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Abstract 

Purpose of review: The purpose of this review is to describe recent evidence regarding the 

use of Extracorporeal Membrane Oxygenation (ECMO) as rescue therapy for refractory 

cardiac or respiratory failure in patients with traumatic brain injury (TBI) when conventional 

treatments have failed. The characteristics of these patients, including the risk of bleeding 

and developing malignant intracranial hypertension, are generally considered as relative 

contraindications to ECMO treatment; however, recent evidence suggests that the use of 

ECMO should be considered even in this cohort.  

Recent findings: Recent findings suggest that venous-venous (V-V) ECMO can be feasible in 

the treatment of severe acute respiratory distress syndrome (ARDS) TBI-related. Venous-

arterial (V-A) ECMO has emerged as a salvage intervention in TBI patients complicated with 

cardiogenic shock and after cardiac arrest. Improvement of ECMO techniques, including the 

introduction of centrifugal pumps and heparin-coated circuits, are progressively reducing 
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the amount of heparin required. Moreover, the application of low dose heparin or heparin-

free protocols anticoagulation in ECMO has shown good outcome and minimal bleeding and 

thrombotic complications. 

Summary: ECMO can be considered as a safe and feasible rescue therapy even in TBI 

patients. However, there is a lack of evidence. Further studies are warranted, focusing on 

brain trauma patients undergoing ECMO to better clarify the effect on survival, the type and 

dose of anticoagulation, and the utility of dedicated multidisciplinary trauma-ECMO units.  
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oxygenation; anticoagulation; heparin 

 

1. Introduction 

Traumatic brain injury (TBI) can be defined as an alteration of brain function or evidence of 

brain pathology due to an external force [1]. More than 50 million people worldwide have a TBI 

yearly. TBI has been shown to shorten life expectancy by six years [2]. It is the leading cause of 

mortality within young adults. Statistics show that in high-income countries (HIC) the number of 

TBIs in the elderly is increasing due to falls, while in middle- low-income countries (MLIC) the 

incidence of TBI is increasing due to an increase in traffic road accidents. Epidemiology of TBI is a 

difficult issue due to significant differences in data collection within different countries  [3]. 

Different countries have reported different mortality rates. The Eurostat Data from 25 countries 

calculated a pooled age-adjusted mortality rate of 11.7 per 100 000 people in 2012 [3]. Mortality 

data from severe TBI, defined as Glasgow Coma Scale (GCS) <9, range from 30 to 40% [1] (Table 1). 

Table 1 Grading TBI with GCS and loss of consciousness (LOC). 

 GCS LOC 

Mild 13-15 0-30 min 

Moderate 9-13 30 min-24 hrs 

Severe 3-8 > 24 hrs 

Surviving patients of TBI’s suffer from physical, psychiatric, emotional and cognitive disabilities. 

Disrupting lives of patients and families generates enormous costs to society. It is important to 

design a tool that characterises the under-recognised risk of long-term disabling sequelae in 

patients with relatively mild injuries [4]. The individual impact of mild TBI (GCS between 9 and 12) 

is less, but it makes a larger contribution to the global burden of disability. The public health 

consequences of TBI are often referred to as ‘years of life lost’ (YLL), which give an estimate of the 

number of years a person would have lived if he or she had not died prematurely [1]. Most 

multicentre clinical trials of medical and surgical interventions for TBI treatment have failed to 

show benefits on neurological outcomes. Nowadays, we mostly use strategies based on guidelines 
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that do not promote an individualised treatment. It is very difficult to apply an individualised 

medicine in TBI, due to the great diversity of the disease [5]. Among brain injury, it is crucial to 

differentiate the primary damage (that inflicted at the time of the injury) from the secondary 

damage (which develops over hours, days, weeks and even months) [4, 5]. The secondary damage 

corresponds to the host response to primary damage. In terms of a modern and holistic approach, 

TBI needs to be considered as a progressive disease with long-term consequences. For the 

management of TBI patients, a multidisciplinary approach is necessary. TBI is also associated to 

chronic sequelae, such as epilepsy, stroke, and late-life neurodegenerative diseases.  

