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1 INTRODUCTION 

 

1.1 Overview 

 

Historically, transseptal puncture (TP) was utilized by interventional 

cardiologists for the assessment of left atrial (LA) hemodynamics in the setting of 

mitral valvular disease and to allow hemodynamic assessment of the left ventricle in 

patients with aortic valve prostheses. Prior reports from experienced large volume 

centers suggested a major procedural complication rate of approximately 1.3% (1). 

Continued advancements in the understanding of the mechanism of atrial fibrillation 

(AF), along with a persistent evolution of ablation approaches for treatment of this 

arrhythmia, has led to an ever growing need for LA access. In fact, the ubiquitous 

nature of AF in addition to the acknowledgement that the vast majority of curative 

endocardial ablation approaches for the treatment of AF are now performed within the 

LA, have virtually ensured that the TP procedure will remain an integral part of the 

procedural armamentarium of the interventional cardiac electrophysiologist for the 

unforeseen future. The current practice at many centers is to still utilize fluoroscopy as 

the sole form of imaging employed for visualization during performance of TP (2-5). It 

is clear that there are distinct inherent limitations regarding the accuracy of intracardiac 

catheter placement and manipulation when utilizing only fluoroscopic visualization. 

These potential inaccuracies may be further amplified in patients with significant 

structural heart disease or derangements of chamber dimensions. Use of intracardiac 

echocardiography (ICE) imaging to facilitate TP not only aids in a potentially more 

accurate placement of the transseptal sheath within the LA, but also provides 
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incrementally greater and possibly more accurate imaging data regarding the interatrial 

septum/fossa ovalis, surrounding adjacent cardiac structures, and a more immediate 

ability to assess for complications (6).  

 

1.2 Hypothesis 

 

Due to a paucity of data in larger cohorts of patients regarding the impact of 

ICE imaging during TP, this study seeks to assess the feasibility and influence of 

phased-array ICE guidance on the outcome of TP during ablation procedures in the 

electrophysiology (EP) laboratory. 

 

1.3 Anatomy of the Interatrial Septum 

 

A thorough understanding of the cardiac anatomy is needed to perform safe TP. 

The interatrial septum is formed by the remnants of septum primum and secundum, 

extending from superior to inferior towards the endocardial cushion. The septum 

primum is absorbed superiorly so that the septum secundum forms this part of the 

interatrial septum. Fusion of both septi results in formation of the limbus, the raised 

margin of the fossa ovalis. The fossa ovalis measures on average 1.5 to 2.4 cm2 and 

consists of thin fibrous tissue (7) . The foramen ovale allows right to left blood flow in 

the fetal circulation. After birth functional closure takes place caused by increasing left 

atrial pressures. Anatomic closure follows; however, in up to 25% of the general 

population the foramen ovale remains patent. This may become clinically significant if 

right-sided intracardiac pressures supersede left atrial pressure, allowing shunting of 
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blood from right to left surpassing the pulmonary circulation thus facilitating the 

occurrence of paradoxical embolism. See Figure 1. 

 

 

Figure 1. Interatrial septum and limbus encircling the fossa ovalis seen from a right 
atrial view (from (8)) 
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1.4 Historical Aspects, Development and Emerging Use of Transseptal 
Catheterization 

 

The era of transseptal catheterization began in 1957 when Dr. Ross, at the time 

resident in surgery at John’s Hopkins Hospital and temporarily working at the National 

Institute of Health under the auspices of Dr. Morrow, carried out experiments in dogs to 

measure left atrial and ventricular pressures. He used a long curved needle inserted 

through the dog’s saphenous vein to access the left atrium via the interatrial septum. 

These animal experiments followed the first clinical application in man published in 

1959 (9). Dr. Brockenbrough, also working at the National Institute of Health, modified 

the transseptal needle to allow insertion via the Seldinger technique and published his 

data in 1960 and 1962 (10,11) (see Figure 2). Other clinical studies followed. 

Transseptal catheterization became routine during mitral valve balloon valvuloplasty 

and presently is part of the armamentarium of the interventional electrophysiologist 

involved in procedures necessitating mapping and ablation within the left sided heart 

chambers.  

 Emerging indications for TP include percutaneous repair of atrial septal defects 

or closure of a patent foramen ovale in patients with proven right to left shunting 

resulting in paradoxical embolism. Other indications are percutaneous mitral valve 

repair and percutaneous closure of paravalvular leaks of mitral valves prostheses. Left 

atrial appendage closure devices for the prevention of stroke are placed via a TP 

approach. Finally, TP is necessary for the treatment of pulmonary vein stenosis 

following atrial fibrillation ablation procedures, in order to allow for balloon 

angioplasty and/or stent placement. 
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Figure 2. Original setup used in Dr. Brockenbrough’s study describing transseptal 
catheterization in 450 patients. Needle ‘C’ shows the Brockenbrough needle used 
today. 
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1.5 Historical Aspects and Development of Intracardiac Echocardiography 

 

Fluoroscopy is the primary visualization tool in the EP laboratory allowing for 

2-dimensional imaging of cardiac structures. However, fluoroscopy does not provide 

visualization of cardiac soft tissue while radiation exposure poses health risks to 

patients and health care professionals. These disadvantages led to the development of 

alternative imaging modalities. Intracardiac echocardiography first developed and 

applied in humans in 1994 is now routinely utilized in 50% of centers performing atrial 

fibrillation ablation procedures (12,13).  

