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Abstract: Veno-arterial extracorporeal membrane oxygenation (VA-ECMO) has known a widespread
application over the last decade and is now an effective and valuable therapeutic option in refractory
cardiogenic shock of various etiologies. In this subgroup of critically ill and unstable patients in cardiogenic
shock, VA-ECMO allows, on the one hand, temporary hemodynamic stabilization with improvement of end-
organ function and, on the other hand, gives the time to perform complementary diagnostic exams and to
decide the therapeutic strategy in these high-risk candidates for immediate long-term mechanical circulatory
support (MCS) implantation. VA-ECMO could also be suggested as a rescue therapeutic option for
refractory cardiac arrest. It showed promising results in the specific setting of in-hospital cardiac arrest and
survival rates with good neurological outcome are reported between 20% and 40%. Conversely, there are
contrasting data in the literature about survival after VA-ECMO for out-of-hospital cardiac arrest, as results
are highly dependent on low-flow time. The aim of the present report is to offer an overview of different
cannulation techniques of VA-ECMO.
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Introduction in refractory cardiogenic shock depending on patient

age, comorbidities and neurological function (7). The

no-arterial extracorporeal membrane oxygenation . . .
Veno-arterial extracorporeal membrane oxygenatio general principle that refractory cardiogenic shock should

(VA-ECMO) has known a widespread application over be supported with initial temporary MCS as a “bridge to

the last decade and is now an effective and valuable decision” before considering the patient eligible for a long-

therapeutic option in refractory cardiogenic shock of term device implantation is now well accepted worldwide.

various etiologies (1-6). Owing to the recent European This general trend has been regularly highlighted by the

Society of Cardiology guidelines for the diagnosis and
treatment of acute and chronic heart failure, short-term

mechanical circulatory support (MCS) may be considered
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annual reports of the Interagency Registry for Mechanically
Assisted Circulatory Support INTERMACS) (8,9). The
implantation of long-term MCS in cardiogenic shock

7 Thorac Dis 2016;3(9):E875-F885



E876

patients—i.e., INTERMACS level 1 patients—fell since
2006 from 41% to 14%. As a consequence, there has been a
considerable increase from 8% to 30% in the implantation
of long-term MCS in INTERMACS level 3 patients—
i.e., stable but inotrope-dependent heart failure patients.
In this subgroup of critically ill and unstable patients in
cardiogenic shock, VA-ECMO allows, on the one hand,
temporary hemodynamic stabilization with improvement of
end-organ function and, on the other hand, gives the time
to perform complementary diagnostic exams and to decide
the therapeutic strategy in these high-risk candidates for
immediate long-term MCS implantation (10).

VA-ECMO could also be suggested as a rescue therapeutic
option for refractory cardiac arrest. It showed promising
results in the specific setting of in-hospital cardiac arrest
and survival rates with good neurological outcome are
reported between 20% and 40% (11-13). Conversely, there
are contrasting data in the literature about survival after VA-
ECMO for out-of-hospital cardiac arrest, as results are highly
dependent on low-flow time (14-17).

The aim of the present paper is to offer an overview of
different cannulation techniques of VA-ECMO.

Peripheral VA-ECMO

Peripheral VA-ECMO is classically accomplished through
the femoral vessels. It has traditionally been performed with
an open, surgical access procedure by cardiac surgeons (18).
With newer vascular cannulae and insertion kits, peripheral
VA-ECMO can now be implanted with a percutaneous
approach, allowing for a close collaboration between cardiac
surgeons, emergency department physicians, intensivists
and cardiologists (19).

Surgical cannulation technique

This technique is used as the standard approach for
VA-ECMO implantation by many groups and it is usually
performed by cardiac surgeons.

The type of skin incision (longitudinal or transverse)
is left to the surgeon’s preference. After dissection of
the superficial plans, the femoral vessels are exposed
enough (3-4 cm) to allow for cannulae insertion. A 4/0
polypropylene purse string is then performed on the femoral
vein and artery. Before proceeding with the cannulation of
the femoral vessels, it is of utmost importance to do two
separate longitudinal incisions (1 cm) distally to the main
surgical access. These two additional incisions represent
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the percutaneous exit site of the cannulae and they should
be ideally performed following the longitudinal axis of
the femoral vessels in order to avoid kinking or excessive
traction. The subcutaneous pathway from the percutaneous
exit site to the femoral vessels must be firmly dissected to
allow for a harmonious introduction of the cannula without
distortion of the guidewire (Figures 1,2).

