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How to perform a transseptal puncture safely and effectively
Como realizar una puncion transeptal de manera segura y exitosa
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Abstract

Initially described in 1959 as a technique to measure left atrial pressures, and later used during balloon mitral valvuloplasty,
transseptal puncture (TSP) is frequently the access route for procedures involving the left heart chambers. Currently, it is
mostly used in electrophysiology laboratories for arrhythmia ablation and during left atrial appendage occlusion procedures.
However, with the ongoing development of percutaneous mitral valve interventions, it is expected that a greater number of
interventional cardiologists will be using this technique in the near future. In this article, we review the technique for performing
TSP safely, and we provide recommendations and different strategies to deal with difficult TSPs.
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Resumen

Introducida inicialmente en la década de los cincuenta para la evaluacion de las presiones de la auricula izquierda y poste-
riormente para la realizacion de valvuloplastia mitral, la puncion transeptal es, con frecuencia, la via de acceso para efectuar
procedimientos que involucren las cavidades izquierdas. En la actualidad, se usa comunmente en los laboratorios de elec-
trofisiologia, tanto para la ablacion de arritmias en cavidades izquierdas, como para los procedimientos de cierre percutaneo
de orejuela. No obstante, con la llegada de diversas técnicas para el manejo percutaneo de la valvula mitral, se espera un
aumento progresivo de su uso por parte de cardidlogos intervencionistas. En este articulo, se revisa la técnica para hacer
una puncion transeptal segura y se dan recomendaciones y estrategias para el manejo de la puncion transeptal dificil.
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Introduction

Transseptal puncture (TSP) was originally introduced
in 1959 for measuring left atrial pressures'-?, and rap-
idly evolved as an access route for managing mitral
valve disease. However, the development of techniques
to indirectly measure left atrial pressure using balloon
catheters, together with a decreased prevalence of rheu-
matic valve disease, led to the technique rapidly disap-
pearing from interventional cardiology laboratories.
Toward the end of the 80s, the technique was infre-
quently used, and interventional cardiology training
programs no longer had a large enough volume to
provide adequate training for their fellows, significantly
increasing the rate of complications®. With the advent
of atrial fibrillation ablation at the end of the 90s*, the
technique experienced a resurgence: in only five years,
the number of TSPs grew 60 times® and it is a common
procedure in electrophysiology labs today. This experi-
ence has been harnessed in atrial appendage occlusion
interventions® and, more recently, in percutaneous mitral
valve interventions”8. However, TSP continues to be a
high-risk procedure which must be performed by highly
trained personnel. In an analysis of the causes of peri-
cardial effusion during atrial appendage occlusion proce-
dures, up to 9% of the effusions occurred during TSP%©,
showing the importance of proper technique during this
procedure.

This article provides a step-by-step review of the tech-
nique for performing TSP safely using different imaging
aids, as well as the management of difficult approaches
and complications.

Operator training and experience

It is important for training programs to include both
theoretical and practical aspects of TSP. A review of
anatomy, possible risks and complications, as well as
the use of simulators in the company of an experienced
operator can help improve the skill of fellows-in-training
in performing these procedures. As the operator’s expe-
rience increases (measured by the number of TSPs
performed per year), the rate of complications decreases
significantly. It has been determined that an operator
must perform at least 50 TSPs to have an “acceptable”
level'", while performing more than 45 TSPs per year is
considered a high volume which, in turn, results in a
significant reduction in the time required to obtain trans-
septal access and in the rate of complications'. There-
fore, it is recommended that procedures involving TSP
be performed by high-volume operators.

Before transseptal puncture:
the importance of anticoagulation

Although, in the initial years, the use of anticoagu-
lants was considered to be an absolute contraindication
for TSP, today it is recommended that procedures
involving TSP be performed without interrupting antico-
agulation™. This also applies for patients treated with
direct oral anticoagulants (DOACs), in whom, although
the evidence establishes that their uninterrupted use
could be just as safe or even safer than uninterrupted
warfarin use', most electrophysiologists (63%) omit at
least one dose before the procedure'®. Although there
is a fear that anticoagulant use prior to the procedure
could increase mortality and the length and amount of
bleeding if cardiac tamponade should occur, the avail-
able evidence indicates the opposite’®.

