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Introduction

Veno-arterial extracorporeal membrane oxygenation 
(VA ECMO) is an established and potentially life-saving 
support for many cardiopulmonary emergencies, includ-
ing severe cardiogenic shock, massive pulmonary embo-
lism, and of course extracorporeal resuscitation after 
cardiac arrest.1,2 In case of central VA ECMO cannula-
tion, there is no concern regarding peripheral limb isch-
emia due to an occlusive effect of the cannula as it is 
inserted into the proximal thoracic aorta, via an open 
surgical technique, and so has no interference with the 
natural systemic arterial vascular flow. However, throm-
bus or plaque embolisation causing end-arterial occlu-
sion and ischemia is a possibility with central arterial 
ECMO. Peripheral ECMO cannulation, especially of the 
lower limb by direct vessel cannulation without a chim-
ney-graft, that is, the most common and preferred 
method, risks lower limb malperfusion or even ischemia, 

by the occlusive effect of the arterial cannula positioned 
in the femoral artery. Therefore, one of the key manage-
ment foci for a patient supported with VA ECMO is the 
assessment for, and prevention, or alleviation of, limb 
malperfusion. In our practice, the standard management 
consists of not only regular physical follow-up (limb 
appearance, temperature, colour, capillary refill time) 
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Abstract
Veno-arterial extracorporeal membrane oxygenation (VA ECMO) is an established last line support for severe, acute 
cardiorespiratory failure. In the case of VA ECMO, peripheral cannulation via the femoral vessels is often advantageous 
when compared with the alternative central cannulation, and is associated with better clinical outcomes. One of the 
specific potential complications of peripheral femoral arterial cannulation for ECMO, however, is ipsilateral distal 
lower limb ischemia; a consideration especially when cannulating the vessel directly, as distal limb perfusion is invariably 
compromised by an occlusive effect of the arterial cannula within the femoral artery. The gold standard technique 
for lower limb reperfusion is a separate size 6–7 Fr cannula inserted proximally into the femoral artery, just below 
the insertion point of the ECMO return cannula, and connected directly to the ECMO circuit so that the blood flow 
is also directed distally to perfuse the entire limb. This functions well whether the ECMO cannula has been placed 
percutaneously or by surgical cut-down. Although proximal femoral arterial placement of the reperfusion cannula is 
the established and preferred technique, there are many technical challenges which may preclude its placement. Local 
haematoma or bleeding post ECMO insertion, peripheral vascular disease, constricted vasculature in severely shocked 
patients, or patient obesity are all common reasons why placement of the proximal reperfusion cannula may be difficult, 
or impossible. In such instances, our retrograde perfusion technique may maintain limb perfusion and may even be limb 
saving for patients on VA ECMO support.
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but objective assessment which includes of a standard 
pulse-oximeter placed on the toe, and often functions 
with pulsatile flow, Doppler ultrasound assessment over 
pedal pulse sites, and importantly peripheral limb 
regional oxygen saturation by near-infrared spectrome-
try (NIRS).3 Distal limb perfusion is an established stan-
dard of care for any patient on peripheral VA ECMO,1,2 
as they are otherwise at very high risk of critical limb 
ischemia and concomitant compartment syndrome with 
a potential loss of the affected limb, which is of course 
disastrous. This vascular access is usually established as a 
short, direct connection from the ECMO return cannula, 
in close proximity to the femoral arterial VA ECMO can-
nulation point. This then provides a flow of oxygenated 
blood in a physiological direction to the entire lower 
limb, with drainage via the native venous network. 
However, other methods have also been described, 
depending on the institutional practice, local preferences 
and the equipment available at the facility.4 In patients 
with severe peripheral arterial vasculopathy, with local-
ised haematoma or bleeding following ECMO cannula 
placement, or where access to the proximal femoral 
artery is challenged by obesity or anatomical variation, 
the installation of a peripheral arterial perfusion loop 
may pose a considerable technical demand.5 Our 
Practical techniques paper aims to describe an alterna-
tive, easily reproducible and reliable distal perfusion 
method for patients on peripheral VA ECMO, in such 
cases where proximal arterial access for distal reperfu-
sion cannot be achieved. 

