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Abstract

The intracardiac echocardiography (ICE) offers a detailed
visualization of the cardiac structures, in association with
hemodynamic information, allowing the precise and real-time
positioning of the catheters, decreasing the time of exposure to
fluoroscopy and the monitoring of acute complications during
the electrophysiological procedure (i.e., formation of thrombi,
pericardial effusion, cardiac tamponade), Consequently, its
use has progressively increased, mainly in the ablation of
atrial fibrillation and ventricular arrhythmias. It has shown to
be very useful in the ablation of atrial fibrillation by providing
anatomic data on the left atrium and pulmonary veins, helping
in transseptal punctures, locating the ostium and antrum
of the pulmonary veins, monitoring tissue injury during
radiofrequency (RF) use, preventing esophageal injury by
monitoring the injuries caused by RF on the left atrial posterior
wall and assessing the pulmonary vein flow.

Introduction

The intracardiac echocardiography (ICE) is a method
that allows the detailed visualization of cardiac structures,
associated with hemodynamic information. Consequently,
its use has progressively increased in several interventionist
cardiology procedures, among them: transseptal puncture,
closing of atrial septal defect’, detection of intracardiac
thrombus, balloon valvuloplasty?, diagnosis/biopsy of
intracardiac mass and electrophysiological procedures, such as
ablation of atrial fibrillation (AF)*, atrial flutter and ventricular
tachycardia* and occlusion of the left atrial appendage®.

The ICE is performed by percutaneous venous approach,
usually through a 10 to 11 French vascular introducer in the
femoral vein, which is positioned in the right cavities. The
2" generation or 64-element systems (Acunav™, Siemens
Medical Solutions, USA and ViewMate™, EPMedSystems,
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USA) operate at a ufrequency of 5 to 10 MHz and allow
the visualization of two-dimensional images, M-mode and
color-Doppler images. The catheters are multidirectional
and can be handled at two planes (anteroposterior and right-
left). These systems offer a penetration of 12 cm in depth,
allowing the visualization of structures on the left side of the
heart, when positioned on the right side. Through rotational
movements (clockwise and anticlockwisecounterclockwise)
and deflections, one can obtain images of several cardiac
structures. More rarely, the positioning of the catheter in the
right ventricular cavity or within the coronary sinus can also
be useful in the visualization (Figure 1).

At the laboratory of electrophysiology laboratory, the use
of the ICE has been progressively increasing in practice, as
it presents important advantages, such as decreased time
of exposure to fluoroscopy, allowing a more accurate and
updated information on the positioning of the catheters and
their association with the anatomical structures®, as well as
enabling the monitoring of acute complications during the
procedure (thrombus formation, cardiac tamponade, gas
embolism etc) (Table 1).

The ICE can be used to detect the presence of thrombi
before or during interventions on the left side of the heart.
Additionally, it detects the presence of spontaneous contrast
(Figure 2) and decreased left atrial appendage filling velocity
< 20 cm/s, factors that are associated with an increased risk
of thromboembolic events’.

The images recorded by the ICE located in the right atrium
allow an accurate visualization of the interatrial septum (IAS),
facilitating the transseptal puncture directing it posteriorly,
thus facilitating access to the pulmonary veis and the left atrial
posterior wall and its directioning (i.e., posterior for better
access to the pulmonary veins) and increasing the safety of the
intervention, with a consequent lower rate of complications
(i.e., aortic puncture, pericardial puncture or tamponade,
systemic arterial embolism and vena cava puncture) (Figure 3).

The precise location of important endocardial structures
and their association with the catheters is essential for a
successful ablation. The ICE facilitates the understanding of
the cardiac anatomy, being superior to the simple fluoroscopic
method (Table 2). Zanchetta et al® demonstrated an excellent
accuracy of the images of intracardiac structures provided by
the ICE, when compared to those obtained through cardiac
magnetic resonance imaging.

The ICE also allows the monitoring of the contact
of the catheters with the tissue and the formation of
radiofrequency lesions. There is a good correlation between
the ultrasonographic image and the pathology of lesion, as
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Figure 1 - Positioning of the intracardiac echocardiography (ICE) probe in the right atrium through fluoroscopy (to the left). Schematic visualization (to the right). ICE

probe handling (below).

Use of the intracardiac echocardiography in cardiac
arrhythmias

Detect intracardiac thrombus

Help in transseptal puncture

Identify endocardial structures

Locate catheters with accuracy

Monitor and quantify radiofrequency ablation lesions

Monitor complications during the procedure (formation of thrombus, embolism,
tamponade, vein stenosis)

Evaluate the atrial mechanical function

seen in a canine model®. The ICE demonstrates edema and/
or increased echogenicity at the site of ablation®"".