The venous (25 and 29 French) and arterial (15, 17 and
19 French) cannulae are placed using a modified Seldinger
technique. This hybrid technique couples a direct surgical
approach and a percutaneous technique for the insertion
of guidewires and cannulae. It is strongly suggested to start
with the venous cannulation. Systemic anticoagulation with
5,000 units of unfractioned heparin is usually performed
at this moment before proceeding with the cannulation.
During VA-ECMO implantation for refractory cardiac
arrest, heparin is not administered because of the presence
of coagulation abnormalities but it is started in intensive
care unit after evaluation of standard coagulation laboratory
exams. The puncture needle is usually introduced via the
separate incision and is inserted into the femoral vein
under direct vision. In obese patients the distance between
the vessel and the separate exit site does not allow this
maneuver; the needle is so directly introduced through
the skin incision and the guidewire is then retrieved
through the percutaneous exit site. The guidewire is passed
through the needle and transesophageal echocardiography
(TEE) confirms its correct position through the right
atrium (RA) into the superior vena cava (SVC). In the
cath lab, fluoroscopy can be used to visualize the wires but
fluoroscopy is not mandatory in VA-ECMO cannulation (20).
In some instances, as VA-ECMO implantation during
cardiopulmonary resuscitation for refractory cardiac arrest,
neither TEE guidance nor fluoroscopy is available. The
extracorporeal membrane oxygenation (ECMO) venous
cannula (VC) can be premeasured, as proposed by some authors,
from the femoral insertion site to a few centimeters below
the angle of Louis, approximating the junction between SVC
and RA, the ideal location for the tip of a VC (21) (Figure 3).
Serial dilatations of the venous puncture site are then
performed and the VC is finally introduced up to the inferior
vena cava-RA (IVC-RA) junction. The same principles and
steps are followed for the cannulation of the femoral artery.
When available, TEE checks the passage of the guidewire
in the thoracic descending aorta to avoid malposition of
the arterial cannula (AC). The AC must be tightly fixed to
the skin before connecting the cannulae with the ECMO
circuit to avoid accidental displacement or decannulation.
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Figure 1 Surgical femoro-femoral VA-ECMO. The surgical access is performed through a vertical incision. AC in the common femoral artery,
VC in the femoral vein, RR catheter in the superficial femoral artery connected between arterial cannula and catheter on the superficial femoral

artery. AC, arterial cannula; VC, venous cannula; RR, retrograde reperfusion; VA-ECMO, veno-arterial extracorporeal membrane oxygenation.
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Figure 3 Position of the venous cannula in peripheral VA-ECMO.
The tip of the drainage cannula is located in the SVC. Blue arrows
show the drainage of the venous blood from SVC, RA and IVC.
SVC, superior vena cava; RA, right atrium; IVC, inferior vena cava;

VA-ECMO, veno-arterial extracorporeal membrane oxygenation.

Figure 2 Surgical femoro-femoral VA-ECMO. The surgical access
is performed through a transverse incision. AC, arterial cannula;
VC, venous cannula; RR, retrograde reperfusion; VA-ECMO,

veno-arterial extracorporeal membrane oxygenation.
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Figure 4 Transesophageal echocardiography, mid-esophageal 93°
bicaval view. The tip of the drainage cannula is located in the SVC
at the junction between RA and SVC. IVC, inferior vena cava;

SVC, superior vena cava; RA, right atrium.

The cannulae are then connected to the respective lines and
VA-ECMO support is started. When VA-ECMO has
reached steadily the theoretical flow according to the
patient’s body surface area, the VC also is fixed to the skin
and the purse string at the femoral vessels entry site are tied.
An arterial catheter (5 or 6 French) is systematically placed
distally to the entry sites of the AC to prevent lower limb
ischemia. This catheter is placed in the superficial femoral
artery over a 5-0 polypropylene purse string.

There are however some variants of this traditional
surgical cannulation technique of femoro-femoral
VA-ECMO. Other cardiac surgeons couple a percutaneous
venous cannulation with a contralateral surgical arterial
cannulation. Moreover, lower limb ischemia is a life-
threatening complication and affects approximately 15%
of VA-ECMO patients (22). An alternative technique to
the direct surgical cannulation with the modified Seldinger
technique is the use of a prosthetic graft that is end-to-side
anastomosed to the femoral artery (23,24). The theoretical
advantages of this technique are: (I) it enables blood flow
through the cannula without compromising blood flow
through the native artery; (II) it lowers the risk of distal leg
ischemia and dissection; (III) it simplifies the decannulation
procedure. The most important drawback is the potential
risk of infection.

