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Abstract: Veno-venous (VV) extracorporeal membrane oxygenation (ECMO) is the most efficient

technique for respiratory support. It is based on a patient adequate circulation and cardiac function and it is

indicated for isolated lung failure after optimization of the ventilatory support and the medical treatment.

We describe PRO and CONSs of the Femoro-jugular (F>]) approach, as an ideal setting for patients which

require high flow (>5 L/min), such as those with extreme hypoxemia and/or septic shock. This technique can

be accomplished very quickly at the bedside also in an unstable patient.
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In this technique, the artificial lung is in series with
the failing native lungs. Thus, the decarboxylated and
oxygenated blood goes through the native lungs decreasing
the pulmonary vascular resistances and allowing protective
mechanical ventilation. The fundament of veno-venous
(VV) extracorporeal membrane oxygenation (ECMO)
is to dissociate the oxygenation and the decarboxylation
functions. Carbon dioxide (CO,) removal does not depend
on blood flow in the ECMO circuit, conversely on the flow
of the gas mixture through the membrane. By contrast,
oxygenation depends on fraction of oxygen (FiO,) in the gas
mixture and on ECMO flow. Oxygenation is not influenced
by sweep gas flow. Therefore this system is based on a
patient adequate circulation and cardiac function and it is
indicated for isolated lung failure after optimization of the
ventilatory support and the medical treatment (1-3).
Technical considerations: on VV ECMO, the main
limiting factor is the oxygenation. To prevent this issue,
largest cannulas should be used to decrease the circuit
resistances with their tips as distant as possible, to reduce
recirculation. Femoro-Jugular (F>]) VV ECMO requires
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the insertion of two cannulas, one is for blood drainage
from the venous system [superior vena cava (SVC)] to
ECMO circuit, the second returns the oxygenated blood to
right atrium (RA) or left internal jugular vein (LIJV) (4,5).

This is a key factor for the variability of this strategy
as multiple site access can be approached [right internal
jugular vein (RIJV) being always the first option].

Indeed, acute lung injury (ALI) patients might present
hostile anatomic characteristics making the cannulation
difficult, venous thrombosis, central venous lines already
placed or they could even need the addition of a second
venous cannula to optimize drainage and increase flow.

On top of that, the direction of flow can be inverted
from F>] to J>F in case of short SVC-RJV dictating cannula
tip position in RA. Percutaneous position of femoral
ECMO cannulas can be done at bedside in the hospital,
in catheterization laboratory, in the intensive care unit
(ICU) or emergency room and intraoperatively (Figure I).
This procedure is best performed with two operators to
well check the cannulas and wires. The F>] approach is
ideal in this perspective, as large bore short multistage
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Figure 1 A patient with a Femoro-Jugular (F>]) extracorporeal
membrane oxygenation (ECMO) implanted.

cannulas provide the best hydrodynamic performance
and the lowest recirculation. In general, all percutaneous
cannulations should be accomplished with Seldinger’s
technique and, if possible, under echocardiographic or
fluoroscopic control. Long guidewires are forwarded,
and the access is widened step by step with always more
large dilators before advancing the cannula. An ultrasound
estimation of the vessel size can be helpful (6-8). In our
institution F>J cannulation is performed with HLS Maquet
35 cm multistage 25 Fr cannulas in the right femoral vein
(RFV) and HLS Maquet 15 cm arterial 21-23 Fr cannula
in the RIJV. Transesophageal echocardiography (TEE)
monitoring is focused on guidewires navigation, especially
in regard of suprahepatic vein accidental cannulation, which
might lead to catastrophic complications. TEE also allows
for visualization of venous return anatomy, the presence of
atrial septal defect (ASD) or patent foramen ovalis (PFO),
the assessment of right ventricular function and pulmonary
artery pressure.

Right-sided venous access is the most reliable both
for the IJV and FV as it has a straight course towards the
target position and, possibly, overtakes the most common
anatomical challenges for cannula navigation. Our group
has shown that F>J and double lumen cannulation (DLC)
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do not differ in terms of hemolysis as long as blood flow is
in the same range (9).

F>] is the ideal setting for patients who require high flow
(>5 L/min), such as those with extreme hypoxemia and/
or septic shock. Sometimes, despite a correct intravascular
placement of the cannulas, the target flow could be achieved
only by mean of a third drainage cannula. Furthermore,
the right position of the cannulas is crucial to prevent
recirculation of the oxygenated blood. Recirculation is a
limitation of VV ECMO and is related to the blood flow
rates and pump speed, the cannula type, size and position
and direction of extracorporeal blood flow, in conjunction
with intracardiac, intrathoracic, and intra-abdominal
pressure (2).

The tips of the cannulas should be at the level of atrio-
caval junction. Every time one is too close to the other, a
large quote of the oxygenated blood is directed towards the
venous cannula instead of being routed to the pulmonary
artery causing a short circuit phenomenon. Recirculation
may also occur as a result of increased VV ECMO flow
as compared to native flow or as a result of an increase in
intrathoracic or intracardiac pressure impeding venous
return to the heart. This allows deoxygenated blood to
be removed from the IVC and oxygenated blood to be
returned to the SVC or RA (10-12). Recirculation may be
diagnosed clinically (flashes of arterial blood in the drainage
line) and quantified biologically comparing pre- and post-
membrane blood gas, and patient central venous blood
gas values. A rare complication is the compression of the
inferior vena cava producing an abdominal compartment
syndrome and so reducing venous back-flow (13).

F>] VV ECMO is the most efficient technique for
respiratory support, especially in the case of high level
of oxygen delivery (DO,) requirement. Rich ez /. (14)
demonstrated the superiority, in terms of oxygenation
efficiency, of the drainage from the inferior caval system
via a femoral cannula associated with the reinjection in the
right atrium via the RIJV.

This technique is the most reliable way to quickly
establish V'V accesses, can be achieved quickly at the
bedside also in an unstable patient and does not require
radiographic imaging. Once the access is established in
emergency situations in this fashion, the cannulation can
be converted after 24-48 h to a double lumen cannula
via the jugular vein. This allows removal of the femoral
venous catheter and facilitates ambulation (1,6). Indeed, the
disadvantage is that the femoral access may limit activity
and ambulation (Table I).
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Table 1 Femoro-Jugular veno-venous (VV) extracorporeal
membrane oxygenation (ECMO)

PRO
Higher flow
Minimal recirculation
Quickest to establish
Can be implanted without fluoroscopy or other imaging
Easier to change/substitute cannula
Larger total cannula diameter
Superiority in term of oxygenation

Less physician experience in transesophageal
echocardiography (TEE) diagnostics and cannulation technique

Easy prone positioning

Easy to convert to veno-/veno-venous-arterial (VA/VVA)
Con

Low mobility: may limit activity and de-ambulation

2 sterile fields-dressing and securements/2 operators

Easier displacement (two cannula)

Two vascular accesses and related complications

Abdominal compartmental syndrome (rare)

Risk of internal jugular vein (IJV) decannulation
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