2. Indications 

TBI patients can develop respiratory and cardiac complications leading to cardiopulmonary 

failure, therefore Extra Corporeal Support, in some cases, has to be considered. ECMO is an 

advanced technique that provides temporary respiratory (veno-venous, V-V configuration) or 

cardiac (veno-arterial, V-A configuration) support in patients with cardiopulmonary failure. The 

incidence of ARDS in TBI patients is not well reported. Aisiku et al. reported an incidence of 20-

25% in their cohort of patients [6]. According to the Berlin Definition, ARDS is defined as an acute 

hypoxemic respiratory distress syndrome, not fully explained by cardiac failure, occurring within 

one week of a known clinical insult, or new or worsening respiratory symptoms, with bilateral 

opacities on chest X-ray [7] (Table 2). 

Table 2 Berlin definition of ARDS [8]. 

Timing Within 1 week of a known clinical insult or new or worsening 

respiratory symptoms 

Chest Imaging Bilateral opacities — not fully explained by effusions, lobar/lung 

collapse, or nodules 

Origin of Edema - Respiratory failure not fully explained by cardiac failure or fluid 

overload. 

- Need objective assessment [e.g., echocardiography) to exclude 

hydrostatic oedema if no risk factor present 

Oxygenation  

Mild 200 mmHg < PaO2/FIO2 ≤300 mmHg with PEEP or CPAP ≥5 cmH2Oc 

Moderate 100 mmHg < PaO2/FIO2 ≤200 mmHg with PEEP ≥5 cmH2O 

Severe PaO2/FIO2 ≤100 mmHg with PEEP ≥5 cmH2O 

Trauma patients with severe injuries are at risk of developing ARDS requiring ECMO support 

from both direct and indirect causes, including lung contusions, aspiration pneumonia, massive 

blood transfusion and fat embolism syndrome (Figure 1). Moreover, ECMO allows temperature 

and acid-base balance control, avoiding the lethal triad of metabolic acidosis, coagulopathy, and 

hypothermia [9]. 
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Figure 1 Chest CT scans of a patient with severe ARDS. 

Various clinical trials have been designed to evaluate the effect of ECMO on trauma patients, 

resulting in survival rates varying from 30% to 75% [10-13]. These differences in results are due to 

non-protocolised treatment, different ECMO starting points, variable anticoagulation strategies 

and patients’ characteristics. There are no guidelines available, therefore, ECMO therapy is usually 

considered as the rescue therapy when ventilatory strategies fai l. In the EOLIA study [14], non-

trauma patients, with severe ARDS who reached one of the set criteria, were eligible to receive V-

V ECMO or conventional treatment. 60-day mortality was not significantly different between 

groups and neither were complications rates. Patients refractory to ventilatory therapies, 

recruitment manoeuvres or prone position may be eligible to ECMO therapy, although no general 

consensus has been reached. Special care has to be taken with neuro-patients because all of these 

strategies can increase the risk of intracranial hypertension [15, 16]. The whole cerebral 

haemodynamic system can be affected, decreasing both cerebral perfusion pressure (CPP) and 

cerebral blood flow (CBF). When recruiting the lungs, increased PEEP decreases return of blood 

flow from the brain, increasing intracranial pressure (ICP). Mean arterial pressure (MAP) also 

decreases, thus the increase in ICP and reduction of CPP. Hypoxia produces vasoconstriction, 

which can increase ischaemic areas, while hypercapnia vasodilates brain vessels, contributing to 

the increase in ICP (Table 3). The pathophysiology of lung injuries after an acute brain injury is still 

debated, and several theories have been proposed; recently, the “double hit” model has been 

described [17]. The sympathetic response to increased ICP also has an important role [18]. After 

brain injury, an inflammatory response occurs with the release of inflammatory mediators that are 

transferred to the systemic circulation, when the blood brain barrier is altered. Other organs are 

affected by these inflammatory cytokines (known as ‘first hit’) and become more susceptible to 

further events (known as ‘second hit’) such as mechanical ventilation, infections or surgical 

interventions. The catecholamines’ response exacerbates this secondary damage [19] (Figures 2 

and 3). 

