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Extracorporeal membrane oxygenation (ECMO) has been used to treat various conditions developing from neonatal life
to old age; the clinical results have improved over time. In Koreq, the increasing use of ECMO circuits shows that EMCO
applications have risen remarkably since 2005, Although the long—term neurological outcomes of EMCO survivors appear
to be favorable, neurological complications remain very serious and are the leading causes of death,

Several factors increase the likelihood of the development of neurological complications during ECMO support, including
the pre—ECMO condition of the patient (prolonged hypoxia and shock are common in most patients), exposure to systemic
heparinization, cannulation of a cervical vessel (the carotid artery or jugular vein, particularly in neonates), changes in
blood flow dynamics caused by the continuous non—pulsatile ECMO flow, and a micro—thromboembolism.

Many studies have shown that about 15-30% of children develop one or more neurological complications after ECMO,
Cognitive impairment, such as mental retardation, is the most common disability, followed by motor and seizure disorders,
and auditory and visual impairment. Neurological complications are among the most serious concerns of physicians mon—
itoring ECMO; such outcomes may impact both quadlity of life and survival. Joffe et al. described the survival and neuro—
logical outcomes of children undergoing cardiac ECMO; the cumulative survival rate was 45% and the frequency of poor
neurological outcomes was 51%. Among children in the Extracorporeal Life Support Organization (ELSO) Registry, intra—
cranial hemorrhage was reported in 7.4%, cerebral infarction in 5.7%, and clinically diagnosed seizures in 8.4%.

However, it is difficult to predict and evaluate intracranial injuries that develop in children during ECMO support; most
such patients exhibit unstable vital signs, limiting the ability of physicians to schedule neuroimaging studies that require
moving the patients. Brain ultrasonography (US) can be performed using portable devices and does not involve irradiation,
but does not effectively detect small hemorrhagic or non—hemorrhagic lesions such as cerebral edema and infarcts, Brain
computed tomography (CT) and magnetic resonance imaging (MRI) are more accurate and sensitive but are difficult to
perform during ECMO support.

Several studies have explored neurophysiological monitoring (e.g., electroencephalography [EEG]) of critically ill patents.
In generdl, even during continuous bedside monitoring, EEG reflects only brain cortical activity, and is less effective when
applied to sedated rather than conscious patients; sedation suppresses electrical activity. In addition, a well-trained expert
such as a neurologist is required to record and interpret the data. Thus, only a few studies on EEG monitoring during
ECMO support have appeared. In 2014, we reported our single—center experience with bedside neurophysiological EEG
monitoring seeking to detect the development of intracranial injuries in children during ECMO support; we compared our
data to post—ECMO neuroimaging findings and the evidence of immediate neurological impairments.

EEG monitoring yields valuable information on functional neurological status, enabling early intervention. It is widely
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used in the ICU, particularly for comatose patients and those with convulsive or non—convulsive status epilepticus, acute
structural brain lesions, and traumatic brain lesions. EEG monitors are portable, relatively inexpensive, and a monitor
can be placed at the bedside of a patient with unstable vital signs. All patients in the current study underwent bedside
EEG monitoring during ECMO support and received appropriate interventions as dictated by changes in the EEG data.
Antiepileptic drugs were delivered by physicians or nurses when the EEG exhibited frequent sharp waves or spikes; osmotic
agents were delivered when the EEG exhibited slow waves of either high— or low—amplitude, The pressure associated with
marked brain edema triggers slow waves, and the extent of slowing revealed by EEG parallels the perfusion—weighted
MRI lesion volume and the extent of brain edema. EEG is thought to be useful for monitoring brain perfusion, particularly
in patients with ischemic brain injuries; the EEG outputs change as the cerebral blood flow varies (18). Children receiving
ECMO support exhibit reduced brain perfusion and increased brain edema. We thus surmised that an osmotic agent would
be of assistance; we delivered such agents prior to any aggressive intervention.

In conclusion, EEG monitoring during ECMO support allows earlier prediction of neurological complications and reduces
secondary damage to the brain, EEG monitoring is useful for predicting the development of acute cerebral injury during
ECMO support and can help physicians inform the family about the short—term neurological outcomes. We believe that

bedside EEG usefully predicts neurological complications.
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Table 5. Review of Published Studies That Included 6 or More Adults Patients Affected by Acute Fulminant Myocarditis and
Supported by ECMO

ECMO Weaning, Survival to Hospital Postoperative Survival,

Reference Time Span Patients, n n (%) Discharge, n (%) % (follow-up, years)
Kawabhito et al [19] 1991-1997 6 5 (80) 5 (80) NA
Aoyama et al [5] 1989-2000 52 42 (80.7) 31 (59.6) NA

Chen et al [9] 1994-2001 15 14 (93) 11 (73) NA
Asaumi et al [13] 1993-2001 6 4(67) 4 (67) NA
Maejima et al [14] 1991-2000 8 NA 6 (75) 100 (range, 1.4-5.9)
Sezai et al [20] 1999-2006 7 7 (100) 7 (100) NA

Pages et al [6] 2001-2006 6 5(83) 5 (83) 80% (1)
Thiagarajan et al [21] 1992-2007 16 NA 9 (56) NA

Hsu et al [10] 1994-2009 51 NA 31 (61) NA
Mirabel et al [12] 2002-2009 35 NA 24 (69) 100 (1.5)
Beurtheret et al [22 2005-2009 14 NA 9 (65) NA

Diddle et al [6] 1995-2014 147 101 (69) % (61) NA

ECMO = extracorporeal membrane oxygenation; NA = not available.

Ann Thorac Surg 2016;1071:919-26.
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