  

1.5.1 Technical Aspects of Intracardiac Echocardiography 

 

Two types of ICE transducers are currently commercially available. The 

mechanical (rotational) ICE transducer is offered as a 6-9 Fr catheter with a single 

ultrasound crystal mounted at the distal tip of a nonsteerable catheter (12,14) (see 

Figure X). A drive unit rotates the crystal within the catheter allowing for a 

circumferential and perpendicular imaging field with a depth of up to 7 cm (15). The 

poor remote tissue penetration is due to the high imaging frequency (9 to 12 MHz) 

utilized. Phased-array ICE catheters are available in either 8 or 10 Fr (16) (see Figure 

3). The four-way head articulation allows multiple angle imaging, giving a 90° wedge 

shaped imaging field with tissue penetration as deep as 10-12 cm (17). In addition to 

two-dimensional imaging, phased-array ICE offers M-mode, pulsed, continuous and 

color Doppler capabilities. Table 1 provides an overview of the different characteristics 

of the available ICE transducers. 
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Figure 3. Acuson AcuNav 8 and 10 F ultrasound catheters. Image courtesy of Siemens 
Corporation 
 

Table 1. Comparison between Mechanical (Rotational) and Phased-Array ICE (adapted 
from (15,18)) 
Characteristic Mechanical (Rotational) Phased-Array 

Plane of View Horizontal only 90° angle 

Depth of Imaging Field Maximum of 7 cm Adjustable between 2 - 12 cm 

Doppler Capabilities No Color, Continuous and Pulse 
Wave 

Deflectable Catheter Tip No Yes 

Available Size 6-9 French 8 or 10 French 

ICE, Intracardiac Echocardiography 
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1.5.2  Protocols for Phased-Array ICE Imaging 

 

General approach 

  

The femoral vein is typically utilized for the insertion of the ICE catheter with 

the operator standing at the patient’s right side. 

 

“Home” view 

  

After advancing the catheter carefully from the inferior vena cava to the mid-

right atrium, the transducer is rotated gently anteriorly to provide the “home” view. In 

this view the right atrium, right ventricle and tricupid valve are displayed. See Figure 

4. 

 

 
Figure 4. The “home” view displays right atrium, right ventricle and tricuspid valve. 
RA, right atrium; TV, tricuspid valve; RV, right ventricle. Image courtesy of Siemens 
Corporation 
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Intra-atrial septum and fossa ovalis 

 

The catheter is rotated clockwise, away from the operator and slightly advanced 

or tilted posteriorly as needed.  

  

 
Figure 5. View of intra-atrial septum and fossa ovalis. RA, right atrium; LA, left atrium. 
Image courtesy of Siemens Corporation 
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Left pulmonary veins 

 

From the intra-atrial septum/fossa ovalis view, the operator advances the ICE 

catheter superiorly in order to visualize the left pulmonary veins. 

 

 
Figure 6. View of superior and inferior left pulmonary veins. RA, right atrium; LA, left 
atrium; LSPV, left superior pulmonary vein; LIPV, left inferior pulmonary vein. Image 
courtesy of Siemens Corporation 
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Right pulmonary veins 

 

Rotating and advancing the catheter clockwise past the left pulmonary veins 

will display the right pulmonary veins. 

 
Figure 7. View of right superior and inferior pulmonary veins. SVC, superior vena 
cava; RSPV, right superior pulmonary vein; RIPV, right inferior pulmonary vein. Image 
courtesy of Siemens Corporation 
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Assessment of pericardial effusion 

 

In order to assess for pericardial effusion, the operator withdraws the catheter to 

the inferior right atrium and then advances anteriorly past the tricuspid valve into the 

right ventricle. 

 

 

Figure 8. Left ventricle in long axis view for the assessment of pericardial effusion. 
LV, left ventricle; LA, left atrium; AO, aorta; MV, mitral valve. Image courtesy of 
Siemens Corporation 
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1.5.3  Clinical Application of Intracardiac Echocardiography 

 

Since ICE accurately defines soft tissue structures, the operator is provided with 

a tool that readily identifies the mapping/ablation catheter within the heart. This in turn 

facilitates catheter navigation, verification of catheter-tissue contact and lesion 

formation (19,20). In addition, ICE directly visualizes ablation catheter placement 

along the PV and helps identifying the PV ostia to allow exact placement of the circular 

multipolar PV mapping catheter at the LA/PV ostial border. ICE serves as a screening 

tool for bubble formation during ablation (21). Bubble formation has shown to be a 

surrogate marker of tissue overheating (22).  