In V-V and V-A ECMO, anticoagulation is needed to allow the extra corporeal circuit to run 

without formation of clots; therefore the main complication is bleeding. Recent or active bleeding 

is a contraindication to ECMO therapy, thus theoretically excluding almost all TBI patients. 

However, due to the advances in the centrifuge pumps and the coagulated-coated circuits, the 
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need for anticoagulation doses has decreased; in some circumstances, anticoagulation can be 

avoided altogether, allowing ECMO to run without systemic heparin [20]. This allows physicians to 

reconsider it as a feasible therapy in the context of TBI.   

Table 3 Differences in optimal ventilatory parameters between TBI patients and ARDS 

patients [21]. 

Ventilatory TBI (traumatic brain injury) ARDS (acute respiratory distress 

syndrome) 

PaO2 Normoxia: PaO2>60 mmHg 

(Brain Trauma Foundation); 

PaO2>97 mmHg (UK Transfer 

Guidelines) 

PaO2 55-88 mmHg (ARDS Network) 

PaCO2 Normocapnia PaCO2 ranges 

from 35-45 mmHg; prolonged 

prophylactic hyperventilation 

with PaCO2 <25 mmHg is not 

recommended. 

pH>7.30, permissive hypercapnia 

accepted 

PEEP PEEP < ICE; provide MAP is 

maintained 

Incremental FiO2/PEEP combination 

Plateau Pressure <30 cm H2O <30 cm H20 

Prone Positioning Reasonable to attempt when 

severe hypoxemia, with strict 

neuromonitoring. 

Improve PaO2/FiO2 ratio; suggestion 

to use prone position when P/F < 

150 mmHg 

Recruitment 

Manoeuvres 

Reasonable to attempt when 

severe hypoxemia, with strict 

neuromonitoring. 

Incremental FiO2/PEEP 

combination.  

iNO No evidence of benefit.  Limited evidence available, rescue 

therapy? 

ECCO2R 

(extracorporeal carbon 

dioxide removal) 

Rescue therapy; should be 

considered individually. 

(Limited evidence available) 

Rescue therapy; should be 

considered individually. (Limited 

evidence available) 

ECMO Reasonable to attempt in 

selected cases; use of heparin 

needs further studies.  

Improves outcomes in patients 

referred to ECMO centres.  
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Figure 2 Ventriculography showing morphology of ventricle with Tako Tsubo syndrome.  

 

Figure 3 Normal coronaries  ́arteriography in Tako Tsubo Syndrome. 

V-A ECMO could be considered in trauma patients who develop cardiac failure, and in patients 

with acute cardiac injuries, such as myocarditis and myocardial ischemia; ECMO can be also used 

as a bridge to recovery. These patients usually have one or more theoretical contraindications for 

ECMO therapy; however, advances in the extra corporeal technique allow it to be implemented in 

traumatized patients [22].  

3. Timing of ECMO in TBI Patients 

There is no clear evidence on when to start ECMO, as no clinical trials have been done until  

now. Muellenbach et al. [23] reported 3 cases of severely traumatized patients with TBI who 

developed severe ARDS, in whom ECMO therapy was implemented. In the 3 cases, ECMO was 

started in the first 24 hrs following the trauma event and ECMO was implemented heparin-free. 

One patient was not anti coagulated until day 5, second patient until day 2 and third patient unti l 

day 3. Then, low dose heparin infusion was started. No bleeding complications due to ECMO were 

observed. All patients were discharged to neurological rehabilitation units with good recovery 

outcomes. Biscotti et al. [24] published 2 cases of multi-traumatized patients with an associated 



OBM Neurobiology 2019; 3(3), doi:10.21926/obm.neurobiol .1903037 

 

Page 7/14 

TBI that needed ECMO therapy. Both patients commenced ECMO at day 4, and heparin infusions 

were started in both patients. Decannulation of ECMO happened without any bleeding or 

thromboembolic complications, and both had a complete neurologic recovery. Munoz-Bendi et al. 

