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Video-EEG monitoring in newborns with

hypoxic-ischemic encephalopathy treated
with hypothermia

(A

ABSTRACT

Background: Therapeutic hypothermia (TH) is becoming standard of care in newborns with
hypoxic-ischemic encephalopathy (HIE). The prognostic value of the EEG and the incidence of
seizures during TH are uncertain.

Objective: To describe evolution of EEG background and incidence of seizures during TH, and to
identify EEG patterns predictive for MRI brain injury.

Methods: A total of 41 newborns with HIE underwent TH. Continuous video-EEG was performed
during hypothermia and rewarming. EEG background and seizures were reported in a standard-
ized manner. Newborns underwent MRI after rewarming. Sensitivity and specificity of EEG back-
ground for moderate to severe MRI brain injury was assessed at 6-hour intervals during TH and
rewarming.

Results: EEG background improved in 49%, remained the same in 38%, and worsened in 13%. A
normal EEG had a specificity of 100% upon initiation of monitoring and 93% at later time points.
Burst suppression and extremely low voltage patterns held the greatest prognostic value only
after 24 hours of monitoring, with a specificity of 81% at the beginning of cooling and 100% at
later time points. A discontinuous pattern was not associated with adverse outcome in most
patients (73%). Electrographic seizures occurred in 34% (14/41), and 10% (4/41) developed
status epilepticus. Seizures had a clinical correlate in 57% (8/14) and were subclinical in 43%
(6/14).

Conclusions: Continuous video-EEG monitoring in newborns with HIE undergoing TH provides
prognostic information about early MRI outcome and accurately identifies electrographic sei-
zures, nearly half of which are subclinical. Neurology® 2011;76:556-562

GLOSSARY

AED = antiepileptic drug; BS = burst suppression; HIE = hypoxic-ischemic encephalopathy; ROC = receiver operating
characteristic; SE = status epilepticus; TH = therapeutic hypothermia; UCSF = University of California, San Francisco.

Hypoxic-ischemic encephalopathy (HIE) after perinatal asphyxia is an important cause of
mortality and neurologic morbidity."> Randomized clinical trials have demonstrated that mod-
erate hypothermia is associated with a reduction in death and neurologic impairment at 18 to
22 months of age.>* As a result, many centers now offer therapeutic hypothermia (TH) as a
neuroprotective strategy for neonatal HIE.

Reliable early predictors of neurologic outcome in newborns after acute hypoxic-ischemic
insult are important for counseling families and for making thoughtful treatment decisions.
Clinical assessment can help with prognosis,”” although sedating medications and clinical
changes with TH® are complicating factors. Brain MRI is highly predictive of neurologic
outcome,”'? including in the setting of hypothermia,'! although it does not provide functional
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assessment and its sensitivity for hypoxic-
ischemic injury in the first 48 hours of life is
limited. A single EEG recording during the
first week of life in noncooled infants with
HIE, >4 and in infants with HIE treated with
TH," may help predict neurologic outcome.
However, continuous video-EEG monitoring
is the gold standard for evaluating brain func-
tion and for recording electrographic seizures
in neonates with HIE'®!'7 and it has not yet
been reported in neonates with HIE undergo-
ing TH.

Our aim was to describe the evolution of
the EEG background during TH and re-
warming and to determine the incidence of
electrographic seizures in newborns with HIE
treated with moderate hypothermia. We also
sought to determine the prognostic value of

EEG background during TH using brain

MRI as an early outcome measure.

METHODS Consecutive newborns with HIE who underwent
TH with whole-body cooling at University of California, San
Francisco (UCSF), between November 2007 and July 2009 were
included in this cohort study. Our TH clinical protocol is based
on published trials.** Selection for TH included 1) =36 weeks
gestational age at birth, 2) any of the following: cord or first gas
pH <7.0, cord or first gas base deficit >12, 10-minute Apgar
score <5, or prolonged resuscitation, and 3) moderate to severe
encephalopathy within 6 hours of birth. Exclusion criteria in-
cluded suspected or known congenital malformation and inborn
errors of metabolism. TH was initiated as soon as possible after
birth at UCSF or at the time of referral from the outside hospital
and consisted of whole-body moderate hypothermia (Cincinnati
Sub-Zero Blanketrol III) (target temperature 33.5°C) for 72
hours followed by rewarming over approximately 6 hours. All
patients received morphine infusion throughout TH to prevent
discomfort and shivering (10-25 ug/kg/h, with boluses as
needed). Clinical and electrographic seizures were treated with
antiepileptic drugs (AEDs) including lorazepam, phenobarbital,
fosphenytoin, and levetiracetam according to institutional guide-

lines. Clinical data were extracted from medical records.

