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bstract

Background: Transseptal catheterization is an essential procedure for left-sided heart interventions, commonly used in per-
cutaneous transluminal mitral commissurotomy, electrophysiology studies, catheter ablations, and device placements. The
key to successful transeptal puncture is the accurate identification of the fossa ovalis on the Interatrial Septum (IAS), which
serves as the optimal access point. While traditional imaging methods like Transoesophageal Echocardiography (TEE) and
three-dimensional fluoroscopy offer accurate anatomical visualization, these techniques can be costly and require specialized
equipment. Therefore, a simplified, cost-effective method to accurately localize the IAS is highly beneficial for improving
procedural outcomes and making the technique accessible in various clinical settings.

Method: We describe a novel technique for locating the IAS using a combination of 2-dimensional echocardiography and
fluoroscopy. First, the operator performs a 2D echocardiogram to estimate the cardiac axis and rotation, with specific focus
on the position of the cardiac apex. This allows for an initial evaluation of IAS anatomy and fluoroscopic projection. A Right
Atrial (RA) septogram is then obtained by performing a fluoroscopic procedure using a 20°-25° RAO view and a 10°-15°
caudal tilt. The septogram is used to identify the rectangular shape of the IAS, and imaginary lines are drawn to divide it into
four quadrants. The optimal puncture site is located at the posterior quadrant, slightly closer to the right atrial posterior margin.
The sheath and needle orientation are confirmed in a 30° LAO fluoroscopic view. After confirming the puncture site, a Brocken
Brough needle is advanced to access the left atrium, with blood aspiration confirming correct placement.

Conclusion: This simplified, cost-effective technique for identifying the optimal puncture site on the IAS improves the safety
and precision of transseptal catheterization. By using accessible imaging techniques, the method is suitable for a wide range of
clinical settings and provides an alternative to expensive imaging technologies, enhancing both procedural success and safety
for patients.

Keywords: Fossa Ovalis, Transseptal puncture, Right Atrial Septogram

J

ovalis, a natural opening in the septum. However, achieving

Introduction

Transseptal catheterization is a critical procedure in various
cardiac interventions, including left-sided heart access, elec-
trophysiological studies, and the placement of left atrial de-
vices, such as in patients undergoing catheter ablation for atrial
fibrillation [1,2]. The procedure was first performed by Braun
Wald, Ross and Morrow and later refined by Brocken Brough
and Mullins, whose names have been intricately linked with
this procedure [1-3]. The safety and success of this procedure
rely heavily on accurately identifying the optimal puncture site
on the Interatrial Septum (IAS), specifically targeting the fossa

precise localization remains challenging due to individual ana-
tomical variations and the technical complexity of the proce-
dure.

In traditional techniques, advanced imaging modalities, such
as Transoesophageal Echocardiography (TEE), Intracardiac
Echocardiography (ICE) or three-dimensional fluoroscopy,
are often employed to guide the transeptal puncture [4-13].
While these methods can provide accurate anatomical views,
they often require specialized equipment and expertise, which
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can lead to increased procedural costs and complexity. Further-
more, they may not always be readily available in all clinical
settings, particularly in emergency or resource-limited envi-
ronments.

The objective of this manuscript is to present a simplified,
cost-effective technique for determining the appropriate site
for transeptal puncture on the IAS, leveraging 2-dimensional
echocardiography and fluoroscopic guidance. This method
aims to reduce the dependence on expensive imaging technol-
ogies, while maintaining high levels of accuracy in identify-
ing the puncture site. The technique described here allows for
systematic localization of the IAS, with clear demarcation of
key anatomical landmarks, ensuring precise access to the left
atrium while minimizing the risk of complications.

By utilizing routine imaging modalities and clear procedural
steps, this method offers an accessible and efficient alternative
for both novice and experienced operators. The simplicity of
this technique makes it particularly relevant for a broad spec-
trum of clinical environments, improving safety and success
rates in transeptal catheterization, especially where advanced
resources are limited or unavailable.

Methodology

The technique described below outlines a systematic and pre-
cise approach for performing a transeptal puncture using echo-
cardiography and fluoroscopy for accurate localisation of the
puncture site on the inter atrial septum (IAS). The key steps of
the methodology, focusing on the rationale, instruments, and
detailed procedure are summarised below.

