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An	emerging	problem:	
Vascular	access	for	ECMO	

	



VA	ECMO	Circuit	

ü Cannulae	(outflow/inflow)	
ü Tubing	
ü Centrifugal	pump		

ü Controller	
ü Membrane	oxygenator	

ü Blender	
ü Heat	exchanger		

Novel Uses of
Extracorporeal
Membrane Oxygenation in
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INTRODUCTION

Extracorporeal membrane oxygenation (ECMO)
has been available for decades as a supportive
therapy for severe cardiopulmonary disease; how-
ever, its early use was marred by high complica-
tion rates and poor outcomes.1,2 Advances in
technology have led to improved complication
rates3 and an increasing amount of evidence sug-
gesting a potential benefit in select forms of car-
diac and respiratory failure has resulted in a
notable increase in the use of ECMO.4 As both

cannulation technique and extracorporeal circuits
evolve, there are an increasing number of indica-
tions for which ECMO may provide a benefit.5

This article reviews these emerging indications
and discusses potential future applications.

CONFIGURATIONS OF EXTRACORPOREAL
MEMBRANE OXYGENATION

ECMO refers to an extracorporeal device that
directly oxygenates and removes carbon dioxide
from the blood. Deoxygenated blood is withdrawn
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KEY POINTS

! Extracorporeal carbon dioxide removal (ECCO2R) may play an emerging role in the management of
respiratory failure.

! Novel upper-body configurations help facilitate patient mobilization and are particularly well-suited
to maintain physical conditioning in the pretransplant population.

! Extracorporeal cardiopulmonary resuscitation has the potential to improve neurologically intact
survival from cardiac arrest. However, appropriate patient selection is a key factor in optimizing
outcomes.

! In decompensated pulmonary hypertension, extracorporeal membrane oxygenation may serve as
a bridge to recovery in patients with reversible processes or to transplantation for irreversible
disease.

! More data are needed to define the optimal patient populations for extracorporeal support. Cost–
benefit analyses should be undertaken.
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Setting	

ü 	Operating	Room	à	Postcardiotomy	CGS	
ü 	Intensive	Care	Unit	à	Refractory	CGS	
ü 	Cath	Lab	à	Prophylactic/urgent	circulatory	support		
ü 	Emergency	Room	à	ECPR	for	IHCA/OHCA	without	ROSC		



VA	ECMO	configurations	

											A.	Central	cannulation																			B.	Femoral	artery	cannulation										C.	Axillary	artery	cannulation		

A	 B	

Peripheral	VA	ECMO	

C	

Central	VA	ECMO	
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successful use of extracorporeal membrane oxygenation as 

support in infants with congenital heart defects undergoing 

cardiac surgery.

Long-term ECMO as support for severe respiratory 

failure was first successfully used in 1972 in an adult patient 
with post-traumatic respiratory failure (23). Kolobow was 

developing a new membrane lung optimized for carbon 

dioxide (CO
2
) removal as a possible application in patients 

with chronic obstructive pulmonary disease (24). In 1975, 

Bartlett et al. reported the first successful use of ECMO in 
neonates with severe respiratory distress (25).

However, the enthusiasm decreased significantly 

when Morris et al. failed to show an outcome advantage 

of additional extracorporeal support when compared to 

conventional mechanical ventilatory support in adult 

respiratory distress syndrome (ARDS) patients in their 

randomized trial published at the beginning of the 1990s (26).  

Despite this lack of evidence, a few centers around 

Europe and in United States continued to provide veno-

venous extracorporeal support with standard mechanical 

ventilation, in selected patients, usually as a last resort with 

encouraging results (27-29).

The usage of ECMO flourish after the publication of the 
CESAR trial, which clearly showed an improvement in the 

death rate and severe disability 6 months after randomization 

of patients with severe respiratory failure treated with 

extracorporeal support in an expert high-case-volume 

center compared with no specialized hospital care (3).  

Since then the ECMO support applications exploded and 

continue to progress.

Clinical indications and contraindications for 
institution of ECMO

ECMO is a form of cardiopulmonary life-support, where 

blood is drained from the vascular system, circulated 

outside the body by a mechanical pump, and then 

reinfused into the circulation. While outside the body, 

hemoglobin becomes fully saturated with oxygen and CO
2
 

is removed. Oxygenation is determined by flow rate, and 

CO
2
 elimination can be controlled by adjusting the rate of 

countercurrent gas flow through the oxygenator (30).
Indications for ECMO can be divided into three 

categories according to the supported organ, cardiac, and 

respiratory support or a combination of the two. According 

to the data from the annual international ELSO Registry 

Reports through January 2015, over 65,171 patients 

received extracorporeal life support (ECLS) (15). The 

majority of patients were neonates 53%, 25% were pediatric 

and 23% were adults. The distribution of ECLS support 

included over 41,300 (63%) cases for respiratory support, 

over 18,700 (29%) cases for cardiac support and over 5,100 

(8%) case for extracorporeal cardiopulmonary resuscitation 
(ECPR) (15).

Indications of ECMO for cardiac support

Typical cardiac indications include refractory low cardiac 

output (cardiac index less 2 L⁄min⁄m2

) and hypotension 

(systolic blood pressure <90 mmHg) despite adequate 

intravascular volume, high dose inotropic agents and an 

intra-aortic balloon pump (17). The cardiac indications are 

summarized in Table 1.

Indications of ECMO for respiratory support

Both VV ECMO and VA ECMO can be used as a rescue 

therapy in acute respiratory failure to buy time and 

Table 1 ECMO Indications for cardiac support (VA ECMO only)

o Cardiogenic shock Severe cardiac failure due to almost 
any cause:

� acute coronary syndrome

� cardiac arrhythmic storm refractory to other measures

� sepsis with profound cardiac depression

� drug overdose⁄toxicity with profound cardiac depression

� myocarditis 

� pulmonary embolism

� isolated cardiac trauma

� acute anaphylaxis

o Post cardiotomy: inability to wean from cardiopulmonary 
bypass after cardiac surgery

o Post heart transplant: primary graft failure after heart or 
heart-lung transplantation

o Chronic cardiomyopathy: 

� as a bridge to longer term VAD support

� or as a bridge to decision

o Periprocedural support for high-risk percutaneous 
cardiac interventions

o Bridge to transplant

ECMO, Extra Corporeal Membrane Oxygenation; VA, 
venoarterial.



Drainage	cannula:	Right	atrium	
Return	cannula:		Aorta		

Direct	insertion	into	the	mediastinal	vessels	
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Abstract Extracorporeal membrane oxygenation (ECMO) is
increasingly being used in adults following failure to wean
from cardiopulmonary bypass, after cardiac surgery or in
cases of severe respiratory failure. Knowledge of the different
types of ECMO circuits, expected locations of cannulas and
imaging appearance of complications is essential for accurate
imaging interpretation and diagnosis. Commonly encountered
complications are malposition of cannulas, adjacent or distal
haemorrhage, stroke, stasis thrombus in access vessels, and
distal emboli. This article will describe the imaging appear-
ance of different ECMO circuits in adults as well as common-
ly encountered complications. If a CT (computed tomogra-
phy) angiogram is being performed on these patients to eval-
uate for pulmonary embolism, the scan may be suboptimal
from siphoning off of the contrast by the ECMO. In such
cases, an optimal image can be obtained by lowering the flow
rate of the ECMO circuit or by disabling the circuit for the
duration of image acquisition.
Key Points

• Femoroatrial VV ECMO: femoral vein drainage cannula
and right atrial return cannula.

• Femorofemoral VV ECMO: return and drainage cannulas
placed in femoral veins.

•Dual-lumen single cannula VV ECMO: via the right
IJ/Femoral vein with the tip in the IVC/SVC.

• Peripheral VA ECMO: peripheral venous drainage can-
nula and peripheral arterial return cannula.

• Central VA ECMO: direct right atrial drainage cannula
and aortic return cannula.

Keywords Extracorporeal membrane oxygenation .

Cannulas . Thorax . Radiography . CT . Echocardiography

Introduction

Extracorporeal membrane oxygenation (ECMO) refers to
the life support system utilised in pulmonary or cardiopul-
monary support for gas exchange [1]. The goal of the
system is to oxygenate the patient’s blood while removing
carbon dioxide. Also referred to as extracorporeal life sup-
port, ECMO is well established in neonatal respiratory
failure. Use in adults has increased and ECMO is common-
ly used following failure to wean from cardiopulmonary
bypass after cardiac surgery or in cases of severe respiratory
failure [2].

Initial use of ECMOwas largely in neonates given findings
of increased survival in severely hypoxic infants but no sig-
nificant benefit to severely ill adults [3, 4]. The results of these
initial studies were due in large part to the reversibility of
severe respiratory illness in neonates and non-reversible ven-
tilator-associated lung injury present in adults [4]. Today,
several inclusionary and exclusionary criteria help guide
ECMO application in adults (Table 1).

Complete discussion of paediatric ECMO is beyond the
scope of this article. Neonatal and paediatric ECMO encom-
passes different cannula sizes, configurations and complica-
tions. For example, in neonates arterial cannulation is limited
to placement via sternotomy or via cut down technique for
carotid cannulation. In such small patients, peripheral cannula
placement is exceedingly difficult. Additionally, initiation of
VA ECMO usually encompasses carotid or internal jugular
vein ligation, a technique that is not well tolerated in adults
given the risk of stroke [5]. Similarly, ECMO in the non-
neonatal paediatric population may or may not require carotid
or jugular ligation. Imaging considerations in paediatric
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Drainage	cannula:	Distal	IVC	or	SVC	
Return	cannula:		Iliac	artery	

Insertion	of	cannulas	in	peripheral	vessels	
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Abstract Extracorporeal membrane oxygenation (ECMO) is
increasingly being used in adults following failure to wean
from cardiopulmonary bypass, after cardiac surgery or in
cases of severe respiratory failure. Knowledge of the different
types of ECMO circuits, expected locations of cannulas and
imaging appearance of complications is essential for accurate
imaging interpretation and diagnosis. Commonly encountered
complications are malposition of cannulas, adjacent or distal
haemorrhage, stroke, stasis thrombus in access vessels, and
distal emboli. This article will describe the imaging appear-
ance of different ECMO circuits in adults as well as common-
ly encountered complications. If a CT (computed tomogra-
phy) angiogram is being performed on these patients to eval-
uate for pulmonary embolism, the scan may be suboptimal
from siphoning off of the contrast by the ECMO. In such
cases, an optimal image can be obtained by lowering the flow
rate of the ECMO circuit or by disabling the circuit for the
duration of image acquisition.
Key Points

• Femoroatrial VV ECMO: femoral vein drainage cannula
and right atrial return cannula.

• Femorofemoral VV ECMO: return and drainage cannulas
placed in femoral veins.

•Dual-lumen single cannula VV ECMO: via the right
IJ/Femoral vein with the tip in the IVC/SVC.

• Peripheral VA ECMO: peripheral venous drainage can-
nula and peripheral arterial return cannula.

• Central VA ECMO: direct right atrial drainage cannula
and aortic return cannula.

Keywords Extracorporeal membrane oxygenation .

Cannulas . Thorax . Radiography . CT . Echocardiography

Introduction

Extracorporeal membrane oxygenation (ECMO) refers to
the life support system utilised in pulmonary or cardiopul-
monary support for gas exchange [1]. The goal of the
system is to oxygenate the patient’s blood while removing
carbon dioxide. Also referred to as extracorporeal life sup-
port, ECMO is well established in neonatal respiratory
failure. Use in adults has increased and ECMO is common-
ly used following failure to wean from cardiopulmonary
bypass after cardiac surgery or in cases of severe respiratory
failure [2].

Initial use of ECMOwas largely in neonates given findings
of increased survival in severely hypoxic infants but no sig-
nificant benefit to severely ill adults [3, 4]. The results of these
initial studies were due in large part to the reversibility of
severe respiratory illness in neonates and non-reversible ven-
tilator-associated lung injury present in adults [4]. Today,
several inclusionary and exclusionary criteria help guide
ECMO application in adults (Table 1).

Complete discussion of paediatric ECMO is beyond the
scope of this article. Neonatal and paediatric ECMO encom-
passes different cannula sizes, configurations and complica-
tions. For example, in neonates arterial cannulation is limited
to placement via sternotomy or via cut down technique for
carotid cannulation. In such small patients, peripheral cannula
placement is exceedingly difficult. Additionally, initiation of
VA ECMO usually encompasses carotid or internal jugular
vein ligation, a technique that is not well tolerated in adults
given the risk of stroke [5]. Similarly, ECMO in the non-
neonatal paediatric population may or may not require carotid
or jugular ligation. Imaging considerations in paediatric
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Drainage	cannula:	Distal	IVC	or	SVC		
Return	cannula:	Right	Axillary	Artery		

Insertion	of	cannulas	in	peripheral	vessels	
		

	
Peripheral	–	Right	Axillary	Artery	VA	ECMO			
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Abstract Extracorporeal membrane oxygenation (ECMO) is
increasingly being used in adults following failure to wean
from cardiopulmonary bypass, after cardiac surgery or in
cases of severe respiratory failure. Knowledge of the different
types of ECMO circuits, expected locations of cannulas and
imaging appearance of complications is essential for accurate
imaging interpretation and diagnosis. Commonly encountered
complications are malposition of cannulas, adjacent or distal
haemorrhage, stroke, stasis thrombus in access vessels, and
distal emboli. This article will describe the imaging appear-
ance of different ECMO circuits in adults as well as common-
ly encountered complications. If a CT (computed tomogra-
phy) angiogram is being performed on these patients to eval-
uate for pulmonary embolism, the scan may be suboptimal
from siphoning off of the contrast by the ECMO. In such
cases, an optimal image can be obtained by lowering the flow
rate of the ECMO circuit or by disabling the circuit for the
duration of image acquisition.
Key Points

• Femoroatrial VV ECMO: femoral vein drainage cannula
and right atrial return cannula.

• Femorofemoral VV ECMO: return and drainage cannulas
placed in femoral veins.

•Dual-lumen single cannula VV ECMO: via the right
IJ/Femoral vein with the tip in the IVC/SVC.

• Peripheral VA ECMO: peripheral venous drainage can-
nula and peripheral arterial return cannula.

• Central VA ECMO: direct right atrial drainage cannula
and aortic return cannula.

Keywords Extracorporeal membrane oxygenation .

Cannulas . Thorax . Radiography . CT . Echocardiography

Introduction

Extracorporeal membrane oxygenation (ECMO) refers to
the life support system utilised in pulmonary or cardiopul-
monary support for gas exchange [1]. The goal of the
system is to oxygenate the patient’s blood while removing
carbon dioxide. Also referred to as extracorporeal life sup-
port, ECMO is well established in neonatal respiratory
failure. Use in adults has increased and ECMO is common-
ly used following failure to wean from cardiopulmonary
bypass after cardiac surgery or in cases of severe respiratory
failure [2].

Initial use of ECMOwas largely in neonates given findings
of increased survival in severely hypoxic infants but no sig-
nificant benefit to severely ill adults [3, 4]. The results of these
initial studies were due in large part to the reversibility of
severe respiratory illness in neonates and non-reversible ven-
tilator-associated lung injury present in adults [4]. Today,
several inclusionary and exclusionary criteria help guide
ECMO application in adults (Table 1).

Complete discussion of paediatric ECMO is beyond the
scope of this article. Neonatal and paediatric ECMO encom-
passes different cannula sizes, configurations and complica-
tions. For example, in neonates arterial cannulation is limited
to placement via sternotomy or via cut down technique for
carotid cannulation. In such small patients, peripheral cannula
placement is exceedingly difficult. Additionally, initiation of
VA ECMO usually encompasses carotid or internal jugular
vein ligation, a technique that is not well tolerated in adults
given the risk of stroke [5]. Similarly, ECMO in the non-
neonatal paediatric population may or may not require carotid
or jugular ligation. Imaging considerations in paediatric
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and decarboxylated in a dedicated extracorporeal rotor/

oxygenator device and returned via a second cannula to the
right atrium. It supports respiratory function and is classi-

cally employed during treatment of severe acute respiratory

distress syndrome (ARDS). In contrast, the same extra-
corporeal unit can also be used for providing circulatory

support in severe heart failure. In this case blood is again

drawn from the venous system but returned to the patient’s
arterial system, which is called veno-arterial cannulation.

Here ECMO primarily provides hemodynamic support,
while the effect on oxygenation depends on arterial and

venous cannulation sites, the patient’s cardiac output and

respiratory function. In this veno-arterial ECMO is essen-
tially different from veno-venous ECMO.

Percutaneous cannulation and technical improvements of

all parts of the ECMOunit have enabled a very quick setup of
the system. Nevertheless, ECMO is an invasive life support

system, with substantial risk of adverse events like bleeding,

vascular complications, thromboembolic events and infec-
tion [4 ]. As such its use should be restricted to selected

patients and experienced teams. In principle, ECMO can be

used in a bridge-to-recovery strategy, e.g., to replace lung or
heart function while these organs recover. In a different

approach ECMO bridges organ function until the failing

organ is replaced by transplantation (bridge-to-transplan-
tation) or a permanent assist device (e.g., a surgically

implanted left ventricular assist device), also referred to as

bridge-to-destination. Another strategy is bridge-to-deci-
sion, when initial hemodynamic stabilization by the ECMO

circuit is necessary to allow for delayed reevaluation and

definition of the therapeutic goal.
In addition to dual cannulation, experienced centers have

introduced triple cannulation under special circumstances.

This concept expands the field of use, but also increases the
complexity of an ECMO system. Unfortunately there is no

common nomenclature applicable to triple cannulation yet.