Standard protocol approvals, registrations, and patient
consents. The Committee on Human Research at UCSF ap-
proved the retrospective review of the clinical, EEG, and imag-

ing data for this study.

Video-EEG monitoring. Video-EEG was initiated as soon as
possible after admission to the nursery. As part of our clinical
protocol, infants are continuously monitored with a NicoletOne
video-EEG system throughout TH and rewarming. A trained
technician applied surface electrodes according to the interna-
tional 10-20 system, modified for neonates. EEG recordings
were interpreted by a pediatric neurophysiologist (J.S.) for clini-
cal use in the acute setting. Using stored files, full video-EEG
recordings were scored in a standardized fashion by a pediatric
neurophysiologist (M.R.C.) blinded to all clinical factors except
patient age. Predominant background pattern and occurrence of

electrographic seizures and status epilepticus (SE), with or with-
out clinical manifestations, were reported in 6-hour intervals
with the initiation of recording as time “0.” Clinical seizures
without EEG correlates were not considered. For the analysis, we
used the initial 6-hour interval (beginning of cooling), the 24- to
30-hour interval (midcooling), the last interval prior to rewarm-
ing (end of cooling), and the first interval after rewarming (post-
cooling). A seizure was defined as a repetitive, evolving, and
stereotyped pattern, with a definite beginning and end, a mini-
mum duration of 10 seconds, and a minimal amplitude of 2
V.15 SE was defined as continuous seizure activity for at least
30 minutes or recurrent seizures for over 50% of 1-3 hours of
recording time.? EEG background was classified into 5 patterns
as previously described?'?*: 1) normal pattern for gestational age,
including recordings with transient periods of discontinuous ac-
tivity occupying less than 50% of the recording, with presence of
distinct state changes; 2) excessively discontinuous, with persis-
tence of discontinuous activity occupying more than 50% of the
recording and consisting of bursts of normal activity separated
by abnormally long, interburst intervals of more than 6 seconds
duration, and amplitude <25 and >5 uV, with poor state
changes; 3) depressed and undifferentiated, with persistently
low-voltage background activity with amplitude between 5 and
15 wV and without normal features; 4) burst suppression (BS),
invariant and unreactive pattern of bursts of paroxysmal activity
with mixed features but no age-appropriate activity lasting less
than 10 seconds alternating with periods of marked voltage at-
tenuation with amplitude =5 uV; 5) extremely low voltage, in-
variant and unreactive pattern, with amplitude <5 uV or with

no discernible cerebral activity.

Brain MRI. Infants were imaged shortly after rewarming (me-
dian of 5 days of life) using a specialized neonatal head coil on a
1.5-Tesla Signa EchoSpeed system (GE Medical Systems). Imag-
ing sequences included T1- and T2-weighted MRI and
diffusion-weighted imaging. A pediatric neuroradiologist
(A.J.B.), blinded to the clinical history, evaluated all images. In-
jury was scored using a system strongly predictive of neurodevel-
opmental outcome following neonatal HIE.>? We defined
normal to mild MRI injury as basal ganglia/thalamus score <2
and watershed score <3 and moderate to severe MRI injury as
basal ganglia/thalamus score =2 (involving both the thalamus
and the lentiform nucleus) or watershed pattern =3 (involving
both watershed cortex and white matter). A similar classification
was highly predictive for neurologic disability at 18 months of
age in newborns with HIE treated with hypothermia.!

Statistical analysis. All analyses were performed with STATA
software (Stata 10.1, Stata Corporation, College Station, TX).
X° and Fisher exact tests were used to compare dichotomous
variables, and ¢ test was used for continuous variables. Wilcoxon
rank sum test (Mann-Whitney U) was used to compare nonpara-
metric data. Receiver operating characteristic (ROC) curves were
used to assess the prognostic value of EEG background patterns
at each time interval. We considered significant a p value < 0.05.

RESULTS Patient population. During the study pe-
riod, 49 newborns were treated with hypothermia
and 46 had continuous video-EEG available for re-
view. Of these, 41 were evaluated with MRI. Five
infants who were deceased following redirection of
care and were not studied with MRI were excluded.
Four of them had an initial extremely low voltage
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[ Table 1

Gestational age, wk, mean = SD

Sex ratio, M:F

Birth weight, g, mean = SD
10-min Apgar, median (range)
Cord or blood gas pH, mean +

Inborn neonates, n (%)

Clinical characteristics and MRl outcome

Moderate to severe No or mild

MRI injury MRI injury

(n=15) (n=26) p Value

394+15 391+14 0.4

L5 AL 0.5

3,234 + 552 3,381 + 760 0.5

4(0-7) 5(1-8) 0.07
SD 6.86 + 0.19 6.98 +0.21 0.08

0(0) 4(15) 0.09

cerebral activity, and one had BS pattern, both
persisting for more than 24 hours. Their clinical
severity was similar to those with persistent BS or
extremely low voltage activity and moderate to se-
vere MRI injury. Clinical characteristics of new-
borns with respect to brain injury are presented in
table 1. Mean hour of life to reach target tempera-
ture was 5.2 £ 1.9.