Percutaneous cannulation technique

The procedure begins with the percutaneous puncture of the
right femoral vein under ultrasound guidance, if available
and depending on the expertise of the operator. A flexible
j-tip guidewire is advanced from the femoral vein into the
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IVC toward the RA following a Seldinger’s technique.
Attention should be paid to properly visualize the guidewire.
The mid-esophageal bicaval and modified bicaval views
with TEE provide excellent visualization of both venae
cavae, tricuspid valve and RA. The guidewire should be
ideally seen in both cavae to confirm that it has not passed
through the tricuspid valve into the right ventricle, across
an atrial septal defect or into the coronary sinus. Serial
dilatations of the venous puncture site are then performed
and the VC is finally introduced up to the SVC-RA
junction. During the repeated dilatation of the skin and
subcutaneous tissues, and whilst threading the cannula over
the guidewires, it is necessary to maintain visualization of
the guidewire to identify any secondary migration (25).
Attention should also be paid to monitoring any new or
increasing pericardial collection (26). TEE confirms the
correct position of the drainage cannula (Figures 4,5).

For percutaneous VA-ECMO implantation we
recommend to puncture the contralateral femoral artery
(Figure 6) (27). The same principles and steps are followed
for the cannulation of the femoral artery. When available,
TEE checks the passage of the guidewire in the thoracic
descending aorta.

A5 or 6 French percutaneous catheter should be placed
distal to the AC entry site into the superficial femoral artery
to prevent lower limb ischemia (Figure 6). The superficial
femoral artery is identified under ultrasound guidance. The
guidewire is then inserted and directed toward the foot
for distal perfusion catheter placement. Close surveillance
of limb perfusion is crucial to avoid disastrous ischemic
complications. Clinical evaluation, and echo-Doppler
ultrasonography of limb vessels are mandatory. Recently, it
has been demonstrated that near-infrared spectroscopy is
another valuable method to monitor tissue oxygenation of
lower extremities in VA-ECMO patients (28).

Open repair when decannulating is recommended in
each VA-ECMO peripheral cannulation technique, as
unexpected bleeding, hematoma, pseudoaneurysm or
arteriovenous fistula may occur. The venous cannulation site
is closed with purse string stitches. Doppler examination
and occasionally Fogarty thrombectomy are necessary. In a
recent study, a percutaneous technique using two ProGlide®
devices (Abbott Vascular, Redwood City, CA, USA) by
direct puncture of an AC at the time of weaning off ECMO
showed that this technique was a feasible and safe strategy
for weaning from percutaneous VA-ECMO in particular
patients with smaller cannula ranged from 14 to 18 F. This
method was not inferior to standard open femoral exposure.

7 Thorac Dis 2016;8(9):E875-E885
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Figure 5 Transesophageal echocardiography, upper-esophageal 0° great vessels view. (A) The drainage cannula is located in the SVC; (B)

color Doppler in the SVC allows seeing the blood flow inside the drainage cannula. Ao, aorta; SVC, superior vena cava.

Figure 6 Percutaneous femoro-femoral VA-ECMO. AC, arterial cannula; VC, venous cannula; RR, retrograde reperfusion; VA-ECMO,

veno-arterial extracorporeal membrane oxygenation.

However, large-scale, prospective, randomized, controlled
trials are needed to clarify the efficacy and safety of the
double ProGlide-assisted closure strategy in patients with
VA-ECMO support (29).

Alternative peripheral cannulation techniques

The cannulation of the femoral artery for the implantation
of VA-ECMO displays significant risks such as distal
limb ischemia, dissection, thrombosis, embolization,
retroperitoneal hemorrhage and potential brain and
myocardial ischemia as a result of retrograde perfusion.

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

Moreover, in some instances like ilio-femoral severe
peripheral vascular disease or previous vascular surgery, the
femoral access route is contraindicated.

The subclavian artery as an alternative approach to
peripheral VA-ECMO has been first described in 2003 (30).
The subclavian artery is usually exposed at the deltoid-
pectoral groove, preferentially at the right side. The skin
incision is performed below and parallel to the lateral two
thirds of the clavicle (Figure 7). Some authors prefer a
more medial approach, claiming a lower risk of brachial
plexus injury (31). The pectoralis major muscle is divided
and the pectoralis minor is retracted or sectioned. Further
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Figure 7 Side graft anastomosis on the subclavian artery at the deltoid-pectoral groove with direct axillary artery cannulation. AC, arterial

cannula.

