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ARTICLE INFO  ABSTRACT 
 
 

This article will provide a general overview of ECMO use and outcomes in thoracic trauma with 
severe respiratory failure. 
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INTRODUCTION 
 

Blunt thoracic injury is common in motor vehicle accidents 
and has a high mortality rate that accounts for 26% of deaths in 
children (Peclet, 1990). This can also result in acute 
respiratory distress syndrome (ARDS), which can be 
challenging to manage. Depending on the severity, mortality in 
these cases can be up to 30-45% (Schuerer, 2008 and ARDS 
Definition Task Force, 2012). ECMO has recently been used 
for patients with multiple traumas because it can reduce 
hemorrhagic complications with the development of ECMO 
technology and the application of a heparin-coated circuit 
(Madershahian, 2007).  
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When a patient does not respond to conventional therapy, such 
as lung-protective mechanical ventilation, extracorporeal 
membrane oxygenation (ECMO) can be applied as a treatment 
option; its use has recently increased in patients with ARDS 
(Wu, 2014). Extracorporeal membrane oxygenation (ECMO) 
is a form of life support that provides cardiopulmonary 
assistance outside the body. ECMO was initially introduced in 
the 1970s to assist neonates with severe respiratory failure 
(Bartlett, 1997). ECMO may be used to support lung function 
for severe respiratory failure or heart function for severe 
cardiac failure. In 1972, Hill et al published the first report of 
ECMO use in an adult with post-traumatic respiratory failure 
(Hill, 1972). In 1979, a randomized clinical trial comparing 
ECMO to conventional ventilator therapy for acute respiratory 
distress syndrome failed to show improved outcomes with 
ECMO use, resulting in the abandonment of the technique for 
support of adults with respiratory failure (Zapol, 1979). 
Increased interest in ECMO use in new-borns and children 
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with respiratory failure was spurred in the 1980s when Bartlett 
et al and O’Rourke et al showed improved outcomes for these 
populations (Bartlett, 1982 and O'Rourke, 1989). Developed as 
an offshoot of cardiopulmonary bypass and the membrane 
oxygenator, ECMO can be used in patients of all ages (new-
born to adult). Extracorporeal membrane oxygenation 
(ECMO) is a temporary mechanical support system used to aid 
heart and lung function in patients with severe respiratory or 
cardiac failure (Zwischenberger, 2005). ECMO seems to 
improve outcomes for cardiopulmonary resuscitation after 
cardiac arrests occurring both in and out of the hospital (Chen, 
2008; Chen, 2008; Wang, 2014). Since then, its indications 
have been gradually expanded into different aspects of 
resuscitation medicine (Carmichael, 2002; Maslach-Hubbard, 
2013 and Rinieri, 2015). Extracorporeal membrane 
oxygenation (ECMO) provides circulatory and respiratory 
support and allows the extended survival of select patients 
with severe acute cardiopulmonary failure refractory to 
conventional treatment (Chia-Hsuin Chang). ECMO is 
indicated for similar reasons in patients with severe 
cardiopulmonary compromise secondary to accidental and 
surgical trauma (Arlt, 2010). ECMO is mainly used as a bridge 
treatment to delayed surgical management (Sian, 2014). 
ECMO is now used to support cardiorespiratory dysfunction in 
a variety of diseases, including sepsis, and as an adjunct to 
cardiopulmonary resuscitation in many centers worldwide.  
 

ECMO Indications 
 

ECMO support is only deployed when conventional therapies 
have failed to support the function of the heart and lungs 
adequately and when risk of mortality is high and imminent 
(Zwischenberger, 2005). ECMO is a support modality, not a 
treatment; it is only beneficial in patients whose primary 
disease is reversible. ECMO has been used to support primary 
or secondary diseases that cause respiratory or cardiac failures 
in new-borns, children and adults. It may be used to bridge 
patients with heart failure as they await heart transplantation or 
placement of a long-term circulatory support device, such as a 
ventricular assist device. ECMO utilization also is emerging as 
an adjunct to cardiopulmonary resuscitation (ECPR) 
(Thiagarajan, 2007 and Thiagarajan, 2009). In patients with 
cardiac arrest failing to respond to conventional therapies, 
initiation of ECMO may promote survival by allowing for 
investigation and treatment of the cause.  
 