The electrophysiological procedures carried out under ICE
visualization are safer and allow the immediate identification
of complications that are inherent to the procedure, such as
the early detection of cardiac perforation, pericardial effusion
or tamponade (Figure 4).

The formation of thrombi and the occurrence of embolic
events are feared complications, mainly during procedures

carried out on the left side of the heart. The ICE allows the
early identification of this complication, facilitating the prompt
decision-making to prevent systemic embolism'*'* (Figure 5).

ICE nain the ablation of atrial fibrillation

The catheter ablation of AF was initially described by
Chen and Haissaguere'* and has, as a primary objective, the
elimination of triggering ectopic foci within the pulmonary
veins, through the electrical isolation of the connections of
the pulmonary veins with the left atrium.

In contrast with other ablations of supraventricular
tachycardia, the ablation of AF requires access to the
left atrium through two transseptal punctures, with the
patient fully anticoagulated and a more extensive approach
through multiple radiofrequency lesion; thus, the ablation
of AF has a longer duration and presents a higher risk of
complications (thromboembolism, pulmonary vein stenosis
or esophageal injury)'.

Several strategies to guide the isolation of the pulmonary
veins have been described and among them, the angiography-
guided ablation, the electroanatomic mapping and the
electrophysiological mapping guided by the ICE.
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Figure 2 - Visualization of endocardial structures of the heart. IAS - interatrial septum. Eso - esophagus. Ao - aorta. PV - pulmonary vein. Significant spontaneous

contrast in the left atrium.
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Figure 3 - Transseptal puncture carried out under direct visualization of the interatrial septum (IAS) through intracardiac echocardiography. Atrial septum “tenting” can

be observed due to sheath pressure. LA - left atrium.

The ICE supplies precise information on the anatomy of
the pulmonary veins and clearly demonstrates the presence
of anatomic variations, such as the common drainage and
accessory veins.

The HRS/EHRA/ECAS Expert Consensus Statement

on Catheter and Surgical Ablation of Atrial Fibrillation®
recommends the use of ICE based on the following advantages:

1. Safer transseptal puncture (through the direct visualization
of the interatrial septum, without the need to use iodine
contrast). The ICE allows such punctures to be performed
in patients that are fully anticoagulated, which decreases
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the probability of thrombus formation within the left
atrium and decreases the incidence of cardiac tamponade.

Defines the anatomy of pulmonary veins.

Allows the precise positioning of circular mapping
catheters in the ostium of pulmonary veins, helping to
determine the sites where the radiofrequency must be
applied, preventing its use within the pulmonary veins
(which increases the risk of vein stenosis) Packer et al'’
demonstrated that the angiography-guided technique can
present a discrepancy > 10 mm when defining the ostium
of pulmonary veins with precision, when compared to ICE
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(Figure 2). This is an important aspect, considering that the
pulmonary vein stenosis is a severe condition with a high
rate of morbimortality.

4. Evaluates the contact between the catheter and the cardiac

tissue, which is essential to promote the transmurality of
ablation lesions'.

5. Early identification of thrombus formation within the left
atrium'13,

Structures/images visualized through the intracardiac
echocardiography that are useful for electrophysiology

Cardiac images/structures Clinical use

Interatrial septum/foramen ovale Transseptal puncture

Implant of left ventricular electrode,
ablation of supraventricular
tachyarrhythmias

Coronary sinus ostium

Cavotricuspid isthmus Ablation of atrial flutter

Koch'’s triangle Ablation of AV node reentry

Vein anomalies, ablation of atrial

Pulmonary veins fibrillation

Left atrial appendage Thrombus, flow velocity

Atrial fibrillation ablation, prevention

Esophagus of atrioesophageal fistula

Ablation of flutter and atrial

Radiofrequency lesions fibrillation and VT

Endocardial microbubbles Ablation of atrial fibrillation

Acute complication of ablation in

Thrombus in the left atrium )
left atrium

Stroke, tamponade, epicardial

Pericardium ablation

6. Thesuccess of the AF ablation depends on the transmurality
of the lesion to guarantee the electrical isolation'%°; large-
caliber catheters (8 mm) or those with irrigation result in
high-potency release and greater tissue damage, and,
consequently, a higher risk of complications?'?2. The
ICE promotes the monitoring of microbubble formation,
which reflect tissue overheating, with consequent potency
titration of radiofrequency use, when the 8-mm catheter
is employed? 2.