[25] reported 10 patients with TBI who developed ARDS in whom a pump less extracorporeal lung 

assistant (pECLA) device was used to decrease PaCO2 values. Therapy was started after 24-48 hrs 

after diagnosis of ARDS and again all of them were anti coagulated with heparin. No bleeding 

complications were reported. One recent multicentre review showed no significant differences in 

bleeding or thrombosis complications, exacerbation of primary traumatic injury or wo rsening of 

neurological injury between coagulated and non-anti coagulated patients who underwent ECMO 

therapy, even though the time from injury to ECMO was 6 days  [26]. 

No indications on when to start ECMO are given by the Extracorporeal Life Support 

Organization (ELSO), although best results are reported when ECMO implemented in the first 24-

48 hrs. Our review shows that there is still no guidance on the optimum time to start ECMO in 

either trauma or TBI patients. 

4. Anticoagulation Choiches 

Since extracorporeal life support therapy started, many advances have been made, however, 

we are still unable to control the interaction between blood and the biomaterials of the circuit. It 

is known that this leads to an inflammatory and coagulation response, which res ults in potential 

bleeding and thrombotic complications [27]. The main objective of anticoagulation in ECMO is to 

find the balance between antithrombotic therapy, which minimizes clot formation, and 

endogenous pro-coagulant activity, to avoid bleeding [28, 29]. Based on the ELSO anticoagulation 

guidelines [29], baseline laboratory values of coagulation state of the patient should be obtained. 

These include prothrombin time (PT), international normalized ratio (INR), activated partial 

thromboplastin time (APTT), Fibrinogen, D-dimer, activated clotting time (ACT), antithrombin 

activity (AT) and thromboelastography (TEG) or thromboelastometry (ROTEM). The most chosen 

anticoagulant therapy is un-fractioned heparin (UNFH). As it is well known, the anticoagulant 

effect of UNFH is mediated by its interaction with two endogenous anticoagulants: antithrombin 

(AT) and tissue factor pathway inhibitor (TFPI). UNFH inhibits thrombin after it is formed, but it 

does not prevent thrombin formation, nor does it inhibit thrombin already bound to fibrin [30]. 

First step of the anticoagulation starts at cannulation time. Here is when a first bolus of heparin 

(50-100 units per kg) is administered. Then, a continuous infusion is maintained. In trauma 

patients, it might be reasonable to carry out blood analysis just before cannulation to adjust the 

dose. The ELSO Guidelines [29] recommend initiating the infusion rate at a dose of 7.5-20 

units/kg/hr, when the measured ACT drops to 300 seconds or below. Therapeutic anticoagulation, 

classically defined by ACT range of 180-220 seconds, is typically achieved with UNFH infusion rates 

of 20-50 units/kg/hour. New anticoagulants have been tested into practice and they may have a 

role in some specific group of patients, such as TBI patients [31, 32]. Direct thrombin inhibitors are 

short acting anticoagulants that bind to active sites on thrombin directly and have shown more 

predictable pharmacokinetics and greater reduction of thrombin generation, as compared to 

UNFH. The pharmacodynamics is less affected by external factors, and less bleeding has been seen 

compared to UNFH. They do not cause immune mediated thrombocytopenia. They are not so 

widely used because they lack a reverser, but they have relatively short half-lives. Their use in TBI 
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patients could be consider, however clinical trials should be done. The three synthetic 

anticoagulants used have been argatroban, bivalirudin and lepirudin [31-34]. Argatroban has been 

most often cited new anticoagulants in ECLS applications  [31, 35]. Infusions of argatroban are 

started at 0.5-1 mcg/kg/min and adjusted to maintain APTT 1.5-2.5 times baseline values. No 

available reversers for this drug either. Another alternative is nitric oxide (NO). It is a natural 

molecule released from the endothelium, which prevents platelet aggregation. In an experimental 

animal study, the addition of NO to the ECMO circuit improved the platelet activation and 

consumption process [36]. Both prostacyclin and NO, added to extracorporeal circuits along with 

UNFH, in an effort to inhibit the interaction between platelets and extracorporeal surfaces, have 

been shown to reduce platelet activation and consumption [37]; therefore, dosage of UNFH can 

be decreased.  

