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Abstract: Transseptal puncture is an established technique for achieving left atrium access during cardiac
procedures. It is associated with low overall complication rate and high success rates. Although being almost
a century old technique, recent years brought a substantial development in the field, allowing for faster and
safer left atrium catheterization. In this paper we discuss its history, complications, available techniques and
current state of the art.
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1. Introduction

Transseptal puncture (TSP) is currently the gold standard for endovascular procedures that
require catheterization of the left atrium (LA). Although its development began almost 100 years ago,
recent years brought substantial advancement in the field providing necessary tools for dealing with
difficult scenarios as well as increasing the safety and efficacy of the procedure. Even though the TSP
is associated with a high success rate and low risk of adverse events, it is of paramount importance
for the physician to be aware of these potential complications and take appropriate measures to
prevent them. The trend towards performing minimally invasive procedures, the development of
new interatrial devices and the need for further simplification of the technique forces rapid progress
in the field. In this paper we discuss the evolution of TSP, available techniques, potential
complications and current state of the art.

2. Brief History

The first documented cardiac catheterization in a live human was performed almost 100-years
ago. In 1929, a 25-year-old surgical trainee Werner Forssmann introduced a 65-cm catheter into his
own right atrium through one of his left antecubital veins under fluoroscopy guidance [1]. The
technique was further refined for diagnostic purposes allowing for direct measurement of pressure
in right heart chambers. As a result, in 1956, Forssmann together with Cournand and Richards were
jointly awarded the Nobel Prize "for their discoveries concerning heart catheterization and
pathological changes in the circulatory system”.

It was not until 1947 that Cournand first described transseptal access through a septal defect into
the left atrium and pulmonary veins for recording blood pressure [2]. In 1950 Zimmerman and others
[3] described their method of introducing a catheter through the radial artery and the aorta for left
ventricle catheterization. The following years brought further developments in the field. In 1953
Seldinger published a paper presenting his new technique of percutaneous vascular access for
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angiography [4], which was later adopted for heart catheterization procedures. The earliest
techniques of accessing the left side of the heart also included subxiphoid and apical approach for
direct percutaneous puncture of the left ventricle. In order to directly reach the left atrium
transbronchial, posterior transthoracic or suprasternal access were used [5]. The development of the
transseptal puncture technique for obtaining a LA access began in the late 1950s. In 1959 Ross and
Cope published their papers describing a novel technique for accessing the left atrium through the
right atrium with a femoral vein approach by puncturing the interatrial septum with a specially
designed needle [6] [7]. In 1960, Brockenbrough together with Braunwald published their paper
presenting an improved approach using a modified transseptal needle allowing for easier left heart
access and manipulation [8], which was further developed in the following years [9] [10]. This
breakthrough marked the beginning of a new era in cardiac procedures, as it allowed for safer access
to the left side of the heart and paved the way for further advancements in the field.

3. Interatrial Septum Development and Anatomy

The formation of the interatrial septum takes place in the first months of fetal development. It is
formed by the fusion of the primary atrial septum, originating from the roof of the atrium, and the
secondary septum, created by the infolding of the superior caval vein and right pulmonary veins into
the atria. The primary septum in postnatal life becomes the floor of the fossa ovalis (FO), while the
secondary septum forms its extensive antero-superior rim [11]. The importance of these embryology
considerations becomes apparent during the transseptal puncture, as the “true” interatrial septum
(formed by the FO and its infero-anterior rim) represents only about 20% of the whole interatrial
septum area [12]. Puncturing other parts of the septum, created by the infoldings of the adjacent atrial
walls, would lead to injury of the outer wall of the heart and potentially serious complications during
the procedure [13].