In addition to a prior anticoagulant, heparin is recom-
mended before performing TSP, as both the guidewires
and transseptal sheaths are highly thrombogenic. In our
practice, 10,000 units of unfractionated heparin are
infused prior to femoral puncture (in order to avoid
thrombus formation on the femoral guidewires and intro-
ducers), with another 3,000 units after TSP to maintain
the ACT > 300 seconds. Administering heparin only after
performing TSP does not reduce the risk of bleeding, but
does significantly increase the risk of thrombogenesis in
the left atrium and should therefore be avoided.

Tools for performing transseptal puncture

There are various transseptal introducers which may
be useful, depending on the procedure being performed.
For ablations, deflectable introducers (Agilis, Abbot;
Vizigo, Biosense Webster) are preferred, as they make
it easier to manipulate the catheters in the left atrium.
For procedures involving introducer exchange (for exam-
ple, percutaneous atrial appendage occlusions), SLO
(Abbot) introducers are preferred, as their curvature
(50°) facilitates left superior pulmonary vein cannulation
and allows a high-support guidewire to be installed at
this point. When using different introducers, it is import-
ant to consider their varying lengths in order to select an
appropriately sized transseptal puncture needle (that is,
not using a long needle in a short introducer, as it can
easily inadvertently puncture other vascular structures).

There are additional tools which are not currently
available in Colombia, like the SafeSept (Pressure Prod-
ucts) and Versacross (Baliss) guidewires. Both reduce
the risk of complications and time required to obtain



transseptal access'? and therefore, if available, could be
considered.

Fluoroscopy-guided transseptal puncture

Fluoroscopy is the most basic form of TSP guidance.
Although the fossa ovalis (FO) is not directly visible on
fluoroscopy, the use of other anatomical landmarks and
appropriate placement of reference catheters can help
locate it in a simple way. The anatomical landmarks
which help locate the FO are:

— The coronary sinus, which can be located by insert-
ing an electrophysiology catheter in it.

— The noncoronary aortic cusp, which can be located
with a catheter through a retroaortic artery.

— The left main bronchus, which marks the position of
the roof of the left atrium.

— The conduction system, which is easily located with
an electrophysiology catheter and is directly related
to the position of the aorta (making a catheter in the
aorta unnecessary).

— The thoracic vertebrae.

Technique for performing fluoroscopy-
guided TSP (Fig. 1)

— Step 1: locate the orientation of the interatrial septum,
introducing an electrophysiology catheter toward the
right ventricle. The fluoroscopy unit is angulated to
the left to allow the catheter located in the bundle of
His to be seen straight on; this angulation places the
fluoroscopy ray parallel to the interatrial septum. Most
of the procedure will be done in the left oblique plane.

— Step 2: advance the transseptal sheath to the supe-
rior vena cava, using a guidewire. Then withdraw the
guidewire and advance the TSP needle. When insert-
ing the needle, it is important to use the internal
guidewire, as this keeps plastic fragments from being
dragged along and potentially embolized. Although it
is a common practice, we suggest not to manually
modify the curvature of the guidewire, as an exces-
sive curvature may make it difficult to advance the
needle within the introducer (and even cause perfo-
ration). The tip of the needle should be located 1 cm
from the tip of the transseptal dilator, aligning the
curvature of the sheath and the needle (Fig. 2) and
orienting them toward the 4 or 5 o’clock position.

— Step 3: in the left oblique position, slowly pull back
the sheath, watching the falls (which are seen as jumps
toward the right of the screen). The first fall corresponds
to the entry to the right atrium (it is very subtle and not
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always visible), and it is followed by a larger fall which
corresponds to the entry to the FO. While this would
seem to be the appropriate site, at this point, the sheath
should be pulled back slightly, watching for a third fall.
This corresponds to the lower part of the FO.