7. Identifies and predicts stenosis of the pulmonary veins,
through the measurement of the flow velocity in the ostium
of the pulmonary veins before and after the procedure?.

8. Prevents esophageal injury through the identification of the
esophagus and visualization of morphological changes on
the posterior atrial wall adjacent to the anterior esophageal
wall. The radiofrequency energy can be titrated based on
the echogenicity of the formed lesion>%".

The occurrence of pulmonary vein stenosis can be
monitored by ICE through the measurement of the ostium of
the pulmonary veins and systolic and diastolic flow velocities
before and after the catheter ablation for AF. Generally, acute
alterations in the flow velocity of the pulmonary veins resolve
within three months; however, cases of severe stenosis can
occur®. Acute changes of mild to moderate intensity in
hemodynamics and the measurements of the ostium of the
pulmonary veins do not seem to be correlated with the late
stenosis of the pulmonary veins®.

ICE in the ablation of atrial flutter

The ablation of the typical flutter is carried out through
a cavotricuspid isthmus block line. Sometimes, there are
anatomical diversities that make the ablation of this isthmus
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Figure 4 - Visualization of moderate pericardial effusion during AF ablation procedure.
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Figure 5 - Intracardiac echocardiographic images showing thrombus in the left atrium (yellow-dotted line), adhered to the circular decapolar catheter (Lasso™) located

in the left upper pulmonary vein.

difficult. The ICE provides a direct visualization of this isthmus
and its variations, such as the presence of crests, recesses, sacs,
trabeculations, facilitating the ablation of the isthmus flutter'®.
The ICE becomes quite useful in patients with Ebstein’s anomaly,
who frequently present cavotricuspid isthmus abnormalities due
to the low implantation of the tricuspid valve.

The ICE also helps in the positioning of the ablation catheter,
in the visualization of the contact between the catheter and
the tissue and the observation of the radiofrequency lesion in
deep recesses and prominent trabeculations.

ICE in the ablation of ventricular tachycardia

The use of ICE in the ablation of ventricular tachycardia
presents the following advantages:

1. Identification of the arrhythmogenic substrate: scars,
aneurysms, akinesia or dyskinesia.

2. Continuing monitoring of complications during the
ablation: cardiac perforation and tamponade, valvular
injury, thromboembolic events.

3. Accurate location of the catheter and its contact with the
endocardium.

4. ldentification of the ostia of the coronary arteries and their
association with the positioning of the ablation catheter
in cases of ventricular tachycardia related to the left
ventricular outflow tract’ (Figure 6).

5. Monitoring of tissue injury by radiofrequency through the
formation of microbubbles.

6. Helps in procedures carried out on the epicardial
surface by guiding the subxiphoid pericardial puncture,
visualization of puncture-related complications (ventricular
perforation) and the accurate position of the catheter?”.

Other uses of ICE in cardiac arrhythmias
1. Location of the ostium of the coronary sinus for catheter
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and resynchronization pacemaker electrode implant:
the ICE provides images of the anatomy of the coronary
sinus (it can present valves at several points) and discloses
dynamic alterations according to the cardiac cycle that
make its cannulation difficult®°.

2. Helps in the occlusion of the left atrial appendage: the
occlusion of the left atrial appendage by percutaneous
prosthesis is an additional therapy being developed in
patients with AF and high risk of embolic events. The
ICE facilitates the performance of the procedure by
locating the left atrial appendage and helping in the
positioning of the prosthesis, in addition to facilitating
the transseptal puncture?'.

Limitations

When routinely adopting any new technology, one must
consider its limitations in community practice. Regarding the
ICE, 3 items deserve to be discussed:

a) Additional costs - the use of ICE increases the cost
of the ablation procedure; however, this increase is
comparable to other broadly used technologies, such
as the electroanatomic mapping. In fact, a system that
integrates these two technologies is already available in
the market (Carto Sound™ - Biosense Webster).

b) Morbidity - this technique requires an additional venous
puncture with a large-caliber vascular sheath (11F),
which could, in theory, result in vascular complications;
however, the authors’ experience does not corroborate
this concern, as there have been no cases of significant
vascular complications related to the sheath diameter in
more than 5,400 procedures carried out by them.

c) Easy to use - the ICE requires a learning curve for the
operator to become independent and comfortable when
handling it, which can be achieved through a brief training
period (we estimate that as being 10 to 15 cases).
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Figure 6 - Visualization of the ostium of coronary arteries during ablation of ventricular extrasystole in aortic cusp.

In general, the handling is easy and fast, being also
comparable to other technologies used in the laboratory of
electrophysiology.