ECMO circuit 
 

An ECMO circuit can be set up as veno-venous (VV) or 
venoarterial (VA). Other external gas exchange systems 
provide similar functions without the pump component of VV- 
or VA-ECMO (Extracorporeal Membrane Oxygenation, 
2016). These arteriovenous extracorporeal lungs assist devices 
bypass the lungs, but not the heart, and use the patient’s blood 
pressure to sustain circulation of externally oxygenated blood. 
Because of the requirement for adequate cardiac function in 
candidate patients, these systems have more limited 
application (Extracorporeal Membrane Oxygenation, 2016). 
VV-ECMO provides external gas exchange, bypassing the 
lungs and protecting them from high tidal volumes of 
ventilation that would otherwise be needed to oxygenate and 
ventilate the patient. VV-ECMO is indicated for patients with 
potentially reversible respiratory failure, including those with 
severe acute respiratory distress syndrome (ARDS), primary 
graft dysfunction following lung transplant, and trauma to the 
lungs (Extracorporeal Membrane Oxygenation, 2016). VA-

ECMO provides the same external gas exchange as VV-
ECMO, but also augments blood flow in settings of severe 
cardiac injury. VA-ECMO is indicated for patients with 
cardiac failure, including cardiogenic shock unresponsive to 
typical intensive care medicines and cardiac arrest that does 
not respond to cardiopulmonary resuscitation (CPR) 
(Extracorporeal Membrane Oxygenation, 2016). VA-ECMO 
may also be used for patients following heart surgery or as a 
bridge to heart transplantation. Both VA- and VV-ECMO may 
be used intraoperatively as a planned alternative to traditional 
cardiopulmonary bypass in selected patient populations (e.g., 
lung or heart transplantation) (Extracorporeal Membrane 
Oxygenation, 2016). Despite the risks of systemic 
anticoagulation and of consumptive coagulopathy in trauma 
cases, ECMO has been used successfully in critically ill 
patients with traumatic lung injury and can offer an additional 
treatment modality (Cordell-Smith, 2006).  
 

 
 

Fig. 1. Diagnoses of ECMO, Patients >17 years old 
 

 
 

Fig. 2. 
 

Several case reports and small case series describe the use of 
ECLS in the management of paediatric and adult traumatic 
respiratory failure including blunt and penetrating 
parenchymal and tracheobronchial injuries, cardiac contusions 
and shock (Ju-Hee Park, 2016 and Debbie, 2014).  
 

 
 

Fig. 3. VA-ECMO and VV-ECMO 
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The role of extracorporeal life support (ECLS)in the 
management of acute respiratory failure of the trauma victim is 
not well defined.Recent advances in extracorporeal life support 
technology (ECMO) now allow patients with end-stage lung 
disease or sever cardio-pulmonary trauma andtraumatic 
respiratory failure to be successfully supported for prolonged 
periods of time and preventing the use of mechanical 
ventilation (Debbie, 2014). Only a few case reports have been 
presented the successful application of ECMO as an 
intraoperative support during the surgical repair of traumatic 
bronchial injury (Liu, 2014). Prolonged use of ECMO (> 14 
days) has been applied for respiratory failure and is associated 
with an increase in survival rates as high as 50-70% to native 
lung recovery (Wiktor, 2015). 
 