Klimek-Piotrowska et al. described four variations of the FO anatomy - “smooth” being the most
common (56.3% of cases), persistent foramen ovale (24.4%), right-sided septal pouch (11.9%) and a
net-like structure within the FO (7.4%) [12]. Each of those may present a different challenge during
the procedure. The FO might sometimes appear as a floppy, aneurysmal structure, which can elevate
the risk of perforating the anterolateral wall of the atrium due to its excessive tenting during the
transseptal puncture [14]. On the contrary, in some cases (such as lipomatous atrial septal
hypertrophy or after a previous transseptal puncture) the septum might appear as unusually stiff,
requiring applying more force into the puncture and making it difficult to advance the sheath
through the septum [15] [16]. Accessing the LA through a patent foramen ovale, which is situated in
the antero-cepahalad margin of the FO, might be inadvisable since it can lead to problems with
catheter and sheath maneuverability [14]. Similar difficulties might be expected with a right-sided
septal pouch, which is formed by a partial fusion of the primary and secondary septum [17]. The
presence of a well-developed net-like structure, similar to a Chiari’s network, could also impede the
transseptal puncture and catheter manipulation or potentially even lead to catheter entrapment [12]
[18].

4. Periprocedural Management

As for most invasive procedures, basic laboratory test results should be obtained and the patient
should be fasting for at least 6-8 hours before the procedure. In the case of atrial fibrillation (AF)
ablation therapeutic anticoagulation should be initiated at least 3 weeks prior to the procedure.
Transesophageal echocardiography (TEE) or computed tomography may be used to exclude left
atrial thrombus. If the patient is on oral anticoagulation (OAC), current practice guidelines
recommend performing the procedure under uninterrupted anticoagulation, which proved to be a
safe approach associated with low rates of stroke/TIA and bleeding complications [19-22]. Major
bleeding was significantly reduced with uninterrupted direct oral anticoagulants (DOACs) compared
to vitamin K antagonists [23]. After the procedure, the first dose of OAC should be administered
according to the previous patient's schedule and the antithrombotic treatment should be continued
for at least 2 months, depending on the individual stroke risk profile [24]. If the OAC was interrupted
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before the procedure for any reason, administration of DOAC after 3 to 5 hours following the ablation
(after ensuring proper hemostasis) should be considered [25]. Transthoracic echocardiography after
the procedure should be performed in order to exclude any significant pericardial effusion following
the procedure .

5. Necessary Equipment

In order to perform a transseptal puncture certain equipment must be obtained. A standard kit
consists of a long, stainless steel Brockenbrough needle (with a lumen and a stylet inside of it in order
to avoid puncturing the sheath while advancing the needle), a J-shaped guidewire and a pre-shaped
long transseptal sheath with a dilator compatible with the needle. Depending on the procedure and
individual anatomy of the patient different lengths and curvatures are available. Recent years
brought substantial development in the available equipment. The use of steerable sheaths and
utilization of radiofrequency (RF) energy with transseptal needles and wires allows for a successful
TSP in certain challenging scenarios. The development of a dedicated transseptal system made zero-
exchange workflow possible, potentially avoiding exchange-related complications and further
simplifying the procedure.

