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Introduction

Extracorporeal membrane oxygenation (ECMO) represents 
an established treatment for patients requiring temporary 
cardiopulmonary support (1-4) who have failed the maximal 
conventional medical management (5).

Thanks to the technological improvements that lead 
on the latest generation oxygenator, magnetic levitation 
pump and heparin-coated circuit, its use has exploded and 

progressed over the last decade with increasingly better 
outcomes (6-9).

Depending on the target, ECMO can be divided in two 
categories: veno-arterial (VA)-ECMO for cardiocirculatory 
and/or pulmonary support, and veno-venous (VV)-ECMO 
solely for pulmonary failure. 

The indications for VA-ECMO are postcardiotomy 
cardiogenic shock (10-12), fulminant myocarditis (13,14), 
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acute coronary syndrome (15), as a bridge to a long-
term mechanical circulatory support (MCS) or heart 
transplantation (16), refractory cardiac arrest during 
cardiopulmonary resuscitation (17,18) and primary graft 
failure (19). Further distinguishable are two configurations 
for the VA-ECMO: central and peripheral (Figure 1). 
Central cannulation for ECMO is the preferred modality 
in case of failed weaning from cardiopulmonary bypass 
(CPB) following cardiac surgery or in case of severe 
peripheral vasculopathy. Peripheral ECMO is established 
from peripheral vessels avoiding a thoracic surgical access; 
the possibility of rapid vessels cannulation provides 
undoubtable advantages,  during cardiopulmonary 
resuscitation in the setting of refractory circulatory 
arrest (20-23). Extracorporeal Life Support Organization 
(ELSO) has been founded in 1989 by the need for a greater 
collaboration between specialists in the heart failure field. 
Every year, ELSO publishes the report with the outcomes 
of the ECMO patients treated with the member centers 
that are currently 310. Of 9,025 adults with VA-ECMO 
for cardiac diseases from its inception in 1989 through 
July 1, 2016, 56% have been weaned off ECMO and 
41% discharged. There were 2,885 patients undergoing 
ECMO for cardiopulmonary resuscitation; in 39% of 

them it was possible the wean off from the assistance with 
a 10% in-hospital death rate. Cardiogenic shock was the 
most common cause with survival after admission of 42%. 
The best prognosis has been associated with myocarditis 
with a 65% patients alive at discharge followed by 
cardiomyopathies with 51% (24) (Tables 1,2). Despite the 
increase in the volume of patients, the increased number 
of member centers and the technology improvements, the 
incidence of complications has remained largely unchanged 
(24-27). The most common complication has universally 
been bleeding (cannula and surgical site) from a minimum 
of 28% in 1997 report to 46.4% in the 2012 one. In 
the latest report, the oxygenator failure has decreased 
considerably (0.8%) compared to the previous ones 
where it accounted for approximately 8–10%. The 
percentage incidence of neurological complications and 
infection has been stable in the years’ analyses. From 
these results, it’s important to underline how a successful 
extracorporeal life support (ECLS) requires appropriate 
patient selection, skilled ECMO management with 
trained providers, and health care infrastructure that 
can help prevent or manage adverse events and hence 
requires considerable resources including finance and 
manpower (Table 3).

A B

Figure 1 VA-ECMO. (A) Central VA-ECMO after sternotomy: cannulation of aorta and right atrium both fixed with two purse-string 
sutures and tourniquet (orange) venting the left ventricle through a cannula in the left atrium stabilized in the same way; (B) peripheral VA-
ECMO: cannulation of femoral artery and vein after the surgical exposure of the vessels, the cannulas are under-exposed and the skin is 
closed. VA-ECMO, veno-arterial extracorporeal membrane oxygenation.
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Pre-clinical ECMO studies and complications

Animal models can help us to understand better the 
pathophysiology of the complications on ECMO and thus 
reduce their incidences. 

Mu et al. showed in a piglet model how continuous 
renal replacement therapy, could reduce the inflammatory 
cytokine levels during the initial phase of ECMO following 
hemorrhage-reperfusion while maintaining cardiac output 
and oxygen utilization (28).

Another study proved in an ovine model that the ECMO 
therapy increases collagen-induced platelet aggregation, 
decreases factor VIII and von Willebrand factor; then it 
defines a decrease of fibrinogen levels and an alteration 
function in the first 24 hours (29).