In every case it is important to consider that ECMO, espe-
cially a circuit with arterial cannulation, requires a multi-

disciplinary and experienced team to limit the potential

hazards of initiation, maintenance and weaning of ECMO.
The Extracorporeal Life Support Organization (ELSO) has

published guidelines on indications, use and weaning from

ECMO support in children and adults [5]. Large prospective
clinical trials investigating efficacy of ECMO are sparse,

even if several smaller studies and case series suggest effi-

cacy and reasonable safety. This may in part be explained by
the lifesaving effect of ECMO and the related difficulties to

build a control group.

In the present review we summarize current indications,
pathophysiology and strategies for percutaneous single,

dual and triple cannulation ECMO support and propose a

unifying and unequivocal nomenclature for ECMO can-
nulation. It has to be noted that other extracorporeal

systems apart from and technically different to ECMO are

available; however, these are not the focus of the present
review and are described elsewhere [6, 7].

Dual cannulation

Dual cannulation ECMO comprises veno-venous and veno-
arterial ECMO, which have profound differences in the

setup and the consequences for support and monitoring.

The description of triple cannulation, which requires
understanding of dual cannulation, will follow thereafter.

Veno-venous cannulation

During veno-venous ECMO deoxygenated blood is drained
from a large vein, oxygenated and decarboxylated in an

extracorporeal device and returned to the right atrium

(Fig. 1). By this, preoxygenated blood enters the pul-
monary circuit and provides systemic oxygenation.

Indication and clinical studies

The common indication for veno-venous ECMO is ARDS

[8], with the intention to provide extracorporeal gas
exchange while a protective ventilation strategy allows for

lung rest and recovery. Usually ECMO is considered in

patients with severe forms of ARDS, and the ELSO rec-
ommends ECMO initiation with a Horovitz index below

80. However, many centers start at earlier timepoints, such

as a Horovitz index below 100–150 or uncompensated
acidosis (pH\ 7.2). However, optimal timing, duration

and weaning of ECMO have not been investigated in large

prospective trials yet. Early trials could not demonstrate a
survival benefit of ECMO in ARDS patients [9, 10]. These

trials have been a matter of intense debate for different

aspects, such as the fact that ventilator settings were not
adapted after ECMO initiation, i.e., lung protective venti-

lation was not performed. In contrast, the conventional

ventilatory support versus extracorporeal membrane oxy-
genation for severe adult respiratory failure (CESAR) trial

demonstrated safety and efficacy of veno-venous ECMO

compared to conventional ventilation in ARDS patients
[11], albeit the trial design has been discussed controver-

sially [12]. Nevertheless, veno-venous ECMO has gained a

central role in ARDS with a low Horovitz index, and the
emergence of H1N1 has further strengthened the role of

ECMO as a lifesaving tool in severe lung failure [13].

Recently the use of veno-venous ECMO in non-intubated
patients (‘‘awake-ECMO’’) has gained attention, mostly in

patients with terminal lung disease awaiting transplantation

in a bridge-to-transplant strategy [14 ] or with ARDS in a
bridge-to-recovery strategy [15].
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provisional setting for high-risk percutaneous coronary

intervention [30]. However, in elective high-risk coronary

interventions a percutaneous microaxial pump appears to be
equally effective with lower procedural risk [31].

Veno-arterial ECMO can be useful for preconditioning

the patient prior to implantation of a permanent left ven-
tricular assist device (LVAD) [32], or in a bridge-to-

transplantation setting. It can be continued until patients

are awake, e.g., to evaluate neurological outcome after
resuscitation (bridge-to-decision), or even be inserted in

completely awake patients [28]. After lung transplantation

for pulmonary hypertension, veno-arterial ECMO is suffi-
cient for bridging the early postoperative phase while the

heart is not ready to manage reconstituted left ventricular

preload [33]. Recently the use during resuscitation [34] is
increasing, with impressive outcome data: in an observa-

tional study of 117 patients without spontaneous ROSC

after prolonged resuscitation in whom ECMO was

initiated, 15 % survived with favorable neurological out-

come [35]. However, extracorporeal cardiopulmonary
resuscitation should be considered primarily in scenarios

with a reasonable exit strategy, e.g., embolectomy in pul-

monary embolism or emergency coronary revascularization
[36].

Overall, despite promising data for veno-arterial ECMO

from smaller studies, large prospective studies are not
reported. Contraindications for arterial cannulation can

arise from aortic dissection, aortic regurgitation, left ven-
tricular thrombi or bleeding disorders.

Technical aspects

For veno-arterial ECMO usually a femoral vein and the

ipsilateral femoral artery are used for vascular access
(Fig. 3). The venous cannula may also be placed into a

jugular vein. The correct position of the venous cannula tip

is the mid-right atrium (Fig. 3) to enable homogenous
drainage of venous blood from both caval veins. If placed

in the femoral artery, the arterial cannula should be fully

introduced resulting in a tip position in the common iliac
artery in adults. Upper body cannulation is also possible

(see below).

Pathophysiology

Once the femoral artery is cannulated during ECMO, some
essential differences to veno-venous ECMO have to be

considered.

The first and most important aspect is the so-called
watershed phenomenon (Fig. 4): if the failing heart is not

able to ensure a critical blood pressure for organ perfusion,

flow support by the ECMO unit will result in enhanced
blood pressure as long as the vascular system has sufficient

resistance (Table 1). However, in most patients on a veno-

arterial ECMO the left ventricle still has some output and
thus delivers an antegrade blood flow towards the

descending aorta. This ‘native’ flow meets the retrograde

blood flow from the arterial ECMO cannula at a point
called the ‘watershed’ [26]. It is located somewhere

between the ascending aorta and the renal arteries in most

cases. Importantly, the particular location of the watershed
is determined by the competition between left ventricular

output and ECMO flow and thus varies during therapy [37]

and between patients. In the presence of an antegrade flow
through the aortic valve the coronaries and mostly the first

branches from the aortic arch will be perfused with blood

originating from the left ventricle. All areas distal to the
watershed, i.e., the lower half of the body including the

kidneys, receive blood oxygenated by the ECMO unit.

While oxygen saturation of ECMO-derived blood will be
nearly always sufficient, oxygen saturation of blood

Fig. 3 Veno-arterial ECMO (VA). Blood is drained from the right
atrium, oxygenated and decarboxylated in the ECMO device and
returned to the iliac artery towards the aorta. Note the modified
position of the venous cannula tip compared to veno-venous ECMO.
Cannulation of the femoral artery requires an additional sheath for
perfusion of the leg downstream of the cannulation site (inset)
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Femoral	Artery	Cannulation	Technique	

ü Direct	cut	down	cannulation	
ü Percutaneous	cannulation	(Seldinger	technique)		
ü Semi-Seldinger	technique	



	
Site	of	Puncture	

	

Skin-Inguinal	crease	
2-3	cm	below	the	mid	point	of	the	skin	crease	
Not	a	realiable	marker	in	obese	patients	
	
Bony	landmarks	
2-3	cm	below	the	mid	inguinal	point,		
Between	the	anterior	superior	iliac	spin		
and	pubic	tubercle	
	
Maximal	femoral	pulse	
Could	result	in	high	or	low	puncture		
(Obese	patients)	
	
	
		
	
	



CFA	is	an	ideal	site	for	arterial	access		because	it	is:	
ü  relatively	large	
ü  less	involved	with	atherosclerosis	
ü  compressible	against	the	underlying	head	of	the	femur	

	
The	Ideal	Site	of	Puncture	

	



	
Femoral	artery	Puncture	and	Cannulation	

	

ü 30°-	45°	angle	to	ensure	that	the	artery	will	be	cannulated		2	cm	superior	to	the	skin	entry	site	
ü more	vertical	entry	promotes	kinking		
ü lower	the	hub	of	the	needle	in	obese	
ü good	pulsatile	flow	before	any	guidewire	advancement	
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provisional setting for high-risk percutaneous coronary

intervention [30]. However, in elective high-risk coronary

interventions a percutaneous microaxial pump appears to be
equally effective with lower procedural risk [31].

Veno-arterial ECMO can be useful for preconditioning

the patient prior to implantation of a permanent left ven-
tricular assist device (LVAD) [32], or in a bridge-to-

transplantation setting. It can be continued until patients

are awake, e.g., to evaluate neurological outcome after
resuscitation (bridge-to-decision), or even be inserted in

completely awake patients [28]. After lung transplantation

for pulmonary hypertension, veno-arterial ECMO is suffi-
cient for bridging the early postoperative phase while the

heart is not ready to manage reconstituted left ventricular

preload [33]. Recently the use during resuscitation [34] is
increasing, with impressive outcome data: in an observa-

tional study of 117 patients without spontaneous ROSC

after prolonged resuscitation in whom ECMO was

initiated, 15 % survived with favorable neurological out-

come [35]. However, extracorporeal cardiopulmonary
resuscitation should be considered primarily in scenarios

with a reasonable exit strategy, e.g., embolectomy in pul-

monary embolism or emergency coronary revascularization
[36].

Overall, despite promising data for veno-arterial ECMO

from smaller studies, large prospective studies are not
reported. Contraindications for arterial cannulation can

arise from aortic dissection, aortic regurgitation, left ven-
tricular thrombi or bleeding disorders.

Technical aspects

For veno-arterial ECMO usually a femoral vein and the

ipsilateral femoral artery are used for vascular access
(Fig. 3). The venous cannula may also be placed into a

jugular vein. The correct position of the venous cannula tip

is the mid-right atrium (Fig. 3) to enable homogenous
drainage of venous blood from both caval veins. If placed

in the femoral artery, the arterial cannula should be fully

introduced resulting in a tip position in the common iliac
artery in adults. Upper body cannulation is also possible

(see below).

Pathophysiology

Once the femoral artery is cannulated during ECMO, some
essential differences to veno-venous ECMO have to be

considered.

The first and most important aspect is the so-called
watershed phenomenon (Fig. 4): if the failing heart is not

able to ensure a critical blood pressure for organ perfusion,

flow support by the ECMO unit will result in enhanced
blood pressure as long as the vascular system has sufficient

resistance (Table 1). However, in most patients on a veno-

arterial ECMO the left ventricle still has some output and
thus delivers an antegrade blood flow towards the

descending aorta. This ‘native’ flow meets the retrograde

blood flow from the arterial ECMO cannula at a point
called the ‘watershed’ [26]. It is located somewhere

between the ascending aorta and the renal arteries in most

cases. Importantly, the particular location of the watershed
is determined by the competition between left ventricular

output and ECMO flow and thus varies during therapy [37]

and between patients. In the presence of an antegrade flow
through the aortic valve the coronaries and mostly the first

branches from the aortic arch will be perfused with blood

originating from the left ventricle. All areas distal to the
watershed, i.e., the lower half of the body including the

kidneys, receive blood oxygenated by the ECMO unit.

While oxygen saturation of ECMO-derived blood will be
nearly always sufficient, oxygen saturation of blood

Fig. 3 Veno-arterial ECMO (VA). Blood is drained from the right
atrium, oxygenated and decarboxylated in the ECMO device and
returned to the iliac artery towards the aorta. Note the modified
position of the venous cannula tip compared to veno-venous ECMO.
Cannulation of the femoral artery requires an additional sheath for
perfusion of the leg downstream of the cannulation site (inset)
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Aorta	

and decarboxylated in a dedicated extracorporeal rotor/

oxygenator device and returned via a second cannula to the
right atrium. It supports respiratory function and is classi-

cally employed during treatment of severe acute respiratory

distress syndrome (ARDS). In contrast, the same extra-
corporeal unit can also be used for providing circulatory

support in severe heart failure. In this case blood is again

drawn from the venous system but returned to the patient’s
arterial system, which is called veno-arterial cannulation.

Here ECMO primarily provides hemodynamic support,
while the effect on oxygenation depends on arterial and

venous cannulation sites, the patient’s cardiac output and

respiratory function. In this veno-arterial ECMO is essen-
tially different from veno-venous ECMO.

Percutaneous cannulation and technical improvements of

all parts of the ECMOunit have enabled a very quick setup of
the system. Nevertheless, ECMO is an invasive life support

system, with substantial risk of adverse events like bleeding,

vascular complications, thromboembolic events and infec-
tion [4 ]. As such its use should be restricted to selected

patients and experienced teams. In principle, ECMO can be

used in a bridge-to-recovery strategy, e.g., to replace lung or
heart function while these organs recover. In a different

approach ECMO bridges organ function until the failing

organ is replaced by transplantation (bridge-to-transplan-
tation) or a permanent assist device (e.g., a surgically

implanted left ventricular assist device), also referred to as

bridge-to-destination. Another strategy is bridge-to-deci-
sion, when initial hemodynamic stabilization by the ECMO

circuit is necessary to allow for delayed reevaluation and

definition of the therapeutic goal.
In addition to dual cannulation, experienced centers have

introduced triple cannulation under special circumstances.

This concept expands the field of use, but also increases the
complexity of an ECMO system. Unfortunately there is no

common nomenclature applicable to triple cannulation yet.

In every case it is important to consider that ECMO, espe-
cially a circuit with arterial cannulation, requires a multi-

disciplinary and experienced team to limit the potential

hazards of initiation, maintenance and weaning of ECMO.
The Extracorporeal Life Support Organization (ELSO) has

published guidelines on indications, use and weaning from

ECMO support in children and adults [5]. Large prospective
clinical trials investigating efficacy of ECMO are sparse,

even if several smaller studies and case series suggest effi-

cacy and reasonable safety. This may in part be explained by
the lifesaving effect of ECMO and the related difficulties to

build a control group.

In the present review we summarize current indications,
pathophysiology and strategies for percutaneous single,

dual and triple cannulation ECMO support and propose a

unifying and unequivocal nomenclature for ECMO can-
nulation. It has to be noted that other extracorporeal

systems apart from and technically different to ECMO are

available; however, these are not the focus of the present
review and are described elsewhere [6, 7].

Dual cannulation

Dual cannulation ECMO comprises veno-venous and veno-
arterial ECMO, which have profound differences in the

setup and the consequences for support and monitoring.

The description of triple cannulation, which requires
understanding of dual cannulation, will follow thereafter.

Veno-venous cannulation

During veno-venous ECMO deoxygenated blood is drained
from a large vein, oxygenated and decarboxylated in an

extracorporeal device and returned to the right atrium

(Fig. 1). By this, preoxygenated blood enters the pul-
monary circuit and provides systemic oxygenation.

Indication and clinical studies

The common indication for veno-venous ECMO is ARDS

[8], with the intention to provide extracorporeal gas
exchange while a protective ventilation strategy allows for

lung rest and recovery. Usually ECMO is considered in

patients with severe forms of ARDS, and the ELSO rec-
ommends ECMO initiation with a Horovitz index below

80. However, many centers start at earlier timepoints, such

as a Horovitz index below 100–150 or uncompensated
acidosis (pH\ 7.2). However, optimal timing, duration

and weaning of ECMO have not been investigated in large

prospective trials yet. Early trials could not demonstrate a
survival benefit of ECMO in ARDS patients [9, 10]. These

trials have been a matter of intense debate for different

aspects, such as the fact that ventilator settings were not
adapted after ECMO initiation, i.e., lung protective venti-

lation was not performed. In contrast, the conventional

ventilatory support versus extracorporeal membrane oxy-
genation for severe adult respiratory failure (CESAR) trial

demonstrated safety and efficacy of veno-venous ECMO

compared to conventional ventilation in ARDS patients
[11], albeit the trial design has been discussed controver-

sially [12]. Nevertheless, veno-venous ECMO has gained a

central role in ARDS with a low Horovitz index, and the
emergence of H1N1 has further strengthened the role of

ECMO as a lifesaving tool in severe lung failure [13].

Recently the use of veno-venous ECMO in non-intubated
patients (‘‘awake-ECMO’’) has gained attention, mostly in

patients with terminal lung disease awaiting transplantation

in a bridge-to-transplant strategy [14 ] or with ARDS in a
bridge-to-recovery strategy [15].
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provisional setting for high-risk percutaneous coronary

intervention [30]. However, in elective high-risk coronary

interventions a percutaneous microaxial pump appears to be
equally effective with lower procedural risk [31].

Veno-arterial ECMO can be useful for preconditioning

the patient prior to implantation of a permanent left ven-
tricular assist device (LVAD) [32], or in a bridge-to-

transplantation setting. It can be continued until patients

are awake, e.g., to evaluate neurological outcome after
resuscitation (bridge-to-decision), or even be inserted in

completely awake patients [28]. After lung transplantation

for pulmonary hypertension, veno-arterial ECMO is suffi-
cient for bridging the early postoperative phase while the

heart is not ready to manage reconstituted left ventricular

preload [33]. Recently the use during resuscitation [34] is
increasing, with impressive outcome data: in an observa-

tional study of 117 patients without spontaneous ROSC

after prolonged resuscitation in whom ECMO was

initiated, 15 % survived with favorable neurological out-

come [35]. However, extracorporeal cardiopulmonary
resuscitation should be considered primarily in scenarios

with a reasonable exit strategy, e.g., embolectomy in pul-

monary embolism or emergency coronary revascularization
[36].

Overall, despite promising data for veno-arterial ECMO

from smaller studies, large prospective studies are not
reported. Contraindications for arterial cannulation can

arise from aortic dissection, aortic regurgitation, left ven-
tricular thrombi or bleeding disorders.

Technical aspects

For veno-arterial ECMO usually a femoral vein and the

ipsilateral femoral artery are used for vascular access
(Fig. 3). The venous cannula may also be placed into a

jugular vein. The correct position of the venous cannula tip

is the mid-right atrium (Fig. 3) to enable homogenous
drainage of venous blood from both caval veins. If placed

in the femoral artery, the arterial cannula should be fully

introduced resulting in a tip position in the common iliac
artery in adults. Upper body cannulation is also possible

(see below).

Pathophysiology

Once the femoral artery is cannulated during ECMO, some
essential differences to veno-venous ECMO have to be

considered.

