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Abstract

Aim: To describe the impact of extracorporeal membrane oxygenation (ECMO) assisted CPR (E-CPR) on cerebral oxygen delivery during in-hospital

cardiac arrest (IHCA).

Methods: Retrospective case series from a tertiary academic medical center. Regional cerebral oxygen saturation (rSO2) was measured continuously

using cerebral oximetry in six patients who experienced IHCA. During CPR, the time of E-CPR initiation was recorded, and rSO2 values were

subsequently analyzed for a period beginning 5min before and ending 2.5min after the initiation of E-CPR.

Results: The average rSO2 value in the 2.5min period following E-CPR initiation increased by 20.8% as compared to the 5-min period before E-CPR

initiation.

Conclusions: ECMO can be employed in parallel with cerebral rSO2 monitoring during CPR for adult IHCA patients. E-CPR is associated with rapid and

significant increases in brain oxygen delivery.
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Introduction

Cardiac arrest (CA) is common, with an estimated 347,000 out-of-
hospital and 209,000 in-hospital arrests occurring annually in US
adults.1 Survival rates remain low, at approximately 25% and 10%
respectively.1 Survival is often associated with moderate to severe
neurological impairment at hospital discharge in 40% of patients.1

This reflects a two-step process of ischemia and reperfusion injury.2

As the magnitude of secondary injury after CA is proportional to the
magnitude of the ischemic burden during cardiopulmonary resuscita-
tion (CPR),2�5 any process that enhances oxygen delivery during
CPR could limit ischemic and secondary injuries and improve survival
and neurological outcomes.

Regional cerebral oxygen saturation (rSO2) can be monitored in
real-time using near-infrared spectroscopy (NIRS).6 Our group has
utilized this technology for a number of studies, including a multicenter
prospective study of 183 IHCAs, which demonstrated that higher rSO2
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during CPR is independently associated with improved rates of ROSC
and survival with favorable neurological outcomes at hospital
discharge.7 These findings have been validated by a meta-analysis
of over 2400 subjects,8 and suggest that the mechanism by which
rSO2 is associated with improved CA survival and neurological
outcomes may be through its attenuation of ischemia. We have also
explored methods to augment oxygen delivery beyond conventional
CPR during CA.9,10 In a study of 34 patients, we found that
mechanical-CPR is associated with >20% higher rSO2 than manual
CPR.10 In another study of 36 patients, we tested the impact of
standard dose epinephrine on augmentation of rSO2,9 and found that
epinephrine (1mg IV) during CPR produces a small increase in rSO2.9

Although the use of veno-arterial extracorporeal membrane oxygen-
ation (ECMO) during CPR (E-CPR) to enhance oxygen delivery is
becoming increasingly common across U.S. hospitals,11 few studies
have examined the impact of E-CPR on brain oxygen delivery.12�14

To further investigate the relationship between E-CPR and rSO2 in
the setting of CA, additional investigations are needed. We thus
sought to examine the impact of E-CPR on cerebral oxygenation, with
the hypothesis that E-CPR will enhance cerebral oxygen delivery
beyond other previously studied methods of rSO2 augmentation.

Materials and methods

This case series reports on a retrospective convenience sample of
adult patients (�18 years) who experienced IHCA (cessation of
heartbeat and respiration for �5min) during working hours (Monday
�Friday, 9am�5pm) at a single tertiary medical center. Data were
collected as part of quality improvement (QI) initiatives and the use of
these data was authorized by the Stony Brook Hospital Institutional
Review Board prior to the start of data collection. From December
2012 to December 2016, E-CPR was initiated by physician
recommendation in 10 patients, and continuous rSO2 monitoring
was recorded for 6 of those patients.

Prior to the start of E-CPR, each patient received ACLS in
accordance with AHA guidelines. The rSO2 values were measured
using a portable oximeter with a single adhesive sensor attached to
either side of the patient’s forehead (Equanox 7600, Nonin Medical,
Plymouth, MN). Cerebral oximetry monitoring began during CPR,
prior to the initiation of ECMO, and was continuous throughout CPR

until either ROSC was achieved, or until the cessation of resuscitative
efforts.

The oximeter calculated one rSO2 measurement every 4s.
Research staff at the scene of CA used an event-marking feature
on the cerebral oximetry device to indicate the time that ECMO was
initiated. ROSC was identified when the patient had a palpable pulse,
and sustained ROSC was defined as a palpable pulse lasting more
than 20min.

Statistical analysis

Continuous rSO2 data were arranged so that time 0 represented the
initiation of E-CPR. To account for the time needed for catheter
placement before achieving full ECMO support, the first 2.5min of data
following the ECMO initiation event mark were excluded from the final
analyses. Excluding rSO2 measurements from this time period
allowed for the elimination of artifact produced during catheter
placement, and allowed for greater standardization in the comparison
of pre-ECMO data to true post-ECMO data for each subject.

For each subject, mean rSO2 values were calculated for the 5min
period immediately before the ECMO initiation time mark, and the 2.5
�5min period after full ECMO support was achieved. All pre-ECMO
and post-ECMO data were represented as the mean�standard
deviation (SD). A Shapiro-Wilk test supported values being drawn
from a normal distribution; therefore, a paired t-test was used to
compare the differences between the pre-ECMO and post-ECMO
values. Statistical analyses were performed using SAS. P values of
<0.05 were considered to be of statistical significance.

Results

Patient demographics

Demographic data were collected from the medical record, including
age, sex, and chronic disease burden using the Charlson Comorbidity
Index.15 Summary statistics of patients’ demographic and clinical
characteristics are shown in Table 1. There was no identifiable cause
of CA (i.e. PE, massive hemorrhage, etc.) for any of the six patients in
the series. CA was presumed to be an end result of multi-system
disease. None of the patients survived to hospital discharge.