Furthermore, ICE allows visualization of the transseptal needle within the right 

atrium prior puncture of the fossa ovalis, thus assuring accurate alignment of needle 

and sheath. Consequently, the exact position of puncture, e.g. anterior or posterior 

along the fossa ovalis may be selected. This in turn may facilitate maneuverability of 

sheath and catheter. Variants of atrial septal anatomy such as septal aneurysm or 

lipomatous hypertrophy can readily be identified (Figure 9). 
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Figure 9. Intracardiac echocardiography image demonstrating a lipomatous septum 
with transseptal catheter traversing a narrow fossa ovalis 
 

Measurements of intracardiac structures such as length of right atrial 

cavotricuspid isthmus (23) or pulmonary vein ostial diameter before and after PV 

isolation are promptly available. ICE accurately identifies all existing PV ostia and 

their diameters when compared to cardiac computed tomography (24). Since phased-

array ICE offers Doppler capabilities, PV flow velocities may be assessed, providing 

the operator with valuable information regarding the potential for PV stenosis (25) . 

The existence and development of intraoperative intracardiac thrombus is easily 

detectable with ICE (26). It may also facilitate the identification of abnormal structures, 

which technically limit ablation within the left atrium (19).  

ICE imaging allows delineation of the course of the esophagus and its distance 

to the left atrium. Structures within the right atrium not readily seen on fluoroscopy 
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such as the crista terminalis can be visualized using ICE and thus facilitate ablation of 

atrial tachycardias arising from this structure (27). 

Intraprocedural complications such as development of a pericardial effusion or 

tamponade are immediately assessable using ICE. Finally, in patients with congenital 

heart disease surgical baffles or patches serving as arrhythmogenic material may be 

visualized with ICE. See Table 2. 

 

Table 2. Clinical Application of Intracardiac Echocardiography 

 
• Catheter navigation 
• Visualization during transseptal puncture 
• Identification of cardiac anatomy 
• Visualization of pulmonary vein ostia 
• Identification of electrode-tissue contact 
• Assessment of flow velocities by pulse/continuous wave and color flow Doppler 
• Assessment of bubble formation and lesion formation 
• Visualization of esophageal-left atrial continuity 
• Identification of potential complications 

- Thrombus formation 
- Pericardial effusion 
- Tissue overheating 
- Pulmonary vein stenosis 

 

 

 

1.5.4 Intracardiac versus Transesophageal Echocardiography 

  

Although transesophageal echocardiography is readily available at most medical 

centers, it bears several disadvantages. Intracardiac echocardiography offers superior 

imaging quality and may result in an overall safer procedure. Additionally, sedation is 

needed during prolonged procedures utilizing TEE but is not required during ICE-
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guided procedures. However, the ICE catheter is intended for single use only, while 

TEE transducers can be reutilized following proper sterilization. Cardiac imaging 

utilizing TEE necessitates the expertise of a second operator familiar with the 

intricacies of echocardiography. In contrast, a single operator may perform ICE 

evaluation in addition to mapping and ablation.  

 

2 METHODS 

 

2.1 Data Acquisition  

 

A retrospective review of each consecutive patient’s medical record was 

employed, analyzing baseline pre-procedural characteristics, EP study reports, 

occurrence of procedural complications, and pre- and postprocedural transthoracic 

echocardiography data. A complete EP study data set (including details regarding the 

TP and ICE) was available for all patients, while transthoracic echocardiography data 

varied according to the type of ablation procedure performed (typically only patients 

undergoing AF ablation would undergo routine next-day limited echocardiographic 

evaluation to assess for pericardial effusion, unless otherwise specified). Patients 

without an EP indication for TP or LA access obtained via a patent foramen ovale were 

excluded from the study protocol. Each TP was performed by one of three board 

certified invasive cardiac electrophysiologists or alternatively by one cardiac 

electrophysiology fellow in training under staff physician supervision. The Mayo Clinic 

Arizona institutional review board approved this analysis and the need for informed 

consent was waived. 
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2.2 Patient Population 

 

The study cohort consisted of 167 consecutive patients (mean age 60 ± 11 

years; 36% female; body mass index [BMI] 29 ± 6) referred for EP study with mapping 

and ablation requiring access to the LA or left ventricle between February 2004 and 

April 2008. TP was performed to facilitate ablation for atrial fibrillation in 82.6% of 

patients, atrioventricular reentrant tachycardia in 5.4%, atrial tachycardia in 4.8%, 

atypical atrial flutter in 3.6%, atypical atrioventricular nodal reentrant tachycardia in 

2.4%, and ventricular tachycardia or premature ventricular contractions in 1.2% of 

patients. Baseline characteristics and echocardiographic data are summarized in Table 

3. The type of procedure and number of patients with redo procedures are listed in 

Table 4 and Table 5, respectively. 

