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Abstract
Background—Recently, portable extracorporeal membrane oxygenation (ECMO) machines
have become commercially available. This creates the potential to utilize extracorporeal life
support (ECLS) for the treatment of sudden cardiac arrest in the emergency department, and
potentially in the out-of-hospital setting.

Objective—We sought to determine the feasibility of installing the ECMO circuit during
delivery of mechanical chest compression CPR.

Methods—We used 5 mixed-breed domestic swine with a mean mass of 26.0 kg. After induction
of anesthesia, animals were instrumented with micromanometer-tipped transducers placed in the
aorta and right atrium via the left femoral artery and vein. Ventricular fibrillation (VF) was
induced electrically with a transthoracic shock and left untreated for 8 minutes. Then, mechanical
chest compressions were begun (LUCAS, Jolife, Lund, Sweden) and manual ventilations were
performed to maintain ETCO2 between 35-45 torr. Compressions continued until ECMO flow was
started. Ten minutes after induction of VF, drugs were given (epinephrine, vasopressin, and
propranolol). ECMO installation was started via cutdown on the right external jugular vein and
right femoral artery for placement of venous and arterial catheters while chest compressions
continued. ECMO installation start time varied from 17 to 30 minutes after start of compressions
and continued until ECG indicated a shockable rhythm. First rescue shocks were given at 22, 32,
35, 44, and 65 minutes.

Results—ECMO was successfully installed in all five animals without incident. It was necessary
to briefly discontinue chest compressions during the most delicate part of inserting the catheters
into the vessels. ECMO also allowed for very rapid cooling of the animals and facilitated post-
resuscitation hemodynamic support. Only the 65-minute animal did not attain return of
spontaneous circulation (ROSC).

Conclusion—Mechanical chest compression may be a suitable therapeutic bridge to the
installation of ECMO and does not interfere with ECMO catheter placement.
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Introduction
There are approximately 295,000 cases of out-of-hospital cardiac arrest that are treated by
Emergency Medical Services (EMS) personnel in the United States each year.1 Survival to
hospital discharge for patients experiencing out-of-hospital cardiac arrest is on the order of
7.9% in North America.2

Extracorporeal life support (ECLS) using extracorporeal membrane oxygenation (ECMO)
perfusion has been used as a therapeutic modality for refractory cardiac arrest, but mostly in
pediatrics in the in-hospital setting.3-9 While its use in emergency pediatric events has met
with some success, ECMO is not without complications.10,11 Several small series have
examined the use of ECLS for the treatment of adult out-of-hospital cardiac arrest, but each
of these initiated ECLS in the Emergency Department.12-14 The reported times from
collapse to start of ECLS ranged from 61 to 105 minutes, and the rates of survival to
hospital discharge ranged from 10% to 24%.12-14

Recently, portable ECMO devices have become commercially available.15,16 This raises the
possibility that ECLS could be started more quickly in the emergency department, and
potentially in the prehospital setting, which might greatly reduce the time from collapse to
initiation of ECLS and thereby increase the effectiveness of the intervention. One case
report utilized mechanical chest compression for 1.5 hours as a bridge to starting
cardiopulmonary bypass for a profoundly hypothermic cardiac arrest patient.17 This patient
was successfully resuscitated, but mechanical chest compressions were not begun until
arrival at the emergency department. Another case report demonstrated that portable ECMO
could be started in the out-of-hospital arena. 18 This was a case of a nine year old girl who
had drowned (submerged for 20 minutes), and had 50 minutes of failed advanced life
support before arrival of the air medical ECMO team. ECMO was started, the girl had pulses
restored and she was admitted to the hospital. While she did day on day 1 in-hospital after
support was withdrawn, the case does illustrate that using ECMO in the field may be
possible.

We sought to determine the feasibility of initiating ECLS while external mechanical chest
compressions were being done, using an established porcine model of out-of-hospital
cardiac arrest. Our primary outcome was successful installation of the ECMO circuit during
mechanical chest compression CPR. Our secondary outcomes were numbers of
complications, body temperature, and return of spontaneous circulation (ROSC) after
varying durations of mechanical chest compression prior to onset of ECLS.