6. Current Techniques for TSP

The standard technique for performing a TSP under fluoroscopic guidance involves obtaining
venous access through the right femoral vein and placing a J-shaped guidewire into the superior vena
cava. After advancing a transseptal sheath with a dilator over-the-wire into the superior vena cava,
the guidewire is replaced with a transseptal needle with a stylet inside of it to avoid additional
friction. After advancing the needle just below the tip of the dilator the stylet is removed and a syringe
with contrast is connected to the needle. The System is then rotated to 4-5 o’clock (Figure 1a) and
pulled down into the right atrium under the anteroposterior (AP) fluoroscopic view. Two “jumps”
are encountered on the way down into the desired position on the interatrial septum - the first one
after dropping from superior vena cava into the right atrium, and the second one after reaching the
fossa ovalis. The assembly should then be carefully advanced into the final position (Figure 1b). A
catheter placed in the coronary sinus is used as a landmark for the puncture; a pigtail catheter placed
in the aortic root may also be used for additional orientation. Derejko et al. recently reported that a
guidewire positioned between the superior and inferior vena cava can serve as another landmark
guiding the TSP, as it should be running in direct vicinity to the FO in mid right anterior oblique
(RAO) view [26]. Two independent fluoroscopic angles are used to confirm the correct position on
the interatrial septum (IAS). In a 40° RAO view the assembly should be aligned so that the needle
runs parallel to the coronary sinus catheter (Figure 1c). After verifying the correct position in the RAO
view the needle is advanced outside the dilator under a 30° left anterior oblique (LAO) view (Figure
1d) and contrast is administered in order to confirm reaching the left atrium. Direct pressure
monitoring from the transseptal needle may also be used [27]. IAS tenting can usually be observed
before the needle passes into the left atrium (Figure 2a,b). The sheath with a dilator is carefully
advanced over the needle into the left atrium. The needle is then withdrawn and replaced with a
guidewire that is usually placed deep inside the left superior pulmonary vein. At this point the
transseptal sheath can be safely exchanged for a dedicated transseptal system depending on the
procedure type. Other modalities for TSP include the utilization of transesophageal (TEE) [27] or
intracardiac echocardiography (ICE) [28] for direct visualization of the needle and its orientation
relating to IAS and other heart structures.
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Figure 1. (a) Baseline position in the superior vena cava with the needle-dilator-sheath assembly
rotated to approximately 4-5 o’clock, AP view (b) - final position on the fossa ovalis: AP view (c) RAO
40° view (d) - LAO 30° view before the puncture.
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Figure 2. (a) Interatrial septum (IAS) tenting visible on transesophageal echocardiography (red
arrow), midesophageal 49° aortic valve short axis view; (b) IAS tenting visible on fluoroscopy before
the puncture (red arrow), 30° left anterior oblique (LAO) view; (c) transseptal puncture - needle is
advanced outside the dilator, 30° LAO view; (d) sheath with the dilator advanced into the left atrium.
Visible contrast medium lining the IAS at the puncture site (red arrow), 30° LAO view.

7. Alternative Techniques

A dilatator method for the TSP is an alternative to a standard needle puncture, where the needle
is kept within the dilator and the puncture is performed only by forcing the blunt tip of the dilator
through the fossa ovalis. In this approach the outer sheath is not used in the assembly. After
withdrawing the dilatator with the needle to the right atrium and confirming the correct position
with the RAO view (similar to the standard method) the assembly is gently pushed forward in order
to catch the lip edge of the FO by the dilatator tip. At this point a gradually increasing force is applied.
If the dilator is in the correct position the thin fibrous tissue within the fossa should easily be
penetrated without the use of excessive force. Conversely, other parts of the IAS are much thicker
and penetrating them would require much more effort, which should prompt the operator to adjust
the position of the dilatator. The incidence of severe complications with this alternative approach was
lower compared to the needle method, but it required a slightly longer procedure time [29].

8. Anticoagulation During Procedures

Thromboembolic events are of major concern during procedures requiring left heart
catheterization. Current expert consensus on catheter ablation of atrial fibrillation recommends
administration of intravenous unfractionated heparin (UFH) directly prior to or immediately after
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TSP to target activated clotting time (ACT) of over 300 seconds [25]. The initial dose is dependent on
body mass and might vary significantly with different anticoagulation regime. Patients on warfarin
and dabigatran require a lower initial dose of UFH in order to reach target ACT compared to the ones
receiving rivaroxaban and apixaban - approximately 150 vs 170 IU/kg, respectively [30]. After the
procedure administration of protamine may be considered in order to reverse the effects of heparin.