 

Table 3. Baseline Demographic & Echocardiographic Data of the Patients, N=167 (%) 

Age (years) 60 ± 11 

Female gender 60 (36) 

Body Mass Index 29 ± 6 

Hypertension 85 (51) 

Ischemic Cardiomyopathy 3 (2) 

Nonischemic Cardiomyopathy 7 (4) 

Permanent Pacemaker or Implantable Cardioverter Defibrillator in Situ 15 (9) 

LVEF (%)  61 ± 9 

LAVI (cc/m2) 33 ± 10 

Aortic root diameter (mm) 34 ± 5 

LVEF, Left ventricular ejection fraction; LAVI, Left atrial volume index 
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Table 4. Type of Procedure Among the Cohort of Patients (N=167) 

Atrial Fibrillation Ablation 138 82.6% 

Atrial Tachycardia Ablation 8 4.8% 

Orthodromic AVRT Ablation 7 4.2% 

Atypical Atrial Flutter Ablation 6 3.6% 

Atypical AVNRT Ablation 4 2.4% 

WPW Ablation 2 1.2% 

VT Ablation 1 0.6% 

PVC Ablation 1 0.6% 
AVRT, Atrioventricular Reentry Tachycardia; AVNRT, Atrioventricular Nodal Reentry 
Tachycardia; WPW, Wolff-Parkinson-White; VT, Ventricular Tachycardia; PVC, 
Premature Ventricular Contraction 

 

 

 

  

Table 5. Number of Patients with Redo Procedures 

None 142 85% 

1 Redo Procedure 23   13.8% 

2 Redo Procedures 2 1.2% 
 

 

2.3 Procedural Aspects of Phased-Array Intracardiac Echocardiography 

 

An 8 or 10 French phased-array ICE catheter (AcuNav, Acuson, Mountain 

View, CA, USA) was introduced via a femoral venous approach in all patients. The 

ICE catheter was advanced to the right atrium and stably situated. The catheter was set 

in a neutral position using a depth of 110 cm to allow visualization of the interatrial 

septum. This position usually permits a thorough delineation and visualization of the 

interatrial septum.  Using this setting, true engagement of the fossa ovalis (excluding 



   

 - 23 - 

the muscular interatrial septum) could be more accurately certified, as well as micro-

bubble or clot formation, and final sheath location within the LA. Finally, immediate 

complications related to TP, such as inadvertent cannulation of nearby structures (aorta, 

pericardial space, etc) or development of pericardial effusion could readily be 

visualized. 

 

2.4 Procedural Aspects of Transseptal Puncture 

 

The right femoral vein was cannulated using the modified Seldinger technique 

and a 135 cm, 0.0352” (0.813 mm) guidewire (St. Jude Medical, Minnetonka, MN, 

USA)) was advanced to the superior vena cava. A 63 cm long 8 French sheath (SL0 or 

SL1, St. Jude Medical, Minnetonka, MN, USA) with dilator was advanced over the 

guidewire to the superior vena cava. This step was typically repeated for the second 

transseptal sheath. Following removal of the guidewire, a 71 cm transseptal needle 

(Brk-1, St. Jude Medical, Minnetonka, MN, USA) was advanced into the first 

transseptal sheath to within 1.0 cm proximal to the tip of the dilator sheath. Using left 

and right anterior oblique fluoroscopic views and ICE guidance, the TP needle and 

sheath (oriented in a 3 to 6 o’clock position) were gradually withdrawn as one unit until 

the foramen ovale was successfully engaged. Following this the TP needle was 

advanced out of the dilator sheath using fluoroscopic and ICE visualization. ICE 

imaging confirmed micro-bubbles within the LA, which were demonstrated when 

flushing the TP needle immediately following LA access. Finally, a LA pressure 

waveform and measurement were used for verification. The dilator was then advanced 

over the needle into the mid-LA, with the needle fixed, and then the guide sheath was 
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advanced over the dilator and positioned stably within the LA (Figure 8). After 

removal of needle and dilator, an ablation/mapping catheter was placed through the 

sheath and into the LA. As noted above, in most patients undergoing AF ablation 

therapy a second TP was performed utilizing a second sheath in the same fashion. 

Weight based heparin therapy was then administered utilizing a bolus followed by a 

continuous infusion, targeting an activated clotting time of 300-350 seconds. 