Methods

Background

In our inceptive case, VA ECMO support was estab-
lished for a patient with autoimmune myocarditis suf-
fering from an acute severe cardiogenic shock, with 
such severely constricted peripheral vasculature that an 
arterial blood pressure line could be placed only in her 
femoral artery. Additionally, the patient suffered from 
moderate proximal peripheral vascular disease. The VA 
ECMO cannulation was performed percutaneously by 
fully aseptic Seldinger technique in the intensive care 
unit, by rewiring her existing arterial blood pressure 
line. A 17 Fr arterial cannula (Arterial HLS cannula®, 
Getinge AB, Sweden) was inserted into the right com-
mon femoral artery, and the venous drainage was estab-
lished via the femoral vein with a 19 Fr (Venous HLS 
cannula®, Getinge AB, Sweden) cannula. Shortly after 
cannulation, the NIRS calf based monitoring showed a 
significant drop in the saturation, compared with the 
contralateral leg, in addition to absent Doppler arterial 
signals of the lower limb, and the urgent need for a 
reperfusion cannula was clear. After unsuccessful 

attempts to place proximally, the patient underwent an 
ultrasound-guided retrograde peripheral arterial perfu-
sion cannula insertion into the dorsal pedal artery.

The second patient was initially treated for viral 
pneumonia resulting in severe acute respiratory distress 
syndrome (ARDS), requiring a veno-venous ECMO 
(VV ECMO) support initially. The major challenge in 
this young individual was the extreme obesity defined 
by a body mass index of 88 kg/m2 (172 cm/267 kg). Due 
to a rapid deterioration of the patient during the prepa-
ration for insertion of VV ECMO, cardiopulmonary 
resuscitation (CPR) was required, and our target ther-
apy was changed to VA ECMO, via right femoral can-
nulation applying the Seldinger technique. In this case, 
with ongoing CPR, ultrasound guidance was not uti-
lised for the placement of the 17 Fr arterial, and 25 Fr 
venous cannulas on preference of the operator. Following 
cardiorespiratory stabilisation with VA ECMO running, 
a significant reduction in the peripheral limb saturation 
was detected by the NIRS placed over the ipsilateral calf, 
in addition to clear clinical signs of acute malperfusion 
of the leg.

Retrograde peripheral arterial limb 
perfusion

In case of a femoral VA ECMO cannulation, ultrasound 
scanning of the lower limb vessels is performed, and in 
an uncomplicated scenario, a femoral cannula is inserted 
and antegrade distal perfusion of the lower limb can be 
established.

In cases where it is not possible to place this ante-
grade femoral reperfusion cannula, retrograde periph-
eral perfusion could be established via the dorsal pedal 
artery (ADP), as we describe.

In a sterile setting, the dorsalis pedis artery is scanned 
with ultrasound (SonoSite Edge II® Ultrasound System, 
Fujifilm SonoSite Inc, USA), and a 5–10 Fr (Radifocus® 
Introducer II, Terumo Corporation, Japan) cannula is 
forwarded into the vessel as proximal as possible utilis-
ing the Seldinger method (Figure 1). Proximally the ves-
sel diameter is larger, and the cannula can be fixed more 
securely to the foot. The ultrasound guidance is essen-
tial; as the absence of backflow on insertion of the can-
nula is typical in a critically ischemic limb. However, 
10 mL of normal saline flush can confirm the resistance-
free placement of the device. At the next step, the can-
nula is connected to the femoral arterial VA ECMO line 
via the Arterial HLS cannula® side port and a 1/8 inch 
heparin-coated extension tubing (Figures 2–4). 
Following careful de-airing of the system, the retrograde 
femoral flow can be safely established (Figure 5). NIRS 
is expected to confirm the successful reperfusion within 
minutes of initiating flow. The cannula must be fixed 
securely with sutures to the skin, and an adhesive  
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cannula drape (Tegaderm™ CHG Transparent Film IV 
Securement Dressing, 3M, USA) (Figure 6). In semi-
elective patients, ADP cannulation could be considered 
the first step; hence, pulsatility facilitates the target ves-
sel’s ultrasonographic visualisation. However, in patients 
with severe peripheral vascular disease, this evaluation 
may not be possible.