Case  
 
A 19-year-old Man with a serious blunt thoracic trauma during 
a Motorcycle Racing. On admission to the ED, he was awake 
with spontaneously breathing but dyspnoeic with haemoptysis 
and severe hypoxemia (SAO2 < 50%). The anaesthesiologist 
will decide to intubate him in ED, but after endotracheal 
ventilation was started, the gas exchange rapidly worsened 
with subcutaneous emphysema and cardiac arrest,which 
necessitated CPR and ACLS. Chest X-ray demonstrated a 
huge right pneumothorax with 7 rib fracture from costa 3-9 
with flail. Urgent chest tube inserted for a right tension 
pneumothorax.  
 

 
 

Fig. 4. CT scans 
 

The O2- saturation levels worsened, and continuous massive 
air leakage was present. Emergency bronchoscopy was 
mandatory, but it failed to reveal injuries in the trachea and 
main stem bronchus. An endobronchial tube with left 

intubation was inserted, without the gas exchange 
improvement. Emergency trauma CT scans showed showed a 
suspicious lower right bronchial tear with diffuse bilateral 
pulmonary contusion, with the mild left pneumothorax and a 
large quantity of abdominal fluid with splenic laceration. A 
chest tube was inserted on the left hemi thorax, but gas 
exchange remained stable with an O2saturation of 60%. A 
team of cardiothoracic surgeons, anaesthesiologistsand trauma 
leader, recommended a veno-venous ECMO, because the team 
were agreed that the patient would not survive without ECMO. 
The patient was placed on an extracorporeal circuit (Bio-
Medicus; Medtronic Inc, Minneapolis, Minn) Fig-4 with 
venous access achieved through the right jugular vein and right 
femoral vein using a percutaneous Seldinger technique Fig-5,6 
(VV-ECMO). 
 

 
 

Fig. 5. 
 

 
 

Fig. 6. 
 

 
 

Fig. 7. 
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Anticoagulation with IV heparin was set to activated clotting 
times between 250 and 300 seconds. Heparinized blood was 
extracted from the internal jugular vein and through a 
centrifugal pump reached a membrane oxygenator and heat 
exchanger and returned through the femoral vein. With a blood 
flow of 2.5 L/min and an FIO2 of 60%, the oxygenation 
saturation increased, and the patient maintained good oxygen 
levels averaging 95%; thus allowing, surgical intervention was 
possible. An exploratory laparotomy showed a large amount of 
blood and huge laceration of spleen, without 
otherintraperitoneal or retroperitoneal visceral injury. A right 
posterolateral thoracotomy by thoracic surgeon confirmed the 
large pulmonary contusion with multiple parenchymal tears 
and a transverse disruption in the intermediate bronchus.  
 

 
 

Fig. 8. From Radiology Quiz/Radiopaedia.org 
 

The location of the injury,and presence of irregular borders did 
not allow to conservative approach to bronchus without the 
risk of stenosis, therefore a lower bilobectomy was performed 
by thoracic surgeon. 72 hours later, the patient was 
successfully weaned from ECMO. 
 

DISCUSSION  
 
However, the respiratory function of our patient was not 
sufficient for lungrecovery, despite aggressive application of 
conventional approaches, including ventilation with positive 
end-expiratory pressure. The successful outcome of this yang 
patient is most likely attributable to the young age of the 
patient, and his sufficient reserve energy, early institution of 
ECMO and aggressive surgical intervention after 
cardiopulmonary stabilization. 
 

 The application of ECMO has been heavily debated.  
 Timing for the use of ECMO is considered critical.  

 
The technique is especially useful if it is used early in the 
treatment course when the pathologic abnormality is 
potentially reversible (Panden, 2013). 
 
Conclusion 
 
ECMO is mainly used as a bridge treatment to delayed surgical 
management. ECMO can provide temporary replacement for 
damaged lung with sufficient ventilation and oxygenation 
allowing time for surgery and recovery. Despite the risks of 

systemic anticoagulation and of consumptive coagulopathy in 
trauma cases, ECMO has been used successfully in critically 
ill patients with traumatic lung injury and can offer an 
additional treatment modality. 
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