When monitoring the anticoagulation therapy, different parameters can be used. ELSO 

Guidelines [29] recommend the use of more than one parameter, but states that using multiple 

tests would complicate the management. They recommend the use of ACT plus one of the 

elaborated tests such as Anti-Factor Xa Activity Levels, APTT or TEG and ROTEM. In trauma 

patients, such as TBI patients, TEG and ROTEM provide information relating to multiple phases of 

coagulation. Platelet function and fibrinogen are also analysed in these two tests.  

The improvement of ECMO techniques, including the introduction of centrifugal pumps and 

heparin-coated circuits, are progressively reducing the amount of heparin required; moreover, the 

application of heparin-free ECMO showed good outcomes and minimal complications. The need 

for full, half or no loading dose of heparin should be considered case-by-case [20]. The study by 

Yen et al. shows no bleeding or clotting complications without systemic UNFH, just heparin-

bonded circuit [38]. Mullenbach et al. also report a series of heparin-free ECMOs with no major 

complications [23]. In a case study reported by Friesenecke et al, [39] a severely traumatized 

patient who developed ARDS was managed with UNFH. Under ECMO therapy, cerebral bleeding 

was observed and was successfully drained after craniotomy, while maintaining ECMO support. In 

a study by Biscotti et al [24], two cases of TBI treated with ECMO were reported. First patient was 

treated with an UNFH infusion and titrated to target aPTT between 40 and 60 s. Full neurological 

recovery was achieved in this patient. Second patient went also under heparin infusion, with 

median aPTT of 51s while on ECMO. He was successfully decannulated from ECMO and also had a 

fully neurological recovery.  

In conclusion, un-fractioned heparin is still the most frequent anticoagulant used. However, 

alternatives are rising, which have to be taken into consideration. Not every patient will need the 

same anticoagulant dose; risks-benefits should be analysed when choosing and dosing 

anticoagulants. In TBI patients, probably no heparin infusion and heparin-bonded extracorporeal 

circuits are the best choices. 

5. Complications of Extra Corporeal Therapy, Bleeding and Anticoagulation in Trauma Patients 

Undergoing ECMO 

The most common complications associated with ECMO can be divided in those directly related 

to the ECMO circuit, (oxygenator failure, clots in the circuit and problems related to the cannula 

and cannula sites) and those not directly related to the ECMO circuit (haemorrhage, infections and 

haemolysis). Nosocomial infections occur in the 15% of cases, while haemorrhagic complications 
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(excluding intracranial) account for the 14% of total complications  [40]. Ischemia of the lower limb, 

due to obstruction of the vascular lumen caused by the arterial cannula, can be also a common 

complication [40]. To minimise the risk of ischemia, a second smaller cannula should be placed 

distally to perfuse the limb [20]. Bleeding remains the most common complication in these 

patients. This occurs due to the systemic anticoagulation, as well as the state of thrombocytopenia 

and thrombocytopathies, result of the extracorporeal circuit.  

Mazzeffi et al. [41] observed that contact activation occurs during ECMO, but procoagulant 

factor levels are generally preserved. Although heparin-neutralized thrombin generation (TG) is 

delayed, peak TG and endogenous thrombin potential are supranormal in the setting of high FVIII 

and low AT and protein C levels. Resistance to thrombo modulin is also apparent. These changes 

demonstrate a possible mechanism for hypercoagulability during adult VA ECMO [41]. 

Martucci et al investigated the effect of different cannula designs on the amount of blood 

product transfused in patients on VV ECMO [42]. The group concluded that using a more 

biocompatible and shorter drainage cannula may represent one of the contributing factors to a 

reduction in transfusions and costs of VV-ECMO. The same group also found and association 

between lower ATIII and increased need for transfusions [43]. Higher packed red blood cell 

transfusions were also associated with mortality during extra corporeal support. Therefore they 

suggested a personalized transfusion practice in ECMO setting [43]. 