The first and most important aspect is the so-called
watershed phenomenon (Fig. 4): if the failing heart is not

able to ensure a critical blood pressure for organ perfusion,

flow support by the ECMO unit will result in enhanced
blood pressure as long as the vascular system has sufficient

resistance (Table 1). However, in most patients on a veno-

arterial ECMO the left ventricle still has some output and
thus delivers an antegrade blood flow towards the

descending aorta. This ‘native’ flow meets the retrograde

blood flow from the arterial ECMO cannula at a point
called the ‘watershed’ [26]. It is located somewhere

between the ascending aorta and the renal arteries in most

cases. Importantly, the particular location of the watershed
is determined by the competition between left ventricular

output and ECMO flow and thus varies during therapy [37]

and between patients. In the presence of an antegrade flow
through the aortic valve the coronaries and mostly the first

branches from the aortic arch will be perfused with blood

originating from the left ventricle. All areas distal to the
watershed, i.e., the lower half of the body including the

kidneys, receive blood oxygenated by the ECMO unit.

While oxygen saturation of ECMO-derived blood will be
nearly always sufficient, oxygen saturation of blood

Fig. 3 Veno-arterial ECMO (VA). Blood is drained from the right
atrium, oxygenated and decarboxylated in the ECMO device and
returned to the iliac artery towards the aorta. Note the modified
position of the venous cannula tip compared to veno-venous ECMO.
Cannulation of the femoral artery requires an additional sheath for
perfusion of the leg downstream of the cannulation site (inset)
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and decarboxylated in a dedicated extracorporeal rotor/

oxygenator device and returned via a second cannula to the
right atrium. It supports respiratory function and is classi-

cally employed during treatment of severe acute respiratory

distress syndrome (ARDS). In contrast, the same extra-
corporeal unit can also be used for providing circulatory

support in severe heart failure. In this case blood is again

drawn from the venous system but returned to the patient’s
arterial system, which is called veno-arterial cannulation.

Here ECMO primarily provides hemodynamic support,
while the effect on oxygenation depends on arterial and

venous cannulation sites, the patient’s cardiac output and

respiratory function. In this veno-arterial ECMO is essen-
tially different from veno-venous ECMO.

Percutaneous cannulation and technical improvements of

all parts of the ECMOunit have enabled a very quick setup of
the system. Nevertheless, ECMO is an invasive life support

system, with substantial risk of adverse events like bleeding,

vascular complications, thromboembolic events and infec-
tion [4 ]. As such its use should be restricted to selected

patients and experienced teams. In principle, ECMO can be

used in a bridge-to-recovery strategy, e.g., to replace lung or
heart function while these organs recover. In a different

approach ECMO bridges organ function until the failing

organ is replaced by transplantation (bridge-to-transplan-
tation) or a permanent assist device (e.g., a surgically

implanted left ventricular assist device), also referred to as

bridge-to-destination. Another strategy is bridge-to-deci-
sion, when initial hemodynamic stabilization by the ECMO

circuit is necessary to allow for delayed reevaluation and

definition of the therapeutic goal.
In addition to dual cannulation, experienced centers have

introduced triple cannulation under special circumstances.

This concept expands the field of use, but also increases the
complexity of an ECMO system. Unfortunately there is no

common nomenclature applicable to triple cannulation yet.

In every case it is important to consider that ECMO, espe-
cially a circuit with arterial cannulation, requires a multi-

disciplinary and experienced team to limit the potential

hazards of initiation, maintenance and weaning of ECMO.
The Extracorporeal Life Support Organization (ELSO) has

published guidelines on indications, use and weaning from

ECMO support in children and adults [5]. Large prospective
clinical trials investigating efficacy of ECMO are sparse,

even if several smaller studies and case series suggest effi-

cacy and reasonable safety. This may in part be explained by
the lifesaving effect of ECMO and the related difficulties to

build a control group.

In the present review we summarize current indications,
pathophysiology and strategies for percutaneous single,

dual and triple cannulation ECMO support and propose a

unifying and unequivocal nomenclature for ECMO can-
nulation. It has to be noted that other extracorporeal

systems apart from and technically different to ECMO are

available; however, these are not the focus of the present
review and are described elsewhere [6, 7].

Dual cannulation

Dual cannulation ECMO comprises veno-venous and veno-
arterial ECMO, which have profound differences in the

setup and the consequences for support and monitoring.

The description of triple cannulation, which requires
understanding of dual cannulation, will follow thereafter.

Veno-venous cannulation

During veno-venous ECMO deoxygenated blood is drained
from a large vein, oxygenated and decarboxylated in an

extracorporeal device and returned to the right atrium

(Fig. 1). By this, preoxygenated blood enters the pul-
monary circuit and provides systemic oxygenation.

Indication and clinical studies

The common indication for veno-venous ECMO is ARDS

[8], with the intention to provide extracorporeal gas
exchange while a protective ventilation strategy allows for

lung rest and recovery. Usually ECMO is considered in

patients with severe forms of ARDS, and the ELSO rec-
ommends ECMO initiation with a Horovitz index below

80. However, many centers start at earlier timepoints, such

as a Horovitz index below 100–150 or uncompensated
acidosis (pH\ 7.2). However, optimal timing, duration

and weaning of ECMO have not been investigated in large

prospective trials yet. Early trials could not demonstrate a
survival benefit of ECMO in ARDS patients [9, 10]. These

trials have been a matter of intense debate for different

aspects, such as the fact that ventilator settings were not
adapted after ECMO initiation, i.e., lung protective venti-

lation was not performed. In contrast, the conventional

ventilatory support versus extracorporeal membrane oxy-
genation for severe adult respiratory failure (CESAR) trial

demonstrated safety and efficacy of veno-venous ECMO

compared to conventional ventilation in ARDS patients
[11], albeit the trial design has been discussed controver-

sially [12]. Nevertheless, veno-venous ECMO has gained a

central role in ARDS with a low Horovitz index, and the
emergence of H1N1 has further strengthened the role of

ECMO as a lifesaving tool in severe lung failure [13].

Recently the use of veno-venous ECMO in non-intubated
patients (‘‘awake-ECMO’’) has gained attention, mostly in

patients with terminal lung disease awaiting transplantation

in a bridge-to-transplant strategy [14 ] or with ARDS in a
bridge-to-recovery strategy [15].
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Maquet’s HLS Cannulae can be inserted percutaneously or 
with a surgical cut-down. Arterial and venous cannulae are 
available in a choice of sizes and in sertion lengths to meet all 
needs for peripheral cannulation.

t�Cannula bodies in biocompatible polyurethane.
t�  Reinforced with a flat wire for the thinest wall and  

highest flow rates.
t�  Large range of sizes to meet different patient  

requirements.
t�Sizes from 13 Fr. to 29 Fr.
t�  Different insertion lengths, 15, 23, 38 and 55 cm.
t�  Locked introducer to keep introducer in place during  

insertion.
t�Optimized transition between introducer and cannula tip.
t�Depth marks to control insertion depth.
t�Stop-ring defines maximum insertion depth.
t�A pair of side holes on every arterial tip.
t�Alternating pairs of side holes on every venous cannula.
t�  Selectively hardened proximal cannula body, preventing 

kinking after insertion.
t�Reinforced side holes to prevent kinking.
t�  Cannulae can be inserted percutaneously over  

a 0.038” guidewire.
t�  Versions with BIOLINE Coating available for improved 

biocompatibility.
t�  Extended application time of 30 days in combination  

with a PLS Set or HLS Set (BIOLINE Coating).

Smooth transition between introducer and cannula tip

Stop-ring defines maximum insertion depth
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Pressure drop vs. flow for all arterial HLS cannulae Pressure drop vs. flow for all venous HLS cannulae

Standard for single lumen cannulation.
Smooth transition and kink-resistant cannula body.
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Maquet’s HLS Cannulae can be inserted percutaneously or 
with a surgical cut-down. Arterial and venous cannulae are 
available in a choice of sizes and in sertion lengths to meet all 
needs for peripheral cannulation.

t�Cannula bodies in biocompatible polyurethane.
t�  Reinforced with a flat wire for the thinest wall and  

highest flow rates.
t�  Large range of sizes to meet different patient  

requirements.
t�Sizes from 13 Fr. to 29 Fr.
t�  Different insertion lengths, 15, 23, 38 and 55 cm.
t�  Locked introducer to keep introducer in place during  

insertion.
t�Optimized transition between introducer and cannula tip.
t�Depth marks to control insertion depth.
t�Stop-ring defines maximum insertion depth.
t�A pair of side holes on every arterial tip.
t�Alternating pairs of side holes on every venous cannula.
t�  Selectively hardened proximal cannula body, preventing 

kinking after insertion.
t�Reinforced side holes to prevent kinking.
t�  Cannulae can be inserted percutaneously over  

a 0.038” guidewire.
t�  Versions with BIOLINE Coating available for improved 

biocompatibility.
t�  Extended application time of 30 days in combination  

with a PLS Set or HLS Set (BIOLINE Coating).

Smooth transition between introducer and cannula tip

Stop-ring defines maximum insertion depth
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Standard for single lumen cannulation.
Smooth transition and kink-resistant cannula body.
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HLS Cannulae
Solutions from tip to tip.

This document is intended to provide information to an international audience outside of the US.

Single lumen vessels access becomes easier.
Percutaneous Insertion Kits

For percutaneous access of the HLS cannulae Maquet 
has developed percutaneous insertion kits: 
Two kits with different guidewire lengths are available for 
arterial and venous peripheral cannulation.

Appropriate components have been chosen:
t�  4 multi-step dilators: 10/12 Fr., 12/14 Fr., 14/16 Fr., 16/18 Fr.
t�0.038” x 100 cm with J-tip guidewire for arterial cannulae
t�0.038” x 150 cm with J-tip guidewire for venous cannulae
t�Guidewire advancer
t�18 ga. puncture needle
t�Mini scalpel blade
t�10 cc syringe
t�Additional dilator sizes and guidewires available

Type Outer Diameter Insertion Length Side Holes Perforation Length Connector BIOLINE Coating
PAS 1315 13 Fr. (4.3 mm) 15 cm 2 1 cm 3/8" LL BE-PAS 1315
PAS 1515 15 Fr. (5.0 mm) 15 cm 2 1 cm 3/8" LL BE-PAS 1515
PAS 1715 17 Fr. (5.7 mm) 15 cm 2 1 cm 3/8" LL BE-PAS 1715
PAS 1915 19 Fr. (6.3 mm) 15 cm 2 1 cm 3/8" LL BE-PAS 1915
PAS 2115 21 Fr. (7.0 mm) 15 cm 2 1 cm 3/8" LL BE-PAS 2115
PAS 2315 23 Fr. (7.7 mm) 15 cm 2 1 cm 3/8" LL BE-PAS 2315
PAL 1523 15 Fr. (5.0 mm) 23 cm 2 1 cm 3/8" LL BE-PAL 1523
PAL 1723 17 Fr. (5.7 mm) 23 cm 2 1 cm 3/8" LL BE-PAL 1723
PAL 1923 19 Fr. (6.3 mm) 23 cm 2 1 cm 3/8" LL BE-PAL 1923
PAL 2123 21 Fr. (7.0 mm) 23 cm 2 1 cm 3/8" LL BE-PAL 2123
PAL 2323 23 Fr. (7.7 mm) 23 cm 2 1 cm 3/8" LL BE-PAL 2323
One cannula per carton

Order details arterial HLS cannulae:

Order details venous HLS cannulae:

Type Outer Diameter Insertion Length Side Holes Perforation Length Connector BIOLINE Coating
PVS 1938 19 Fr. (6.3 mm) 38 cm 12 10 cm 3/8" BE-PVS 1938
PVS 2138 21 Fr. (7.0 mm) 38 cm 12 10 cm 3/8" BE-PVS 2138
PVS 2338 23 Fr. (7.7 mm) 38 cm 16 10 cm 3/8" BE-PVS 2338
PVS 2538 25 Fr. (8.3 mm) 38 cm 20 10 cm 3/8" BE-PVS 2538
PVL 2155 21 Fr. (7.0 mm) 55 cm 20 20 cm 3/8" BE-PVL 2155
PVL 2355 23 Fr. (7.7 mm) 55 cm 20 20 cm 3/8" BE-PVL 2355
PVL 2555 25 Fr. (8.3 mm) 55 cm 24 20 cm 3/8" BE-PVL 2555
PVL 2955 29 Fr. (9.7 mm) 55 cm 32 20 cm 3/8" BE-PVL 2955
One cannula per carton

Order details percutaneous insertion kits and cannulae accessories:

Type Guidewire Length Description
PIK 100* 100 cm Percutaneous insertion kit for arterial HLS cannulae
PIK 150* 150 cm Percutaneous insertion kit for venous HLS cannulae
PIK Dilator Set L** Cannulae accessories: 3 multi-step dilators          Dilator sizes 18/20 Fr., 20/22 Fr., 22/24 Fr.
PIK Dilator S** Cannulae accessories: 1 multi-step dilator            Dilator size 08/10 Fr.
PIK Guidewire 100** 100 cm Cannulae accessories: separate guidewires for arterial cannulae
PIK Guidewire 150** 150 cm Cannulae accessories: separate guidewires for venous cannulae
*One kit per carton, sterile packed                     **5 pcs. per carton, sterile packed 
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Single lumen vessels access becomes easier.
Percutaneous Insertion Kits

For percutaneous access of the HLS cannulae Maquet 
has developed percutaneous insertion kits: 
Two kits with different guidewire lengths are available for 
arterial and venous peripheral cannulation.

Appropriate components have been chosen:
t�  4 multi-step dilators: 10/12 Fr., 12/14 Fr., 14/16 Fr., 16/18 Fr.
t�0.038” x 100 cm with J-tip guidewire for arterial cannulae
t�0.038” x 150 cm with J-tip guidewire for venous cannulae
t�Guidewire advancer
t�18 ga. puncture needle
t�Mini scalpel blade
t�10 cc syringe
t�Additional dilator sizes and guidewires available

Type Outer Diameter Insertion Length Side Holes Perforation Length Connector BIOLINE Coating
PAS 1315 13 Fr. (4.3 mm) 15 cm 2 1 cm 3/8" LL BE-PAS 1315
PAS 1515 15 Fr. (5.0 mm) 15 cm 2 1 cm 3/8" LL BE-PAS 1515
PAS 1715 17 Fr. (5.7 mm) 15 cm 2 1 cm 3/8" LL BE-PAS 1715
PAS 1915 19 Fr. (6.3 mm) 15 cm 2 1 cm 3/8" LL BE-PAS 1915
PAS 2115 21 Fr. (7.0 mm) 15 cm 2 1 cm 3/8" LL BE-PAS 2115
PAS 2315 23 Fr. (7.7 mm) 15 cm 2 1 cm 3/8" LL BE-PAS 2315
PAL 1523 15 Fr. (5.0 mm) 23 cm 2 1 cm 3/8" LL BE-PAL 1523
PAL 1723 17 Fr. (5.7 mm) 23 cm 2 1 cm 3/8" LL BE-PAL 1723
PAL 1923 19 Fr. (6.3 mm) 23 cm 2 1 cm 3/8" LL BE-PAL 1923
PAL 2123 21 Fr. (7.0 mm) 23 cm 2 1 cm 3/8" LL BE-PAL 2123
PAL 2323 23 Fr. (7.7 mm) 23 cm 2 1 cm 3/8" LL BE-PAL 2323
One cannula per carton

Order details arterial HLS cannulae:

Order details venous HLS cannulae:

Type Outer Diameter Insertion Length Side Holes Perforation Length Connector BIOLINE Coating
PVS 1938 19 Fr. (6.3 mm) 38 cm 12 10 cm 3/8" BE-PVS 1938
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PVL 2155 21 Fr. (7.0 mm) 55 cm 20 20 cm 3/8" BE-PVL 2155
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Order details percutaneous insertion kits and cannulae accessories:
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*One kit per carton, sterile packed                     **5 pcs. per carton, sterile packed 
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Single lumen vessels access becomes easier.
Percutaneous Insertion Kits

For percutaneous access of the HLS cannulae Maquet 
has developed percutaneous insertion kits: 
Two kits with different guidewire lengths are available for 
arterial and venous peripheral cannulation.

Appropriate components have been chosen:
t�  4 multi-step dilators: 10/12 Fr., 12/14 Fr., 14/16 Fr., 16/18 Fr.
t�0.038” x 100 cm with J-tip guidewire for arterial cannulae
t�0.038” x 150 cm with J-tip guidewire for venous cannulae
t�Guidewire advancer
t�18 ga. puncture needle
t�Mini scalpel blade
t�10 cc syringe
t�Additional dilator sizes and guidewires available
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1.  Lower	Limb	Ischemia	
2.  Harlequin	Syndrome	
3.  Pulmonary	Edema	

and decarboxylated in a dedicated extracorporeal rotor/

oxygenator device and returned via a second cannula to the
right atrium. It supports respiratory function and is classi-

cally employed during treatment of severe acute respiratory

distress syndrome (ARDS). In contrast, the same extra-
corporeal unit can also be used for providing circulatory

support in severe heart failure. In this case blood is again

drawn from the venous system but returned to the patient’s
arterial system, which is called veno-arterial cannulation.

Here ECMO primarily provides hemodynamic support,
while the effect on oxygenation depends on arterial and

venous cannulation sites, the patient’s cardiac output and

respiratory function. In this veno-arterial ECMO is essen-
tially different from veno-venous ECMO.

Percutaneous cannulation and technical improvements of

all parts of the ECMOunit have enabled a very quick setup of
the system. Nevertheless, ECMO is an invasive life support

system, with substantial risk of adverse events like bleeding,

vascular complications, thromboembolic events and infec-
tion [4 ]. As such its use should be restricted to selected

patients and experienced teams. In principle, ECMO can be

used in a bridge-to-recovery strategy, e.g., to replace lung or
heart function while these organs recover. In a different

approach ECMO bridges organ function until the failing

organ is replaced by transplantation (bridge-to-transplan-
tation) or a permanent assist device (e.g., a surgically

implanted left ventricular assist device), also referred to as

bridge-to-destination. Another strategy is bridge-to-deci-
sion, when initial hemodynamic stabilization by the ECMO

circuit is necessary to allow for delayed reevaluation and

definition of the therapeutic goal.
In addition to dual cannulation, experienced centers have

introduced triple cannulation under special circumstances.