9. Different Approaches for Different Procedures

Depending on the type of the procedure the TSP localization might be adjusted in order to
provide optimal LA access and enable a smooth catheter manipulation. For left atrial appendage
occlusion procedures more central puncture is preferred. In mitral valve repair procedures an
optimal TS access should be obtained by passing through the superior and posterior-mid part of the
fossa ovalis, preferably between 3.5-4 cm above the mitral annulus in order to properly align the clip
delivery system [31]. For ablation procedures the preferred puncture site might vary depending on
the arrhythmia - for example posteroinferior access is more desirable during pulmonary vein
isolation, although utilization of a persistent foramen ovale might also be considered [32]. No clear
benefit was shown between single or double TSP in atrial fibrillation ablation with similar rates of
adverse events [33].

10. Complications

Overall reported complication rate for TSP is very low (<1%) with a mortality rate of 0.018%
[34]. Available literature provides mostly procedure-related complication rates, without clear
division into strictly TSP-related, thus making it often impossible to establish a direct association with
TSP. Nevertheless, complications associated with procedures requiring TSP and left atrium
catheterization are discussed below.

Ischemic stroke, transient ischemic events and silent cerebral ischemic events

Thromboembolic events during left heart procedure are of major concern and extra care should
be taken to provide a proper anticoagulation. Thrombus formation immediately after the TSP has
been reported [35] which could be avoided with administration of heparin before the puncture [36].
The reported rate of clinically significant arterial thromboembolism (mostly cerebral transient
ischemic attack) associated with TSP was extremely low (0.07%) with symptoms resolving
spontaneously within 12 hours [34]. In patients undergoing transcatheter ablation for AF,
transcatheter edge-to-edge repair (TEER) of the mitral valve or placement of the left atrial appendage
occlusion (LAAO) devices the total rates of periprocedural stroke was 0.23-0.4% [37] [38], 1% [39] and
1.1% [40] respectively. On the contrary, reported rates of silent cerebral ischemic events (SCI) during
procedures requiring catheterization of the left atrium are high, ranging from 4.2% - 26.5% in
cryoballoon ablation [41,42] and 14% in RF ablation for pulmonary vein isolation [43], 4.8 - 54.8% in
LAAO procedures [44,45] up to 86% during transcatheter edge-to-edge repair of the mitral valve [46].
Factors that have been associated with SCI are nonparoxysmal AF, noncompliance to the
anticoagulation protocol [47], subtherapeutic levels of ACT, and cardioversion to sinus rhythm
during the procedure [43], procedure duration and lower left ventricle ejection fraction [41]. The
significance of those findings is still uncertain, although some reports suggest a possible association
with dementia and cognitive decline [48,49]. Rigorous adherence to an anticoagulation protocol with
strict ACT monitoring during the procedure should be maintained in order to minimize the risk of
SCL

Cardiac tamponade and inadvertent puncture of other heart structures

Another potentially serious complication of TSP is inadvertent puncture of the aortic root and
atrial wall (with reported rates of 0.05% [50] and 0.24% respectively), which can lead to cardiac
tamponade in approximately 0.09% of cases, as reported by De Ponti [34]. Reported rates of cardiac
tamponade during different procedures requiring transseptal catheterization are significantly higher
(approximately 1.2-1.3% [37,51]), although the origin of the perforation is not always clear (i.e TSP-
related vs. RF/catheter manipulation-related). After accidental needle-only puncture of other heart
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structures, without further advancement of the dilator/sheath, the needle can usually be safely
withdrawn without further complications. It is crucial to confirm an accurate TSP with contrast
injection under fluoroscopy or continuous pressure recording before advancing the sheath further,
which could potentially have catastrophic consequences in case of an improper puncture. Utilization
of TEE or ICE with direct needle visualization may also help to avoid inadvertent puncture of other
heart structures, especially in challenging scenarios.
Iatrogenic atrial septal defect