— Step 4: evaluate the position of the tip of the dilator in
the right oblique view. The angulation needed for this
is determined by a perpendicular position to the left
oblique obtained in the septum evaluation: if the septum
was found at 40° from the left oblique, the perpendicular
is 50° to the right. This allows the interatrial septum to
be viewed perpendicularly in its full extension. In this
projection, ensure that the tip of the dilator is not point-
ing toward the aorta, nor toward the vertebrae.

— Step 5: return to the left oblique and pull the needle
back 2 cm. This leaves the tip of the dilator without
support. Push the sheath softly with the dilator, watch-
ing the behavior of the tip and the curvature: when it is
in the FO, the tip tends to remain fixed (in the vertical
axis) and the sheath curvature tends to rise up, increas-
ing the curve. If the tip rises and falls freely, it is prob-
ably on a smooth wall (for example, toward the torus
aorticus or toward the posterior wall) and should be
repositioned. Injecting contrast at this point helps detect
septal tenting; in some cases, a tattoo even remains
(Fig. 3). If there is a catheter in the coronary sinus, the
3 o’clock position in the sinus will correspond approxi-
mately to the location of the FO (as long as the catheter
has been advanced to the cardiac border).

— Step 6: advance the needle until it is out of the dilator
in the left oblique. The interatrial septal puncture will
feel like a sudden loss of resistance; if there is too
much tenting, the dilator can “jump” to the other side
uncontrollably, and therefore it is not advisable to
create a lot of tenting on entering. Before advancing
the dilator, contrast should be injected to confirm the
location of the needle in the left atrium, determine the
position of the atrial wall and establish how far the
sheath and dilator can be advanced.

However, as much as possible, puncture guided solely
by fluoroscopy should be avoided, as it significantly
increases the risk of complications compared with TSP
performed under echocardiographic guidance'.

Echocardiography-guided transseptal
puncture

In addition to increasing the safety of the procedure,
the use of echocardiography (either transesophageal
or intracardiac) to guide TSP has several benefits:
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Figure 1. Location of the fluoroscopic anatomical landmarks for TSP. A: left anterior oblique image showing the fluoroscopic
landmarks and their relationship to the left atrium (superimposed slide). A catheter in the right ventricle (1), a catheter in
the aorta (2), a catheter in the coronary sinus (3) and the transseptal introducer can be seen. The relationship between the
tip of the coronary sinus catheter and the puncture site (dotted red line) can be seen. B: locating the right ventricular
catheter pointing directly toward the operator achieves a parallel position to the atrial septum. C: right anterior oblique view
showing the fluoroscopic landmarks; note the close relationship between the catheter at the bundle of His (1) and the aortic
catheter (2); therefore, a catheter does not need to be placed in the aorta (red silhouette) if one can be placed in the bundle
of His. The FO (green circle) is located above the coronary sinus ostium (yellow circle), which is marked by a catheter (3).
The atrial border (blue border) is in line with the vertebrae. When performing the puncture, the introducer should not be
pointing toward the aorta or the vertebrae. D: a position at a 90° angle to the left oblique will be perpendicular to the atrial
septum, allowing its length to be clearly seen.

— It helps detect anatomical variants of the interatrial
septum that modify its fluoroscopic configuration,
including marked heart rotation'®'”,

— It helps immediately detect previously formed thrombi

Transesophageal vs. intracardiac
echocardiography: Which is better?

In general, the choice is based on the operator's

or those that may form during the procedure'®.

— It facilitates the manipulation and proper placement
of the transseptal introducer in the desired site within
the FO.