The Guidelines by the Extracorporeal Life Support Organization (ELSO) state that, when 

bleeding is present, first step is to optimize anticoagulation status by avoiding ‘over-anti 

coagulated patients (the activated clotting time (ACT) should not be more than 1.5 times the 

normal value) [44]. Guidelines states to consider platelets transfusion to reach more than 100 x109 

PLT and, if fibrinolysis is suspected, anti fibrinolytics should also be considered. Fresh plasma 

would be an option when there is a deficit in coagulation factors. If bleeding continues, 

anticoagulation should be stopped. Most frequent bleeding spot is the cannulation site. Second 

place where bleeding is common is any recent operations’ sites, mainly thoracotomies. In non-

acute brain injury patients, bleeding into the head or brain parenchyma is the most serious 

complication. Cerebral haemorrhage is usually extensive and fatal, and when indicated, it is 

reasonable to operate the skull to drain blood. In general, a bolus of heparin is administered 

before insertion of the ECMO cannula, and then heparin infusion is started [45]. Over the last 20 

years, there have been multiple technological advances in ECMO, which may allow for its safer use 

in trauma patients. These advancements include the use of polymethylpentene membrane 

oxygenators, centrifugal pumps, miniaturization of circuits, and heparin-bonded circuits. Short 

circuit length and heparin-bonded circuits have proven to decrease the incidence of haemorrhagic 

complications [46]. Compared with traditional ECMO circuits, heparin-bonded circuits are 

associated with less blood loss, better platelet function, and decreased leukocyte and complement 

activation, which result in shorter ventilation time and short hospital stay. Some authors  [23] 

(recently proposed the application of heparin-free ECMO, showing good outcomes and no 

complications. Chen et al. [47] used VV ECMO without anticoagulation in 7 polytraumatic patients 

without any haemorrhagic complications. Other authors proposed the use of half dose of heparin, 

with the use of heparin-bonded circuits, which allow systemic heparin dose to be decreased by 

half, from 4 mg/Kg to 1.5 mg/Kg [48]. Results of a recent multicentre review on trauma patients 

under ECMO therapy did not support neurological injury as an absolute contraindication to ECMO  

[26]. The authors did not have significant differences in bleeding between coagulated and non-
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anticoagulated patients, however the median injury-to ECMO time was 6 days, longer than in 

some other studies [26]. This might be explained because the acute coagulopathy phase is mainly 

during the first 24 hours from trauma [49, 50]. However, there is lack of consensus among the 

studies about when to start anticoagulation, or in which situations is better to avoid any 

anticoagulation, therefore the decision is individualised in each centre [49, 51].  

ECMO can be associated with neurological complications, such as seizures, ischemic or 

hemorrhagic stroke, and acute disseminated encephalomyelitis in H1N1-affected patients [52]. 

Approximately 7% of adults supported with veno-venous extracorporeal membrane oxygenation 

had neurologic injury. Intracranial hemorrhage was the most frequent type, and survival for 

patients with neurologic injury was poor, ranging from brain death to prolonged ICU stay and 

long term disability [53]. Future investigations should evaluate anticoagulation management as 

well as brain/extracorporeal membrane oxygenation interaction to reduce these life-threatening 

events [54]. We therefore advise strict neurological monitoring involving neuro-intensivists, 

neurologists and neuroradiologists.  

6. Conclusion 

Growing evidence suggests the potential use of ECMO for the treatment of refractory 

respiratory and cardiac failure in adults, but the clinical benefit in head injury patients is not clear. 

The selection of patients and the timing for starting extra corporeal support are crucial for success, 

and before starting ECMO, risks and benefits must be considered on a case-by-case basis. The use 

of heparin should be carefully considered after a multidisciplinary discussion, involving trauma 

surgical team, anaesthetists, intensivists and neurosurgeons. Further studies will be warranted to 

evaluate the role and effect on outcome of ECMO in TBI patients, as well as the need for 

organization of dedicated trauma-ECMO units.  
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