This concept expands the field of use, but also increases the
complexity of an ECMO system. Unfortunately there is no

common nomenclature applicable to triple cannulation yet.

In every case it is important to consider that ECMO, espe-
cially a circuit with arterial cannulation, requires a multi-

disciplinary and experienced team to limit the potential

hazards of initiation, maintenance and weaning of ECMO.
The Extracorporeal Life Support Organization (ELSO) has

published guidelines on indications, use and weaning from

ECMO support in children and adults [5]. Large prospective
clinical trials investigating efficacy of ECMO are sparse,

even if several smaller studies and case series suggest effi-

cacy and reasonable safety. This may in part be explained by
the lifesaving effect of ECMO and the related difficulties to

build a control group.

In the present review we summarize current indications,
pathophysiology and strategies for percutaneous single,

dual and triple cannulation ECMO support and propose a

unifying and unequivocal nomenclature for ECMO can-
nulation. It has to be noted that other extracorporeal

systems apart from and technically different to ECMO are

available; however, these are not the focus of the present
review and are described elsewhere [6, 7].

Dual cannulation

Dual cannulation ECMO comprises veno-venous and veno-
arterial ECMO, which have profound differences in the

setup and the consequences for support and monitoring.

The description of triple cannulation, which requires
understanding of dual cannulation, will follow thereafter.

Veno-venous cannulation

During veno-venous ECMO deoxygenated blood is drained
from a large vein, oxygenated and decarboxylated in an

extracorporeal device and returned to the right atrium

(Fig. 1). By this, preoxygenated blood enters the pul-
monary circuit and provides systemic oxygenation.

Indication and clinical studies

The common indication for veno-venous ECMO is ARDS

[8], with the intention to provide extracorporeal gas
exchange while a protective ventilation strategy allows for

lung rest and recovery. Usually ECMO is considered in

patients with severe forms of ARDS, and the ELSO rec-
ommends ECMO initiation with a Horovitz index below

80. However, many centers start at earlier timepoints, such

as a Horovitz index below 100–150 or uncompensated
acidosis (pH\ 7.2). However, optimal timing, duration

and weaning of ECMO have not been investigated in large

prospective trials yet. Early trials could not demonstrate a
survival benefit of ECMO in ARDS patients [9, 10]. These

trials have been a matter of intense debate for different

aspects, such as the fact that ventilator settings were not
adapted after ECMO initiation, i.e., lung protective venti-

lation was not performed. In contrast, the conventional

ventilatory support versus extracorporeal membrane oxy-
genation for severe adult respiratory failure (CESAR) trial

demonstrated safety and efficacy of veno-venous ECMO

compared to conventional ventilation in ARDS patients
[11], albeit the trial design has been discussed controver-

sially [12]. Nevertheless, veno-venous ECMO has gained a

central role in ARDS with a low Horovitz index, and the
emergence of H1N1 has further strengthened the role of

ECMO as a lifesaving tool in severe lung failure [13].

Recently the use of veno-venous ECMO in non-intubated
patients (‘‘awake-ECMO’’) has gained attention, mostly in

patients with terminal lung disease awaiting transplantation

in a bridge-to-transplant strategy [14 ] or with ARDS in a
bridge-to-recovery strategy [15].
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Lower	Limb	Ischemia	
	

Monitoring	
1.  NIRS	
2.  Doppler	imaging	
3.  Clinical	Assesment	
4.  Lab	Tests	

LIMITS	
ü Global	state	of	hypoperfusion	
ü Continous	Flow	
ü Vasculopathies	
ü Hypercoagulable	state	
ü CK	not	reliable	(AMI)	
ü TOO	LATE!		



Without	Reperfusion	



Direct	cut	down	distal	leg	perfusion	



Direct	cut	down	distal	leg	perfusion		
8-Fr	cannula	



Direct	cut	down	distal	leg	perfusion		
8-Fr	cannula	and	3/8”à	3/8”-	1/4”	Connector		

	



Semi-Seldinger	technique	



Semi-Seldinger	technique	



Semi-Seldinger	technique	



Percutaneous	distal	leg	perfusion		
5-Fr	Introducer	Sheath	



An	arterial	return	cannula	inserted	into	the	right	common	femoral	artery	(RCFA)		
with	a	backflow	cannula	providing	perfusion	to	the	leg	distal	to	the	cannula.		

		

VA	ECMO	–	Femoral	artery	cannulation	and	distal	leg	perfusion	
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  Long	period	
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  Thrombosis	of	the	Catheter	

Technique to prevent limb ischemia during
peripheral cannulation for extracorporeal
membrane oxygenation
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Prolonged extracorporeal support using femoral cannula-
tionmaycauselimbischemia.Atechnique isdescribedusing

antegrade, retrograde arterial perfusion and venous drain-
age to prevent limb ischemia. Perfusion (2002) 17, 427± 428.

Introduction

The placement of arterial and venous cannulae in the
femoral artery and vein for prolonged circulatory
support is often complicated by limb ischemia.1 We
describe a technique to reduce the incidence of such
complications by using arterial reperfusion and distal
venous drainage.

Technique

The femoral artery and vein are exposed through a
longitudinal incision. After heparinization, purse
string sutures are placed on the vessels using 5-0
polypropylene. Using percutaneous access cannulae,
16±18 Fr for arterial and 18±22 Fr for venous, the
femoral artery and vein are cannulated through stab
wounds in the skin (Figure 1). The venous cannula is
advanced close to the right atrial±inferior vena cava
junction using transesophageal echocardiography. A
10-Fr cannula is placed in the distal femoral artery
and connected as a Y to the main arterial line. A short
16-Fr cannula is placed in the distal femoral vein and
connected to the main venous cannula. After careful
hemostasis and securing of the cannulae, the incision
is closed. The ipsilateral limb is kept mildly elevated.
Extracorporeal support is begun.

Discussion

Patients in cardiogenic shock tend to be vasocon-
stricted. The arterial cannula tends to obstruct blood
flow to the distal limb, causing ischemia and poten-
tial limb loss. Less recognized, but equally dangerous,
is obstruction to venous return by the venous can-
nula. Hence, if only distal arterial perfusion is used,2,3

severe limb edema results, worsening limb perfusion.
Only distal arterial perfusion may be adequate during
short periods of cardiopulmonary bypass3; how-
ever, during longer periods of support, as with ECMO,
venous drainage is important and this aspect of
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Figure 1 Arterial and venous cannulation for extracorporeal life
support. FA=femoral artery; FV=femoral vein. Inset shows site of
incision to expose femoral vessels.

Perfusion 2002; 17: 427 ± 428
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long-term circulatory support has not been described
before. Using 16±18 Fr arterial cannulae and 18±22 F
venous cannulae, we have been able to routinely
reach 4±6 l/min flows in adults. The 10- to 12-Fr
distal arterial perfusion cannula gives 1±2 l/min
flow distally. Assessment of distal perfusion is
achieved by capillary refill, which should be brisk,
Doppler signals in the dorsalis pedis or posterior
tibial arteries. The limb should also be warm and free

from significant edema. All patients are maintained
on transvenous heparin to keep the activated clotting
time to about 200±250 s. This technique leads to our
current practice of using both arterial perfusion and
venous drainage of the distal limb. Even if the extrac-
orporeal life support is established emergently using
the percutaneous approach, the patient can be
returned to the operating room later to place the distal
cannulae.
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technique, it was possible to maintain an adequate flow for all
the support time (Table 1). No ischemia or edema of the
inferior limb was detected and neither was it necessary to
implant venous drainage during the assistance.

Discussion

Recently, ECMO is being increasingly used in the initial
phase of cardiogenic shock due to acute myocardial infarction,
intoxication, fulminant myocarditis, or after cardiac surgery;
when inotrops and intraaortic balloon contrapulsation do not
improve cardiac performance.1,2 This is due to technological
improvement and low invasivity of the easy peripheral cannu-
lation technique that make it possible to implant the device
also in nonoperating room environments. Thanks to the new
electromagnetic levitation pumps and long-lasting oxygen-
ators; ECMO can now be used for a few weeks to evaluate
whether myocardial recovery allows a weaning, as a bridge
toward transplant or a more sophisticated ventricular assist
device.

Nevertheless, its long-lasting use implies problems concern-
ing cannulated limb perfusion. The occlusive effect of femoral
cannulas may cause severe ischemia, venous stasis, and even
thrombosis. Regarding limb ischemia, the necessity of using
distal femoral perfusion with an arterial line derivation is
widely shared.3–5

Venous stasis is generally the consequence of an obstructive
effect on the femoral vein by the ECMO venous cannula,
especially in patients with small femoral vessels like in fe-
males. The limb edema on one side seems to worsen ischemia
itself; on the other hand, it may be a consequence of distal
arterial reperfusion. The distal femoral venous drainage has
been quoted as a useful method to treat such a complica-
tion.6,7 In our cases, it has been implanted only on the first
patient for lack of experience and because we used a high F
ECMO cannula. This seemed to have an occlusive effect on the
vessel. In the second case, the patent’s femoral vein was large;
therefore, despite the high F cannula, limb drainage was not
implanted. In the subsequent patients, using smaller Biomedi-
cus percutaneous cannulas, surgically inserted, we decided

that an elective venous drainage was useless. Our policy was
to considered it only if clinical signs of stasis occurred. Avoid-
ing a distal venous femoral cannula, we avoided a potential
site of thrombosis, bleeding, infection,6 and dislocation during
nursing care as well as air entrapment in a closed circuit. Our
result is probably the consequence of the use of smaller and
low profile cannulas fit to assure the required output. We used
17F arterial cannula and 19F venous cannula for blood flows
up to 4.5 L/min or 19F arterial cannula and 21F venous can-
nula for higher flows. Following policy, we could use small
cannulas in patients, like in females, with small femoral vessels
maintaining adequate blood flow, as shown in Table 1.

In conclusion, we believe that, in peripheral ECMO, distal
venous drainage is not mandatory, although it implies a con-
tinuous clinical limb surveillance.
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Table 1. Clinical and Assistance Characteristics with Outcome of Each Patient

Pt
Age
(yr) Sex

BSA
(m2)

Art.
Cannula (F)*

Ven.
Cannula (F)*

Max. Flow
(L/min)

ECMO
Duration (Days)

Distal
Perfusion

Distal
Drainage Outcome

1 43 f 1.75 19 (Med.) 23 (Med.) 5.5 8 Yes Yes W
2 70 m 1.7 18 (Edw.) 24 (Edw.) 5.7 16 Yes No D
3 53 m 1.95 19 (Med.) 21 (Med.) 5.9 20 Yes No D
4 54 f 1.68 17 (Med.) 19 (Med.) 4.8 9 Yes No W
5 48 m 1.98 19 (Med.) 21 (Med.) 6.4 6 Yes No B
6 53 m 2.05 19 (Med.) 21 (Med.) 6.2 9 Yes No D

* See text for the technical features of the cannulas.
Art, arterial; B, bridge to intracorporeal left VAD; BSA, body surface area; D, deceased; ECMO, extracorporeal membrane oxygenation;

Edw, Edwards (Edwards Lifescience LLC, Irvine, CA); f, female; F, French; m, male; Max, maximum; Med, Medtronic (Medtronic Inc
Minneapolis, MN); Pt, patient; Ven, venous; W, weaned.
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Is Lower Limb Venous Drainage During Peripheral
Extracorporeal Membrane Oxygenation Necessary?
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Extracorporeal membrane oxygenation (ECMO) is becoming
a gold standard in acute heart failure, not responsive to
inotrops and intra-aortic balloon contrapulsation. This diffu-
sion is due to the possibility to implant it through peripheral
cannulation and to perform long-time assistance. Neverthe-
less, this technique implies some problems concerning infe-
rior limb perfusion. It is widely accepted that arterial distal
cannulation and perfusion of the limb is mandatory, espe-
cially for long periods of assistance; but the necessity to
implant a distal venous drainage is still discussed. We would
like to present our experience on peripheral ECMO where we
could avoid venous distal drainage uneventfully. ASAIO Jour-
nal 2010; 56:35–36.

Extracorporeal membrane oxygenation (ECMO) for cardiore-
spiratory assistance in adult patients is being increasingly used
in acute heart failure after cardiac surgery procedures, myo-
cardial infarction, intoxication, or myocarditis.1,2 This is the
result of both the opportunity to implant ECMO through pe-
ripheral cannulation and the introduction of new electromag-
netic levitation pumps and long lasting oxygenators that allow
long-time assistance. Nevertheless, this method has highlighted
some problems regarding limb perfusion and site of cannulation,
such as ischemia and venous stasis. It is widely accepted that
arterial distal perfusion of the limb is mandatory, especially for
long periods of assistance; but the necessity of a distal venous
drainage is still discussed. We would like to present our clinical
experience on ECMO peripheral implanting technique and the
strategies in facing limb perfusion complications.

Case Reports

From February 2007 to February 2009, we implanted six
patients with ECMO using arterial-venous femoral cannula-
tion. We used a Levitronix CentriMag electromagnetic levitation
pump (Levitronix LLC Waltham, MA) with a Medos Hilite 7000,
a long lasting oxygenator (Medos Medizintechnik, Stolberg, Ger-
many). Common femoral artery and vein were surgically ex-
posed. We performed a 5/0 polypropylene purse-string on teflon

pledgets and a cannulation with Seldinger technique on both
vessels.

In the first case, we used a Medtronic Biomedicus 19F
arterial cannula and a Medtronic Biomedicus 23F venous
cannula (Medtronic Biomedicus preheparinized cannulas;
Medtronic Inc., Minneapolis, MN). To achieve limb perfusion
and drainage, we also positioned two cannulas: a Stockert 14F
one-stage venous central cannula (Stöckert Instrumente GmbH,
München, Germany) for the deep femoral artery and a Stockert
16F (the same model of the deep femoral artery cannulation) for
the distal femoral vein, inserted through a purse string per-
formed as previously described. In the second case, we used
an Edwards Fem-Flex II 18F arterial cannula and an Edwards
Fem-Flex II 24F venous cannula (Edwards Lifescience LLC,
Irvine, CA), and a Stockert 14F cannula for the deep femoral
artery avoiding venous drainage.

In the further cases, we decided to standardize the proce-
dure. ECMO was instituted through Medtronic Bio-medicus
preheparinized 17F or 19F arterial cannulas and Medtronic
Bio-medicus preheparinized 19F or 21F venous cannula, cho-
sen on the basis of body surface area and relative flow. These
types of cannulas, both arterial and venous, feature elongated,
one piece, kink resistant wirewound bodies. Their construction
allows for higher flow rates with minimal pressure differential,
and they are treated with the Carmeda Bio-Active coating. The
overall length of both arterial and venous cannula is 19 cm.

The deep or superficial femoral artery was then cannulated.
For this purpose, we used a 14F Stockert one-stage wire rein-
forced venous central cannula. Elective distal venous drainage
was never positioned; therefore, our policy was to consider it
only if stasis should occur during ECMO (Figure 1). With this
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Is Lower Limb Venous Drainage During Peripheral
Extracorporeal Membrane Oxygenation Necessary?

ISIDORO DI BELLA,* ENRICO RAMONI,* UBERTO DA COL,* ANGELA VIDILI,† ALESSIA ROSSI,* AYIOMAMITIS MICHALIS,*
AND TEMISTOCLE RAGNI*

Extracorporeal membrane oxygenation (ECMO) is becoming
a gold standard in acute heart failure, not responsive to
inotrops and intra-aortic balloon contrapulsation. This diffu-
sion is due to the possibility to implant it through peripheral
cannulation and to perform long-time assistance. Neverthe-
less, this technique implies some problems concerning infe-
rior limb perfusion. It is widely accepted that arterial distal
cannulation and perfusion of the limb is mandatory, espe-
cially for long periods of assistance; but the necessity to
implant a distal venous drainage is still discussed. We would
like to present our experience on peripheral ECMO where we
could avoid venous distal drainage uneventfully. ASAIO Jour-
nal 2010; 56:35–36.

Extracorporeal membrane oxygenation (ECMO) for cardiore-
spiratory assistance in adult patients is being increasingly used
in acute heart failure after cardiac surgery procedures, myo-
cardial infarction, intoxication, or myocarditis.1,2 This is the
result of both the opportunity to implant ECMO through pe-
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netic levitation pumps and long lasting oxygenators that allow
long-time assistance. Nevertheless, this method has highlighted
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arterial distal perfusion of the limb is mandatory, especially for
long periods of assistance; but the necessity of a distal venous
drainage is still discussed. We would like to present our clinical
experience on ECMO peripheral implanting technique and the
strategies in facing limb perfusion complications.

Case Reports

From February 2007 to February 2009, we implanted six
patients with ECMO using arterial-venous femoral cannula-
tion. We used a Levitronix CentriMag electromagnetic levitation
pump (Levitronix LLC Waltham, MA) with a Medos Hilite 7000,
a long lasting oxygenator (Medos Medizintechnik, Stolberg, Ger-
many). Common femoral artery and vein were surgically ex-
posed. We performed a 5/0 polypropylene purse-string on teflon

pledgets and a cannulation with Seldinger technique on both
vessels.