With the acquired experience, the authors strongly
recommend the routine use of ICE, particularly for the ablation
of AF, even if we acknowledge that its use is not mandatory.
This procedure is often carried out in the community in
Services with little experience with the procedure, which
is clearly more complex than other electrophysiological
procedures. Itis exactly in this scenario that we believe ICE can
make the procedure easier to apply, increase the operator’s
comfort and precision and help decrease complications.

Its additional cost seems fully justifiable by the benefits of the
method, even in the absence of specific randomized studies.

Conclusions
The ICE is a very useful tool when performing complex

References

1. Bartel T, Konorza T, Arjumand J, Ebrandlictze T, Eggebrecht H, Caspari H,
etal. Intracardiac echocardiography is superior to conventional monitoring
for guiding device closure of interatrial communications. Circulation. 2003;
107:795-7.

2. Salem MI, Makaryus AN, Kort S, Chung E, Marchnt D, OngLL, etal. Intracardiac
echocardiography using the AcuNav ultrasound catheter during percutaneous
balloon mitral valvuloplasty. ] Am Soc Echocardiogr. 2002; 15: 1533-7.

3. Verma A, Marrouche NF, Natale A. Pulmonary vein antrum isolation:
intracardiac echocardiography-guided technique. ) Cardiovasc
Electrophysiol. 2004; 15: 1335-40.

4. Lamberti F, Calo L, Pandozi C, Castro A, Loricchio ML, Boggi A, et al.
Radiofrequency catheter ablation of idiopathic left ventricular outflow
tract tachycardia: utility of intracardiac echocardiography. J Cardiovasc

electrophysiological procedures, as it provides a real-time and
precise visualization of the catheters; moreover, it is easy to
handle and its use is easy to learn. Its use helps in the early
detection of complications and mainly, in the decrease of
these adverse events.

Potential Conflict of Interest

No potential conflict of interest relevant to this article was
reported.

Sources of Funding
There were no external funding sources for this study.

Study Association

This study is not associated with any post-graduation
program.

Electrophysiol. 2001; 12: 529-35.

5. Nakai T, Lesh MD, Gerstenfeld EP, Virmani R, Jones R, Lee RJ. Percutaneous
left atrial appendage occlusion (PLAATO) for preventing cardioembolism:
first experience in canine model. Circulation. 2002; 105: 2217-22.

6. Zanchetta M, Rigatelli G, Pedon L, Zennaro M, Dimopoulous K, Onorato E,
etal. Intracardiac echocardiography: gross anatomy and magnetic resonance
correlations and validations. Int ] Cardiovasc Imaging. 2005; 21: 391-401.

7. Antonielli E, Pizzuti A, Palinkas A, Tanga M, Gruber N, Michelassi C, et al.
Clinical value of left atrial appendage flow for prediction of long-term sinus
rhythm maintenance in patients with nonvalvular atrial fibrillation. ] Am Coll
Cardiol. 2002; 39: 1443-9.

8. KalmanJM, Jue ], SudhirK; Fitzgerald P, Yock P, Lesh MD. In vitro quantification
of radiofrequency ablation lesion size using intracardiac echocardiography

Arq Bras Cardiol 2011; 96(1): e11-e17

el6



el7

Saad et al
Uses of the intracardiac echocardiography

Clinical Update

10.

13.

14.

15.

17.

18.

20.

in dogs. Am ] Cardiol. 1996; 77: 217-9.

Schwartzman D, Ren JF, Devine WA, Callans DJ. Cardiac swelling associated
with linear radiofrequency ablation in the atrium. J Interv Card Electrophysiol.
2001; 5: 159-66.

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.

. Callans DJ, Ren JF, Schwartzman D, Gottlieb CD, Chaudhry FA, Marchlinski

FE. Narrowing of the superior vena cava-right atrium junction during
radiofrequency catheter ablation for inappropriate sinus tachycardia: analysis
with intracardiac echocardiography. ] Am Coll Cardiol. 1999; 33: 1667-70.

. Wazni OM, Rossillo A, Marrouche NF, Saad EB, Martin DO, Bhargava M, et

al. Embolic events and char formation during pulmonary vein isolation in
patients with atrial fibrillation: impact of different anticoagulation regimens
and importance of intracardiac echo imaging. J Cardiovasc Electrophysiol.
2005; 16: 576-81.

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

Haissaguerre M, Jais P Shah DC, Arentz T, Kalusche D, Takahashi A, et al.
Catheter ablation of chronic atrial fibrillation targeting the reinitiating triggers.
J Cardiovasc Electrophysiol. 2000; 11: 2-10.

