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Use of amplitude-integrated 
electroencephalography in decision-
making for extracorporeal membrane 
oxygenation in comatose cardiac arrest 
patients whose eventual neurologic 
recovery is uncertain
Byung Kook Lee, Kyung Woon Jeung, Dong Hun Lee, Yong Soo Cho, 
Yong Hun Jung
Department of Emergency Medicine, Chonnam National University Hospital, Gwangju, Korea

Comatose cardiac arrest patients frequently experience cardiogenic shock or recurrent arrest. 
Extracorporeal membrane oxygenation (ECMO) can be used to salvage patients with cardiogenic 
shock or cardiac arrest refractory to conventional therapies. However, in comatose cardiac arrest 
patients whose neurologic recovery is uncertain, the use of ECMO is restricted because it re-
quires considerable financial and human resources. Amplitude-integrated electroencephalogra-
phy is an easily applicable, real-time electroencephalography monitoring tool that has been in-
creasingly used to monitor brain activity in comatose cardiac arrest patients. We describe our 
experience of using amplitude-integrated electroencephalography in decision-making to place 
ECMO for comatose cardiac arrest patients whose eventual neurologic recovery appeared uncer-
tain at the time of ECMO placement.
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What is already known
Extracorporeal membrane oxygenation (ECMO) is a life-saving therapy that 
can be used in patients with severe refractory respiratory or cardiac failure. 
Cardiac arrest patients who remain comatose after resuscitation frequently ex-
perience hemodynamic instability, such as cardiogenic shock or recurrent ar-
rest. However, the use of ECMO is restricted in these patients.

What is new in the current study
Amplitude-integrated electroencephalography can help clinicians in their deci-
sion-making processes for advanced treatment such as ECMO in comatose car-
diac arrest patients.
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INTRODUCTION 

Extracorporeal membrane oxygenation (ECMO) is a life-saving 
therapy that can be used in patients with severe refractory respi-
ratory or cardiac failure. Despite its effectiveness, this rescue ther-
apy is indicated in selected patients whose long-term survival 
with good neurologic outcome is expected, because it requires 
considerable financial and human resources. Cardiac arrest pa-
tients who remain comatose after resuscitation frequently expe-
rience hemodynamic instability, such as cardiogenic shock or re-
current arrest.1,2 These catastrophic events occur mostly within 
24 hours after restoration of spontaneous circulation (ROSC) from 
cardiac arrest and frequently lead to early death.3 However, dur-
ing this period, predicting a patient’s neurologic outcome is diffi-
cult as the patient requires targeted temperature management 
(TTM), and sedation and/or paralysis may complicate the clinical 
picture.4 As such, the eventual neurologic outcome for a cardiac 
arrest patient is often uncertain during these critical hours, thus 
making decisions on ECMO placement more challenging. Ampli-
tude-integrated electroencephalography (aEEG) is an electrophysi-
ologic monitoring tool that uses filtered and compressed electro-
encephalography from single- or two-channel recordings that 
has been increasingly used to monitor brain activity in patients 
with acute neurologic injury. A recent study has suggested that 
aEEG could be used to predict a good neurologic outcome in the 

early post-resuscitation period and reported that a continuous 
normal voltage (CNV) pattern, or the conversion to a CNV pattern 
within 24 hours post-ROSC, accurately predicted a good neuro-
logic outcome.5

 In this report, we describe our experience of using aEEG to 
help decide whether to place ECMO for comatose cardiac arrest 
patients whose eventual neurologic recovery was uncertain at 
the time of ECMO placement. These cases suggest that aEEG can 
assist in ECMO decision-making for comatose cardiac arrest pa-
tients, particularly during the early post-resuscitation period.

CASE REPORT

Case 1
A 38-year-old man was referred from a local hospital after resus-
citation from 30 minutes of ventricular fibrillation out-of-hospi-
tal cardiac arrest. He was comatose with a heart rate of 102 beats/
min and systolic blood pressure of 68 mmHg on arrival. He expe-
rienced recurrent arrest 65 minutes after ROSC and was success-
fully resuscitated again after 20 minutes of cardiopulmonary re-
suscitation. His post-ROSC electrocardiogram showed prominent 
ST segment elevations in the anterior precordial leads. He under-
went successful percutaneous coronary intervention (PCI) for an 
obstructive lesion in the left anterior descending artery 40 min-
utes after ROSC. TTM was instituted and aEEG monitoring was 

