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Objective: 1) Describe the effect on fluid balance after ECMO usage to treat 
unilateral chest trauma. 

Abstract: Introduction: As ECLS technology continues to mature, the cases for its 
use are continuing to grow. In the past decade, the logistical foot print, 
weight, and size of the systems has decreased to more manageable 
portable sizing, permitting ECLS capabilities for transport applications. 
Here we examine the use of ECLS to support critically injured combat 
casualties, especially in the case of damage control surgery following 
chest trauma and compare cumulative fluid volumes in animals that 
received ECLS vs. those treated with standard of care. The model was 
designed to follow, and was in fact inspired by, the course of a combat 
casualty’s recovery after a trans-mediastinal gun-shot wound. We 
hypothesized that VV ECLS will lead to higher survival and increased fluid 
requirements.  

Methods: Sixteen female Yorkshire swine (54.5 ± 13.6 kg) were 
anesthetized, sedated, and mechanically ventilated. All animals received 
right sided pulmonary contusion via modified captive bolt stunner, right 
sided tube thoracostomy to 25 cm H2O suction, followed by manual 
hemorrhage of 12 mL/kg/min to a mean arterial pressure of 40 mmHg. 
Animals then received a 30-minute hemorrhagic shock period. At the 
end of the shock period, animals received right sided thoracotomy and 
hilum clamping, resulting in a functional pneumonectomy. Following 
hilum clamping, animals received fluid resuscitation of lactated Ringers 
solution (three times the shed blood volume), followed by return of shed 
blood. Animals were then randomized to two groups: Standard of Care 
(SOC, n=8), or ECLS (ECLS, n=8). SOC animals received mechanical 
ventilation, continued fluid resuscitation and, if needed, vasopressor 
support. ECLS animals received left jugular cannulation with a 23 Fr dual-
lumen catheter (Avalon Elite, Maquet/Getinge Group), followed by ECLS 
support via the Cardiohelp ECLS system (Maquet/Getinge Group) used in 
adjunct mode to mechanical ventilation using the ARDSNet trial 
protocol. The study continued for 24 hours after completion of blood 



transfusion. Fluids were titrated to maintain urine output of at least 
0.5cc/kg of body weight each hour, and with vasopressors to maintain a 
mean arterial blood pressure of at least 55 mmHg. In the event of anuria 
or oliguria, Furosemide was administered (0.5-1 mg) to maintain the 
urine output at target. Baseline and end of study cumulative fluid 
volumes are reported. Statistics were performed by SAS, Cary, NC. Data 
is reported as mean ± SEM, significance accepted at p < 0.05. 

Results: In the SOC group, 5/8 animals survived to 24hrs. In the ECMO 
group, 7/8 survived to 24hrs. Kaplan Meier analysis revealed in Figure 1 
below. Fluid balance is shown in Figure 2 below. While the fluid balance 
at 24hrs was not significantly difference between the groups, the 
difference between the two was nearly 5 liters, where the ECLS group 
had nearly twice the fluid requirements of the SOC group to maintain 
blood pressure and urine output. There were no between group 
differences, due to the limited n, however the fluid balance at 24 hours 
was significantly different from the baseline in the ECMO group, but not 
in the SOC group. (ECLS: BL 25±186ml, 24hr 12395±1362ml; SOC: BL -
76±120ml, 24hr 7909±1068ml). 



 