If the dorsalis pedis artery is not suitable for cannula-
tion, then either the posterior tibial artery behind the 
ankle or the anterior tibial artery through the similarly 
named muscle may be considered for cannulation.

Results

Our first patient showed a pre-reperfusion calf satura-
tion of 29%, which has increased to 61% after re-estab-
lishing the distal flow within minutes. A similar increase 
in the peripheral limb saturation could have been 
observed at our second patient from 38% to 64%.

We have experienced no complications emerging 
during the application of the above method. Possible 
complications are misplacement, vessel perforation, dis-
lodgement of the reperfusion cannula, peripheral 
‘Harlekin syndrome’ resulting from stasis caused by 
competitive ante- and retrograde blood flow, or possible 
distal foot or limb ischemia depending on the site of 
cannulation.

Discussion

Percutaneous femoral VA ECMO cannulation using the 
Seldinger technique is challenging, especially in intensive  

Figure 1. B-mode cross-sectional ultrasound view of the 
ADP. Arrow marks the reperfusion cannula placed within the 
vessel cavity.

Figure 2. Schematic view of the retrograde limb perfusion 
system in VA ECMO settings.

Figure 3. Peripheral retrograde limb reperfusion system on 
VA ECMO treatment.
‘A’ indicates the arterial inflow line of ECMO, ‘R’ marks the retrograde 
perfusion loop.

Figure 4. Proximal connection of the reperfusion loop with 
the aid of a 3-way-tap. This tap facilitates de-airing or blood 
sampling.
‘A’ indicates the arterial inflow line of ECMO, ‘R’ marks the retrograde 
perfusion loop.
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care settings, due to the moving field during CPR, steril-
ity issues, ergonomic challenges at bedside operations. 
Even in semi-elective situations, patient characteristics, 
mainly peripheral vascular status or body habitus, may 
impair peripheral reperfusion.6 Smaller cannulas down 
to a size of 15 Fr in diameter are proven to be effective 
for femoral arterial insertion establishing VA ECMO 
circulation in adults, and the smaller cannula size may 
allow some degree of peripheral flow, however, at the 
vessel insertion site, the cannula may exert pressure on 
the artery which compromises flow.7 Nevertheless, this 
can be influenced by the presence of significant periph-
eral vascular disease or in small patients; the small fem-
oral arterial diameter does not allow sufficient per- 
device bloodstream. In these cases, to avoid devastating  

peripheral vascular complications including compart-
ment syndrome, risk of amputation, rhabdomyolysis 
and concomitant kidney failure, thereby increasing the 
ECMO bound morbidity and mortality, peripheral arte-
rial reperfusion has to be urgently established. In this 
patient cohort, early detection of peripheral ischemia 
and prompt reperfusion is vital.8 NIRS provides a con-
tinuous, objective signal for regional ischemia, in addi-
tion to regular physical examination of the lower limbs 
of patients on VA ECMO. Doppler ultrasound of the 
peripheral vessels is not explicitly sensitive in the above 
perfusion settings.9 Nevertheless, if peripheral ischemia 
is proven, distal perfusion has to be established to avoid 
severe complications. The traditional proximal femoral 
arterial reperfusion provides a sufficient bloodstream 
via even a 7 Fr cannula.10 However, if the placement of 
an antegrade flow cannula is not possible, then retro-
grade perfusion as we describe here may be adequate to 
maintain limb perfusion.
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