Table 1 – Demographic and clinical data for six patients who received E-CPR and rSO2 monitoring.

Age
(years)

Sex Charleson Comorbidity
Index

Cardiac Arrest
Location

Initial
Rhythm

Duration of CPR
(min)

CA Outcome Final
Disposition

Patient
1

56 F 1 CCU PEA 11 ROSC>20 mins In-Hospital Death

Patient
2

76 M 3 Diagnostic/Intervention Asystole 61 ROSC>20 mins In-Hospital Death

Patient
3

71 M 4 Inpatient Floors Asystole 102 No ROSC In-Hospital Death

Patient
4

75 M 5 CCU PEA 18 ROSC>20 mins In-Hospital Death

Patient
5

49 F 3 ED PEA 16 ROSC>20 mins In-Hospital Death

Patient
6

48 M 5 CCU PEA 19 No ROSC In-Hospital Death

CA, Cardiac Arrest; ROSC, Return Of Spontaneous Circulation; ED, Emergency Department; CCU, Coronary Care Unit.
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rSO2 changes

A Student t-test revealed that mean rSO2 was significantly higher
following ECMO compared to baseline pre-ECMO values (69.2�8.99
vs. 48.5�12.86, p=0.008) (see Fig. 1). A paired t-test revealed a
significant increase in rSO2 following ECMO initiation for each
individual patient (all p<0.05), with an average increase of 20.8
�12.10% observed when comparing the mean pre- and post-ECMO
values (see Fig. 2).

Discussion

We demonstrated that E-CPR is associated with rapid and significant
increases in brain oxygen delivery beyond conventional CPR. E-CPR
leads, on average, to a nearly 21% increase in brain oxygen delivery—
a more substantial increase as compared to previously studied
interventions using epinephrine or mechanical CPR.9,10

Our data is consistent with other published studies. A single-
patient case report by Koyama et al. described tissue oxygenation
index (TOI) monitoring during IHCA E-CPR, and found a marked
increase in cerebral TOI after the initiation of ECMO.12 Another single-
patient case report published by Taccone and colleagues found that
rSO2 increased from 30% to 75% following initiation of ECMO in the
treatment of an OHCA.13 Indeed, it is not surprising that an
intervention aimed at improving blood oxygenation would also result
in increased availability of oxygen for delivery to end-organ tissues.

It is presumed that the mechanism by which E-CPR enhances
brain oxygen delivery is multifactorial. While ECMO can enhance
mean arterial pressure (MAP), it can also improve the partial pressure
of oxygen in the blood. These will both contribute to reducing the initial
ischemic burden and enable E-CPR to attenuate the severe
inflammatory response syndrome that often follows CA. At the onset
of CA, ischemia leads to excitotoxicity and disruption to the blood-
brain barrier. This can result in cerebral edema and increased

intracranial pressure, which can further disrupt synaptic structures
and inflammation.2 Reperfusion after ROSC also leads to oxygen free
radical injury and the accumulation of activated platelets and
neutrophils in microvessels, impairing cerebral blood flow (CBF)
and contributing to worsening cerebral ischemia, which leads to
further inflammation.2 Overall, systemic inflammation peaks approxi-
mately three hours after ROSC, ultimately contributing to multi-organ
failure and death in the post-CA period.16�18 Interestingly, in a swine
study, Zhang et al. found that pigs that received E-CPR showed
significantly reduced levels of IL-1, IL-1b, IL-6, TNFa, TGFb, and
other pro-inflammatory cytokines, as compared to pigs that received
conventional CPR.19 This study suggests that E-CPR has the
potential to improve survival rates and neurological outcomes in
CA patients via its attenuation of inflammation.19 This study also
further highlights the importance of optimizing oxygen delivery during
CPR, without assuming that brain damage is inevitable.

The present report is limited in that it evaluates only six cases,
selected by convenience sampling methods. Furthermore, the
management of each patient’s CA was variable prior to the initiation
of ECMO, and ECMO was not reliably initiated early within the CA.
Implementing E-CPR earlier in the process of CA may lead to earlier
optimization of vital organ oxygen delivery and may therefore lead to
higher rates of ROSC and survival with improved neurological
outcomes. Still, findings from this extended case series suggest that
even with delayed initiation, E-CPR may improve cerebral rSO2 levels
significantly and rapidly, reducing ischemic insult to the brain.
Incorporating pre- and post-ECMO arterial blood gas levels in future
studies will help to further explore the mechanisms by which E-CPR
improves rSO2. Regardless, our findings reinforce the feasibility of
providing E-CPR with concomitant rSO2 monitoring, and suggest that
E-CPR may be a viable intervention to attenuate ischemic injury and
improve patient outcomes following CA.

Conclusion

Studying the impact of E-CPR on brain resuscitation through
largescale, randomized control trials will help to determine the impact

Fig. 1 – Cerebral oximetry measurements for each
patient graphed over time. Serial cerebral oximeter
recordings for each patient were aligned, with the
event-marked time of ECMO-initiation centered on the
x-axis. The 5min before and after the ECMO-initiation
time mark are included on the graph. ECMO, extracorpo-
real membrane oxygenation. % rSO2, regional oxygen
saturation.

Fig. 2 – Changes in mean rSO2 values before and after
initiation of E-CPR. Pre-ECMO mean % rSO2 during a 5min
period before initiation of ECMO. Post-ECMO mean %
rSO2 during the 2.5�5min period after the initiation of
ECMO.
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of E-CPR on CA survival and neurological outcomes. Findings from
these prospective studies are likely to guide future resuscitative efforts
and the development of improved standard of care practices in the
treatment of CA patients.
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