In the first case, we used a Medtronic Biomedicus 19F
arterial cannula and a Medtronic Biomedicus 23F venous
cannula (Medtronic Biomedicus preheparinized cannulas;
Medtronic Inc., Minneapolis, MN). To achieve limb perfusion
and drainage, we also positioned two cannulas: a Stockert 14F
one-stage venous central cannula (Stöckert Instrumente GmbH,
München, Germany) for the deep femoral artery and a Stockert
16F (the same model of the deep femoral artery cannulation) for
the distal femoral vein, inserted through a purse string per-
formed as previously described. In the second case, we used
an Edwards Fem-Flex II 18F arterial cannula and an Edwards
Fem-Flex II 24F venous cannula (Edwards Lifescience LLC,
Irvine, CA), and a Stockert 14F cannula for the deep femoral
artery avoiding venous drainage.

In the further cases, we decided to standardize the proce-
dure. ECMO was instituted through Medtronic Bio-medicus
preheparinized 17F or 19F arterial cannulas and Medtronic
Bio-medicus preheparinized 19F or 21F venous cannula, cho-
sen on the basis of body surface area and relative flow. These
types of cannulas, both arterial and venous, feature elongated,
one piece, kink resistant wirewound bodies. Their construction
allows for higher flow rates with minimal pressure differential,
and they are treated with the Carmeda Bio-Active coating. The
overall length of both arterial and venous cannula is 19 cm.

The deep or superficial femoral artery was then cannulated.
For this purpose, we used a 14F Stockert one-stage wire rein-
forced venous central cannula. Elective distal venous drainage
was never positioned; therefore, our policy was to consider it
only if stasis should occur during ECMO (Figure 1). With this
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Peripheral	Femoro-Femoral	VA	ECMO			

Achilles	heel	
	

1.  Lower	Limb	Ischemia	
2.  Harlequin	Syndrome	
3.  Pulmonary	Edema	

and decarboxylated in a dedicated extracorporeal rotor/

oxygenator device and returned via a second cannula to the
right atrium. It supports respiratory function and is classi-

cally employed during treatment of severe acute respiratory

distress syndrome (ARDS). In contrast, the same extra-
corporeal unit can also be used for providing circulatory

support in severe heart failure. In this case blood is again

drawn from the venous system but returned to the patient’s
arterial system, which is called veno-arterial cannulation.

Here ECMO primarily provides hemodynamic support,
while the effect on oxygenation depends on arterial and

venous cannulation sites, the patient’s cardiac output and

respiratory function. In this veno-arterial ECMO is essen-
tially different from veno-venous ECMO.

Percutaneous cannulation and technical improvements of

all parts of the ECMOunit have enabled a very quick setup of
the system. Nevertheless, ECMO is an invasive life support

system, with substantial risk of adverse events like bleeding,

vascular complications, thromboembolic events and infec-
tion [4 ]. As such its use should be restricted to selected

patients and experienced teams. In principle, ECMO can be

used in a bridge-to-recovery strategy, e.g., to replace lung or
heart function while these organs recover. In a different

approach ECMO bridges organ function until the failing

organ is replaced by transplantation (bridge-to-transplan-
tation) or a permanent assist device (e.g., a surgically

implanted left ventricular assist device), also referred to as

bridge-to-destination. Another strategy is bridge-to-deci-
sion, when initial hemodynamic stabilization by the ECMO

circuit is necessary to allow for delayed reevaluation and

definition of the therapeutic goal.
In addition to dual cannulation, experienced centers have

introduced triple cannulation under special circumstances.

This concept expands the field of use, but also increases the
complexity of an ECMO system. Unfortunately there is no

common nomenclature applicable to triple cannulation yet.

In every case it is important to consider that ECMO, espe-
cially a circuit with arterial cannulation, requires a multi-

disciplinary and experienced team to limit the potential

hazards of initiation, maintenance and weaning of ECMO.
The Extracorporeal Life Support Organization (ELSO) has

published guidelines on indications, use and weaning from

ECMO support in children and adults [5]. Large prospective
clinical trials investigating efficacy of ECMO are sparse,

even if several smaller studies and case series suggest effi-

cacy and reasonable safety. This may in part be explained by
the lifesaving effect of ECMO and the related difficulties to

build a control group.

In the present review we summarize current indications,
pathophysiology and strategies for percutaneous single,

dual and triple cannulation ECMO support and propose a

unifying and unequivocal nomenclature for ECMO can-
nulation. It has to be noted that other extracorporeal

systems apart from and technically different to ECMO are

available; however, these are not the focus of the present
review and are described elsewhere [6, 7].

Dual cannulation

Dual cannulation ECMO comprises veno-venous and veno-
arterial ECMO, which have profound differences in the

setup and the consequences for support and monitoring.

The description of triple cannulation, which requires
understanding of dual cannulation, will follow thereafter.

Veno-venous cannulation

During veno-venous ECMO deoxygenated blood is drained
from a large vein, oxygenated and decarboxylated in an

extracorporeal device and returned to the right atrium

(Fig. 1). By this, preoxygenated blood enters the pul-
monary circuit and provides systemic oxygenation.

Indication and clinical studies

The common indication for veno-venous ECMO is ARDS

[8], with the intention to provide extracorporeal gas
exchange while a protective ventilation strategy allows for

lung rest and recovery. Usually ECMO is considered in

patients with severe forms of ARDS, and the ELSO rec-
ommends ECMO initiation with a Horovitz index below

80. However, many centers start at earlier timepoints, such

as a Horovitz index below 100–150 or uncompensated
acidosis (pH\ 7.2). However, optimal timing, duration

and weaning of ECMO have not been investigated in large

prospective trials yet. Early trials could not demonstrate a
survival benefit of ECMO in ARDS patients [9, 10]. These

trials have been a matter of intense debate for different

aspects, such as the fact that ventilator settings were not
adapted after ECMO initiation, i.e., lung protective venti-

lation was not performed. In contrast, the conventional

ventilatory support versus extracorporeal membrane oxy-
genation for severe adult respiratory failure (CESAR) trial

demonstrated safety and efficacy of veno-venous ECMO

compared to conventional ventilation in ARDS patients
[11], albeit the trial design has been discussed controver-

sially [12]. Nevertheless, veno-venous ECMO has gained a

central role in ARDS with a low Horovitz index, and the
emergence of H1N1 has further strengthened the role of

ECMO as a lifesaving tool in severe lung failure [13].

Recently the use of veno-venous ECMO in non-intubated
patients (‘‘awake-ECMO’’) has gained attention, mostly in

patients with terminal lung disease awaiting transplantation

in a bridge-to-transplant strategy [14 ] or with ARDS in a
bridge-to-recovery strategy [15].
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and decarboxylated in a dedicated extracorporeal rotor/

oxygenator device and returned via a second cannula to the
right atrium. It supports respiratory function and is classi-

cally employed during treatment of severe acute respiratory

distress syndrome (ARDS). In contrast, the same extra-
corporeal unit can also be used for providing circulatory

support in severe heart failure. In this case blood is again

drawn from the venous system but returned to the patient’s
arterial system, which is called veno-arterial cannulation.

Here ECMO primarily provides hemodynamic support,
while the effect on oxygenation depends on arterial and

venous cannulation sites, the patient’s cardiac output and

respiratory function. In this veno-arterial ECMO is essen-
tially different from veno-venous ECMO.

Percutaneous cannulation and technical improvements of

all parts of the ECMOunit have enabled a very quick setup of
the system. Nevertheless, ECMO is an invasive life support

system, with substantial risk of adverse events like bleeding,

vascular complications, thromboembolic events and infec-
tion [4 ]. As such its use should be restricted to selected

patients and experienced teams. In principle, ECMO can be

used in a bridge-to-recovery strategy, e.g., to replace lung or
heart function while these organs recover. In a different

approach ECMO bridges organ function until the failing

organ is replaced by transplantation (bridge-to-transplan-
tation) or a permanent assist device (e.g., a surgically

implanted left ventricular assist device), also referred to as

bridge-to-destination. Another strategy is bridge-to-deci-
sion, when initial hemodynamic stabilization by the ECMO

circuit is necessary to allow for delayed reevaluation and

definition of the therapeutic goal.
In addition to dual cannulation, experienced centers have

introduced triple cannulation under special circumstances.

This concept expands the field of use, but also increases the
complexity of an ECMO system. Unfortunately there is no

common nomenclature applicable to triple cannulation yet.

In every case it is important to consider that ECMO, espe-
cially a circuit with arterial cannulation, requires a multi-

disciplinary and experienced team to limit the potential

hazards of initiation, maintenance and weaning of ECMO.
The Extracorporeal Life Support Organization (ELSO) has

published guidelines on indications, use and weaning from

ECMO support in children and adults [5]. Large prospective
clinical trials investigating efficacy of ECMO are sparse,

even if several smaller studies and case series suggest effi-

cacy and reasonable safety. This may in part be explained by
the lifesaving effect of ECMO and the related difficulties to

build a control group.

In the present review we summarize current indications,
pathophysiology and strategies for percutaneous single,

dual and triple cannulation ECMO support and propose a

unifying and unequivocal nomenclature for ECMO can-
nulation. It has to be noted that other extracorporeal

systems apart from and technically different to ECMO are

available; however, these are not the focus of the present
review and are described elsewhere [6, 7].

Dual cannulation

Dual cannulation ECMO comprises veno-venous and veno-
arterial ECMO, which have profound differences in the

setup and the consequences for support and monitoring.

The description of triple cannulation, which requires
understanding of dual cannulation, will follow thereafter.

Veno-venous cannulation

During veno-venous ECMO deoxygenated blood is drained
from a large vein, oxygenated and decarboxylated in an

extracorporeal device and returned to the right atrium

(Fig. 1). By this, preoxygenated blood enters the pul-
monary circuit and provides systemic oxygenation.

Indication and clinical studies

The common indication for veno-venous ECMO is ARDS

[8], with the intention to provide extracorporeal gas
exchange while a protective ventilation strategy allows for

lung rest and recovery. Usually ECMO is considered in

patients with severe forms of ARDS, and the ELSO rec-
ommends ECMO initiation with a Horovitz index below

80. However, many centers start at earlier timepoints, such

as a Horovitz index below 100–150 or uncompensated
acidosis (pH\ 7.2). However, optimal timing, duration

and weaning of ECMO have not been investigated in large

prospective trials yet. Early trials could not demonstrate a
survival benefit of ECMO in ARDS patients [9, 10]. These

trials have been a matter of intense debate for different

aspects, such as the fact that ventilator settings were not
adapted after ECMO initiation, i.e., lung protective venti-

lation was not performed. In contrast, the conventional

ventilatory support versus extracorporeal membrane oxy-
genation for severe adult respiratory failure (CESAR) trial

demonstrated safety and efficacy of veno-venous ECMO

compared to conventional ventilation in ARDS patients
[11], albeit the trial design has been discussed controver-

sially [12]. Nevertheless, veno-venous ECMO has gained a

central role in ARDS with a low Horovitz index, and the
emergence of H1N1 has further strengthened the role of

ECMO as a lifesaving tool in severe lung failure [13].

Recently the use of veno-venous ECMO in non-intubated
patients (‘‘awake-ECMO’’) has gained attention, mostly in

patients with terminal lung disease awaiting transplantation

in a bridge-to-transplant strategy [14 ] or with ARDS in a
bridge-to-recovery strategy [15].
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Watershed	Phenomen	

Extracorporeal Membranous Oxygenation Mimics
Aortic Dissection on CAT Scan
Philip M. Batista, MD, Nicholas C. Cavarocchi, MD, and Hitoshi Hirose, MD, PhD
Department of Surgery, Thomas Jefferson University, Philadelphia, Pennsylvania

A 66-year-old woman presented with refractory acute
congestive heart failure, cardiogenic shock, and

ventricular tachyarrhythmia. Venoarterial extracorporeal
membrane oxygenation (ECMO) was placed through
femoral cannulation for salvage and stabilization. Com-
puted tomography (CT) of the chest performed as a part
of heart transplant workup demonstrated an unequal
distribution of intravenous contrast medium in the aortic
arch (Fig 1, A and B). The radiologist’s preliminary
reading was of “aortic dissection,” whereas in fact this
was truly “normal ECMO flow.”

During venoarterial ECMO, there is a constant com-
petitive flow between the native cardiac output of the
patient and the retrogradely perfusing flow from the
arterial femoral cannula of ECMO. As a result, mixing of
these two flows will occur at differing points in the aorta,
depending on which output is higher. If the ECMO flow
exceeds the native heart function, the mixing will occur in
the ascending aorta (Fig 2A). Conversely, in a state of
high cardiac output, mixing transpires in the descending
aorta (Fig 2B). The CT scan of this patient clearly dem-
onstrated mixing within the aortic arch (Fig 2C). In this
setting, the intravenous contrast medium was injected
into the right atrium through a central catheter, whose tip
was in close proximity to the venous cannula of the
ECMO system. The contrast medium quickly entered the
ECMO circuit and flowed through the femoral arterial
cannula up the descending aorta retrograde. Meanwhile,
the native heart attempted to eject contrast medium to
the ascending aorta but was unable to because of its poor
function and decreased flows compared with ECMO.
Upon further discussion with the radiologist, the final
diagnosis was normal aorta with altered physiology from
femorally inserted ECMO.

Address correspondence to Dr Hirose, Department of Surgery, Thomas
Jefferson University, 1025 Walnut St, Rm 605, Philadelphia, PA 19107;
e-mail: genex@nifty.com.
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Fig 2.
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VA	ECMO	with	Right	Axillary	Artery	

	

	Advantages:	
ü 	Antegrade	flow,	“Central”	
ü 	Safe,	low	complication	rates	
Disadvantage:	
ü 	More	time	consuming	procedure	
ü 	Not	percutaneously	
ü 	Direct	cannulation/Side	grafting	
ü 	Hyperperfusion	syndrome		
Contraindication	
ü Extension	of	aortic	disease	into	the	artery	
ü Known	axillary/subclavian	stenosis	

on a centrifugal blood pump (Bio-Pump BP-80;
Medtronic BioMedicus, Eden Prairie, MN) in conjunction
with an oxygenator (Maxima Plus PRF; Medtronic Car-
diac Surgery, Medtronic, Anaheim, CA). All components

are heparin-coated. The patient is administered heparin
as early as possible to attain an activated clotting time of
180 seconds to 250 seconds. All patients are kept deeply
sedated and intubated during support. Both arms are
restricted in an extended position to avoid cannula dis-
placement. All patients are supported with the intention
of weaning them from ECMO. Recovery is assessed daily
by clinical and hemodynamic monitorings and echocar-
diographic findings. In postcardiotomy patients, when
recovery is unlikely or uncertain, transplant screening is
initiated. Candidacy for transplantation and use of a left
ventricular assist device (LVAD) bridge are made daily.
The only absolute contraindication is profound neuro-
logic injury, which is usually corroborated by computed
tomography scan and the presence of severe active
infection. In patients with absolute contraindications to
transplantation, weaning is performed with the intent for
survival. Supportive ECMO is withdrawn from patients
whose survival is unlikely and continued support is
futile.

After the patient is weaned from ECMO support, the
axillary artery is decannulated, and the incision site is
closed with either an interrupted or a running suture. In
cases with a graft, it may be ligated.

From February 2001 through April 2003, 5 patients
underwent axillary cannulation as part of the ECMO
circuit. Indications for ECMO included postcardiotomy
shock in 3 patients and acute respiratory failure in 2.
Indications for axillary cannulation were lower extremity
ischemia after venoarterial ECMO through the femoral
artery in 2 and poor upper body oxygenation in 1 of the
postcardiotomy patients. Inadequate oxygenation with
venovenous ECMO was the indication in both respira-
tory failure patients. All patients but 1 underwent can-
nulation through an interposition 8-mm Hemashield
graft (Boston Scientific Co, Natick, MA). One patient
required reexploration for bleeding from the anastomotic
site. No other complications related to the axillary can-
nulation were identified. Four patients were successfully
weaned from ECMO between 3 days and 9 days of
support. One patient died of sepsis 1 week later. The
other patient was maintained on ECMO support for 20
days but subsequently died from multiple organ failure.

Comment

Axillary artery cannulation is a safe and effective method
of arterial inflow during cardiopulmonary bypass in
patients with severe atherosclerotic or aneurysmal dis-
ease. Although technically more difficult and time con-
suming, axillary artery cannulation provides antegrade
flow in a vessel that is usually disease free. Indication
criteria has been broadened based on studies that
showed the feasibility and safety of the procedure [3].
Axillary artery insertions of an intraaortic balloon pump
[4] and LVAD [5] have been described.

During venoarterial bypass for extracorporeal support,
uniform distribution of the oxygenated blood to all parts
of the body has been a major concern. Limitations of
femoral artery perfusion have been sufficiently eluci-

Fig 1. Interposition graft cannulation of the right axillary artery and
exteriorization by a small second incision.

Fig 2. Extracorporeal membrane oxygenation circuit: venous inflow
through the femoral vein, centrifugal blood pump with oxygenator,
and arterial inflow through interposition graft over the right axillary
artery.

2164 HOW TO DO IT NAVIA ET AL Ann Thorac Surg
ECMO WITH AXILLARY ARTERY CANNULATION 2005;79:2163–5

FEA
T

U
R

E
A

R
T

IC
LES





	
Central	VA	ECMO	

	



Central	VA	ECMO	



VV	
VA	 VVA	 VV+VA	

Hybrid	configuration	

VAV	



	
Triple	Cannulation	

	

ü 	an	‘‘upgrade’’	of	an	existing	VV	or	VA	ECMO	circuit	
ü 	may	either	be	instituted	as	VVA	or	VAV	cannulation		

and decarboxylated in a dedicated extracorporeal rotor/

oxygenator device and returned via a second cannula to the
right atrium. It supports respiratory function and is classi-

cally employed during treatment of severe acute respiratory

distress syndrome (ARDS). In contrast, the same extra-
corporeal unit can also be used for providing circulatory

support in severe heart failure. In this case blood is again

drawn from the venous system but returned to the patient’s
arterial system, which is called veno-arterial cannulation.