Janák et al. demonstrated in a porcine model that the 
high VA-ECMO flow rates can influence a higher formation 
of microemboli in the blood circulation (30).

It’s possible that different configuration for ECMO and 
then the different positioning of the cannulas (peripheral or 
central ECMO) may influence the brain differently. Gu et al. 
used a computation fluid dynamics (CFD) simulation which 
measures at the level of the carotid arteries the velocity 
of pulsatile flow from the left ventricle and non-pulsatile 
flow from a cannula in the ascending aorta. He reported a 
higher flow rate and a lower wall shear stress in the carotid 
artery with pECMO than with cECMO due to greater flow 
in the direction of the carotid artery (31). Kaufmann et al. 
used the CFD and particle image velocimetry in a silicone 
model and with both methods, there was a decrease in flow 

velocity in the carotid artery and an increase flow velocity 
in the descending aorta upon insertion of the cannula. This 
phenomenon was explained for the deviation of the cannula 
jet direction toward the descending aorta (32). 

Ferreira et al. studied patients with Glasgow Coma Scale 
3–8 and traumatic brain injury; they showed significantly 
higher IL-6 levels one day after admission to the intensive 
care unit compared to the other patients without brain 
injury (33). Bembea et al. reported plasma glial fibrillary 
acidic protein (GFAP) levels in patients on ECMO at 6, 12, 
and 24 hours after cannula insertion, and then every day 
until the end of ECMO significantly higher in patients with 
new-onset brain damage (34).

The finding of a prognostic clinical significance of 
increased markers of brain injury already at 24 hours 
of circulatory support should lead to future studies on 
biomarkers aiming a better definition of the impact 
of hemodynamic patterns based on different ECMO 
configurations. The utility of the animal models and 
the point-of-care tests are important for guiding the 
management during ECMO striking up the band for 
further studies and the training of a multidisciplinary team 
of expertise.

Complications during VA-ECMO support

Due to the critical state of patients suited for its use and the 
extracorporeal circuit itself, ECMO carries several possible 
complications that can have a relevant impact on the 
immediate and remote outcomes. A correct prevention and 

Table 1 ECLS cases and survival to discharge

Adult Cases number Survived ECLS, n [%] Discharged, n [%]

Cardiac 9,025 5,082 [56] 3,721 [41]

ECPR 2,885 1,137 [39] 848 [29]

ECLS, extracorporeal life support; ECPR, ECLS to support cardiopulmonary resuscitation.

Table 2 ECLS for cardiac indications

Diagnosis Number Survival, n [%]

Shock* 2,083 882 [42]

Cardiomyopathy 704 358 [51]

Myocarditis 227 143 [65]

Congenital defect 420 156 [37]

*, cardiogenic shock.
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an early recognition of specific signs can help to reduce the 
incidence of adverse events (23,35,36) (Figure 2).

Bleeding

Patients while on ECMO can demonstrate various degrees 
of disseminated intravascular coagulation (DIC) and 
invariably and acquired von Willebrand disease due to 
the contact with the extracorporeal surface that activates 
the coagulation and therefore causes a consumption 
coagulopathy (37). Another cause is the sepsis in particular 
for patients in long time ECMO who are more susceptible 
to nosocomial infections often caused by multi-resistant 
bacteria (38). Bleeding is the most common complication 
especially in the postcardiotomy patients, ranging between 
10–30% (24,39). The most frequent source of bleeding is 
the cannulation and surgical sites. Topical agents such as 

oxidized cellulose (Surgicel), gelatin sponge (Gelfoam), 
thrombin and fibrinogen sealant (Tissel) can be used at 
the surgical sites to help control oozing. It may occur 
also at airway and GI. In fact, routine procedures such as 
suctioning and bronchoscopy or urinary catheter insertion 
can trigger bleeding. The percentage of rethoracotomy 
and tamponade for hemorrhagic complications is around 
40% (40). Bleeding depends on systemic anticoagulation, 
platelet dysfunction for contact and shear stress associated 
activation, the massive activation of coagulation and 
f ibr inolys is  during and after  CEC, consumption 
coagulopathy and systemic inflammation. The use of 
heparinized circuits, the last generation oxygenators and the 
experience of high volume centers has prompted reports 
of low-dose heparin protocols for anticoagulation during 
ECMO, thus greatly decreasing hemorrhagic complications 
also in case of ECMO adopted in the perioperative  