Fig. 1. Amplitude-integrated electroencephalography (aEEG) of case 1 during the first 3 hours after initiation of monitoring (A) and 3 hours after the 
start of extracorporeal membrane oxygenation (ECMO) support (B). (A) The discontinuous normal voltage pattern (defined as a lower margin ≤5 μV and 
an upper margin >10 μV) and continuous normal voltage (CNV) pattern (defined as a lower margin >5 μV and an upper margin >10 μV) appeared alter-
nately. The gray zone indicates the period during which cannulations for ECMO were performed. Note the presence of CNV pattern prior to the start of 
ECMO. (B) The CNV pattern persisted after the establishment of ECMO. *Indicates CNV. **Indicates discontinuous normal voltage.
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started 1 hour after ROSC. Despite the coronary intervention and 
the high-dose vasopressor therapy, hypotension persisted. Dis-
continuous normal voltage (DNV) and CNV patterns appeared al-
ternately, according to his blood pressure measurements, that is, 
a CNV pattern appeared when his blood pressure increased, and 
vice versa (Fig. 1). Veno-arterial ECMO was initiated 5 hours after 
ROSC, and thereafter, aEEG consistently showed a CNV pattern. 
He regained consciousness on the fourth hospital day. His cardiac 
function recovered gradually, and he was successfully weaned off 
ECMO support on the 14th hospital day. However, he developed 
pneumonia complicated with septic shock on the 23rd hospital 
day. He died of septic shock on the 36th hospital day.

Case 2
A 48-year-old man was referred from a local hospital after achiev-
ing ROSC from 20 minutes of ventricular fibrillation out-of-hos-
pital cardiac arrest. He had a history of prior PCI for non-ST seg-
ment elevation myocardial infarction 6 years previously. On ad-
mission, he was comatose with a heart rate of 110 beats/min and 
systolic blood pressure of 100 mmHg. His electrocardiogram on 
admission revealed ST segment elevations in leads II, III, and aVF. 
A coronary angiography was performed 75 minutes after ROSC 
and revealed in-stent restenosis of the right coronary artery. How-
ever, the PCI attempts were unsuccessful. We had planned to pro-
ceed with a coronary artery bypass graft if the patient regained 
consciousness after TTM. TTM and aEEG monitoring were initiated 
2 hours after ROSC. The initial aEEG showed a DNV pattern, but 
the DNV converted substantially into a CNV approximately 9 hours 
after ROSC (Fig. 2). At 22 hours after ROSC, ventricular fibrillation 
cardiac arrest occurred and remained despite 30 minutes of car-

diopulmonary resuscitation. We decided to institute ECMO, and 
veno-arterial ECMO support was started 1 hour after the onset of 
the recurrent arrest. He regained full consciousness on the fourth 
hospital day. A coronary artery bypass graft was performed on 
the fifth hospital day, and the patient was successfully weaned 
off ECMO support on the 10th hospital day. He was discharged 
home without any neurologic sequelae on the 22nd hospital day.

DISCUSSION

Patients who have been resuscitated from cardiac arrest are prone 
to hemodynamic instability related to acute myocardial dysfunc-
tion during the early post-resuscitation period.1,2 In a study that 
evaluated the hemodynamic data of 165 cardiac arrest patients 
during the first 72 hours after arrest, hemodynamic instability, 
characterized as a low cardiac index, occurred in 90 patients 
(54.5%) at a median time of 6.8 hours (range, 4.3 to 7.3 hours).6 
Studies indicate that acute myocardial dysfunction occurring af-
ter arrest is reversible in most cases.2,6 Therefore, ECMO can be 
employed to salvage cardiac arrest patients with acute myocardi-
al dysfunction unresponsive to vasoactive drugs. Recurrent cardi-
ac arrest occurs early in the course of postarrest care in 24% to 
38% of cardiac arrest survivors1,7 and has been reported to be as-
sociated with a decreased likelihood of survival to discharge.1 Al-
though the use of ECMO in comatose cardiac arrest survivors has 
not been systematically studied, there appears no reason to not 
place ECMO in these patients, as long as survival with a good 
neurologic outcome is likely.
 Current resuscitation guidelines recommend a multimodal ap-
proach integrating clinical examination findings, electrophysio-