Here ECMO primarily provides hemodynamic support,
while the effect on oxygenation depends on arterial and

venous cannulation sites, the patient’s cardiac output and

respiratory function. In this veno-arterial ECMO is essen-
tially different from veno-venous ECMO.

Percutaneous cannulation and technical improvements of

all parts of the ECMOunit have enabled a very quick setup of
the system. Nevertheless, ECMO is an invasive life support

system, with substantial risk of adverse events like bleeding,

vascular complications, thromboembolic events and infec-
tion [4 ]. As such its use should be restricted to selected

patients and experienced teams. In principle, ECMO can be

used in a bridge-to-recovery strategy, e.g., to replace lung or
heart function while these organs recover. In a different

approach ECMO bridges organ function until the failing

organ is replaced by transplantation (bridge-to-transplan-
tation) or a permanent assist device (e.g., a surgically

implanted left ventricular assist device), also referred to as

bridge-to-destination. Another strategy is bridge-to-deci-
sion, when initial hemodynamic stabilization by the ECMO

circuit is necessary to allow for delayed reevaluation and

definition of the therapeutic goal.
In addition to dual cannulation, experienced centers have

introduced triple cannulation under special circumstances.

This concept expands the field of use, but also increases the
complexity of an ECMO system. Unfortunately there is no

common nomenclature applicable to triple cannulation yet.

In every case it is important to consider that ECMO, espe-
cially a circuit with arterial cannulation, requires a multi-

disciplinary and experienced team to limit the potential

hazards of initiation, maintenance and weaning of ECMO.
The Extracorporeal Life Support Organization (ELSO) has

published guidelines on indications, use and weaning from

ECMO support in children and adults [5]. Large prospective
clinical trials investigating efficacy of ECMO are sparse,

even if several smaller studies and case series suggest effi-

cacy and reasonable safety. This may in part be explained by
the lifesaving effect of ECMO and the related difficulties to

build a control group.

In the present review we summarize current indications,
pathophysiology and strategies for percutaneous single,

dual and triple cannulation ECMO support and propose a

unifying and unequivocal nomenclature for ECMO can-
nulation. It has to be noted that other extracorporeal

systems apart from and technically different to ECMO are

available; however, these are not the focus of the present
review and are described elsewhere [6, 7].

Dual cannulation

Dual cannulation ECMO comprises veno-venous and veno-
arterial ECMO, which have profound differences in the

setup and the consequences for support and monitoring.

The description of triple cannulation, which requires
understanding of dual cannulation, will follow thereafter.

Veno-venous cannulation

During veno-venous ECMO deoxygenated blood is drained
from a large vein, oxygenated and decarboxylated in an

extracorporeal device and returned to the right atrium

(Fig. 1). By this, preoxygenated blood enters the pul-
monary circuit and provides systemic oxygenation.

Indication and clinical studies

The common indication for veno-venous ECMO is ARDS

[8], with the intention to provide extracorporeal gas
exchange while a protective ventilation strategy allows for

lung rest and recovery. Usually ECMO is considered in

patients with severe forms of ARDS, and the ELSO rec-
ommends ECMO initiation with a Horovitz index below

80. However, many centers start at earlier timepoints, such

as a Horovitz index below 100–150 or uncompensated
acidosis (pH\ 7.2). However, optimal timing, duration

and weaning of ECMO have not been investigated in large

prospective trials yet. Early trials could not demonstrate a
survival benefit of ECMO in ARDS patients [9, 10]. These

trials have been a matter of intense debate for different

aspects, such as the fact that ventilator settings were not
adapted after ECMO initiation, i.e., lung protective venti-

lation was not performed. In contrast, the conventional

ventilatory support versus extracorporeal membrane oxy-
genation for severe adult respiratory failure (CESAR) trial

demonstrated safety and efficacy of veno-venous ECMO

compared to conventional ventilation in ARDS patients
[11], albeit the trial design has been discussed controver-

sially [12]. Nevertheless, veno-venous ECMO has gained a

central role in ARDS with a low Horovitz index, and the
emergence of H1N1 has further strengthened the role of

ECMO as a lifesaving tool in severe lung failure [13].

Recently the use of veno-venous ECMO in non-intubated
patients (‘‘awake-ECMO’’) has gained attention, mostly in

patients with terminal lung disease awaiting transplantation

in a bridge-to-transplant strategy [14 ] or with ARDS in a
bridge-to-recovery strategy [15].
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VVA	configuration	

	
referred to as ‘‘two-circulation syndrome’’ or differential

hypoxia [43, 44]. In such situations a third cannula can be

added for supplying arterialized blood into the pulmonary
circulation.

Another potential indication is heart failure developing

in patients on veno-venous ECMO support [46, 47]. In this
case, an arterial cannula must be added to provide circu-

latory support, for maintaining systemic blood pressure and
unloading the heart.

To date, a few case series and small observational

studies have demonstrated reasonable safety and efficacy
of veno-arterio-venous ECMO [43, 46–53] (Table 2);

however, prospective or controlled data are not reported

yet.

Technical aspects

Veno-arterio-venous cannulation is usually implemented as

an ‘‘upgrade’’ of a veno-arterial or veno-venous ECMO. In

both cases the arterialized ECMO outflow is divided via a
Y-connector, for one arterial cannula supplying towards the

central aorta and one venous cannula supplying towards the

pulmonary circulation (Fig. 6). An adjustable clamp and a
separate flow sensor on one of the two outflow tubings

allow for balancing the flows between both cannulae

(Fig. 6, inset). The preferred position of central venous
cannulas in veno-arterio-venous ECMO is the border

between the caval veins and the right atrium, like in veno-

venous ECMO (Figs. 1, 6). Cannulation can also be
achieved with two vascular access points: For this a bicaval

dual-lumen cannula is used for venous cannulation. The

drainage lumen of the cannula is then connected to ECMO
input and the supplying lumen to ECMO output.

Table 2 continued

Strategy Patients with
triple
cannulation

Characteristics Outcomes

Ius et al. [47] n = 10 Nine patients with veno-venous ECMO, one patient with
veno-arterial ECMO. ECMO was started for ARDS or
other forms of respiratory failure. All patients were
switched to veno-arterio-venous cannulation for new onset
heart failure (right heart failure, pericardial tamponade or
mitral regurgitation). Time-to-switch was 2 ± 2.5 days,
with a total ECMO support time of 10 ± 4 days

One patient developed pericardial effusion.
Three patients had bleeding, and two patients
developed leg ischemia. Three patients were
successfully bridged to lung transplantation,
of which two survived to hospital discharge.
Another four were successfully weaned off
ECMO, of which three survived to hospital
discharge. Three patients died on ECMO
support during hospitalization

ELSO [5] Guideline Guideline for ECMO support in adults of the Extracorporeal
Life Support Organization (ELSO). The guideline offers
to convert veno-arterial to veno-arterio-venous
cannulation when severe respiratory failure occurs

ARDS denotes acute respiratory distress syndrome

FiO2 distress syndrome, inspiratory oxygen fraction, LVEF left ventricular ejection fraction, PaO2 partial oxygen saturation

Fig. 5 Veno-veno-arterial ECMO (VVA). When unloading by veno-
arterial ECMO is not sufficient, a second draining cannula may be
necessary. The draining flows from the two venous cannulas are
merged outside the body using a Y-connector (inset)
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referred to as ‘‘two-circulation syndrome’’ or differential

hypoxia [43, 44]. In such situations a third cannula can be

added for supplying arterialized blood into the pulmonary
circulation.

Another potential indication is heart failure developing

in patients on veno-venous ECMO support [46, 47]. In this
case, an arterial cannula must be added to provide circu-

latory support, for maintaining systemic blood pressure and
unloading the heart.

To date, a few case series and small observational

studies have demonstrated reasonable safety and efficacy
of veno-arterio-venous ECMO [43, 46–53] (Table 2);

however, prospective or controlled data are not reported

yet.

Technical aspects

Veno-arterio-venous cannulation is usually implemented as

an ‘‘upgrade’’ of a veno-arterial or veno-venous ECMO. In

both cases the arterialized ECMO outflow is divided via a
Y-connector, for one arterial cannula supplying towards the

central aorta and one venous cannula supplying towards the

pulmonary circulation (Fig. 6). An adjustable clamp and a
separate flow sensor on one of the two outflow tubings

allow for balancing the flows between both cannulae

(Fig. 6, inset). The preferred position of central venous
cannulas in veno-arterio-venous ECMO is the border

between the caval veins and the right atrium, like in veno-

venous ECMO (Figs. 1, 6). Cannulation can also be
achieved with two vascular access points: For this a bicaval

dual-lumen cannula is used for venous cannulation. The

drainage lumen of the cannula is then connected to ECMO
input and the supplying lumen to ECMO output.

Table 2 continued

Strategy Patients with
triple
cannulation

Characteristics Outcomes

Ius et al. [47] n = 10 Nine patients with veno-venous ECMO, one patient with
veno-arterial ECMO. ECMO was started for ARDS or
other forms of respiratory failure. All patients were
switched to veno-arterio-venous cannulation for new onset
heart failure (right heart failure, pericardial tamponade or
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of which two survived to hospital discharge.
Another four were successfully weaned off
ECMO, of which three survived to hospital
discharge. Three patients died on ECMO
support during hospitalization

ELSO [5] Guideline Guideline for ECMO support in adults of the Extracorporeal
Life Support Organization (ELSO). The guideline offers
to convert veno-arterial to veno-arterio-venous
cannulation when severe respiratory failure occurs

ARDS denotes acute respiratory distress syndrome

FiO2 distress syndrome, inspiratory oxygen fraction, LVEF left ventricular ejection fraction, PaO2 partial oxygen saturation

Fig. 5 Veno-veno-arterial ECMO (VVA). When unloading by veno-
arterial ECMO is not sufficient, a second draining cannula may be
necessary. The draining flows from the two venous cannulas are
merged outside the body using a Y-connector (inset)
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and decarboxylated in a dedicated extracorporeal rotor/

oxygenator device and returned via a second cannula to the
right atrium. It supports respiratory function and is classi-

cally employed during treatment of severe acute respiratory

distress syndrome (ARDS). In contrast, the same extra-
corporeal unit can also be used for providing circulatory

support in severe heart failure. In this case blood is again

drawn from the venous system but returned to the patient’s
arterial system, which is called veno-arterial cannulation.

Here ECMO primarily provides hemodynamic support,
while the effect on oxygenation depends on arterial and

venous cannulation sites, the patient’s cardiac output and

respiratory function. In this veno-arterial ECMO is essen-
tially different from veno-venous ECMO.

Percutaneous cannulation and technical improvements of

all parts of the ECMOunit have enabled a very quick setup of
the system. Nevertheless, ECMO is an invasive life support

system, with substantial risk of adverse events like bleeding,

vascular complications, thromboembolic events and infec-
tion [4 ]. As such its use should be restricted to selected

patients and experienced teams. In principle, ECMO can be

used in a bridge-to-recovery strategy, e.g., to replace lung or
heart function while these organs recover. In a different

approach ECMO bridges organ function until the failing

organ is replaced by transplantation (bridge-to-transplan-
tation) or a permanent assist device (e.g., a surgically

implanted left ventricular assist device), also referred to as

bridge-to-destination. Another strategy is bridge-to-deci-
sion, when initial hemodynamic stabilization by the ECMO

circuit is necessary to allow for delayed reevaluation and

definition of the therapeutic goal.
In addition to dual cannulation, experienced centers have

introduced triple cannulation under special circumstances.

This concept expands the field of use, but also increases the
complexity of an ECMO system. Unfortunately there is no

common nomenclature applicable to triple cannulation yet.

In every case it is important to consider that ECMO, espe-
cially a circuit with arterial cannulation, requires a multi-

disciplinary and experienced team to limit the potential

hazards of initiation, maintenance and weaning of ECMO.
The Extracorporeal Life Support Organization (ELSO) has

published guidelines on indications, use and weaning from

ECMO support in children and adults [5]. Large prospective
clinical trials investigating efficacy of ECMO are sparse,

even if several smaller studies and case series suggest effi-

cacy and reasonable safety. This may in part be explained by
the lifesaving effect of ECMO and the related difficulties to

build a control group.

In the present review we summarize current indications,
pathophysiology and strategies for percutaneous single,

dual and triple cannulation ECMO support and propose a

unifying and unequivocal nomenclature for ECMO can-
nulation. It has to be noted that other extracorporeal

systems apart from and technically different to ECMO are

available; however, these are not the focus of the present
review and are described elsewhere [6, 7].

Dual cannulation

Dual cannulation ECMO comprises veno-venous and veno-
arterial ECMO, which have profound differences in the

setup and the consequences for support and monitoring.

The description of triple cannulation, which requires
understanding of dual cannulation, will follow thereafter.

Veno-venous cannulation

During veno-venous ECMO deoxygenated blood is drained
from a large vein, oxygenated and decarboxylated in an

extracorporeal device and returned to the right atrium

(Fig. 1). By this, preoxygenated blood enters the pul-
monary circuit and provides systemic oxygenation.

Indication and clinical studies

The common indication for veno-venous ECMO is ARDS

[8], with the intention to provide extracorporeal gas
exchange while a protective ventilation strategy allows for

lung rest and recovery. Usually ECMO is considered in

patients with severe forms of ARDS, and the ELSO rec-
ommends ECMO initiation with a Horovitz index below

80. However, many centers start at earlier timepoints, such

as a Horovitz index below 100–150 or uncompensated
acidosis (pH\ 7.2). However, optimal timing, duration

and weaning of ECMO have not been investigated in large

prospective trials yet. Early trials could not demonstrate a
survival benefit of ECMO in ARDS patients [9, 10]. These

trials have been a matter of intense debate for different

aspects, such as the fact that ventilator settings were not
adapted after ECMO initiation, i.e., lung protective venti-

lation was not performed. In contrast, the conventional

ventilatory support versus extracorporeal membrane oxy-
genation for severe adult respiratory failure (CESAR) trial

demonstrated safety and efficacy of veno-venous ECMO

compared to conventional ventilation in ARDS patients
[11], albeit the trial design has been discussed controver-

sially [12]. Nevertheless, veno-venous ECMO has gained a

central role in ARDS with a low Horovitz index, and the
emergence of H1N1 has further strengthened the role of

ECMO as a lifesaving tool in severe lung failure [13].

Recently the use of veno-venous ECMO in non-intubated
patients (‘‘awake-ECMO’’) has gained attention, mostly in

patients with terminal lung disease awaiting transplantation

in a bridge-to-transplant strategy [14 ] or with ARDS in a
bridge-to-recovery strategy [15].
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Pathophysiology

Every patient with a veno-arterio-venous ECMO has an

individual demand of arterialized blood flow for each

supplying cannula, which will also vary during therapy. It
is important to carefully adjust the balance, since every

change will influence preload, afterload, the position of the

watershed and oxygenation at the same time (Table 1).
Therefore, routine control of right and left ventricular

filling and systolic function by transthoracic echocardiog-

raphy is critical during veno-arterio-venous ECMO, espe-
cially after modification of the flow balance. As with flow

balance, changes in oxygenator and sweep gas settings at

the ECMO will influence oxygenation and decarboxylation
in both reinfusion cannulas and should thus be carefully

adjusted. Respiratory support by this cannulation is usually

strong and facilitates lung protective ventilation. However,
circulatory support during veno-arterio-venous ECMO is

lower (nearly half the support) compared to veno-arterial

and veno-veno-arterial cannulation, since not the whole
arterial flow is directed towards the aorta [47].

A unified nomenclature

Triple cannulation has lots of implications for pressure,
flow and oxygenation and further increases the complexity

of any ECMO unit. So far, to the best of our knowledge,

there is no uniform nomenclature for systems with two or
three cannulas. In a triple cannulated ECMO one cannula is

draining from a vein and one supplying to an artery;

however, the third cannula may be a draining or supplying
one with completely different consequences. During clin-

ical routine clinicians frequently use the short term ‘‘vva-

ECMO’’ or ‘‘triple cannulation’’ irrespective of the nature
of the third cannula. This approach is ambiguous and may

facilitate dangerous misunderstandings. We thus propose

an unequivocal yet short and simple common nomenclature
of cannulation strategies (Table 3): we suggest that ‘‘A’’

and all following letters denominate supplying cannulas,

since ‘‘A’’ is always a supplying (not draining) arterial
cannula. Following this, veno-veno-arterial cannulation

would be named ‘‘VVA-ECMO’’, since it involves two

draining venous and one supplying arterial cannulae
(Fig. 5). On the other hand, veno-arterio-venous cannula-

tion would be named ‘‘VAV-ECMO’’, as it comprises one

draining venous, one supplying arterial and one supplying
venous cannula (Fig. 6). This nomenclature might help to

prevent misnomers and misunderstandings during clinical

communication.

Conclusion

Veno-venous (VV) and veno-arterial (VA) ECMO with

percutaneous cannulation are increasingly used for
mechanical support during severe respiratory and cardiac

failure, respectively. Upper body cannulation and awake-

ECMO are promising innovative approaches allowing
mobilization of the patient. Occasionally experienced

centers add a third cannula to an ECMO circuit, either as

veno-veno-arterial (VVA) cannulation for improved drai-
nage or as veno-arterio-venous (VAV) cannulation for

combining the features of VV- and VA-ECMO. This

increases the complexity of the circuit, but gives the
opportunity to augment ECMO efficacy in special clinical

situations and to rescue patients with severe combined

heart and lung failure. We recommend using a unified

Fig. 6 Veno-arterio-venous ECMO (VAV). When circulatory sup-
port with veno-arterial ECMO is complicated by respiratory failure or
when respiratory support by veno-venous ECMO is complicated by
heart failure, a third cannula may be necessary. Both approaches
result in one draining and two supplying cannulae. Flow through the
supplying cannulae is balanced using an adjustable clamp (inset,
black arrow) and a separate flow sensor (inset, white arrow)
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Pathophysiology

Every patient with a veno-arterio-venous ECMO has an

individual demand of arterialized blood flow for each

supplying cannula, which will also vary during therapy. It
is important to carefully adjust the balance, since every

change will influence preload, afterload, the position of the

watershed and oxygenation at the same time (Table 1).
Therefore, routine control of right and left ventricular

filling and systolic function by transthoracic echocardiog-

raphy is critical during veno-arterio-venous ECMO, espe-
cially after modification of the flow balance. As with flow

balance, changes in oxygenator and sweep gas settings at

the ECMO will influence oxygenation and decarboxylation
in both reinfusion cannulas and should thus be carefully

adjusted. Respiratory support by this cannulation is usually

strong and facilitates lung protective ventilation. However,
circulatory support during veno-arterio-venous ECMO is

lower (nearly half the support) compared to veno-arterial

and veno-veno-arterial cannulation, since not the whole
arterial flow is directed towards the aorta [47].

