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Abstract .

Infants with severe cardiorespiratory failure treated with extracorporeal membrane oxygenation are at risk of

hypoxic-ischemic injury and infarction of the brain, intracranial hemorrhage, and seizures. Consequently, this can lead to

adverse neurodevelopmental outcome. We present a neonate treated with veno-arterial extracorporeal membrane oxygenation

due to diaphragmatic hernia. The infant’ s brain function was continuously monitored with amplitude-integrated

electroencephalography. The child experienced clinical seizures and subclinical seizure discharges, detected by amplitude-

integrated electroencephalography, permitting the opportunity to treat them and adjust the anticonvulsive treatment

accordingly.
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Introduction

Extracorporeal membrane oxygenation ( ECMO) is
used to treat infants with severe cardiorespiratory fail-
ure. Despite ECMO being a life-saving therapy, the
morbidity of patients receiving ECMO treatment is pri-
marily related to neurological alterations. The infants
treated with ECMO are at risk of hypoxic-ischemic in-
jury and infarction of the brain, intracranial hemor-
rhage, seizures, and consequently adverse neurodevel-
opmental outcome''’. Some studies have found that the
evaluation of infants during ECMO with standard elec-
troencephalography ( EEG) is of predictive value re-
garding neurodevelopmental outcome. In a study of

12! death or developmental disability oc-

Streletz et a
curred in 7 of 11 infants treated with ECMO who pres-
ented electrographic seizures on standard EEG, while
it occurred in only 31 of 100 infants without electro-
graphic seizures. Graziani et al "’ reported that serial
standard EEG recordings, in comparison to a single

standard EEG recording, increased the predictive value
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of EEG in infants.

While standard EEG recording is usually of 20-30
minutes duration, amplitude-integrated EEG ( aEEG )
enables continuous monitoring of brain function over
several hours or even days. Monitoring with aEEG has
been used extensively in newborns with hypoxic-ische-
mic encephalopathy (HIE). The aEEG has been used
for assessment of background pattern, detection of sei-
zures , evaluation of the effects of anticonvulsive drugs,

and prediction of neurodevelopmental outcome'*'. T

n
a study by Pappas et al'® on 20 newborn infants trea-
ted with ECMO, an abnormal akEEG predicted death or
moderate to severe intracranial neuropathology. With
the encouraging results of studies evaluating the neuro-
protective effects of induced hypothermia, this treat-
ment has also been applied to patients treated with
ECMO. Mild hypothermia does not influence the aEEG
tracings, suggesting that cerebral monitoring with
aEEG is possible during mild hypothermia'”**'.

In studies comparing aEEG and standard EEG, the
background patterns in the sick full-term infant seem to

Although standard EEG remains the

correlate well'*.
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gold standard for detection and quantification of neo-
natal seizures, continuous monitoring of brain function
with aEEG is an important supplemental diagnostic
method """

We present a newborn treated with veno-arterial
ECMO, whose brain function was continuously moni-
tored with aEEG. Although we performed standard
EEG in this patient, additional monitoring with aEEG
gave us the opportunity to better respond to clinical and

subclinical seizures experienced by the patient.
Case study

The patient was an infant girl, born at 38 weeks’
gestation to a 28-year-old mother in a regional materni-
ty hospital. The mother became pregnant while under-
going in vitro fertilization treatment. The mother’s med-
ical history was unremarkable and the pregnancy une-
ventful. The infant girl was born by vaginal delivery in
a vertex position, 6.5 hours after spontaneous rupture
of membranes. The infant cried at first, then suddenly
ceased breathing, became cyanotic and bradycardic.
The Apgar scores were 8, 3, and 3 at 1, 5, and 10
minutes, respectively. Cardio-pulmonary resuscitation
was initiated ; the infant was then intubated and artifi-

cially ventilated. Left-sided pneumothorax was present

and a chest drain was placed. The transcutaneously
measured arterial saturation remained below 80% in
spite of oxygen supplementation, and the infant was
subsequently transferred to the Level III Multidiscipli-
nary Neonatal and Pediatric Intensive Care Unit of the
University Medical Center Ljubljana, Slovenia. Nitric-
oxide therapy was initiated and high frequency ventila-
tion started. Diaphragmatic hernia was seen on X-ray
and echocardiography revealed poor contractility of the
left ventricle. The infant underwent a repair operation
but following surgery she became hemodynamically un-
stable and eventually ECMO was initiated 35 hours af-
ter birth. Brain ultrasound on day 3 of ECMO treat-
ment revealed diffuse increase in echogenicity of the
brain tissue, without signs of intracranial hemorrhage.
The aEEG tracings recorded with the cerebral function
monitor ( CFM 4640, Lectromed Devices Ltd, Hert-
fordshire, UK) are shown in Figure 1. Before the initi-
ation of ECMO, the background pattern deteriorated
from slightly discontinuous to severely discontinuous
burst-suppression pattern. Within the first 1 hour of
ECMO, the background pattern improved to continuous
normal voltage pattern. After 3 days of ECMO treat-
ment, the background pattern again became slightly
discontinuous. Subclinical seizure discharges were

present on the aKEG tracing, as well as a single seizure

Figure 1 The aEEG tracings of the infant

a single clinical seizure; *3, introduction of phenobarbital treatment;