Methods
This study was approved by the University of Pittsburgh Institutional Animal Care and Use
Committee (protocol 0806787), and was performed in complete compliance with the Guide
for the Care and Use of Laboratory Animals.19 Five female mixed-breed domestic swine
(sus scrofa) with a mean mass of 26.0 kgs were used. We sedated the animals with
intramuscular ketamine (10 mg/kg) and xylazine (4 mg/kg), and anesthetized them with
intravenous alpha-chloralose (40 mg/kg bolus, followed by 10 mg/kg/hr continuous
infusion). We intubated the animals by direct laryngoscopy and ventilated them with room
air mechanically with an Ohmeda 7000 ventilator (BOC Health Care, Madison, WI) at a rate
of 12 breaths per minute with an inspiration:expiration ratio of 50%. After securing the
airway, we paralyzed the animals with pancuronium (4mg bolus, 2mg additional as needed),
and a cut-down was performed on the left-side groin to expose the femoral artery and vein.
We placed micro-manometer tipped pressure catheters (Mikro-Tip Catheter Transducers
SPR-471A and SPC-370-S, Millar Instruments, Houston, Texas) in the aorta and right
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atrium for monitoring of central blood pressures. We continuously monitored the
electrocardiogram (Lead II ECG) and recorded it along with central pressure data with a
high speed digital data collection system (Powerlab, AD Instruments NSW, Australia).
Temperature was measured with an esophageal probe placed approximately 10 cm beyond
the glottis opening. Baseline blood gas measurements were obtained with an I-STAT
Portable Clinical Analyzer (Heska Corporation, Waukesha, WI).

After instrumentation was completed, we induced ventricular fibrillation (VF) with a single
3 second, 60 Hz, 100 mA transthoracic shock. We confirmed VF by the ECG and the aortic
pressure tracing, and did not treat it for 8 minutes, at which time mechanical chest
compressions were begun (LUCAS, Jolife, Lund, Sweden) and manual ventilations were
performed to maintain ETCO2 between 35-45 torr. After two minutes of CPR, we
administered intravenous epinephrine (0.10 mg/kg), vasopressin (40 U), and propranolol (1
mg), and continued mechanical chest compression CPR.

The ECMO circuit was composed of one arterial input catheter (to the animal) and one
venous output catheter (to the ECMO pump-head/oxygenator). In real-time with chest
compressions ongoing, the right femoral artery and right external jugular vein were exposed
by cut-down. A 14F stainless steel-tipped catheter was placed in the femoral artery and an
18F coil-reinforced catheter was placed in the external jugular vein. The catheters were
flushed and clamped off with tube occluding forceps until the initiation of ECMO flow. The
bypass circuit was driven by a centrifugal pump head in line with a hollow fiber oxygenator
(Affinity NT, Medtronic, Inc, Brooklyn Park, MN). The circuit was primed with 0.9%
normal saline, and the air mix delivered to the oxygenator was 50% oxygen. The circuit was
pre-heparinized with 225U heparin per kg body mass. In order to maintain clinical
relevance, the animals did not receive any heparin prior to the induction of VF. The
approximate total circuit priming volume was 800mL. A water-circulating heat exchanger
provided temperature control for the bypass circuit, and the priming solution was maintained
at a temperature of 34C. Control of all circuit components was managed through a Bard CPS
Cardiopulmonary Bypass System (C.R. Bard, Inc). In order to preliminarily explore the
outer limits of when ECLS might still be effective, we varied the time when ECMO flow
was begun between 17 and 30 minutes, and the first rescue shocks were delivered 22, 32, 35,
44, and 65 minutes after VF was induced based on the visual inspection of the ECG
waveform. Though we can typically install ECMO in 10 minutes or less, we intentionally
varied the start of flow-time to more accurately represent the time it may take clinically in
patients with cardiovascular and/or peripheral vascular disease.

We defined successful installation of ECMO as uneventful placement of the femoral and
jugular catheters and the ability to maintain adequate blood flow. We defined complications
as surgical misadventures (vessels torn or transected), the inability to advance the catheters
deep enough within the blood vessels, and the inability to maintain adequate chest
compressions. We defined ROSC as an organized ECG with a systolic blood pressure ≥80
mmHg sustained for 20 minutes. Animals that attained ROSC were euthanized with a rapid
intravenous injection of 40 mEq of KCl.

As this is a preliminary study, no comparative statistics were calculated. Temperatures and
flow are reported as means and standard deviations. Data were summarized using Stata
(version 11, College Station, Texas).