A unified nomenclature

Triple cannulation has lots of implications for pressure,
flow and oxygenation and further increases the complexity

of any ECMO unit. So far, to the best of our knowledge,

there is no uniform nomenclature for systems with two or
three cannulas. In a triple cannulated ECMO one cannula is

draining from a vein and one supplying to an artery;

however, the third cannula may be a draining or supplying
one with completely different consequences. During clin-

ical routine clinicians frequently use the short term ‘‘vva-

ECMO’’ or ‘‘triple cannulation’’ irrespective of the nature
of the third cannula. This approach is ambiguous and may

facilitate dangerous misunderstandings. We thus propose

an unequivocal yet short and simple common nomenclature
of cannulation strategies (Table 3): we suggest that ‘‘A’’

and all following letters denominate supplying cannulas,

since ‘‘A’’ is always a supplying (not draining) arterial
cannula. Following this, veno-veno-arterial cannulation

would be named ‘‘VVA-ECMO’’, since it involves two

draining venous and one supplying arterial cannulae
(Fig. 5). On the other hand, veno-arterio-venous cannula-

tion would be named ‘‘VAV-ECMO’’, as it comprises one

draining venous, one supplying arterial and one supplying
venous cannula (Fig. 6). This nomenclature might help to

prevent misnomers and misunderstandings during clinical

communication.

Conclusion

Veno-venous (VV) and veno-arterial (VA) ECMO with

percutaneous cannulation are increasingly used for
mechanical support during severe respiratory and cardiac

failure, respectively. Upper body cannulation and awake-

ECMO are promising innovative approaches allowing
mobilization of the patient. Occasionally experienced

centers add a third cannula to an ECMO circuit, either as

veno-veno-arterial (VVA) cannulation for improved drai-
nage or as veno-arterio-venous (VAV) cannulation for

combining the features of VV- and VA-ECMO. This

increases the complexity of the circuit, but gives the
opportunity to augment ECMO efficacy in special clinical

situations and to rescue patients with severe combined

heart and lung failure. We recommend using a unified

Fig. 6 Veno-arterio-venous ECMO (VAV). When circulatory sup-
port with veno-arterial ECMO is complicated by respiratory failure or
when respiratory support by veno-venous ECMO is complicated by
heart failure, a third cannula may be necessary. Both approaches
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and decarboxylated in a dedicated extracorporeal rotor/

oxygenator device and returned via a second cannula to the
right atrium. It supports respiratory function and is classi-

cally employed during treatment of severe acute respiratory

distress syndrome (ARDS). In contrast, the same extra-
corporeal unit can also be used for providing circulatory

support in severe heart failure. In this case blood is again

drawn from the venous system but returned to the patient’s
arterial system, which is called veno-arterial cannulation.

Here ECMO primarily provides hemodynamic support,
while the effect on oxygenation depends on arterial and

venous cannulation sites, the patient’s cardiac output and

respiratory function. In this veno-arterial ECMO is essen-
tially different from veno-venous ECMO.

Percutaneous cannulation and technical improvements of

all parts of the ECMOunit have enabled a very quick setup of
the system. Nevertheless, ECMO is an invasive life support

system, with substantial risk of adverse events like bleeding,

vascular complications, thromboembolic events and infec-
tion [4 ]. As such its use should be restricted to selected

patients and experienced teams. In principle, ECMO can be

used in a bridge-to-recovery strategy, e.g., to replace lung or
heart function while these organs recover. In a different

approach ECMO bridges organ function until the failing

organ is replaced by transplantation (bridge-to-transplan-
tation) or a permanent assist device (e.g., a surgically

implanted left ventricular assist device), also referred to as

bridge-to-destination. Another strategy is bridge-to-deci-
sion, when initial hemodynamic stabilization by the ECMO

circuit is necessary to allow for delayed reevaluation and

definition of the therapeutic goal.
In addition to dual cannulation, experienced centers have

introduced triple cannulation under special circumstances.

This concept expands the field of use, but also increases the
complexity of an ECMO system. Unfortunately there is no

common nomenclature applicable to triple cannulation yet.

In every case it is important to consider that ECMO, espe-
cially a circuit with arterial cannulation, requires a multi-

disciplinary and experienced team to limit the potential

hazards of initiation, maintenance and weaning of ECMO.
The Extracorporeal Life Support Organization (ELSO) has

published guidelines on indications, use and weaning from

ECMO support in children and adults [5]. Large prospective
clinical trials investigating efficacy of ECMO are sparse,

even if several smaller studies and case series suggest effi-

cacy and reasonable safety. This may in part be explained by
the lifesaving effect of ECMO and the related difficulties to

build a control group.

In the present review we summarize current indications,
pathophysiology and strategies for percutaneous single,

dual and triple cannulation ECMO support and propose a

unifying and unequivocal nomenclature for ECMO can-
nulation. It has to be noted that other extracorporeal

systems apart from and technically different to ECMO are

available; however, these are not the focus of the present
review and are described elsewhere [6, 7].

Dual cannulation

Dual cannulation ECMO comprises veno-venous and veno-
arterial ECMO, which have profound differences in the

setup and the consequences for support and monitoring.

The description of triple cannulation, which requires
understanding of dual cannulation, will follow thereafter.

Veno-venous cannulation

During veno-venous ECMO deoxygenated blood is drained
from a large vein, oxygenated and decarboxylated in an

extracorporeal device and returned to the right atrium

(Fig. 1). By this, preoxygenated blood enters the pul-
monary circuit and provides systemic oxygenation.

Indication and clinical studies

The common indication for veno-venous ECMO is ARDS

[8], with the intention to provide extracorporeal gas
exchange while a protective ventilation strategy allows for

lung rest and recovery. Usually ECMO is considered in

patients with severe forms of ARDS, and the ELSO rec-
ommends ECMO initiation with a Horovitz index below

80. However, many centers start at earlier timepoints, such

as a Horovitz index below 100–150 or uncompensated
acidosis (pH\ 7.2). However, optimal timing, duration

and weaning of ECMO have not been investigated in large

prospective trials yet. Early trials could not demonstrate a
survival benefit of ECMO in ARDS patients [9, 10]. These

trials have been a matter of intense debate for different

aspects, such as the fact that ventilator settings were not
adapted after ECMO initiation, i.e., lung protective venti-

lation was not performed. In contrast, the conventional

ventilatory support versus extracorporeal membrane oxy-
genation for severe adult respiratory failure (CESAR) trial

demonstrated safety and efficacy of veno-venous ECMO

compared to conventional ventilation in ARDS patients
[11], albeit the trial design has been discussed controver-

sially [12]. Nevertheless, veno-venous ECMO has gained a

central role in ARDS with a low Horovitz index, and the
emergence of H1N1 has further strengthened the role of

ECMO as a lifesaving tool in severe lung failure [13].

Recently the use of veno-venous ECMO in non-intubated
patients (‘‘awake-ECMO’’) has gained attention, mostly in

patients with terminal lung disease awaiting transplantation

in a bridge-to-transplant strategy [14 ] or with ARDS in a
bridge-to-recovery strategy [15].
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oxygenator device and returned via a second cannula to the
right atrium. It supports respiratory function and is classi-

cally employed during treatment of severe acute respiratory

distress syndrome (ARDS). In contrast, the same extra-
corporeal unit can also be used for providing circulatory

support in severe heart failure. In this case blood is again

drawn from the venous system but returned to the patient’s
arterial system, which is called veno-arterial cannulation.

Here ECMO primarily provides hemodynamic support,
while the effect on oxygenation depends on arterial and

venous cannulation sites, the patient’s cardiac output and

respiratory function. In this veno-arterial ECMO is essen-
tially different from veno-venous ECMO.

Percutaneous cannulation and technical improvements of

all parts of the ECMOunit have enabled a very quick setup of
the system. Nevertheless, ECMO is an invasive life support

system, with substantial risk of adverse events like bleeding,

vascular complications, thromboembolic events and infec-
tion [4 ]. As such its use should be restricted to selected

patients and experienced teams. In principle, ECMO can be

used in a bridge-to-recovery strategy, e.g., to replace lung or
heart function while these organs recover. In a different

approach ECMO bridges organ function until the failing

organ is replaced by transplantation (bridge-to-transplan-
tation) or a permanent assist device (e.g., a surgically

implanted left ventricular assist device), also referred to as

bridge-to-destination. Another strategy is bridge-to-deci-
sion, when initial hemodynamic stabilization by the ECMO

circuit is necessary to allow for delayed reevaluation and

definition of the therapeutic goal.
In addition to dual cannulation, experienced centers have

introduced triple cannulation under special circumstances.

This concept expands the field of use, but also increases the
complexity of an ECMO system. Unfortunately there is no

common nomenclature applicable to triple cannulation yet.

In every case it is important to consider that ECMO, espe-
cially a circuit with arterial cannulation, requires a multi-

disciplinary and experienced team to limit the potential

hazards of initiation, maintenance and weaning of ECMO.
The Extracorporeal Life Support Organization (ELSO) has

published guidelines on indications, use and weaning from

ECMO support in children and adults [5]. Large prospective
clinical trials investigating efficacy of ECMO are sparse,

even if several smaller studies and case series suggest effi-

cacy and reasonable safety. This may in part be explained by
the lifesaving effect of ECMO and the related difficulties to

build a control group.

In the present review we summarize current indications,
pathophysiology and strategies for percutaneous single,

dual and triple cannulation ECMO support and propose a

unifying and unequivocal nomenclature for ECMO can-
nulation. It has to be noted that other extracorporeal

systems apart from and technically different to ECMO are

available; however, these are not the focus of the present
review and are described elsewhere [6, 7].

Dual cannulation

Dual cannulation ECMO comprises veno-venous and veno-
arterial ECMO, which have profound differences in the

setup and the consequences for support and monitoring.

The description of triple cannulation, which requires
understanding of dual cannulation, will follow thereafter.

Veno-venous cannulation

During veno-venous ECMO deoxygenated blood is drained
from a large vein, oxygenated and decarboxylated in an

extracorporeal device and returned to the right atrium

(Fig. 1). By this, preoxygenated blood enters the pul-
monary circuit and provides systemic oxygenation.

Indication and clinical studies

The common indication for veno-venous ECMO is ARDS

[8], with the intention to provide extracorporeal gas
exchange while a protective ventilation strategy allows for

lung rest and recovery. Usually ECMO is considered in

patients with severe forms of ARDS, and the ELSO rec-
ommends ECMO initiation with a Horovitz index below

80. However, many centers start at earlier timepoints, such

as a Horovitz index below 100–150 or uncompensated
acidosis (pH\ 7.2). However, optimal timing, duration

and weaning of ECMO have not been investigated in large

prospective trials yet. Early trials could not demonstrate a
survival benefit of ECMO in ARDS patients [9, 10]. These

trials have been a matter of intense debate for different

aspects, such as the fact that ventilator settings were not
adapted after ECMO initiation, i.e., lung protective venti-

lation was not performed. In contrast, the conventional

ventilatory support versus extracorporeal membrane oxy-
genation for severe adult respiratory failure (CESAR) trial

demonstrated safety and efficacy of veno-venous ECMO

compared to conventional ventilation in ARDS patients
[11], albeit the trial design has been discussed controver-

sially [12]. Nevertheless, veno-venous ECMO has gained a

central role in ARDS with a low Horovitz index, and the
emergence of H1N1 has further strengthened the role of

ECMO as a lifesaving tool in severe lung failure [13].

Recently the use of veno-venous ECMO in non-intubated
patients (‘‘awake-ECMO’’) has gained attention, mostly in

patients with terminal lung disease awaiting transplantation

in a bridge-to-transplant strategy [14 ] or with ARDS in a
bridge-to-recovery strategy [15].
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When secondary factors are insufficient to self-
mitigate a rise in LV EDP, other strategies can be
utilized to reduce possible increases in afterload
pressure and allow for LV decompression. These

include atrial septostomy (to allow left-to-right
shunting), a surgically placed LV vent, an intraaortic
balloon pump, or use of a percutaneous LV-to-aorta
ventricular-assist device (described in later text) (1,18).

Incorporation of a gas exchange unit that normal-
izes blood gases is a key feature of ECMO, compared
with other forms of MCS. It is important to note that
blood gases measured near the site of blood return do
not necessarily reflect blood gases throughout the
body. If, for example, blood is returned to the femoral
or iliac artery and pulmonary edema compromises
native lung function, oxygen delivery to the lower
extremities may be normal, although oxygen delivery
to the head and upper extremities may be signifi-
cantly compromised.

In summary, hemodynamic responses to ECMO are
complex and variable among patients due to a host of
clinical factors. In some patients, it becomes readily
apparent that afterload reduction or mechanical LV
unloading is required, either when pulmonary edema
appears on a chest x-ray or PCWP is noted to be
elevated. Variable secondary effects of ECMO on TPR
and LV contractility can explain the variability of
responses among patients. However, even in the
presence of relatively large secondary effects, ECMO
by itself may not lead to significant LV unloading.

LA-TO-ARTERIAL CIRCULATORY SUPPORT. Tempo-
rary LA-to-arterial MCS can be achieved with
extracorporeal devices, such as TandemHeart (Car-
diacAssist, Pittsburgh, Pennsylvania), which has a
flow capacity up to w5 l/min. LA-to-arterial MCS has
also been investigated for long-term use in patients
with severe, but stable (INTERMACS $4) chronic
heart failure (19). The site of blood return is typically 1
or both femoral arteries for the percutaneous
approach, and the right subclavian or axillary artery
for the chronic application. Given that blood is
withdrawn directly from the LA, PCWP and LV EDP
decrease with this approach. In the case that the
patient has pulmonary edema, blood oxygenation can
be improved due to the reduction in PCWP. As for
ECMO, blood must exit the LV through the aortic
valve with LA-to-arterial MCS. Therefore, if arterial
pressure is increased during MCS, LV pressure gen-
eration must also increase. In contrast to ECMO, the
necessary increase in LV pressure generation can be
achieved by an isolated increase in end-systolic
volume (Figure 5A). Thus, PVA and MVO2 can be
unchanged or decreased by this approach.

These primary effects are modified when secondary
factors result in decreases in TPR and increases of
Ees. In such cases, end-systolic and end-diastolic
volumes can both decrease, along with PVA and

FIGURE 4 Ventricular Effects of ECMO

125

100

75

50

25

0
120 140 160 180 200

Volume (ml)
Pr

es
su

re
 (m

m
 H

g)

125

100

75

50

25

0
120 140 160 180 200

Volume (ml)

Pr
es

su
re

 (m
m

 H
g)

150

125

100

75

50

25

0
120 140 160 180 200

Volume (ml)

Pr
es

su
re

 (m
m

 H
g)

Baseline CGS
ECMO 1.5 L/min
ECMO 3.0 L/min
ECMO 4.5 L/min

Baseline CGS
RA–Ao 4.5 L/min
TPR 75%
TPR 50%

Baseline CGS
ECMO 4.5 L/min
Ees 125%
Ees 150%

A

B

C

(A) Impact of extracorporeal membrane oxygenation (ECMO) on
pressure–volume loops, showing flow-dependent increases of
end-diastolic pressures (EDPs), increases of effective arterial
elastance, and decreases in LV stroke volume. ECMO-dependent
increases in EDP can be partially mitigated by decreases in TPR
(B), and/or improvements in Ees (C). CGS ¼ cardiogenic shock;
RA-Ao ¼ right atrium to aorta; other abbreviations as in Figure 1.
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Hemodynamics of
Mechanical Circulatory Support

ABSTRACT

An increasing number of devices can provide mechanical circulatory support (MCS) to patients with acute hemodynamic

compromise and chronic end-stage heart failure. These devices work by different pumping mechanisms, have various

flow capacities, are inserted by different techniques, and have different sites from which blood is withdrawn and returned

to the body. These factors result in different primary hemodynamic effects and secondary responses of the body.

However, these are not generally taken into account when choosing a device for a particular patient or while

managing a patient undergoing MCS. In this review, we discuss fundamental principles of cardiac, vascular, and pump
mechanics and illustrate how they provide a broad foundation for understanding the complex interactions between

the heart, vasculature, and device, and how they may help guide future research to improve patient outcomes.

(J Am Coll Cardiol 2015;66:2663–74) © 2015 by the American College of Cardiology Foundation.

F or patients with advanced heart failure, there
are an increasing number of therapies, espe-
cially in the form of mechanical circulatory

support (MCS). There are several classes of MCS de-
vices, distinguished by hemodynamic characteristics
of the pump, the sites from which blood is withdrawn
and returned, the size of catheters and/or cannulas
used, whether the insertion technique is percuta-
neous or surgical, and whether or not a gas exchange
unit is used. Some devices are for short-term
use, whereas others can be used for the duration of
a patient’s life. These characteristics contribute to
determining the ease of deployment, ease of patient
management while on the device, and overall safety
profile, as reviewed recently in detail (1). To varying
degrees, all available devices improve cardiac output
and blood pressure (2–5), but their specific features
result in different overall hemodynamic effects. The
implications of these differences are only partially
understood (6) and have not yet been researched in
clinical trials.