Table 3 Trend of complications for cardiac support in adults

Complications Year 1997 (25) Year 2004 (26) Year 2012 (27) Year 2016 (24)

Pump malfunction 1 [39] 1.8 [36] 0.7 [28] 0.8

Oxygenator failure 7 [29] 16.4 [27] 15.1 [36] 6.6

Tubing rupture 2 [33] 0.9 [20] 0.2 [0] –

Cannula problems 6 [31] 6.8 [32] 4.4 [29] –

Cannula site hemorrhage * 12.9 [30] 20.9 [39] 18.5

Surgical site hemorrhage 28 [38] 31.9 [27] 25.5 [34] 20.2

Cardiac tamponade – – 5.7 [27]

Pulmonary hemorrhage – – – 3.1

GI hemorrhage 2 [11] 2.4 [15] – –

Other hemorrhagic 11 [27] – – –

CSN hemorrhage – – – 2.2

CSN infarction – – – 3.8

ICH – – 1.7 [7] –

Clinical seizures 11 [28] 4.8 [12] 2.1 [15] –

Brain death 6 [0] 7.9 [0] – –

Renal failure – – – 12.3

Hyperbilirubinemia – – – 12.2

Hemolisis 6 [29] 8.1 [34] – –

Infections – – – 13

Values are % reported: % is occurrence and in bracket the [%] of survival accorded with the complications. *, it’s included in the surgical 
site bleeding. Renal failure: serum creatinine >3.0 mg/dL; hyperbilirubinemia: total bilirubin >2 mg/dL or indirect bilirubin >15 mg/dL. CSN, 
central nervous system; ICH, intracranial hemorrhage. 
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period (41,42).
The replacement of blood products is not currently based 

on clear evidence and do not rely on accepted protocols 
in most centers but usually based on clinical experience, 
historical literature, and guideline recommendations 
than as a result of well conducted research studies. It is 
important to monitor the coagulation status [activated 
clotting time (ACT), activated partial thromboplastin 
time (aPTT), prothrombin time (PT), platelet count] 
especially before invasive procedure. The point of care 
viscoelastic tests [thromboelastography (TEG), rotational 
thromboelastometry (ROTEM)] allow a reduction of 
transfusions basing the treatment of hemorrhage on the 
single factors and single cells to be transfused, platelets 
and/or blood cells. This reduces the risks of fluid overload, 

immunosuppression, immunological and inflammatory 
activation due to allogeneic blood. Transfusions of packed 
red blood cells are given as needed to replace any blood 
loss and maintain a near normal hematocrit (>35%). The 
target ACT is 210–230 seconds but once bleeding occurs, 
it may become 170–190 seconds reducing or holding the 
anticoagulation. The INR (PT) is a good test of the status 
of the hemostatic pathway. Fresh frozen plasma (FFP) is 
administered in aliquots of 5–10 mL/kg as needed if the 
INR is >1.5–2.0 or in case altered viscoelastic tests if there 
is a significant bleeding. There is a significant relationship 
between platelet count and hemorrhagic complications on 
ECLS and platelet administration decreases the incidence 
of bleeding complications. It’s important to maintain 
the platelet count greater than 50,000/mm3, transfusing  

Acute VA-ECMO complication

Bleeding complications Neurological complications Vascular complications Infection

Coagulation pattern 

viscoelastic tests:

- TEG

- ROTEM

-Circuit monitoring for 

coagulation activation

Standard  monitoring

- PE

- EEG

- NIRS

- TDC

- Brain CT

- MRI

Future challenging 

monitoring

- Brain injury 

Biomarkers (S100B, 

NSE, GFAP, IL-6)

- ONSD

- LIMB perfusion 

examination

- Doppler-US LIMB

- Doppler DPC

- Gas exchange

- Active surveillance 

coltures

- Rectal swab weekly

- Hemodinamic and 

ventilatory parameters

- HRTC

Trasfusion based on singol factor and 

cells

- Anitifibrinolitic agents (tranexic acid)

- Fibrinogen

- PCC

- PLT

- Plasma

- Circuit change (in case of evidence 

of activated coagulation by circuit 

clots)

- Optimize coagulation/

anticoagulation

- Phiysiotherapy

- Neurosurgical indications

- Interventional neuro-

radiology

- Passive/active rehabilitation

In case of ischemia:

- Back-flow cannula 

placement

- Thrombo-embolectomy

- Vascular repair

- Change cannula position

- Fasciotomy (in case of 

compartment syndrome)