dissection allows for the identification of the subclavian
artery and its distinction from the brachial plexus. The
exposure of the artery is improved by passing proximal and
distal shoestring ties around it. After heparin administration
and arterial clamping, a 1 cm arteriotomy is created and an
8 mm Dacron graft (DG) is sewn in an end-to-side fashion.
As previously described a 45° oblique anastomosis rather
than in a perpendicular fashion is strongly suggested to have
a more laminar flow across the subclavian artery and reduce
the risk of upper extremity edema (32). In some cases the
anastomosis and the graft may be reinforced with biological
glue. In order to reduce accidental damages and infectious
complications, the vascular graft is subcutaneously tunneled
and exteriorized 4 to 5 cm downward with a separate surgical
incision. The AC (usually 18 or 20 French) is introduced in
the graft and advanced as far as possible to within 1 cm of
the anastomosis. The cannula is finally secured to the graft
and fixed to the patient’s chest. When the device will be
decannulated, the AC is removed, the DG is cut leaving a
1 cm cuff and the remaining cuff is over-sewn.

Otherwise, direct cannulation can also be performed
(33,34) (Figures 7,8). A single 5-0 polypropylene purse-
string suture is placed on the anterior wall of the artery.
A separate skin incision (I cm) is done downward to the
main surgical access. This additional incision represents
the percutaneous exit site of the cannula and it should be
ideally performed following the longitudinal axis of the
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vessel. Cannulation is then performed using the modified
Seldinger technique with progressive dilatation of the
artery. A further perfusion catheter could be inserted in the
distal subclavian artery and connected to the arterial line in
order to reduce the risk of arm ischemia, especially in those
patients with expected longer period of support (35).

In the subclavian VA-ECMO femoral venous cannulation
is performed percutaneously. Alternatively the right internal
jugular vein could be cannulated percutaneously as well,
allowing for early mobilization and physical rehabilitation
of the patients (36).

The subclavian VA-ECMO configuration displays
some advantages and drawbacks: (I) the subclavian artery
is rarely affected by atherosclerotic lesions compared to
femoral artery; (II) the presence of a rich collateral flow
reduces the risk of upper extremity ischemia; (III) bacterial
contamination is less likely in this anatomic region; (IV) it
provides a systemic antegrade perfusion; (V) the surgical
dissection could be technical challenging in obese patients
or in case of excessive chest wall edema; (VI) it cannot
be used in highly unstable cardiogenic shock patients
or for refractory cardiac arrest during cardiopulmonary
resuscitation as it is time-consuming.

To the best of our knowledge, the “Cleveland Clinic”
group published to date the largest series of subclavian VA-
ECMO (n=81) using the side graft cannulation technique (37).
In this retrospective analysis, hyperperfusion syndrome

7 Thorac Dis 2016;8(9):E875-E885
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Figure 8 Side graft anastomosis on the subclavian artery at the deltoid-pectoral groove. The vascular graft is subcutaneously tunneled and

exteriorized 4 to 5 cm downward with a separate surgical incision. DG, Dacron graft; AC, arterial cannula.

with edematous limb was the most common complication
involving 25% of the patient population. Moreover, bleeding
from the cannulation site requiring surgical re-exploration
was statistically more frequent after subclavian artery
cannulation (17%) rather than femoral or central cannulation
(5% and 1%, respectively). These drawbacks were
counterbalanced by the low rate of upper limb ischemia (1%)
as compared to the rate of lower limb ischemia of the femoral
cannulation (16%).

Central VA-ECMO

Central, intrathoracic VA-ECMO is less frequently used
as compared to the peripheral configuration. It is usually
reserved to postcardiotomy cardiogenic shock or primary graft
failure after heart transplantation as standard sternotomy has
already been performed. Moreover, central VA-ECMO is an
effective option to unload the left ventricle (LV) in peripheral
femoro-femoral VA-ECMO patients developing pulmonary
edema. Although some centers use an intraaortic balloon
pump in conjunction with peripheral VA-ECMO to reduce
LV and pulmonary congestion, no definitive data exist to
support its routine use.

LV and aortic root stasis from lack of cardiac ejection and
failure of aortic valve opening may result in catastrophic
intracardiac and aortic root thrombosis. Increased
anticoagulation to minimize this risk may heighten the risk
of significant bleeding.