Video-EEG monitoring. EEG monitoring was initi-
ated at a mean of 10.2 = 2.9 hours of life. All infants
reached target temperature before or within 1 hour
after EEG initiation. Mean duration of monitoring
was 90.9 * 28.2 hours. Nine infants received AEDs
prior to the onset of EEG monitoring, and one of
them subsequently developed subclinical seizures. In
2 newborns, monitoring was discontinued prior to

rewarming.

EEG background pattern. From the beginning of
cooling to rewarming, the background improved in
19 newborns (49%), remained the same in 15
(38%), and worsened in 5 (13%). EEG background
pattern and the burden of moderate to severe MRI
injury at each time interval are presented in table 2.
The background pattern for newborns with moder-
ate to severe injury was significantly worse than for
those with no or mild injury for all monitoring time
points (table 3). The sensitivity and specificity of

EEG background at specified time intervals was
greatest at midcooling and beyond (table 4).

Beginning of cooling. None of the newborns with a
normal background at the beginning of cooling had
moderate to severe injury. Of the 15 newborns with
an excessively discontinuous pattern, 4 (27%) had
moderate to severe injury, 5 had mild injury, and 6
were normal. In contrast, of the 14 newborns with
BS or extremely low voltage patterns, 9 (64%) had
moderate to severe injury. Of these, 4 had maximal
MRI injury scores. Interestingly, 5 newborns with
BS or extremely low voltage patterns at the beginning
of cooling had a normal MRI or only mild injury. In
all 5 cases, however, the EEG improved by 12-18
hours of recording, and in 3 of them the background
normalized by midcooling.

Midcooling. One newborn whose EEG had nor-
malized by this interval from a discontinuous back-
ground at the beginning of cooling had moderate to
severe MRI injury; none of the remaining 14 new-
borns with a normal EEG during midcooling had
moderate to severe injury. Of the 13 infants with a
discontinuous EEG, again about one-quarter (23%)
had moderate to severe injury, accounting for 2 infants
whose background was unchanged from the beginning
of cooling and an additional infant whose initial back-
ground was depressed and undifferentiated. By this
time period, all newborns (7/7, 100%) with BS or ex-
tremely low voltage patterns had moderate to severe in-
jury, with 3 having maximal MRI injury scores.

End of cooling. Moderate to severe MRI injury was
present in 1 of the 12 infants (8%) whose back-
ground was normal and 3 of the 16 infants (19%)
whose background was excessively discontinuous,
compared with all 5 (100%) whose background
showed BS or extremely low voltage.

Postcooling. During this interval, the same new-
born with a normal background (6%) and the same 3
newborns with a discontinuous background (27%)
had moderate to severe injury. All 6 infants with BS

[ Table 2

Evolution of EEG background with hypothermia by severity of MRl injury?®

Phase of therapeutic hypothermia

Beginning Mid End Post

None/mild Moderate/severe None/mild Moderate/severe None/mild Moderate/severe None/mild Moderate/severe
EEG background injury injury injury injury injury injury injury injury
Normal 8(100) 0 14(93) 1(7) 11(92) 1(8) 15(94) 1(6)
Excessively discontinuous 11 (73) 4(27) 10(77) 3(23) 13(81) 3(19) 8(73) 3(27)
Depressed and 2(50) 2(50) 2(40) 3(60) 2(29) 5(71) 2(33) 4(67)
undifferentiated
Burst suppression 2(29) 5(71) 0 4 (100) 0 2(100) 0 4(100)
Extremely low voltage 3(43) 4(57) 0 3(100) 0 3(100) 0 2(100)

2Values are n (%).
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Table 3
MRI outcome®

EEG background evolution, seizures and status epilepticus, and

EEG background pattern, median (range)

Beginning of cooling

Midcooling

End of cooling

Postcooling
Seizures, n (%)

Status epilepticus, n (%)

Moderate to severe No or mild

MRI injury MRI injury

(h=15) (n=26) p Value
4(2-5) 2(1-5) 0.003

3.5(1-5) 1(1-3) 0.0000
3(1-5) 2(1-3) 0.0001
3(1-5) 1(1-3) 0.0000
8(53) 6(23) 0.05
4(27) 0(0) 0.01

2 EEG background scoring: 1 = normal; 2 = excessively discontinuous; 3 = depressed and
undifferentiated; 4 = burst suppression; 5 = extremely low voltage.

or extremely low voltage patterns after rewarming
had moderate to severe injury.