- Early broad spectum ABT 
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- Adequate abt deescalation

- Therapeutic drug 
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- Abt dosage daily 

evaluation

- Reduction of vascular 
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- Dedicated nursing

Figure 2 Flow chart of the assessment (grey) and management (green) of the ECMO complications. ABT, antibiotic therapy; DPC, 
distal perfusion catheter; EEG, electroencephalogram; GFAP, glial fibrillary acidic protein; HRTC, high-resolution chest tomography; 
NIRS, cerebral near infrared spectroscopy; PCC, prothrombin complex concentrate; PE, physical examination; PLT, platelet; ONSD, 
optic nerve sheath diameter; ROTEM, Rotational Thromboelastometry; TDC, transcranial Doppler; TE, thromboembolic; TEG, 
thromboelastography.
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10 mg/kg of platelet or 1 unit per 5 kg. Plasminogen 
inhibitors can be infused or heparin can be stopped 
for several hours even if they can increase the risk of 
thrombotic problem. Infusion of activated factor VII (rVIIa), 
usually given in a dose range of 40–90 μg/kg, should only 
be considered when other options have failed and in case 
of refractory bleeding. In multiple series, following this 
treatment, patients had significant reduction in chest 
tube drainage and reduced need for packed red blood cell 
transfusions. The rate of thromboembolic complications 
(25–30%) seen in the series reviewed, was not significantly 
higher than the rate of the same complications in ECLS 
patients that did not receive rVIIa. However, its use must 
be extremely careful and indeed some centers administer 
lower doses of rVIIa (25–50 µg/kg); if more than one 
dose is required, they do not repeat the dose more than 
every two to four hours. The best possible prevention of 
bleeding/thrombotic events appears to be disturbing as 
little as possible the natural balance between coagulation 
and anticoagulation. This translates in daily practice into 
the administration of low doses of heparin and attention to 
supplementation of antithrombin III (42-44).

Thromboembolic complications

Thromboembolic complications have decreased due to the 
use of biocompatible materials. Because of blood-surface 
interaction, clots can form in the circuit and originate to 
embolic events. Thrombi can appear at any point in the 
circuit, rare in the literature are the thrombosis of the 
pump, the most common are the micro thrombosis of 
the oxygenator (45). A massive gas embolism can occur 
for formation of air bubbles entrained in the negative-
pressure portion of the circuit. Fundamental is a correct 
balance between hemostasis and thrombosis to avoid 
neurological, bleeding and thromboembolic complications. 
Sometimes this balance is more difficult to achieve due to 
the development of a coagulopathy. Thrombocytopenia is 
common in ECLS patients and it may be a consequence 
of the primary disease, drug induced, or caused by blood 
exposure to the circuit surface. Even if the platelet 
count is over the minimum level, the platelet function 
can be impaired (46). A rare condition associated with 
heparin anticoagulation is heparin-induced thrombotic 
thrombocytopenia (HITT) which is characterized by 
multiple white arterial thrombi and platelet count less than 
10,000. It’s reasonable to use a different anti-coagulant such 
as Argatroban because its half life is short and a similar ACT 

target range is effective. When the pump suction exceeds 
the blood drainage (high inlet pressures) for a high flow rate 
through a very small orifice or for a high level of occlusion 
in the post-pump circuit, hemolysis may occur with elevated 
plasma free hemoglobin and hyperbilirubinemia.