Persistent iatrogenic atrial septal defect (iASD) after TSP is common with rates up to 87% directly
after the procedure [52], decreasing over time to 37% after a median follow-up of 2.9 years [53] and
generally should not be considered a complication, but rather an expected occurrence. The prevalence
increases with more catheter manipulation across the IAS during the procedure as well as with larger
sheath diameter [54]. Although reports of patients requiring the closure of iASD exist [55] and some
studies have shown a potential benefit of concomitant closure of the defect at the end of the procedure
[56], they are generally well tolerated and clinically insignificant. In a randomized trial involving
patients after transcatheter mitral valve repair closure of iASD did not improve functional or clinical
midterm outcomes [57]. Furthermore, reports are available describing positive hemodynamic effect
of the newly created iASD in patients undergoing TEER of the mitral valve [58] although recent trials
describing the placement of dedicated interatrial shunt devices in patients with heart failure with
preserved ejection fraction did not show any clinical benefit [59]. No differences in adverse events
associated with persistent iASD after catheter ablation for pulmonary vein isolation, implantation of
LAAO devices or TEER of the mitral valve were described [53,60-62].
Mortality

In a multicenter survey spanning 12 years with 5520 procedures only 1 death directly associated
with TSP was reported [34]. Mortality rates for procedures requiring left atrium catheterization are
0.15 % for catheter ablation of atrial fibrillation [37], 0.53% for placement of LAAO devices [63] up to
1.1-4.3% for TEER of the mitral valve [64].

11. Managing Difficult Anatomies, Recent Developments in the Field

The standard transseptal needle for use in adults usually comes in three usable lengths of 71, 89
and 98 cm with different curvatures, which allows for a better fit depending on the patient's anatomy
and desired TSP localization. Although the TSP with a standard needle yields a high success rate of
over 98% with a low incidence of complications [65] certain scenarios might require a different
approach. The NRG® transseptal needle (Baylis Medical) allows for a delivery of radiofrequency
energy through a rounded atraumatic tip which might be helpful especially in a case of fibrotic or
aneurysmal septum [66]. In a recently published randomized trial comparing conventional vs RF
transseptal needle with pigtail wire the use of the latter was associated with shorter time to left atrial
access and reduced fluoroscopy time [67]. Another option for overcoming a challenging septum is
utilization of a 0.014-inch diameter sharp nitinol guidewire (SafeSept® Pressure Products Inc.), which
assumes an atraumatic “J” shape after achieving a successful puncture, providing additional safety
in patients at higher risk for complications [68]. It can also be used as a bailout strategy in case of an
unsuccessful TSP with conventional and RF needles [69]. Similarly, the VersaCross® wire (Baylis
Medical) allows for TSP using RF energy and simultaneously serves as an exchange rail for delivering
therapy sheaths, further shortening the procedure time [70-72]. One of the biggest pitfalls of the
techniques mentioned above is the need for a sheath exchange, which is associated with prolonged
procedure time and brings serious concerns about potential air aspiration during the exchange and
subsequent air embolism. Recently, new techniques have emerged that allow for a zero-exchange
workflow during the procedure [73]. The VersaCross Connect™ LAAC Access Solution (Baylis
Medical) dedicated for WATCHMAN FLX™ (Boston Scientific) implantation provides an
exchangeless workflow during LAAO device placement [74]. The AcQCross™ (Medtronic)
transseptal access system is compatible with most of the available therapy sheaths and allows for
obtaining direct TS access (mechanical or RF-based) without the need for a sheath exchange, leading
to improved procedural efficiency [75]. A recent study has proved the feasibility and safety of a zero
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exchange workflow during pulse field ablation procedures by using a direct over-the-needle
transseptal access with the Faradrive sheath [76]. Similar reports are available describing a direct TSP
through the FlexCath sheath with a standard transseptal needle [77,78] and a SafeSept wire [79].