Fig. 2. Amplitude-integrated electroencephalography of case 2. (A) The amplitude-integrated electroencephalography revealed a discontinuous normal 
voltage (DNV) pattern at the start of monitoring, and the DNV progressively changed to continuous normal voltage (CNV). (B) The CNV persisted until 
immediately before recurrent arrest. Artifacts from cardiopulmonary resuscitation are shown in the gray zone. The CNV pattern appeared again after the 
establishment of extracorporeal membrane oxygenation. CFM, cerebral function monitoring. *Indicates CNV. **Indicates DNV. 
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logic studies, imaging studies, and blood markers to predict out-
comes of comatose cardiac arrest survivors.4 The guidelines also 
recommend that the prognostication of comatose cardiac arrest 
survivors should be made later than 72 hours after arrest because 
TTM itself, as well as sedation and/or paralysis, can confound the 
accuracies of these modalities.4 In the cases presented in this re-
port, hemodynamic instability and recurrent cardiac arrest oc-
curred earlier than 24 hours after arrest. Therefore, the results of 
the prognostication tests, including the somatosensory evoked 
potential and blood marker neuron-specific enolase tests, were 
unavailable at the time of decision-making for ECMO. Given that 
both patients had suffered a considerable duration of ischemia, it 
was difficult to expect a meaningful neurologic recovery. None-
theless, the presence of a normal trace on the aEEG at the time 
of decision-making led us to proceed with the ECMO, and both 
patients eventually regained full consciousness. Multiple studies 
have reported that the presence of a normal aEEG trace within 
24 hours is a predictor of good neurological outcome after cardi-
ac arrest.5,8 In a prospective study that included 130 comatose 
cardiac arrest survivors, Oh et al.5 reported that the presence of a 
normal trace within 24 hours predicted a good neurological out-
come with a positive predictive value of 88.1%.
 Given its easy applicability and interpretability, aEEG is a prom-
ising real-time brain monitoring tool that can be used in the man-
agement of comatose cardiac arrest patients. Our cases, together 
with the previous studies, suggest that aEEG can help clinicians 
in their decision-making processes for advanced treatment such 
as ECMO in comatose cardiac arrest patients.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was re-
ported.

REFERENCES

1. Bhardwaj A, Ikeda DJ, Grossestreuer AV, et al. Factors associ-
ated with re-arrest following initial resuscitation from cardiac 

arrest. Resuscitation 2017;111:90-5.
2. Ruiz-Bailen M, Aguayo de Hoyos E, Ruiz-Navarro S, et al. Re-

versible myocardial dysfunction after cardiopulmonary resus-
citation. Resuscitation 2005;66:175-81.

3. Neumar RW, Nolan JP, Adrie C, et al. Post-cardiac arrest syn-
drome: epidemiology, pathophysiology, treatment, and prog-
nostication. A consensus statement from the International Li-
aison Committee on Resuscitation (American Heart Associa-
tion, Australian and New Zealand Council on Resuscitation, 
European Resuscitation Council, Heart and Stroke Foundation 
of Canada, InterAmerican Heart Foundation, Resuscitation 
Council of Asia, and the Resuscitation Council of Southern 
Africa); the American Heart Association Emergency Cardio-
vascular Care Committee; the Council on Cardiovascular Sur-
gery and Anesthesia; the Council on Cardiopulmonary, Peri-
operative, and Critical Care; the Council on Clinical Cardiolo-
gy; and the Stroke Council. Circulation 2008;118:2452-83. 

4. Callaway CW, Donnino MW, Fink EL, et al. Part 8: post-cardiac 
arrest care: 2015 American Heart Association guidelines up-
date for cardiopulmonary resuscitation and emergency car-
diovascular care. Circulation 2015;132(18 Suppl 2):S465-82. 

5. Oh SH, Park KN, Shon YM, et al. Continuous amplitude-inte-
grated electroencephalographic monitoring is a useful prog-
nostic tool for hypothermia-treated cardiac arrest patients. 
Circulation 2015;132:1094-103. 

6. Laurent I, Monchi M, Chiche JD, et al. Reversible myocardial 
dysfunction in survivors of out-of-hospital cardiac arrest. J 
Am Coll Cardiol 2002;40:2110-6.

7. Salcido DD, Stephenson AM, Condle JP, Callaway CW, Men-
egazzi JJ. Incidence of rearrest after return of spontaneous 
circulation in out-of-hospital cardiac arrest. Prehosp Emerg 
Care 2010;14:413-8.

8. Sugiyama K, Kashiura M, Akashi A, Tanabe T, Hamabe Y. Prog-
nostic value of the recovery time of continuous normal volt-
age in amplitude-integrated electroencephalography in out-
of-hospital cardiac arrest patients treated with therapeutic 
hypothermia: a retrospective study. J Intensive Care 2016;4:25.