Neurological complications

Major complications consist of central nervous system 
hemorrhage (2%) and infarction (4%). Other very subtle 
neurological complications, which must therefore be 
investigated in a specific way are generalized epileptic 
status and other neurological complications related to the 
underlying disease that had led to the ECMO (47-50). The 
most devastating is the intracranial hemorrhage (ICH) 
which is associated with a poor prognosis, usually fatal  
(51-54). Pre-ECMO factors can influence its incidence. 
Cardiac arrest before the mechanical support may be 
linked with ICH for the development of anoxic brain 
injury or brain infarction with subsequent hemorrhagic 
transformation (48,49,55). Sepsis and influenza are 
associated in many studies (52). It is thought to be 
associated with alterations of the blood-brain barrier that 
could predispose to brain injury (56,57). Renal failure and 
renal replacement therapy cause platelet dysfunction and 
increase their consumption, facilitating the ICH (55,58). 
The worse outcome in ICH is associated with hemolysis 
and thrombocytopenia (48,49). Other risk factors are 
younger age, female gender and lower body surface area (59). 
In addition to hemorrhage, infarction (1–8%) and seizures 
with cerebral edema (2–10%) are frequent complications. 
Thromboembolic events can lead to stroke in different 
parts of the brain and are often related to microembolism 
of blood clot or air (60). Pre-ECMO lactic acid greater 
than 10 mmol/L could be an independent predictor of 
ischemic stroke occurring during ECMO support as a 
marker of tissue hypoperfusion (61). Moreover, during VA-
ECMO cerebral perfusion is mainly non-pulsatile (unless 
combined with an intra-aortic balloon pump), although 
it’s unclear if it’s correlated to neurological complication. 
Neurological diagnosis is insidious because of deep sedation 
and the low efficacy of neurological exams consequently 
[computed tomography (CT) scan, magnetic resonance 
imaging (MRI)]. In addition to a neurological monitoring 
[protein biomarkers of brain injury, cerebral near infrared 
spectroscopy (NIRS), and the transcranial Doppler (TCD)], 
there are other methods to estimate the brain injury such 
as the seizure activity, abnormal electroencephalograms, 
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and somatosensory evoked potentials. In case of intracranial 
hypertension, a recent increasingly monitor tool adopted is 
the optic nerve sheath diameter (ONSD) that seems to be 
able to detect early, and in a safe and non-invasive way the 
intracranial hypertension, helping thus in early detection of 
severe intracranial conditions (62). The brain biomarkers 
are: S100β which elevated levels have been associated 
with ICH in infants treated with ECMO, and high GFAP 
during ECMO has been associated with acute brain injury 
and death the neuron-specific enolase (NSE) and the IL-6 
which is a pro-inflammatory cytokine. These markers are 
secreted by brain tissue into the systemic circulation during 
brain damage and can increase in concentration following 
hemodynamic damage to the blood-brain barrier (63,64).

Infections

Infections, mainly nosocomial infections, are common 
complications in ECMO patients due to several predisposing 
factors such as comorbidities, immunocompromised 
status associated to transfusions and critical illness, and 
invasiveness of ECMO and other life-support sustain 
like multiple vascular catheters, invasive mechanical 
ventilation and continuous renal replacement therapy (65). 
Septic complications (13%) are often associated with long 
permanence of exogenous material in direct contact with 
the heart and the vessels. They increase especially in case 
of sternotomy, long-term support and ventilatory support, 
longer length of stay in the ICUs and in the hospital. 
They are mainly dependent on the respiratory and urinary 
system and often are associated with sepsis. Less common 
albeit equally important are surgical site infections (mainly 
the groin) with a localization in the cannula (66,67). 
The clinical diagnosis of infection in ECMO patients is 
particularly challenging since the clinical picture is often 
vague (68). Fever is frequently non-apparent since body 
temperature is controlled by the heat exchanger and signs of 
systemic activation of inflammation are invariably present, 
partially triggered by ECMO circuit itself. It’s important to 
monitor the white blood cell (WBC) and the inflammation 
indices [C-reactive protein (CRP), procalcitonin (PCT)] 
that are altered in presence of an extracorporeal circuit but 
may be a relevant alarm sign for early institution of empiric 
antibiotic therapy. A broad-spectrum empiric antimicrobial 
therapy should be instituted early and prompt de-escalation 
when the results of microbiological cultures become 
known should be afforded (69,70). Special concern should 
be given to the drug dosing during ECMO support and 

consequently also for antibiotics, antivirals and antifungal 
agents. Therefore, blood volume in the ECMO increase 
the volume of distribution and moreover ECMO circuit 
and membrane result in the sequestration of drugs altering 
the pharmacokinetic of several antibiotics preventing in this 
way the deployment of an adequate concentration in the 
inoculums site. Giving these premises, regular therapeutic 
drug monitoring daily reevaluation of drug dose should be a 
standard of care during ECMO (71).