1. Initial Echocardiographic Assessment

. Objective: Ensure there is no significant cardiac rota-
tion that could affect IAS alignment.
. Process: The patient undergoes a routine 2D echo-

cardiogram. This assessment checks for the correct orientation
of the heart within the thoracic cavity, ensuring the apex is be-
tween 20° and 60° to the left of the midline. This orientation
helps the IAS appear which is usually in the sagittal plane, with
anterior border rotated to the left along the vertical axis, with
posterior border closer to the spine, and the anterior border to
the left of and behind the sternum anteriorly.

2. Fluoroscopic Positioning and Septogram Acquisition

. Objective: Obtain a detailed view of the IAS to visu-
alize its borders and the fossa ovalis.
. Process: Following the echocardiogram, the operator

uses fluoroscopy with a C-arm setup. The goal is to obtain an
atrial septogram. By injecting radiocontrast into the right atrial
cavity, the septum is visualized in an en face view from the
right side, showing all four borders and all four corners of the
IAS clearly.

. Fluoroscopic Angulation: A 20°-25° right anterior
oblique (RAO) view, with a 10°-15° caudal tilt, is used to ob-
tain the optimal septogram view. This orientation ensures visu-
alization of the septum in the en face view with all key borders
(tricuspid annulus, aortic root, right atrial appendage, SVC,
IVC, and posterior IAS).

3. Defining the Quadrants of the IAS

. Objective: Divide the IAS into quadrants to accurate-
ly locate the fossa ovalis and define the puncture site.

. Process:

° The fossa part of interatrial septum (true septum) 1s
located approximately equi-distant from all the borders al-
though slightly closer to the anterior border.

° Draw a horizontal line from the posterior to the ante-
rior margin of the right atrial septum.

° A vertical line is then drawn at the midpoint of the
horizontal line.

° This divides the IAS into four quadrants: anterosupe-
rior, anteroinferior, posteroinferior, and posterosuperior (Fig-
ure 1).

° The fossa ovalis, the target for the transeptal punc-
ture, is typically located near the center of the IAS but slightly
closer to the posterior part of the septum.

e Fr
Figure 1: Fluoroscopic image of right atrium with division of
the interatrial septum into quadrants.

4. Fluoroscopic Left Anterior Oblique (LAO) Projection

. Objective: Confirm the exact orientation of the punc-
ture device and the location of the puncture site.

. Process:

° The tip of Mullins sheath is positioned at the antero-
superior corner of the posteroinferior quadrant in contact with
septum (Figure 2).

° The position of Mullins sheath loaded with transeptal
needle pointing to the septum is verified in fluoroscopic LAO
view (Figure 3).

: 0.00 CRA: 0.00

Figure 2: Fluoroscopic image showing the direction of
Brocken Brough needle for septal puncture in right anterior
oblique view.
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Figure 3: Fluoroscopic image showing the direction of
Brocken Brough needle for septal puncture in left anterior
oblique view.

° In this view, the Mullins sheath loaded with transeptal
needle pointing towards the spine confirms the appropriate po-
sition of the transeptal needle.

° The Mullins sheath is tugged against the septum and
puncture needle advanced across the septum into the left atri-
um.

° In this view, the sheath tip should be directed toward
the TAS, with the puncture site positioned approximately 3-4
mm inside the anterosuperior corner of the posteroinferior
quadrant.

° This fluoroscopic projection ensures proper align-
ment of the sheath and needle, allowing precise placement for
puncture.

5. Wire Positioning and Confirmation

. Objective: Confirm that the transeptal needle has en-
tered the left atrium (LA) and ensure safety before advancing
further.

. Process:

° After advancing the Brocken Brough needle through
the septum, the operator aspirates blood to confirm entry into
the LA which yields bright red oxygenated blood.

° The Brocken Brough needle is then exchanged for a
soft-tipped LA coil wire (Figure 4).

3 |
Figure 4: Fluoroscopic image showing the passage of left
atrial coil wire through Mullins Sheath into the left atrium.

° The position of the wire is confirmed using either
transthoracic echocardiography or fluoroscopic LAO projec-
tion, ensuring it is properly positioned in the LA.

6. Sheath Advancement

. Objective: Facilitate smooth catheterization and final
placement of the transeptal sheath.

. Process:

° After confirming proper wire placement, the sheath is
advanced over the wire into the left atrium.