— It detects cardiac tamponade early, as it allows real-
time monitoring of the pericardial space.

experience with one modality or the other, rather than
on their availability (both are widely available in the
country). Most of the time, electrophysiologists prefer
to use intracardiac echocardiography (ICE), while inter-
ventional cardiologists prefer transesophageal echo-
cardiography (TEE). For atrial appendage occlusion
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Figure 2. A: it is important to align the introducer and needle before starting to drop from the SVC toward the FO. To do
this, the sheath irrigation port (blue arrow) should be aligned with the needle tip marker (yellow arrow). B: once the sheath
and needle are aligned, they are positioned clockwise pointing toward 4 or 5 o’clock. C: hand position to ensure needle
alignment with the introducer: using both hands, the transseptal sheath irrigation port is aligned with the needle marker.
Keeping the index fingers together keeps the needle from accidentally protruding. D: when a single operator performs the
TSP while handling the ICE probe, the right hand handles the probe while the left hand simultaneously manipulates the
sheath (placing the port between the 4™ and 5" fingers) and the needle (placing the marker between the 15t and 2" fingers).

Figure 3. Examples of tattoos made in the FO, marking an appropriate puncture site. Note that, in the image on the left,
the right ventricular catheter is not directly aimed at the observer, which indicates that the position is not parallel to
the atrial septum. In this case, greater left angulation would be needed to be parallel.

procedures, most (both electrophysiologists as well as  closures using ICE'?°, it is infrequently used
interventionists) use TEE, and few groups use ICE  worldwide.

exclusively. Although there are reports of transcatheter For TSP, we believe that ICE is the better option.
aortic valve replacement and atrial septal defect Compared with TEE, ICE offers images with the same
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Figure 4. Sequence of images during ICE-guided transseptal puncture. A: right home view. The right atrium (1), tricuspid
valve (2), right ventricular inflow tract (3), aorta (4) and right ventricular outflow tract (5) can be seen. B: image of the
SVC with the guidewire inside it. C: advancement of the sheath (3) and dilator (2) over the guidewire (1) toward the
SVC. D: picture of tenting over the interatrial septum. E: pasing the needle toward the left atrium, which is visible as a
bright white point. F: passing the sheath through the septum.

or even better quality?’, does not require general anes-
thesia (which, in turn, reduces the patient’s costs and
risks), and decreases the number of people needed in
the operating room. This last point is especially import-
ant, as its handling by the operator him/herself avoids
the need for three or more people (an anesthesiologist,
anesthesia assistant and echocardiographer) in the
operating room. Having fewer people in the operating
room is associated with a lower risk of infection®> and
fewer people exposed to ionizing radiation (which is
especially high for the echocardiographer, due to the
position he/she must occupy in relation to the source
of radiation, and the need to have his/her hands within
the radiation field).

Transseptal puncture guided by ICE and
without fluoroscopy (Fig. 4)

By 2011, 50% of electrophysiologists were routinely
using ICE in atrial fibrillation ablation procedures?,
accumulating extensive experience in handling this
equipment over the years. Significantly, all the steps
used to guide TSP with ICE can be performed without
fluoroscopy?*, which has led to highly experienced lab-
oratories conducting “fluoroless” TSP. However, the

steps described below can be combined with reference

fluoroscopy to facilitate TSP until enough confidence is

gained with the sequence guided exclusively by ICE:

— Step 1: locate the ICE probe in the middle of the right
atrium (RA), oriented toward the tricuspid valve. This
is known as the “right home view” (to differentiate it
from the “left home view,” used in atrial appendage
occlusion procedures with ICE); from this position,
rotate the probe clockwise until the pulmonary veins
are within the visual field.

— Step 2: using the probe handle, tilt it posteriorly until the
superior vena cava (SVC) is visible. In some cases, it
must be tilted a bit to the right to visualize the full length
of the SVC. In this position, guidewire and transseptal
sheath advancement toward the SVC can be easily seen.

— Step 3: slowly withdraw the sheath, watching how it slides
from the VC toward the RA. As it nears the FO, the probe’s
right and posterior tilting is slowly removed. The anterior
or posterior puncture site can be evaluated by rotating the
probe clockwise or counterclockwise, respectively. For
arrhythmia ablation procedures and atrial appendage
occlusions, inferior punctures are preferred, but toward the
center (in an anteroposterior direction) of the FO.