Vascular complications

Another major complications on ECMO are vascular. It can 
be derived from a difficult cannulation due to anatomical 
reasons (size, stenosis, calcifications, anatomical variations, 
previous surgeries and obesity) and clinical condition of 
the patient (absence of pulsatility during low-flow states or 
cardiac arrest, vasoconstriction) (72). Arterial cannulation 
may lead to serious complications particularly with a 
percutaneous technique regardless of the use of echo 
guided strategy (73-75). Perforation of the posterior wall 
of the vessel is associated with bleeding and inadequate 
perfusion. Compartment syndrome or retroperitoneal 
hematoma, may be devastating entity; depending on the site 
of vascular injury. Other complications are the formation 
of arteriovenous fistula or pseudoaneurysm which need a 
surgical repair (<5%). Guidewires and dilatators can also 
cause arterial dissection leading to extravascular cannula 
positioning and inability to circulate blood (76,77). The 
femoral arterial cannulation, the large bore cannulas and 
the hemodynamic instability during peripheral VA-ECMO 
places the limb at risk of ischemia due to thromboembolic 
complications. Larger cannulas (>20 Fr), female gender, 
younger patients and the presence of peripheral disease 
increase the risk. The common femoral artery is smaller 
in women and its size increases with age (78). Difficult 
bedside cannulation and the presence of peripheral vascular 
disease compromises the blood flow of the lower extremity 
resulting in an additional risk factor. The insertion of 
a distal perfusion cannula which consists in a 4 or 5 Fr 
anterograde catheter placed in the proximal femoral artery 
and connected via a T-connector, to the side port of the 
arterial cannula, should be always considered to provide 
adequate limb perfusion (79,80) (Figure 3).

VA-ECMO specific complications

VA-ECMO is associated with specific complications such 
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as the cardiac thrombosis and the coronary or cerebral 
hypoxia. There is retrograde blood flow in the ascending 
aorta whenever the femoral artery and vein are used for 
the MCS. Stasis of the blood can occur if left ventricular 
output is not maintained, which may result in thrombosis. 
(81,82). In fact, during VA-ECMO, fully saturated blood 
infused into the femoral artery from the ECMO circuit 
will perfuse preferentially the lower extremities and the 
abdominal viscera. Blood ejected from the heart will 
perfuse selectively the heart, brain and upper extremities. 
As a result, the oxyhemoglobin saturation of the blood 
perfusing the lower extremities and abdominal viscera may 
be substantially higher than that perfusing the heart, brain 
and upper extremities. Differential hypoxia also is known 
as north-south syndrome, proximal-distal syndrome, and 
Harlequin syndrome. To avoid this complication, arterial 
oxyhemoglobin saturation should be monitored in the right 
upper extremity. Poor arterial oxyhemoglobin saturation 
measured from the upper extremity is corrected by infusing 
some oxygenated blood into the right atrium (called VA-V 
access) (83,84). A particular problem associated with VA-
ECMO is the LV distention. An evidence of pulmonary 
edema on the chest radiograph or edema fluid frothing 
up the endotracheal tube can be the first manifestation of 
this problem. A transesophageal echocardiography can 
confirm the diagnosis identifying a severely dilated LV. The 
presence of mitral or aortic regurgitation can exacerbate the 
problem, and an increase in pump flow helps to reduce the 
pulmonary flow, ameliorating the condition. LV distention 
is not a problem exclusively related to central VA-ECMO; 
in patient with peripheral VA-ECMO, despite adequate left 
ventricular unloading, there is still returning blood flow to 
the left atrium, principally due to the bronchial circulation. 
Consequently, if LV contractility is profoundly reduced, 

one can anticipate an increase in left heart pressures 
resulting in LV distention. The increase in wall stress 
associated with LV distention not only increases myocardial 
energy consumption resulting in ischemia but also reduces 
the likelihood of ventricular recovery. A surgical or 
percutaneous LV vent insertion must be performed in these 
cases (85-87).

Conclusions

ECMO represents the first life-saving system for advanced 
heart failure, among its advantages are the wide availability 
in most hospitals and the speed of implantation. Despite 
the improvements in the technology that led to the latest 
generation oxygenators, magnetic levitation pumps and 
heparin-coated circuits, ECMO is not free from risk and its 
indication should be subordinated to an interdisciplinary 
team. Complications are still associated with a poor 
prognosis, and influence morbidity and mortality. So, they 
play a major role in successful outcomes. Nowadays MCS 
and in particular the ECMO can’t be excluded from the 
therapeutic range of patients with cardiogenic shock or 
cardiac arrest. Greater knowledge of the pathophysiology 
underlying complications, early detection and an accurate 
monitoring can help to reduce their incidence and 
improving the prognosis and outcome. 
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