix B, Denault AY,
et al. Role of transesophageal echocardiography in percutaneous aortic

valve replacement with the CoreValve revalving system. Echocardiogra-
phy 2008;25:840-8.



	Echo Guided Intervention_Chinese
	2009_Echo-Guided-Interventions
	Echocardiography-Guided Interventions
	Accreditation Statement:
	Target Audience:
	Learning Objectives:
	Author Disclosures:
	Abstract
	Introduction
	General Imaging Considerations
	TTE
	TEE
	ICE

	Echocardiography in Transseptal Catheterization
	Echocardiography-Guided Pericardiocentesis
	Safety and Efficacy of Echocardiography-Guided Pericardiocentesis
	Technique of Echocardiography-Guided Pericardiocentesis
	Precautions and Contraindications

	Use of Echocardiography to Guide Myocardial Biopsy
	Echocardiographic Guidance of Percutaneous Transvenous Balloon Mitral Valvuloplasty
	General Imaging Considerations
	Immediate Assessment of Results
	Early Detection of Complications
	Limitations
	Effect on Outcomes

	Echocardiographic Guidance of Atrial Septal Defect and Patent Foramen Ovale Closure
	Introduction
	Echocardiographic Modalities
	General Procedural Considerations

	Echocardiographic Guidance of Alcohol Septal Ablation for Hypertrophic Obstructive Cardiomyopathy
	Introduction and Indications
	Methods for Guidance
	Immediate Assessment of Results
	Outcome Data

	Intracardiac Echocardiography and Cardiac Electrophysiology
	Anatomy-Dependent Arrhythmias
	Phased-Array Imaging
	Ultrasound-Guided Anatomic Ablation
	Ablation of AF
	Monitoring for Ablation-Related Complications

	Future Directions
	Echocardiography in Complex Mitral Valve Procedures (Investigational Devices)
	Role of Echocardiography in the Placement of LAA Occluders (Investigational Devices)
	3D Echocardiography
	Echocardiography in Percutaneous Aortic Valve Replacement

	References