— Step 4: once in position, perform the puncture (the
needle’s position within the left atrium can be verified
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Figure 5. Special situations which entail method changes during TSP. A: in patients with atrial septal defect closure devices
(blue arrow), a more inferior and posterior TSP is preferred. Although the puncture could also be done through the device,
this risks trapping the catheter. B: in some patients, the distance between the inferior vena cava and the FO makes it
difficult to tent at the desired site (yellow star), as when the sheath is pushed, it slides upward (blue arrow) instead of
tenting. C: an example of a thickened interatrial septum. These septa may require the use of radiofrequency to facilitate
needle passage. D: in patients with rigid/thick septa which do not allow the transseptal sheath to be passed, the hole may
need to be dilated with (6 mm) peripheral angioplasty balloons; after this, the transseptal sheath is easily advanced. E: an
example of the proper location of the guidewire in a patient with stimulation cables. The guidewire (blue arrow) should
pass between the electrode path (marked in this case by the dotted line) and the interatrial septum, to keep the sheath
from dislodging the cable when it falls into the FO. Note the tattoo at the FO from a previous puncture (yellow asterisk).

by injecting saline solution) and advance the entire
system as already described.

Difficult scenarios and how to resolve
them (Fig. 5)

Superior vena cava thromboses

In patients with SVC thromboses, the traditional
technique of dragging the TSP system from the supe-
rior cava to where it falls into the FO is not possible.
In this situation, it is preferable to use a “down-up”
technique: using an electrophysiology catheter as a
guide, the TSP sheath is advanced to the desired
point in the FO. Once it is situated, the catheter is
withdrawn and the dilator and (unexposed) puncture
needle are advanced, without losing the sheath posi-
tion in the FO. Great care must be taken when

advancing the dilator outside of the sheath, so as not
to lose the position. Once the tip of the dilator is in
position over the FO, TSP is performed using the con-
ventional technique.

The presence of atrial septal defect
closure devices (Fig. 5A)

In patients with atrial septal defect closure devices
there are two options: to puncture through the device
or puncture below the device. As much as possible,
puncturing through the device should be avoided,
as there is a risk of the catheters being trapped?’,
and punctures posterior and inferior to the device
should be preferred. If the puncture is made through
the device, the access should be sufficiently dilated
(using balloons) to facilitate the movement of sheaths
and catheters.
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Difficulty in achieving proper tenting

In patients with severe RA dilation, the distance
between the inferior vena cava and the atrial septum
increases, making tenting difficult; when pushed, the
sheath slides up without exerting enough pressure
on the FO (Fig. 5B). In these cases, once the tip of
the dilator is successfully positioned in an adequate
puncture area, the needle is pushed before tenting.
This allows the needle to act as an anchor and keep
the sheath from sliding upward. If tenting is still not
achieved, a 0.014” guidewire can be advanced by its
rigid end to puncture the septum and function as an
anchor before pushing the sheath to achieve
tenting.

Elastic or rigid/thick septa

Patients with elastic septa have a higher risk of inad-
vertent atrial perforation, as the septum can move up
to the posterior or lateral left atrial wall during tenting.
In these cases, it is recommended that the puncture be
done pointing toward the left veins (in order to have
more room to move the septum) and always with ICE
visualization. If the puncture cannot be accomplished
with that maneuver, it is suggested that radiofrequency
be applied to the needle (using an electrosurgical unit)
to facilitate its passage.

In patients with stiff/thick septa, an electrosurgical
unit can also be used to facilitate needle passage
(Fig. 5C). Alternatively, a 0.014” guidewire can be
advanced by its rigid end to facilitate septal puncture.
Advancing sheaths in patients with this type of septum
(especially deflectable sheaths that have a larger cali-
ber compared with the dilator) may be difficult. In these
cases, changing to a nondeflectable sheath may facil-
itate the transeptal passage. If this is not possible, the
operator should be prepared to dilate the entry through
the interatrial septum with a 6 mm peripheral angio-
plasty balloon (Fig. 5D).