Results
The ECMO circuit was successfully placed in all five animals. There were no complications
during any of the procedures. While chest compressions did not interfere with installation of
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the ECMO circuit, it was necessary to briefly cease chest compressions during the most
delicate point in the placement of these large bore catheters. An illustrative example of one
of the resuscitations is shown in Figure 1. Four of the five animals attained ROSC, with only
the 65 minute animal failing to do so. The longest duration from onset of VF to ROSC was
44 minutes. The animals’ temperatures dropped rapidly with the onset of ECMO, going
from 38.5° C (± 0.3) at the onset of VF to 34.1° C (± 2.1) after 4 minutes of ECMO
perfusion (see figure 2). Mean flow was 2.7 (± 0.5) L/min which approached normal resting
blood flow (normal resting cardiac output for pigs this size is 2.94 L/min20). Peak flow was
commonly achieved in 30-60 seconds. No additional pressors were given, but additional
fluid was added to the circuit as needed to maintain flow.

Discussion
There is increasing interest in the potential use of ECLS for the treatment of out-of-hospital
cardiac arrest. Studies to date have had limited success, with survival to hospital discharge
rates ranging from 10% to 20%.12-14 One reason for this limited success may be that it is
taking too long to initiate ECLS. In the study by Kagawa, et al., the survival rate for patients
having in-hospital cardiac arrest was 26% while the survival rate for those having out-of-
hospital cardiac arrest was only 10%.14 It is worth noting that the time it took to begin ECLS
reperfusion was, on average, 24 minutes longer for the out-of-hospital patients. The study by
Massetti, et al., had an inclusion criterion that patients had to have 45 minutes of failed
resuscitation before they could be treated with ECLS.13 This resulted in their time-from-
collapse to time-to-start-ECLS interval of 105 minutes, and yet they still had a survival rate
of 20% (though only 5/40 of their patients had out-of-hospital cardiac arrest). Finally, the
study that had the highest survival rate also had the fastest time from collapse to start of
ECLS (61 minutes, and 24% survival).12

The advent of portable ECMO devices coupled with mechanical chest compression devices
might enable EMS systems to play an important role in decreasing the time it takes to
initiate ECLS. The use of mechanical chest compressions would free EMS personnel to
initiate the surgical preparation of the patient, and perhaps even cannulate the external
jugular in the ambulance. Simultaneously, a physician and perfusionist could be en route
while priming a portable ECMO device for installation in the field. The recent case report in
which a nine year old drowning victim was resuscitated using portable ECMO is illustrative
of this possibility.20 Alternatively, EMS could notify emergency department personnel to
ready the portable ECMO device while they are en route to the hospital. Thus, the patient
would arrive prepared for cannulation and the ECMO device would already be present and
primed. Theoretically, decreasing the time to the start of ECLS would increase survival.

In this preliminary study, we successfully installed and started ECLS while mechanical chest
compressions were being done. There we no surgical misadventures or complications. Four
of the five animals (80%) attained ROSC, with only the most prolonged case (65 minutes)
failing. ECLS also allowed for very rapid cooling. So ECLS has the added advantage of
rapidly inducing therapeutic hypothermia.

Limitations
There are several limitations to this early work. First, we used healthy young swine that
were free of vascular disease. Cannulation of these major vessels may have been easier than
it might be with older humans who might have both cardiovascular and peripheral vascular
disease. Second, as we were primarily interested in whether chest compressions would
interfere with ECMO circuit placement we did not perform necropsy on these animals, nor
did we survive them to determine their neurologic status. Third, we did not actually use one

Menegazzi et al. Page 4

Resuscitation. Author manuscript; available in PMC 2013 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



of the recently available portable ECMO devices. Though cannulae for insertion would be
the same, the priming volume needed for a portable device would be considerably less than
what we used here. Finally, we realize that there will be logistical challenges not addressed
here but again see this as a proof of concept study.

Conclusion
Mechanical chest compression may be a suitable therapeutic bridge to ECLS and does not
interfere with ECMO catheter placement. ECLS may extend the therapeutic window for the
treatment of cardiac arrest that is refractory to standard treatments. EMS involvement in the
deployment of these technologies might decrease the time to onset of ECLS therapy.
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Figure 1.
This is an illustrative example of a VF cardiac arrest and resuscitation with continuous
mechanical chest compression and ECMO, with intentional delay of the start of flow until
27 minutes after the induction of VF. Central arterial pressure (CAP) is shown in mmHg.
Note the three brief pauses in chest compressions while the ECMO catheters were being
inserted into the artery.
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Figure 2.
This graph shows the rapid reduction in temperature with the onset of ECMO (unit of
measure is degrees C), and shows means and standard deviations for the five animals.
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