0, start of ECMO;

“4, time point at which standard EEG was performed;

“1, clinically silent repetitive seizure discharges; 2,

*5, intro-

duction of thiopental treatment after presentation of clinically silent repetitive seizure discharges on aEEG tracing; arrows mark the clinically silent

seizure discharges.
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discharge that was accompanied by signs of a clinical
seizure. Phenobarbital treatment was started ( 20
mg/kg/dose, twice a day), but clinically silent sei-
zure discharges reappeared. Treatment with thiopental
was started (2 mg/kg/dose, repeated as needed) and

no seizure discharges were seen on the aEEG tracing

afterwards. No sleep-wake cycling was present on the
aEEG tracing throughout the recording.

Standard EEG performed 74 hours after initiation of
ECMO showed discontinuous background pattern and
multifocal presence of sharp waves, without overt hy-

persynchronous seizure discharges ( Figure 2).

Figure 2 The most pathological part of the standard EEG as recorded at the time point =4 of Figure 1.

During the 6 days of ECMO treatment, the infant did
not show any signs of cardiocirculatory and respiratory
improvement and she remained fully dependent on
maximum ECMO blood flow of 300 mL/kg/minutes.
The treatment was eventually discontinued on day 8 of
life, which led to the infant’s death. The autopsy re-
vealed hemorrhage in the left cerebellar hemisphere,
hypertrophy of the right ventricle, hypoplasia of the left
lung, and other changes concordant with the diagnosis

of diaphragmatic hernia.
Discussion

This case demonstrates the possible benefits of con-
tinuous cerebral function monitoring with aEEG in new-
borns treated with ECMO. These newborns are at risk
of having seizures, which are associated with adverse
neurodevelopmental outcome>’. Treatment with ECMO
often requires sedation and paralysis of the newborns,
as was the case in this study. This renders the detec-
tion of seizures by clinical signs unreliable. The stand-
ard EEG recording is usually of only 20 minutes dura-
tion; therefore, the seizure discharges can easily be

missed. In this patient, the standard EEG showed

sharp waves, but no overt seizure discharges that would
urge the immediate introduction of an anticonvulsive
drug. However, this patient did experience both a
clinical seizure and clinically silent seizure discharges.
The first-line anticonvulsive treatment failed to the first
clinical seizure and subsequent clinically silent seizure
discharges were detected with aEEG, which gave the
opportunity to modify anticonvulsive treatment appro-
priately. Newer digital aEEG monitors provide the op-
tion of simultaneous presentation of aEEG signal and
the raw EEG signal, which might give additional infor-
mation when the presence/absence of seizures is uncer-
tain.

The initiation of ECMO treatment rapidly improved
the aEEG background pattern. Before ECMO, severely
abnormal burst-suppression background pattern was
present on aEEG tracing, caused by the underlying
disease process. The discontinuous background pattern
normalized to a continuous normal voltage pattern with-
in 1 hour of ECMO treatment. This is in accordance

with the findings of Pappas et al'®’ | who have found an

+

improvement in aEEG background pattern within 24
8 hours of ECMO treatment.

No sleep-wake cycling was seen on aEEG tracings in
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this patient. Although conclusions cannot be drawn
from a single case, it is not uncommon that the infants
with hypoxic-ischemic brain injury fail to present a
sleep-wake cycling on aEEG or present it with a signifi-
cant delay'"/.

The right common carotid artery is usually employed
for bypass in ECMO patients, as was the case in this
study. Some studies have shown a predilection for right
hemispheric structural and functional abnormalities in
ECMO-treated neonates, while others have not reported
consistent laterality. If lateralized abnormalities are
suspected, 2-channel aEEG might provide additional
data when monitoring newborns treated with ECMO.

Monitoring of cerebral function in newborns treated
with ECMO is important from the diagnostic, therapeu-
tic, and prognostic perspectives. This case demon-
strates that continuous monitoring of brain function with
aEEG can provide additional data, which can be used
to better treat these children. Additional studies are

needed to further elucidate the value of aEEG in new-

borns treated with ECMO.
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