The presence of cardiac stimulation
device cables

Patients with cardiac stimulation device (CSD)
cables, especially those implanted within the last year,
have a higher risk of cable dislocation during TSP, as
the sheath can become tangled with the cable as it
slides down from the cava. This occurs more often with
atrial devices, as they generally flow from the SVC
toward the right appendage with a loop which is most

often located at the FO. In these patients, it is import-
ant to ensure that the guidewire passes between the
cable loop and the FO (Fig. 5E) to keep it from pulling
on the loop and dislocating the cable when it falls
toward the FO.

Transseptal puncture complications

Several factors increase the risk of complications
during TSP, including the operator's experience (< 45
TSPs per year), older patients, performing TSP without
echocardiographic guidance, and failing the first TSP
attempt'®. Transseptal puncture complications can be
fatal, and therefore should be detected and treated

promptly.

Cardiac tamponade

Cardiac tamponade is the most feared complication
during TSP, with a global incidence of 1.6%'. How-
ever, with echocardiographic guidance, this incidence
reduces significantly, to as low as 0.2%. In the event
of tamponade, heparin reversal with protamine is rec-
ommended, along with percutaneous drainage. This is
generally enough to stop most bleeds. If necessary,
anticoagulant reversal with four-factor prothrombin
complex concentrate (for patients on Xa inhibitors or
warfarin; 50 IU/kg dose)?’ or idarucizumab (for patients
on dabigatran)?®® can be considered. In most cases, this
treatment may be enough to stop the bleeding without
the need for surgical treatment®®, especially if the effu-
sion was only caused by the transseptal needle.

Thrombus formation

It is easier to prevent thrombus formation than to treat
a formed thrombus. When the heparin dose is delayed
until after TSP, up to 10% of patients can have visible
thrombi on the transseptal guidewires and sheaths®%-2,
Connecting the sheaths to a continuous flow of hepa-
rinized saline solution may also be useful, as it prevents
thrombi from forming within the sheath lumen. In cases
where a thrombus has already formed, vigorous aspi-
ration through the sheath is recommended, attempting
to capture the thrombus.

Inadvertent puncture of other structures

Puncture of the posterior right atrial wall is generally not
serious as long as the dilator and sheath have not been
advanced, as this is a low-pressure chamber. The



procedure can usually be continued without complica-
tions, constantly monitoring the pericardial space. If the
dilator and sheath have been advanced, they should not
be withdrawn until pericardial drainage has been estab-
lished and everything is ready for an emergency thora-
cotomy. If the puncture is done too anteriorly, there is a
risk of puncturing the aorta. Most of these punctures
connect the RA with the noncoronary cusp of the aorta
or the sinotubular junction, and rarely with the ascending
aorta®. The first two cases do not usually carry the risk
of tamponade, while puncturing the ascending aorta does
(as this implies passing through the pericardial space). If
this occurs, whatever has been introduced into the aorta
(needle, dilator or sheath) should not be withdrawn. An
aortogram should be performed to determine the exact
site of aortic penetration, the cardiovascular surgeon
should be alerted, and the patient should be prepared for
emergency pericardial drainage. Cusp or sinotubular
junction punctures tend to heal completely with no inter-
vention during follow up, even if the dilator was advanced.
Although some cases have been described in which the
defect in the ascending aorta was closed using ductus
occlusion devices®*%, this should only be attempted
once the support of a cardiovascular surgeon has been
obtained. It is worth noting that, in the largest series of
inadvertent aorta puncture cases, echocardiographic
guidance was not used for the punctures and the authors
recognize that this complication could have been avoided
by using it.

Conclusion

Transseptal puncture is a technique which has been
increasingly used with the advances in complex arrhyth-
mia ablation and the percutaneous management of
cardiac conditions. Despite having considerable risks,
these can be significantly reduced by using a proper
technique, employing echocardiographic guidance and
having an experienced operator. Mastery of intracar-
diac echocardiography makes this approach much eas-
ier and even allows procedures to be performed without
fluoroscopy.
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