Right heart catheterization with a pulmonary
artery catheter (PAC) is the cornerstone of a standard
clinical hemodynamic evaluation of patients under-
going MCS. However, widespread routine use of PAC
has declined over the past decade and there is no
consensus on systematic use of PAC data (7). As a
result, important differences in hemodynamic effects
of different forms of MCS may have gone unrecog-
nized. A full understanding from advanced hemo-
dynamic principles of the mechanisms of such
differences has the potential to impact clinical prac-
tice and outcomes.

This review aims to provide a concise overview of
advanced hemodynamic principles, including the

basics of ventricular mechanics, ventricular-vascular
coupling, and myocardial energetics (see [8–10] for
detailed descriptions). We will then review how these
principles can be applied to better understand the
hemodynamic effects of MCS.

FUNDAMENTALS OF

LEFT VENTRICULAR MECHANICS

Events occurring during a single cardiac cycle are
depicted by ventricular pressure–volume loops (PVLs)
(Figure 1A). Under normal conditions, the PVL is
roughly trapezoidal, with a rounded top. The 4 sides
of the loop denote the 4 phases of the cardiac cycle:
1) isovolumic contraction; 2) ejection; 3) isovolumic
relaxation; and 4) filling. The loop falls within the
boundaries of the end-systolic pressure–volume
relationship (ESPVR) and the end-diastolic pressure–
volume relationship (EDPVR). The ESPVR is reason-
ably linear, with slope Ees (end-systolic elastance)
and volume–axis intercept Vo. The EDPVR is
nonlinear and described by simple equations, such as:
P ¼ b(ea[V-Vo] – 1) or P ¼ bVa. ESPVR, and EDPVR shifts
occur with changes in ventricular contractility and
diastolic properties (remodeling).

The actual position and shape of the loop depend
on ventricular pre-load and afterload. At the organ
level, pre-load can be defined as either end-diastolic
pressure (EDP) or the end-diastolic volume (EDV),
which relate to average sarcomere stretch throughout
the myocardium. Afterload is determined by the he-
modynamic properties of the vascular system against
which the ventricle contracts and is most generally
characterized by its impedance spectrum (the
frequency-dependent ratio and phase shift between
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Solutions	to	decrease	LVEDP:		

	

ü Inotropes	for	improving	LV	ejection		

ü Decrease	ECMO	flow	

ü Intra	Aortic	Balloon	Pump	

ü Impella®		

ü Atrial	Septostomy	

ü Transeptal	LA	drainage	
ü Switch	from	femoral	to	central	ECMO	(with	a	LA,	PA	or	LV	drainage	cannula)	

When secondary factors are insufficient to self-
mitigate a rise in LV EDP, other strategies can be
utilized to reduce possible increases in afterload
pressure and allow for LV decompression. These

include atrial septostomy (to allow left-to-right
shunting), a surgically placed LV vent, an intraaortic
balloon pump, or use of a percutaneous LV-to-aorta
ventricular-assist device (described in later text) (1,18).

Incorporation of a gas exchange unit that normal-
izes blood gases is a key feature of ECMO, compared
with other forms of MCS. It is important to note that
blood gases measured near the site of blood return do
not necessarily reflect blood gases throughout the
body. If, for example, blood is returned to the femoral
or iliac artery and pulmonary edema compromises
native lung function, oxygen delivery to the lower
extremities may be normal, although oxygen delivery
to the head and upper extremities may be signifi-
cantly compromised.

In summary, hemodynamic responses to ECMO are
complex and variable among patients due to a host of
clinical factors. In some patients, it becomes readily
apparent that afterload reduction or mechanical LV
unloading is required, either when pulmonary edema
appears on a chest x-ray or PCWP is noted to be
elevated. Variable secondary effects of ECMO on TPR
and LV contractility can explain the variability of
responses among patients. However, even in the
presence of relatively large secondary effects, ECMO
by itself may not lead to significant LV unloading.

LA-TO-ARTERIAL CIRCULATORY SUPPORT. Tempo-
rary LA-to-arterial MCS can be achieved with
extracorporeal devices, such as TandemHeart (Car-
diacAssist, Pittsburgh, Pennsylvania), which has a
flow capacity up to w5 l/min. LA-to-arterial MCS has
also been investigated for long-term use in patients
with severe, but stable (INTERMACS $4) chronic
heart failure (19). The site of blood return is typically 1
or both femoral arteries for the percutaneous
approach, and the right subclavian or axillary artery
for the chronic application. Given that blood is
withdrawn directly from the LA, PCWP and LV EDP
decrease with this approach. In the case that the
patient has pulmonary edema, blood oxygenation can
be improved due to the reduction in PCWP. As for
ECMO, blood must exit the LV through the aortic
valve with LA-to-arterial MCS. Therefore, if arterial
pressure is increased during MCS, LV pressure gen-
eration must also increase. In contrast to ECMO, the
necessary increase in LV pressure generation can be
achieved by an isolated increase in end-systolic
volume (Figure 5A). Thus, PVA and MVO2 can be
unchanged or decreased by this approach.

These primary effects are modified when secondary
factors result in decreases in TPR and increases of
Ees. In such cases, end-systolic and end-diastolic
volumes can both decrease, along with PVA and

FIGURE 4 Ventricular Effects of ECMO
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(A) Impact of extracorporeal membrane oxygenation (ECMO) on
pressure–volume loops, showing flow-dependent increases of
end-diastolic pressures (EDPs), increases of effective arterial
elastance, and decreases in LV stroke volume. ECMO-dependent
increases in EDP can be partially mitigated by decreases in TPR
(B), and/or improvements in Ees (C). CGS ¼ cardiogenic shock;
RA-Ao ¼ right atrium to aorta; other abbreviations as in Figure 1.
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When secondary factors are insufficient to self-
mitigate a rise in LV EDP, other strategies can be
utilized to reduce possible increases in afterload
pressure and allow for LV decompression. These

include atrial septostomy (to allow left-to-right
shunting), a surgically placed LV vent, an intraaortic
balloon pump, or use of a percutaneous LV-to-aorta
ventricular-assist device (described in later text) (1,18).

Incorporation of a gas exchange unit that normal-
izes blood gases is a key feature of ECMO, compared
with other forms of MCS. It is important to note that
blood gases measured near the site of blood return do
not necessarily reflect blood gases throughout the
body. If, for example, blood is returned to the femoral
or iliac artery and pulmonary edema compromises
native lung function, oxygen delivery to the lower
extremities may be normal, although oxygen delivery
to the head and upper extremities may be signifi-
cantly compromised.

In summary, hemodynamic responses to ECMO are
complex and variable among patients due to a host of
clinical factors. In some patients, it becomes readily
apparent that afterload reduction or mechanical LV
unloading is required, either when pulmonary edema
appears on a chest x-ray or PCWP is noted to be
elevated. Variable secondary effects of ECMO on TPR
and LV contractility can explain the variability of
responses among patients. However, even in the
presence of relatively large secondary effects, ECMO
by itself may not lead to significant LV unloading.

LA-TO-ARTERIAL CIRCULATORY SUPPORT. Tempo-
rary LA-to-arterial MCS can be achieved with
extracorporeal devices, such as TandemHeart (Car-
diacAssist, Pittsburgh, Pennsylvania), which has a
flow capacity up to w5 l/min. LA-to-arterial MCS has
also been investigated for long-term use in patients
with severe, but stable (INTERMACS $4) chronic
heart failure (19). The site of blood return is typically 1
or both femoral arteries for the percutaneous
approach, and the right subclavian or axillary artery
for the chronic application. Given that blood is
withdrawn directly from the LA, PCWP and LV EDP
decrease with this approach. In the case that the
patient has pulmonary edema, blood oxygenation can
be improved due to the reduction in PCWP. As for
ECMO, blood must exit the LV through the aortic
valve with LA-to-arterial MCS. Therefore, if arterial
pressure is increased during MCS, LV pressure gen-
eration must also increase. In contrast to ECMO, the
necessary increase in LV pressure generation can be
achieved by an isolated increase in end-systolic
volume (Figure 5A). Thus, PVA and MVO2 can be
unchanged or decreased by this approach.

These primary effects are modified when secondary
factors result in decreases in TPR and increases of
Ees. In such cases, end-systolic and end-diastolic
volumes can both decrease, along with PVA and

FIGURE 4 Ventricular Effects of ECMO
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(A) Impact of extracorporeal membrane oxygenation (ECMO) on
pressure–volume loops, showing flow-dependent increases of
end-diastolic pressures (EDPs), increases of effective arterial
elastance, and decreases in LV stroke volume. ECMO-dependent
increases in EDP can be partially mitigated by decreases in TPR
(B), and/or improvements in Ees (C). CGS ¼ cardiogenic shock;
RA-Ao ¼ right atrium to aorta; other abbreviations as in Figure 1.
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CGS	=	cardiogenic	shock	
RA-Ao	=	ECMO	
TFR	=	total	peripheral	resistance	
Ees	=	end-systolic	elastance		

Hemodynamics of
Mechanical Circulatory Support

ABSTRACT

An increasing number of devices can provide mechanical circulatory support (MCS) to patients with acute hemodynamic

compromise and chronic end-stage heart failure. These devices work by different pumping mechanisms, have various

flow capacities, are inserted by different techniques, and have different sites from which blood is withdrawn and returned

to the body. These factors result in different primary hemodynamic effects and secondary responses of the body.

However, these are not generally taken into account when choosing a device for a particular patient or while

managing a patient undergoing MCS. In this review, we discuss fundamental principles of cardiac, vascular, and pump
mechanics and illustrate how they provide a broad foundation for understanding the complex interactions between

the heart, vasculature, and device, and how they may help guide future research to improve patient outcomes.

(J Am Coll Cardiol 2015;66:2663–74) © 2015 by the American College of Cardiology Foundation.

F or patients with advanced heart failure, there
are an increasing number of therapies, espe-
cially in the form of mechanical circulatory

support (MCS). There are several classes of MCS de-
vices, distinguished by hemodynamic characteristics
of the pump, the sites from which blood is withdrawn
and returned, the size of catheters and/or cannulas
used, whether the insertion technique is percuta-
neous or surgical, and whether or not a gas exchange
unit is used. Some devices are for short-term
use, whereas others can be used for the duration of
a patient’s life. These characteristics contribute to
determining the ease of deployment, ease of patient
management while on the device, and overall safety
profile, as reviewed recently in detail (1). To varying
degrees, all available devices improve cardiac output
and blood pressure (2–5), but their specific features
result in different overall hemodynamic effects. The
implications of these differences are only partially
understood (6) and have not yet been researched in
clinical trials.

Right heart catheterization with a pulmonary
artery catheter (PAC) is the cornerstone of a standard
clinical hemodynamic evaluation of patients under-
going MCS. However, widespread routine use of PAC
has declined over the past decade and there is no
consensus on systematic use of PAC data (7). As a
result, important differences in hemodynamic effects
of different forms of MCS may have gone unrecog-
nized. A full understanding from advanced hemo-
dynamic principles of the mechanisms of such
differences has the potential to impact clinical prac-
tice and outcomes.

This review aims to provide a concise overview of
advanced hemodynamic principles, including the

basics of ventricular mechanics, ventricular-vascular
coupling, and myocardial energetics (see [8–10] for
detailed descriptions). We will then review how these
principles can be applied to better understand the
hemodynamic effects of MCS.

FUNDAMENTALS OF

LEFT VENTRICULAR MECHANICS

Events occurring during a single cardiac cycle are
depicted by ventricular pressure–volume loops (PVLs)
(Figure 1A). Under normal conditions, the PVL is
roughly trapezoidal, with a rounded top. The 4 sides
of the loop denote the 4 phases of the cardiac cycle:
1) isovolumic contraction; 2) ejection; 3) isovolumic
relaxation; and 4) filling. The loop falls within the
boundaries of the end-systolic pressure–volume
relationship (ESPVR) and the end-diastolic pressure–
volume relationship (EDPVR). The ESPVR is reason-
ably linear, with slope Ees (end-systolic elastance)
and volume–axis intercept Vo. The EDPVR is
nonlinear and described by simple equations, such as:
P ¼ b(ea[V-Vo] – 1) or P ¼ bVa. ESPVR, and EDPVR shifts
occur with changes in ventricular contractility and
diastolic properties (remodeling).

The actual position and shape of the loop depend
on ventricular pre-load and afterload. At the organ
level, pre-load can be defined as either end-diastolic
pressure (EDP) or the end-diastolic volume (EDV),
which relate to average sarcomere stretch throughout
the myocardium. Afterload is determined by the he-
modynamic properties of the vascular system against
which the ventricle contracts and is most generally
characterized by its impedance spectrum (the
frequency-dependent ratio and phase shift between
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IMPELLA	
	



Tips	and	Tricks…	



Tips	and	Tricks…	



What	makes	cannulation	difficult?	



Severe	Aortic		Regurgitation	



Mitral	Valve	Regurgitation	



Aortic	Dissection	



	
Cannula	Malposition		

	



	
Cannula	Thrombosis	

	



Cardiac	Tamponade	



Kinking	of	distal	leg	cannula		



	

It	can	also	be	your	fault	….	
	



bleeding, still remain an unresolved problem. Because limb ischae-
mia can ultimately result in limb loss and amputation, rapid identifi-
cation of the patients who may be prone to it is crucial during
ECMO management. But despite some efforts in previous studies
looking for precannulation factors that might increase the risk of
limb ischaemia, no definite significant factors were noted [5].
Also, many studies have sought ways to prevent these complica-
tions by distal limb perfusion, but its clinical application still
remains controversial. Therefore, the utmost challenge for the
prevention of such vascular complications is the rapid clinical
diagnosis of limb ischaemia.

Although there were many previously reported cases about
postprocedural limb ischaemia, these usually occurred at the site
of arterial cannulation due to the distal occlusion and hypoperfu-
sion of the distal artery. The unusual aspect of our case lies in the
fact that the limb ischaemia occurred in the leg where venous
cannulation was performed instead of arterial cannulation. And,
the reason was the external compression of the artery by the
venous cannula causing arterial blood flow occlusion instead of
the endoluminal occlusion of the artery. This case strongly
reminded us, first, of the importance of correct percutaneous
needle puncturing by considering the vascular anatomy. Direct in-
sertion of a guide wire from the anterior side of the femoral vein,
instead of the lateral side, may have prevented this event.
Secondly, the use of ultrasound monitoring during the cannula-
tion procedure may have prevented this event. However, consid-
ering the urgent situation of ECMO insertion during CPCR, it
seems to be more reasonable to confirm the position of the
vessels and the cannula right after the insertion of cannulas

instead of inserting the cannula under ultrasound guidance, which
may prolong the ECMO insertion time. Finally, the rapid identifi-
cation of limb ischaemia is important, which in our case resulted
in a rapid and easy correction, and successful limb reperfusion.

Conflict of interest: none declared.
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Figure 1: Venous cannula catheter placed just distal to the bifurcation area of
the superficial femoral artery and the deep femoral artery was compressing the
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Figure 2: Schematic drawing of the venous cannula compressing the superficial
femoral artery from beneath. CFA: common femoral artery; CFV: common
femoral vein; DFA: deep femoral artery; SFA: superficial femoral artery.
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bleeding, still remain an unresolved problem. Because limb ischae-
mia can ultimately result in limb loss and amputation, rapid identifi-
cation of the patients who may be prone to it is crucial during
ECMO management. But despite some efforts in previous studies
looking for precannulation factors that might increase the risk of
limb ischaemia, no definite significant factors were noted [5].
Also, many studies have sought ways to prevent these complica-
tions by distal limb perfusion, but its clinical application still
remains controversial. Therefore, the utmost challenge for the
prevention of such vascular complications is the rapid clinical
diagnosis of limb ischaemia.

Although there were many previously reported cases about
postprocedural limb ischaemia, these usually occurred at the site
of arterial cannulation due to the distal occlusion and hypoperfu-
sion of the distal artery. The unusual aspect of our case lies in the
fact that the limb ischaemia occurred in the leg where venous
cannulation was performed instead of arterial cannulation. And,
the reason was the external compression of the artery by the
venous cannula causing arterial blood flow occlusion instead of
the endoluminal occlusion of the artery. This case strongly
reminded us, first, of the importance of correct percutaneous
needle puncturing by considering the vascular anatomy. Direct in-
sertion of a guide wire from the anterior side of the femoral vein,
instead of the lateral side, may have prevented this event.
Secondly, the use of ultrasound monitoring during the cannula-
tion procedure may have prevented this event. However, consid-
ering the urgent situation of ECMO insertion during CPCR, it
seems to be more reasonable to confirm the position of the
vessels and the cannula right after the insertion of cannulas

instead of inserting the cannula under ultrasound guidance, which
may prolong the ECMO insertion time. Finally, the rapid identifi-
cation of limb ischaemia is important, which in our case resulted
in a rapid and easy correction, and successful limb reperfusion.
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Figure 1: Venous cannula catheter placed just distal to the bifurcation area of
the superficial femoral artery and the deep femoral artery was compressing the
superficial femoral artery externally.

Figure 2: Schematic drawing of the venous cannula compressing the superficial
femoral artery from beneath. CFA: common femoral artery; CFV: common
femoral vein; DFA: deep femoral artery; SFA: superficial femoral artery.
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Transient	Limb	Ischemia	



	

	
	

Decannulation	Procedure	
Direct	cut	down	cannulation:		
ü 	Vascular	repair	

Percutaneous	cannulation		and	Semi-Seldinger	technique:	
ü Manual	Compression	following	of	a	Mechanical	Compression	System	
ü Vascular	repair	
ü Vascular	Closure	Device	



THANK	YOU	

642	ECMO	and	counting	…	