 

2.5 Statistical Analysis 

 

Continuous variables are presented as means ± standard deviation.  Since the 

distribution of the continuous data (tested with Kolmogorov-Smirnov Z) did not 

resemble normal distribution, the nonparametric Mann-Whitney U-test was used for 

comparison of continuous variables. Categorical variables were compared using Chi-

square test. Data were analyzed using SPSS 15.0 for Windows. A P value of < 0.05 

was considered statistically significant.  
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3 RESULTS 

 

3.1 General 

 

A total of 308 TPs were performed in 167 patients (123 patients underwent 

double TP). Twenty-five of the patients underwent 27 repeat procedures (21 of the 27 

repeat procedures involved double TP) (Table 6). 

 

Table 6. Transseptal Punctures 

 # 
Patients 

#  
TP 

# 
Procedures 

# 
TP-Related Complications 

All 167 308 (123D, 62S) 185 1 

First TP 158 260 (102D, 56S) 158 1 

Redo TP 25 48 (21D, 6S) 27 0 

TP, Transseptal puncture; D, Double; S, Single; #, Number 

 

 

3.2 Complications Directly Related to Transseptal Puncture 

 

A single complication (rate of 0.3% per TP; 0.6% per patient) occurred in 308 

TPs performed. This patient suffered a probable perforation of the lateral LA wall 

induced by the TP sheath, which resulted in the acute development of a 

hemodynamically unstable pericardial effusion. The patient was successfully treated 

with acute reversal of anticoagulation and pericardiocentesis. The procedure was 
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abandoned, requiring no surgical intervention and an uncomplicated AF ablation was 

performed at a future date. 

 

3.3 Complications Not Directly Related to Transseptal Puncture 

 

No complications were noted in the 25 patients referred for repeat procedures, 

nor were any noted among the 63 (20.5%) TPs performed in 38 (32.4%) patients by the 

electrophysiology fellow under direct staff physician supervision. There were three 

complications, which occurred in 3 (1.8%) patients during AF ablation therapy. As 

these complications occurred remotely after the TP, it is assumed that neither 

occurrence was directly related to the TP. The first patient suffered a perforation at the 

junction of right atrium and ventricle at the level of the coronary sinus during 

performance of a cavotricuspid isthmus lesion set, which required surgical intervention. 

The second patient developed a small pericardial effusion within 1 hour after 

completion of the AF ablation procedure, which was treated conservatively. Finally, the 

third patient suffered cardiac tamponade within 1 hour after completion of the AF 

ablation procedure. Surgical intervention was required demonstrating a laceration of the 

lateral left atrium in the region of a mitral isthmus lesion set. See Table 7. 

 

Table 7. Intraprocedural Complications Among the Patient Cohort (N=167) 

None 154 97.6% 

Cardiac Perforation with Tamponade 2 1.2% 

Cardiac perforation 1 0.6% 

Pericardial Effusion 1 0.6% 
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3.4 Routine Next-Day Transthoracic Echocardiography 

  

Of the 118 (70.7%) patients who underwent limited, routine next-day 

transthoracic echocardiographic evaluation, 10 (8 small, 1 moderate and 1 large) 

pericardial effusions not seen intraoperatively were demonstrable. Only the large 

pericardial effusion required pericardiocentesis. No surgical intervention was necessary 

in any of these situations. See Table 8 and 9. 

 

Table 8. Pericardial Effusions Noted During Next Day Limited Echocardiographic 
Evaluation in 118 Patients 
No Effusion 65 

Trivial 43 

Small 8 

Moderate 1 

Large 1 
 

 

Table 9. Pericardial Effusions Noted During Next Day Limited Echocardiographic 
Evaluation in 20 Redo Patients 
No Effusion 15 

Trivial 3 

Small 2 

Moderate 0 

Large 0 
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3.5 Influence of Left Atrial Volume Index and Enlarged Aortic Root Diameter 

on the Outcome of Transseptal Puncture 

 

Table 10 depicts echocardiographic parameters analyzed for significant impact 

on the outcome of TP. Neither increased LA volume (LA volume index > 28 cc/m2), 

underlying cardiomyopathy, increased BMI, nor an enlarged aortic root diameter (> 39 

mm) correlated with an increased complication rate during TP. 

 

Table 10. Echocardiographic Parameters 

 Minimum Maximum Mean Standard 
Deviation 

LA Volume Index cc/m2) 14 78 33 10 

LVEF (%) 22 82 61 9 

Aortic Root Diameter (mm) 23 60 34 5 

 

 

4 DISCUSSION 

 

 This study demonstrates that ICE facilitated TP is feasible providing a wealth of 

additional information such as visualization of potential intraprocedural complications. 