Electrographic seizures and SE. Electrographic sei-
zures were identified in 14 newborns (34%), 4 of
whom had SE. Among the 14 newborns with sei-
zures, 13 (93%) had seizure onset within the first 18
hours of recording, 8 in the first 6 hours. One infant
had seizure onset during rewarming. Recurrent sei-
zures were recorded during midcooling in 2 patients
and during rewarming in 3. Six of 14 patients (43%)
never showed a clinical correlate during seizures, in-
cluding 3 with subclinical SE. All 4 infants with SE
had BS or extremely low voltage patterns at the be-
ginning of cooling and never recovered better than
depressed and undifferentiated at last time point.
Isolated or recurrent seizures were more frequent in
patients with moderate to severe MRI injury com-
pared with those with no or mild injury (53% vs
23%, p = 0.05), and SE was only seen in newborns
with moderate to severe injury (p = 0.01).

Nonsurviving infants. Among the 5 nonsurviving in-
fants, 4 had persistent BS or extremely low voltage

backgrounds throughout the duration of monitoring
and maximal MRI injury, and goals of care were re-
directed to comfort measures. One infant had an ex-
cessively discontinuous background at the initiation
of monitoring, depressed and undifferentiated by
midcooling, with less severe MRI injury. Goals of
care were redirected due to persistent multisystem

failure.

DISCUSSION This study demonstrates that contin-
uous video-EEG recording is an important diagnos-
tic and prognostic tool in newborns with HIE
undergoing TH. In our cohort, EEG background
was associated with early MRI findings throughout
the treatment period. A normal EEG was associated
with no or mild MRI brain injury at all time points,
although a normal background at the beginning of
cooling was even more predictive of a favorable MRI
outcome (100% specific) than at later time points
(93% specific), as the EEG background of one new-
born with moderate to severe MRI injury improved
from excessively discontinuous to normal over the
first 24 hours of monitoring. In contrast, the prog-
nostic value of a BS pattern or extremely low voltage
background for moderate to severe injury increased
from the beginning of cooling (81% specific) to mid-
cooling and thereafter (100% specific), reflecting 5
newborns with these concerning patterns at the onset
of monitoring who rapidly improved by midcooling
and were spared from moderate to severe MRI in-
jury. The greatest prognostic value of EEG back-
ground in this population for predicting moderate to
severe MRI brain injury was not achieved until mid-
cooling, highlighting the importance of continuous
monitoring or sequential EEGs in this population.
Our findings are substantiated by prior studies in
noncooled infants with HIE, which demonstrated
that a normal EEG within the first 2-7 days of life is

[ Table 4 Sensitivity and specificity of EEG background during hypothermia for moderate to severe MRl injury ]

EEG background cutpoint?
1vs2,3,4,5

1,2vs3,4,5

1,2,3vs4,5

1,2,3,4vs5

Area under receiver

operating characteristic
curve

Phase of therapeutic hypothermia

P Sensitivity: Given moderate to severe injury, % identified as positive by EEG.

Beginning Mid End Post
Sensitivity, Specificity, Sensitivity, Specificity, Sensitivity, Specificity, Sensitivity, Specificity,
%P %° %P %° %P %° %P %°
100 31 93 54 93 42 93 60
73 73 71 92 71 92 71 92
60 81 50 100 36 100 43 100
27 88 21 100 21 100 14 100
0.77 0.88 0.86 0.89
21 = normal, 2 = excessively discontinuous, 3 = depressed/undifferentiated, 4 = burst suppression, 5 = extremely low voltage.
¢ Specificity: Given no moderate to severe injury, % identified as negative by EEG.
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associated with favorable developmental outcome
and a severely abnormal EEG (BS or extremely low
voltage) on the second day of life or thereafter is asso-
ciated with poor outcome.!>1424 The few studies that
reported EEG background in this population within
the first 24 hours of life!”?>2¢ showed a relatively
poor specificity for adverse developmental outcome
following a severely abnormal background during
the first 12 hours of life because of EEG normaliza-
tion by 12 to 24 hours of life in some infants with
normal outcome. Similarly, in our cohort, a BS or
extremely low voltage EEG was not highly predictive
for moderate to severe MRI injury until the second
day of life, around the time of midcooling. This find-
ing is supported by a prior study evaluating EEG
during hypothermia in neonatal HIE by a single
sample recorded sometimes in the first 48 hours of
life, which found that a background of <5 uV was
associated with death or major neurologic disabil-
ity." Similarly, a recent study evaluating the prognos-
tic value of amplitude-integrated EEG in newborns
with HIE exposed to normothermia compared to those
treated with TH showed that a severely abnormal back-
ground pattern in the hypothermia-treated group was
not specific for abnormal developmental outcome until
48 hours of life.”