° The transeptal puncture is performed with the sheath,

allowing for subsequent catheterization and procedure pro-
gression.

Rationale for the Approach:

. Echocardiography helps identify and confirm the
heart's rotation and positioning, ensuring that the IAS is visual-
ized correctly.

. Fluoroscopy, combined with contrast injection, pro-
vides a clear en face view of the septum, ensuring that all key
borders are identified for accurate targeting of the fossa ovalis.

. Quadrant Division aids in pinpointing the ideal punc-
ture site, reducing the risk of complications.
. The use of both fluoroscopy and echocardiography

for wire positioning and confirmation ensures precise naviga-
tion and safety during the procedure.

. Sheath advancement with a wire in place ensures
smooth and safe passage into the left atrium, reducing proce-
dural risks.

Discussion

This simplified technique for localizing the puncture site on
the interatrial septum (IAS) during transseptal catheterization
offers a valuable alternative to traditional, resource-intensive
methods. By combining standard 2D echocardiography with
fluoroscopy, the procedure not only improves accessibility and
reduces costs but also maintains the accuracy required for a
safe and successful puncture. Below, we explore the key ad-
vantages and clinical implications of this approach in detail:

1. Reduced Complexity and Cost

One of the most significant benefits of this technique is its
simplicity and cost-effectiveness. Traditional methods often
rely on advanced imaging technologies such as transoesopha-
geal echocardiography (TEE), Intracardiac Echocardiography
(ICE), or 3D fluoroscopy, which can be prohibitively expen-
sive and require specialized equipment and expertise. These
imaging modalities, while effective, may not always be readily
available, particularly in resource-limited settings or emergen-
cy situations.

By utilizing routine 2D echocardiography and fluoroscopy, this
approach significantly lowers the financial burden while en-
suring high procedural accuracy. Furthermore, the reliance on
widely available and easily interpretable imaging techniques
enhances its utility in various clinical environments, making
it accessible to a broader range of healthcare providers. This is
particularly important in developing regions or hospitals with
limited access to high-end imaging systems, where the avail-
ability of safe and cost-effective methods is essential for im-
proving patient outcomes.

2. Anatomical Precision and Improved Safety
Achieving precise localization of the fossa ovalis is critical for
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the safe performance of transseptal catheterization. An naccu-
rate puncture site can lead to severe complications, such as per-
foration of adjacent structures, including the aortic root, supe-
rior vena cava (SVC), inferior vena cava (IVC), or right atrial
appendage. The technique outlined here provides a systematic
approach to accurately identifying the optimal puncture site,
significantly minimizing the risks associated with misplaced
punctures.

By dividing the IAS into four quadrants, this technique ensures
that the puncture site is chosen with high precision, reducing
the chances of inadvertent damage to neighbouring structures.
The posterior quadrant, where the fossa ovalis is typically lo-
cated, serves as the target, and the systematization of this pro-
cess allows for reliable outcomes across different patient anat-
omies. The division of the septum into quadrants also provides
an added layer of clarity, improving the operator’s confidence
and reducing the potential for errors.

3. Fluoroscopic Guidance and Device Alignment

The use of fluoroscopic guidance in both Right Anterior
Oblique (RAO) and Left Anterior Oblique (LAO) projections
ensures the precise alignment of the puncture device with the
target site. The RAO view provides an enface view of the IAS,
facilitating accurate identification of the anatomical borders,
such as the tricuspid annulus and the aortic root. The LAO
view is particularly useful for confirming the optimal orienta-
tion of the puncture device and sheath, ensuring that the needle
is correctly aligned with the IAS before advancement. This
dual-projection approach is key to enhancing both the safety
and accuracy of the procedure.

Real-time feedback provided by fluoroscopy during the pro-
cedure is invaluable in minimizing the risk of device mis-
alignment, which can otherwise lead to complications such
as inadvertent puncture of the atrial wall or damage to other
structures. With both RAO and LAO projections working in
tandem, the operator can confidently navigate the catheter or
needle toward the desired puncture point, ensuring a more pre-
dictable and successful outcome.

4. Minimization of Complications

Proper identification of the puncture site and correct needle
placement are critical in minimizing complications, which can
include perforation of the atrial wall, pericardial tamponade,
or thromboembolic events. The inclusion of aspiration after
the needle insertion further strengthens the safety of this tech-
nique. By aspirating blood, the operator can confirm the nee-
dle's correct placement within the Left Atrium (LA), offering
an additional layer of verification before advancing the sheath
and performing the catheterization.