The herein reported complication rate of 0.6% per patient or 0.3% per TP is in line with 

historical data. Furthermore, safe TP is possible even in patients with variant anatomy 

such as a lipomatous hypertrophy of the interatrial septum.  
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4.1 Traditional Fluoroscopically Guided Transseptal Puncture 

 

Currently fluoroscopy continues to serve as the sole means of image guidance 

during TP at many medical centers (2-5). A large single center retrospective review of 

1279 patients undergoing fluoroscopically guided TP reported a complication rate of 

1.36% with cardiac tamponade representing the majority of adverse events (1). Another 

large retrospective analysis from Italy involving 1150 patients found no acute 

complications related to TP, although 2.7% of patients demonstrated trivial/small to 

moderate pericardial effusions (4). Of these patients, pericardial tamponade requiring 

pericardiocentesis was noted in 1% of the patients at the end of the procedure. As no 

transesophageal or intracardiac echocardiographic imaging was used at the time of TP, 

it is unclear whether these complications were related to TP itself or related to their 

subsequent AF ablation procedures. In a third study, De Ponti et al. assessed the safety 

of a simplified approach to TP utilizing radiographic guidance (28). Among 411 

patients, 2 patients experienced inappropriate puncture of the right atrial free wall 

without associate untoward consequences. The same author reported on a multicenter 

survey conducted in Italy spanning 12 years, noting a procedural complication rate of 

0.76%, which included one mortality related to the procedure (3). Centers in this 

particular study used a variety of imaging techniques including fluoroscopy, ICE (the 

particular technology utilized was not clearly specified) and transesophageal 

echocardiography; however details of fluoroscopy only versus ICE facilitated TP 

related complications were not provided. To date, no prospective study has assessed the 

feasibility and safety of TP using the traditional fluoroscopic approach. Additionally, 

no head-to-head comparison has been performed comparing different imaging 
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modalities to facilitate TP. The current study of 167 patients reporting a complication 

rate of 0.6% is in line with studies utilizing merely fluoroscopic guidance for TP.  

 

 

4.2 Adjunct Imaging Modalities Utilized During Transseptal Puncture 

 

4.2.1 Transesophageal Echocardiography 

 

Transesophageal echocardiography (TEE) guided TP offers the additional 

benefit of intraprocedural thrombus detection (29,30) However, the need for esophageal 

intubation exposes the patient to the additional risk of esophageal perforation and the 

lack of direct manipulation by the primary operator limits the role of TEE as an adjunct 

to transseptal catheterization. 

 

4.2.2 Intracardiac Echocardiography 

 

The advent of phased-array ICE has provided the interventional 

electrophysiologist with a tool that is effortlessly used by a single operator and provides 

immediate visualization of surrounding structures as well as immediate assessment for 

possible complications (6). Three studies to date have reported no complications in 

patients undergoing ICE facilitated TP (31-33). Although these studies report no 

complications, they are limited by small numbers of patients, as exemplified by the fact 

that the current study enrolled more patients than all previous studies combined (167 

versus 115 patients). In contrast to these studies, the current study included patients 
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undergoing redo ablation procedures, involved procedures performed by a fellow in 

training, and involved patients with structural heart disease.  

This study finds that the use of ICE allows for more optimal placement of single 

or double transseptal sheaths within the LA. This may potentially lead to greater ease of 

catheter manipulation, as well as more accurate, anatomically defined positioning 

within the LA. In addition, ICE allows assessment of nearby structures during and after 

TP. In patients with normal LA size, inadvertent puncture of the LA wall may be 

prevented by direct echocardiographic visualization. In the current study, LA size did 

not correlate with an increased complication rate. Furthermore, aortic root enlargement 

may increase the risk of aortic puncture and lead to abandonment of the planned atrial 

fibrillation procedure (34). Although 13 (7.8%) patients in the current study had known 

aortic root enlargement measuring greater than 39 mm, this finding did not translate 

into an increased complication rate during ICE facilitated TP.  

 

4.2.3 Three-Dimensional Mapping Systems 

 

Data is lacking in larger patient cohorts on alternative imaging modalities 

facilitating TP. An unconventional method to TP using the 3-dimensional mapping 

system NavX (St. Jude Medical) was reported in a case report by Shepherd et al (35). 

The authors used a conventional Brockenbrough needle inserted via a sheath and dilator 

in combination with the NavX system. In order to visualize the tip of the TP needle the 

distal upper half of the plastic cover of the dilator was removed, allowing registration 

of the needle tip along the interatrial septum after completion of a right atrial 3-

dimensional map (see Figure 10). TP was completed without complications. 
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Figure 10. Right atrial NavX map with tenting of the needle tip visualized along the 
fossa ovalis (white arrow head; yellow dots mark the His bundle position). From (35) 
 
  

The feasibility of integrating electroanatomic mapping and ICE (CartoSound, 

Biosense Webster) was recently demonstrated (36). Incorporating an electroanatomic 

sensor within the tip of the phased-array intracardiac ultrasound catheter allows 

creation of 3-dimensional volumes and real-time visualization of catheters and sheaths. 