Minimally invasive strategies such as percutaneous
transseptal left atrial decompression (38) and subxiphoid
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surgical approaches to drain the LV (39) have been described
to reduce LV distension. The residual atrial defect may
require correction once the patient has been weaned from
mechanical support. Use of a percutaneously inserted VAD
(Impella™, Abiomed, Aachen, Germany) to decompress the
LV has also been reported in this setting (40), alleviating the
need for a high-risk septostomy or surgical venting. Femoral
VA-ECMO is also limited by femoral arterial size, and thus
cannula size and the requirement for distal limb perfusion.
Given its less invasive nature (compared with thoracic
access), peripheral VA-ECMO—with attention to optimal
LV afterload, minimising LV distension with optimal fluid
and inotrope therapy, anticoagulation and pulmonary
management—is a viable first-line option for patients with
isolated acute cardiac failure refractory to conventional
management. The limitations of peripheral VA-ECMO
have prompted the use of ECMO devices (41) to facilitate
ventricular unloading by changing to a temporary left
ventricular assist device (LVAD) or a biventricular assist
device configuration. Any perfusion strategy that creates
a right to left shunt requires an oxygenator in the circuit.
Oxygenators may additionally provide temperature control.
This strategy effectively provides biventricular support and
gas exchange through a single pump configuration with
the ability to cease right ventricular (RV) support when not
required. However, this configuration requires sternotomy
and cannulation of the LV (or left atrium) and aorta. A
reoperation (sternotomy or thoracotomy) is then required
for explantation of the cannulae upon cardiac recovery or
for implantation of a long-term mechanical assist device (42).

7 Thorac Dis 2016;3(9):E875-F885
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Figure 9 Central VA-ECMO. AC, arterial cannula (Ao); RAC, right atrium cannulation; RSPVC, right superior pulmonary vein cannulation

with left vent to discharge the left cavity; VA-ECMO, veno-arterial extracorporeal membrane oxygenation.

Less invasive techniques for temporary cardiorespiratory
support including a transition strategy to an intermediate-
term support configuration allowing mobilization have
been described (43). Although this configuration requires
a left thoracotomy, sternotomy is avoided, potentially
reducing risk for subsequent surgery in the absence of
cardiac recovery (long-term VAD implantation as a bridge
to destination or heart transplantation).

VA-ECMO cannot provide specific LV unloading without
modification. Where cardiogenic shock is associated with
isolated acute LV failure, absent LV ejection with any aortic
valve regurgitation or severe aortic agree or mitral valve
regurgitation (i.e., any situation in which regurgitant volume
exceeds stroke volume), VA-ECMO can exacerbate pulmonary
edema and induce fatal pulmonary hemorrhage (44).
In these circumstances, even if VA-ECMO can be
reconfigured to include surgical or percutaneous drainage
of the LV, or substituted with an alternative form of cardiac
support (45), central cannulation with LV decompression
remains the gold standard treatment (46).

The surgical technique we describe as follows represents
our institutional policy for the implantation of central VA-
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ECMO (Geneva University Hospital and “Louis Pradel”
Cardiologic Hospital, Lyon). A 18-20 French AC is
inserted using the modified Seldinger technique into the
ascending aorta. The site of cannulation should be quite
proximal allowing for long-term MCS implantation or heart
transplantation in the absence of myocardial recovery. The
RA has been classically cannulated for venous drainage but, in
our opinion, the cannulation of the RA is no more necessary
owing to the large diameter (25 or 29 French) of available
femoral VCs. Finally, a heparin-coated 16-20 French venting
cannula is inserted through the LV apex or the right superior
pulmonary vein into the LV (Figures 9,10). Some authors
suggested a larger diameter cannula to unload the LV (46).
The correct position of the tip of the unloading cannula in
the LV is checked under TEE guidance and it is connected to
the ECMO venous line using a Y-connector (Figure 11).

Conclusions

VA-ECMO is an effective therapeutic option in
cardiogenic shock patients refractory to optimal maximal
medical treatment. It could also be suggested as a rescue
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Figure 10 Central VA-ECMO. (A) Cannulation of the apex of left ventricle from sternotomy; or (B) cannulation of the apex from a left

mini-thoracotomy. LV, left ventricle; VA-ECMO, veno-arterial extracorporeal membrane oxygenation.

Figure 11 Transesophageal echocardiography showing the venting
cannula inserted through the right superior pulmonary vein into

the left ventricle.

therapeutic option for refractory cardiac arrest. Peripheral
femoro-femoral VA-ECMO is the first-line technique in
consideration of its ease of implantation and decannulation.
The sublclavian artery is an alternative appealing approach
in those patients in whom the surgical access of ilio-femoral
vessels is contraindicated. Central intrathoracic VA-ECMO
is usually reserved to postcardiotomy cardiogenic shock or
primary graft failure after heart transplantation as standard
sternotomy has already been performed. Finally, central VA-
ECMO is an effective option to unload the LV in peripheral
femoro-femoral VA-ECMO patients developing refractory
pulmonary edema.
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