The use of heparin following wire placement also contributes
to the reduction of thromboembolic complications, ensuring
that the risk of clot formation is minimized throughout the
procedure. These precautionary measures add an extra layer
of safety, promoting better patient outcomes and increasing the
overall reliability of the method.

5. Clinical Applicability in Resource-Limited Settings

Another key advantage of this technique is its suitability for use
in diverse clinical environments, including those with limited
access to advanced imaging equipment. The approach requires
only basic echocardiography and fluoroscopy, both of which

are standard 1n most interventional cardiology settings. This
is particularly beneficial in emergency or resource-constrained
situations, where access to high-end imaging modalities may
be limited or unavailable.

The simplicity and low cost of the method make it an attractive
option for institutions with budget constraints or for clinicians
in developing regions who may not have access to more expen-
sive equipment. Furthermore, because the technique relies on
imaging modalities that are both widely available and relative-
ly easy to perform, it allows for broader implementation and
adoption, making transseptal catheterization safer and more
feasible for a greater number of patients globally.

6. Reproducibility and Operator Learning Curve

This technique’s reliance on basic 2D echocardiography and
fluoroscopy ensures that it can be easily learned and performed
by operators at various levels of experience. In comparison to
more complex techniques requiring advanced imaging sys-
tems, this method can be adopted by both novice and expe-
rienced operators, providing a standardized approach that can
lead to consistent procedural outcomes.

The simplicity of the approach ensures that it is reproducible,
even in centers with less experienced staff or limited resources.
By establishing clear procedural steps and utilizing widely
available imaging techniques, operators can build confidence
in performing transseptal puncture with a reduced risk of com-
plications. The reduced complexity of the method also makes
it easier to teach, ensuring that procedural safety is maintained
even in training environments.

7. Alignment with Current Literature

The advantages of using simple imaging techniques for trans-
septal puncture are well supported by current literature. Previ-
ous studies have emphasized the safety and efficacy of utilizing
basic echocardiography and fluoroscopy for guiding transsep-
tal puncture, with improved outcomes in both the accuracy
of puncture site localization and the reduction of procedural
complications [14-18]. Our findings align with these studies,
further validating the approach’s effectiveness.

Additionally, research has shown that minimizing the use of
complex imaging techniques not only reduces costs but also
enhances procedural success rates by improving accessibility
and making the procedure more widely applicable. This meth-
od, with its straightforward approach, ensures that patients
benefit from accurate and safe transseptal puncture while mini-
mizing the financial and logistical barriers that can exist with
advanced imaging technologies.

Conclusion

In conclusion, the simplified technique for identifying the op-
timal puncture site on the interatrial septum during transseptal
catheterization provides a reliable, cost-effective, and clinically
applicable alternative to more complex imaging methods. By
combining 2D echocardiography and fluoroscopy, the method
ensures accurate localization, minimizes complications, and
improves procedural safety. Furthermore, it enhances accessi-
bility, making transseptal catheterization feasible and safe even
in resource-limited settings. This approach has the potential to
improve patient outcomes across a wide variety of clinical en-
vironments, particularly in cases where advanced imaging sys-
tems may not be available.
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This method offers several key advantages over traditional
techniques for transeptal puncture site localization, providing
a balance of simplicity, cost-effectiveness, and high precision.
The following points provide a detailed discussion of the ratio-
nale behind the steps, the advantages of this approach, and its
clinical implications:

Limitations and Future Considerations

While this method provides a reliable and cost-effective means
of localizing the puncture site, there are some limitations. The
technique relies heavily on the operator's ability to interpret
echocardiographic and fluoroscopic images accurately. Ad-
ditionally, the approach may not be suitable for all patients,
particularly those with significant anatomical variations that
may require more advanced imaging techniques for precise
localization.

Future studies should focus on evaluating the long-term out-
comes of this technique compared to more traditional methods,
particularly in terms of complication rates, procedural times,
and patient safety. Further refinement of the method, potential-
ly incorporating advanced imaging modalities like 3D echo-
cardiography or CT imaging, could improve its precision and
broaden its applicability in challenging cases.
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