Compared to preregistered cardiac CT images used for electroanatomic image 

integration (e.g. CartoMerge, Biosense Webster), this method provides real-time 

volume rendering obtained from within the right atrium. 
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Figure 11. CartoSound (Biosense Webster) image of the left atrium realized through 
integration of ICE imaging and electroanatomic mapping. In addition, CT image 
integration visualizing the pulmonary veins is shown. From (37) 
 

 

4.3 Redo Transseptal Puncture 

 

A recent study showed that repeat, traditional TP in 29 patients during a second 

atrial fibrillation procedure was more difficult, necessitating the use of a large-curve 

transseptal needle (38). Additionally, Marcus et al. reported on 16 patients undergoing 
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repeat TP utilizing ICE imaging (39). In 5 out of their 16 patients, repeat TP was more 

difficult and in 3 patients ultimately unsuccessful. In this series, one inadvertent 

posterior atrial puncture occurred. In contrast, the current study reports no 

complications during 48 redo TPs in 25 patients. Although difficult TPs in this patient 

subgroup were not specifically analyzed, TP may be more challenging and more 

commonly necessitate repositioning of the TP needle along the fossa ovalis during 

these procedures.  

 

4.4 Learning Curve 

 

Among various studies assessing the role of ICE in the EP laboratory, only few 

analyzed the learning curve involved in successful use of ICE during transseptal 

catheterization (6,33). Johnson et al. demonstrated a statistically significant correlation 

between operator experience and fewer attempts to successful TP facilitated by phased-

array ICE in dogs (6). Additionally, Villacastin et al. concluded in their study, 

comprising 50 patients, that ICE facilitated the learning process mainly due to direct 

visualization of anatomic structures (33). According to the author’s experience, ICE 

enhances the understanding and conceptualization of intricate cardiac anatomy and 

eases the steep learning curve for the inexperienced physician. This is underscored by 

the fact that the participation of an electrophysiology fellow in nearly 25% of all TPs 

did not result in a single TP related complication. 
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4.5 Future Innovations  

 

 With the advent of 3-dimensional echocardiography, intracardiac structures can 

be displayed in real-time, giving a new dimension to intraoperative imaging. Three- 

dimensional transesophageal echocardiography allows direct visualization of 

transseptal puncture and subsequent placement of mapping and ablation catheter within 

the left atrium (40). See Figure 12A and 12B. Due to the complexities of 3-

dimensional imaging, ICE imaging still awaits integration of this new technique. 

Figure 12A. Tenting of the fossa ovalis (black arrow head) by the transseptal catheter 
tip (white arrow head) as seen from the left atrial perspective. From (40) 
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Figure 12B. The ablation catheter is visualized traversing the intra-atrial septum from 
right to left atrium following successful transseptal puncture. From (40) 
 

 Direct visualization of the fossa ovalis through use of a fiberoptic catheter 

(CardioOptics, Inc. Mass, USA) that emits infrared light allowing direct visualization 

of cardiac structures through blood may facilitate difficult transseptal punctures in the 

future. 

  

Bidart et al. described a novel concept performing TP using an electrocautery 

device commonly used during surgical procedures. Radiofrequency energy using the 

“cutting” mode was applied to the proximal shaft of the TP needle with successful 

penetration of the fossa ovalis in all patients (41). Knecht et al. described a similar 

technique using the ablation catheter as power source for RF energy delivery to the 

proximal shaft of the TP needle (42) The particular advantage of this technique may 
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apply to patients referred for redo atrial fibrillation ablation procedures, when easy 

transseptal access is hampered by a fibrotic septum. 

 

4.6 Study Limitations 

 

The current study is a retrospective analysis with its inherent limitations. A 

prospective study is needed to fully evaluate and compare the complication rate of 

traditional fluoroscopically guided TP and ICE facilitated TP. Fluoroscopy was utilized 

to position the ICE catheter and the TP sheath. This study did not analyze the number 

of attempts to successful ICE facilitated TP. The inexperienced operator may require 

several attempts to properly position the TP sheath along the fossa ovalis. This may add 

to the procedure duration, a factor that was not assessed in the current study. In 

addition, one may argue that a second TP is easier to perform due to the anatomic 

guidance provided by the first TP sheath. Albeit the fact that no direct TP related 

complications were noted with the participation of a physician-in-training, this 

excellent outcome may be explained merely by good supervision provided by the staff 

electrophysiologist. 