Sanchez-Quintana D, Cabrera JA, Climent V, Farre |, Mendonca MC, Ho SY.
Anatomic relations between the esophagus and left atrium and relevance for
ablation of atrial fibrillation. Circulation. 2005; 112: 1400-5.

. Calkins H, Brugada J, Packer DL, Cappato R, Chen SA, Cryns HJ, etal. HRS/

EHRA/ECAS expert Consensus Statement on catheter and surgical ablation
of atrial fibrillation: recommendations for personnel, policy, procedures and
follow-up. A report of the Heart Rhythm Society (HRS) Task Force on catheter
and surgical ablation of atrial fibrillation. Heart Rhythm. 2007; 4: 816-61.

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

Kobza R, Hindricks G, Tanner H, Schirdewahn P, Dorszewski A, Piorkowski C,
etal. Late recurrent arrhythmias after ablation of atrial fibrillation: incidence,
mechanisms, and treatment. Heart Rhythm. 2004; 1: 676-83.

.Ouyang F, Ernst S, Chun J, Bansch D, Li Y, Scheumann A, et al.

Electrophysiological findings during ablation of persistent atrial fibrillation
with electroanatomic mapping and double Lasso catheter technique.
Circulation. 2005; 112: 3038-48.

Packer DL, Stevens CL, Curley MG, Bruce CJ, Miller FA, Khanderia BK,

Arq Bras Cardiol 2011; 96(1): e11-e17

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

etal. Intracardiac phased-array imaging: methods and initial clinical
experience with high resolution, under blood visualization: initial
experience with intracardiac phased-array ultrasound. ] Am Coll Cardiol.
2002; 39: 509-16.

Jais P, Haissaguerre M, Shah DC, Takahashi A, Hocini M, Lavergne T.
Successful irrigated-tip catheter ablation of atrial flutter resistant to
conventional radiofrequency ablation. Circulation. 1998; 98: 835-8.

Tsai CF, Tai CT, Yu WC, Yu WC, Chen YJ, Hsieh MH, et al. Is 8-mm more
effective than 4-mm tip electrode catheter for ablation of typical atrial flutter?
Circulation. 1999; 100: 768-71.

Cummings JE, Schweikert RA, Saliba W1, Burkhardt JD, Brachmann J,
Gunther J, et al. Assessment of temperature, proximity, and course of
the esophagus during radiofrequency ablation within the left atrium.
Circulation. 2005; 112: 459-64.

Marrouche NF, Martin DO, Wazni O, Gillinov AM, Klein A, Bhargava M, etal.
Phased-array intracardiac echocardiography monitoring during pulmonary
vein isolation in patients with atrial fibrillation: impact on outcome and
complications. Circulation. 2003; 107: 2710-6.

Saad EB, Cole CR, Marrouche NF, Dresing TJ, Perez-Lugones A, Saliba W], et
al. Use of intracardiac echocardiography for prediction of chronic pulmonary
vein stenosis after ablation of atrial fibrillation. J Cardiovasc Electrophysiol.
2002; 13:986-9.

Ren JF, Marchlinski FE. Utility of intracardiac echocardiography in left heart
ablation for tachyarrhythmias. Echocardiography. 2007; 24: 533-40.

Kenigsberg DN, Lee BP, Grizzard JD, Ellenbogen KA, Wood MA. Accuracy
of intracardiac echocardiography for assessing the esophageal course along
the posterior left atrium: a comparison to magnetic resonance imaging. J
Cardiovasc Electrophysiol. 2007; 18: 169-73.

Ernst S, Ouyang F, Goya M, Lober F, Schneider C, Hoffmann-Riem M, et al.
Total pulmonary vein occlusion as a consequence of catheter ablation for
atrial fibrillation mimicking primary lung disease. ) Cardiovasc Electrophysiol.
2003; 14: 366-70.

Cabrera JA, Sanchez-Quintana D, Ho SY, Medina A, Anderson RH. The
architecture of the atrial musculature between the orifice of the inferior
caval vein and the tricuspid valve: the anatomy of the isthmus. ] Cardiovasc
Electrophysiol. 1998; 9: 1186-95.

Shalaby AA. Utilization of intracardiac echocardiography to access the
coronary sinus for left ventricular lead placement. Pacing Clin Electrophysiol.
2005; 28:493-7.

Mraz T, Neuzil P Mandysova E, Niederle P, Reddy VY. Role of echocardiography
in percutaneous occlusion of the left atrial appendage. Echocardiography.
2007; 24: 401-4.