Despite the development of new modalities for TSP, certain scenarios can still prove to be
challenging. In patients with extra stiff septum, after a successful puncture of the IAS, problems with
advancing the sheath into the LA may be encountered. Exchanging for a stiff guidewire or
repositioning the wire into the right superior pulmonary vein can provide a different angle of
approach, leading to successful sheath insertion. If the above maneuvers prove to be unsuccessful,
additional dilation of the IAS before advancing the sheath might be necessary. One of the available
techniques for dilating the septum is the “shoehorn” maneuver, utilizing an electrophysiological
catheter already being used for the procedure. After performing the TSP and placing a guidewire in
the left superior pulmonary vein, the transseptal sheath is withdrawn and the catheter is advanced
through the puncture site into the LA by following the guidewire under fluoroscopy guidance. The
sheath is then advanced and pressure is applied on the IAS while simultaneously withdrawing the
catheter into the right atrium, which enables the sheath to pass through the septum [80]. Another
possible technique is an atrial balloon septoplasty using a noncompliant balloon advanced over a stiff
wire through the septum [81] or a sequential dilation of the IAS with progressively larger bore
dilators. The former though requires additional sheath exchange which, if possible, should be
avoided during LA catheterization.

Patients who have undergone implantation of atrial septal defect (ASD) closure devices and
require transseptal left atrial catheterization form a relatively small subset. Although challenging, the
TSP in such cases is still a feasible approach. In the case of smaller devices a puncture posteroinferior
to the occluder is preferred. If the device is >26mm a direct TSP through the device might be required
[82], preferably away from the attachment hub in the case of a double-disc occluder [83] .

12. Conclusions and Future Directions

Although its development began in the early previous century, the TSP technique has undergone
remarkable progress in recent years, following the rapid evolution of minimally-invasive techniques
for left heart procedures, while new techniques are still being researched. Currently there are ongoing
clinical trials investigating the safety and efficacy of transcatheter microguidewire drilling (TMD) for
transseptal left atrial access in patients with abnormal atrial septal morphology [84] and evaluating
the usefulness of 3D  printing of both atria for optimum TSP site planning before the procedure [85].

The availability of new modalities provides operators with a wider range of options for
addressing challenging scenarios which has further increased the safety and efficacy of the
procedure. Novel techniques that allow for direct needle and heart structures visualization during
the procedure (such as electroanatomical mapping and the utilization of ICE) made fluoroless TSP
possible, removing one of its pitfalls [86-89] and helping with more site-specific puncture [90,91].
Recently, the first attempts at implementing augmented reality (AR) for transseptal puncture during
cardiac procedures have been described, reporting a low misalignment error rate with an AR
guidance system [92-94]. James et al. in their proof of concept feasibility study suggest that AR
guidance could potentially accelerate the learning curve and provide better accuracy for the TSP in
the future [95]. The ongoing implementation of robotics in medicine provides another potential
direction for cardiac procedures. There are documented reports describing the safety and feasibility
of conducting TSP through a robotic catheter control system in a remote manner during ablation
procedures [96]. The use of an autonomous robotic ICE controller for a zero-fluoroscopy transseptal
puncture has recently been described, providing additional assistance and visualization of cardiac
structures without engaging the operator in the process [97]. One of the main benefits of using
robotics in medicine is increased precision and accuracy, which can be especially beneficial in delicate
cardiac procedures potentially leading to improved patient outcomes. However, issues related to
cost, access, and the need for specialized training remain the limiting factors for its wider use.
Artificial intelligence (AI) is another rapidly growing field with the potential to revolutionize many
areas of medicine, as it uses machine learning techniques to analyze complex data sets and identify
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patterns that might be missed by human analysis. Using Al for automated multislice computed
tomography analysis for preoperative planning of the transseptal puncture site during transcatheter
procedures has recently been described [98], significantly accelerating image analysis and providing
potential assistance with handling rapidly increasing volumes of patients.

As the demand for minimally invasive procedures requiring transseptal catheterization
increases, simpler techniques with a steeper learning curve may become preferable in order to make
the TSP more accessible to a broader range of physicians. The zero exchange solutions for LA
catheterization seem to be a promising perspective for a more streamlined workflow, allowing for
further simplification of the procedure and avoiding potentially serious exchange-related
complications. The rapidly evolving fields of robotics, AR and Al in medicine provide an exciting
perspective for the future.
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