 

5 CONCLUSIONS 

 

Transseptal catheterization facilitated by ICE is a feasible and safe alternative to 

a traditional fluoroscopic approach with a similar rate of complications in patients 

referred for first-time or redo procedures. This finding appears to be maintained 

regardless of whether the TP procedure is performed by an experienced invasive 
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electrophysiologist or a physician-in-training under staff supervision. Despite 

underlying cardiac anatomic abnormalities or increased BMI, it appears that this 

approach confers a safety profile comparable to centers intimately familiar with the 

traditional approach to TP. ICE may offer the advantage of direct visualization and 

optimal positioning of the TP sheath within the LA, as well as providing a wealth of 

adjunctive imaging data. Importantly, TP facilitates early recognition of potential life-

threatening complications. In addition, it may serve best the operator with little 

experience in TP or centers with low numbers of procedures necessitating a transseptal 

approach. In order to prove superiority of ICE facilitated over traditional TP, a large-

scale prospective head-to-head comparison would be needed in the future. 
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7 ABREVIATIONS 
 

AO: Aorta 

MV: Mitral valve 

ICE: Intracardiac echocardiography 

EP: Electrophysiology 

TP: Transseptal puncture 

BMI: Body mass index 

AVRT: Atrioventricular reentrant tachycardia 

WPW: Wolff-Parkinson-White 

AVNRT: Atrioventricular nodal reentrant tachycardia 

VT: Ventricular tachycardia 

PVC: Premature ventricular contraction 

LA: left atrial 

AF: Atrial fibrillation 

LAVI: Left atrial volume index 

TEE: Transesophageal echocardiography 

LVEF: Left ventricular ejection fraction 

D: Double 

S: Single 

SVC: Superior vena cava 

RA: Right atrium 

RIPV: Right inferior pulmonary vein 

RSPV: Right superior pulmonary vein 

LIPV: Left inferior pulmonary vein 
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LSPV: Left superior pulmonary vein 

TV: Tricuspid valve 
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8 Figures and Tables 

 

Figure 1. Interatrial septum and limbus encircling the fossa ovalis seen from a right 

atrial view (from (8)) 

 

Figure 2. Original setup used in Dr. Brockenbrough’s study describing transseptal 

catheterization in 450 patients. Needle ‘C’ shows the Brockenbrough needle used 

today. 

 

Figure 3. Acuson AcuNav 8 and 10 F ultrasound catheters. Image courtesy of Siemens 

Corporation 

 

Table 1. Comparison between Mechanical (Rotational) and Phased-Array ICE (adapted 

from (15,18)) 

 

Figure 4. The “home” view displays right atrium, right ventricle and tricuspid valve. 

RA, right atrium; TV, tricuspid valve; RV, right ventricle. Image courtesy of Siemens 

Corporation 

 

Figure 5. View of intra-atrial septum and fossa ovalis. RA, right atrium; LA, left atrium. 

Image courtesy of Siemens Corporation 
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Figure 6. View of superior and inferior left pulmonary veins. RA, right atrium; LA, left 

atrium; LSPV, left superior pulmonary vein; LIPV, left inferior pulmonary vein. Image 

courtesy of Siemens Corporation 

 

Figure 7. View of right superior and inferior pulmonary veins. SVC, superior vena 

cava; RSPV, right superior pulmonary vein; RIPV, right inferior pulmonary vein. Image 

courtesy of Siemens Corporation 

 

Figure 8. Left ventricle in long axis view for the assessment of pericardial effusion. 

LV, left ventricle; LA, left atrium; AO, aorta; MV, mitral valve. Image courtesy of 

Siemens Corporation 

 

Figure 9. Intracardiac echocardiography image demonstrating a lipomatous septum 

with transseptal catheter traversing a narrow fossa ovalis 

 

Table 2. Clinical Application of Intracardiac Echocardiography 

 

Table 3. Baseline Demographic & Echocardiographic Data of the Patients, N=167 (%) 

 

Table 4. Type of Procedure Among the Cohort of Patients (N=167) 

 

Table 5. Number of Patients with Redo Procedures 

 

Table 6. Transseptal Punctures 
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Table 7. Intraprocedural Complications Among the Patient Cohort (N=167) 

 

Table 8. Pericardial Effusions Noted During Next Day Limited Echocardiographic 

Evaluation in 118 Patients 

 

Table 9. Pericardial Effusions Noted During Next Day Limited Echocardiographic 

Evaluation in 20 Redo Patients 

 

Table 10. Echocardiographic Parameters 

 

Figure 10. Right atrial NavX map with tenting of the needle tip visualized along the 

fossa ovalis (white arrow head; yellow dots mark the His bundle position). From (35) 

 

Figure 11. CartoSound image of the left atrium realized through integration of ICE 

imaging and electroanatomic mapping. In addition, CT image integration visualizing 

the pulmonary veins is shown. From (37) 

 

 

Figure 12A. Tenting of the fossa ovalis (black arrow head) by the transseptal catheter 

tip (white arrow head) as seen from the left atrial perspective. From (40) 

 

Figure 12B. The ablation catheter is visualized traversing the intra-atrial septum from 

right to left atrium following successful transseptal puncture. From (40) 
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