Our findings differ from prior studies of non-
cooled newborns with HIE in 2 main ways. First,
prior studies have shown that a discontinuous EEG
in the first several days of life is often associated with

poor outcome,?$-3!

whereas the majority of newborns
in our cohort (73%) with an excessively discontinu-
ous pattern after rewarming had no or only mild
MRI injury. While it is difficult to directly compare
our study to prior studies given the differences in
methodology and the wide range of definitions of
discontinuous background in the literature, the out-
come of newborns with an excessively discontinuous
background appears to be different in newborns
treated with hypothermia. Interestingly, clinical en-
cephalopathy on the fourth day of life following TH
has also been shown to be less predictive of outcome
in cooled infants compared to noncooled infants.®
Second, in comparison to the single study of contin-
uous EEG monitoring in noncooled newborns with
HIE which showed improvement of the background
pattern over the first 3 days of life in all newborns,!”
the background worsened over the course of moni-
toring in 13% of newborns in our cohort. Whether
the EEG differences seen in our cohort of infants
with HIE and cooling are attributed to hypothermia
itself or the evolution of injury in this population is
uncertain.

Electrographic seizures were present in 34% of
newborns during TH, and continuous video-EEG

Neurology 76 February 8, 2011

revealed that almost 50% of newborns with seizures,
including 3 with SE, had seizures without clinical
correlate. Although experimental studies showed a
potent effect of hypothermia in controlling sei-
zures,”> a high incidence of seizures has been re-
ported in children during TH.** This discrepancy
may be related to the earlier and deeper cooling used
in animal models.?*3* Most studies rely on clinical
evaluation for seizure diagnosis and classification of
seizure severity in newborns.*>3¢ However, it is
known that the majority of seizures, especially in crit-
ically ill infants, do not have a clinical correlate and
will not be recognized without continuous
EEG.'¢3738 Moreover, it is often impossible to accu-
rately differentiate between seizure-related and non-
seizure movements in infants using clinical
evaluation alone.*” While isolated or recurrent sei-
zures were recorded in more than 50% of infants
with moderate to severe brain injury, not all were
associated with moderate to severe brain injury. In
contrast, all newborns with SE had severely abnormal
MRI. These results are in keeping with a recent work
suggesting that a significantly worse outcome occurs
in newborns with SE compared to newborns with
recurrent seizures.?

There are several limitations to our study. First,
due to the referral pattern at our institution, new-
borns did not start monitoring at the exact same time
in the first day of life. However, in most of our pa-
tients, monitoring was initiated within the first 12
hours of life. Second, an excessively discontinuous
background by our system encompassed a broad
range of interburst intervals. Therefore, it is not sur-
prising that a discontinuous pattern was a relatively
poor predictor of MRI brain injury. Third, we used
MRI as a short-term outcome measure and do not
yet know the long-term outcome in this cohort. It
has been reported that hypothermia does not af-
fect the prognostic value of MRI in newborns with
HIE.!'" However, long-term developmental
follow-up of this cohort is needed to confirm our
results. Finally, as many patients with poor EEG
backgrounds and moderate to severe brain injury
were treated with AEDs, we were unable to assess
whether depressed background activity was an effect
of medication or due to underlying brain injury.

EEG monitoring in newborns is noninvasive,
provides data from the entire cortex, and can be eas-
ily performed at the bedside. Our findings under-
score the importance of continuous EEG monitoring
in this population to assist with seizure management
and discussions regarding prognosis and goals of
care. Even in the setting of hypothermia, EEG re-
mains a strong predictive tool, and its routine use
alongside clinical evaluation and MRI is warranted.
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Establishing consensus on neonatal EEG nomencla-
ture and classification will help future studies on the
prognostic value of EEG during TH. Particularly,
further analysis and revalidation of the excessively
discontinuous pattern in neonates being treated with
HIE is warranted. Given emerging data suggesting
that seizures may be associated with increased brain
injury following neonatal HIE,3¢4% accurate seizure
detection is becoming an important issue in the con-
text of neuroprotection. Future studies that evaluate
whether rapid and effective treatment of seizures will
improve neurologic outcome will rely on continuous
EEG monitoring.
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