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ARTICLE INFO ABSTRACT
Article history: Objective: The aim was to establish any differences in the predictive value of EEG and MRI
Received 16 January 2018 for outcome in infants treated and not-treated with therapeutic hypothermia (HT) for
Received in revised form perinatal asphyxia. We hypothesize that they are equally predictive and that combining
29 May 2018 both has the highest predictive value.
Accepted 4 September 2018 Study design: We retrospectively compared data of infants with hypoxic-ischemic en-

cephalopathy (HIE) who received HT (n = 45) between September 2009 and December 2013
Keywords: with those of infants with HIE born between January 2004 and August 2009, before HT was
Neonate available (NT, n = 37). All received conventional and/or amplitude—integrated EEG during
Therapeutic hypothermia the first days and early MRI (day 4-5). Associations of EEG, MRI and severe neuro-
Hypoxic-ischemic encephalopathy developmental outcome (death or Bayley's -2SD below mean), were tested with a multi-
Neurodevelopmental outcome variable logistic regression analysis, corrected for HT.

Results: Forty-eight hours' EEG background pattern had a PPV of 92% and a NPV of 81% in
HT, versus 100% and 58% in NT. MRI had a PPV of 71% and a NPV of 93% in HT, versus 82%
and 75% in NT. The adjusted OR for adverse outcome was 0.013 (95% CI 0.002—0.154,
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p < 0.001) for EEG background normalization within 48 h and 32.19 (95% CI 4.84—214.25,
p < 0.001) for abnormal MRI
Conclusion: The predictive value of EEG and MRI is equal in cooled and non-cooled infants
with HIE. Our data show a higher predictive value (death and severe outcome) for EEG
compared to MRI. In HIE, persistent abnormal EEG background pattern until 48 h, combined
with abnormal early MRI is strongly predictive for poor neurodevelopment.

© 2018 European Paediatric Neurology Society. Published by Elsevier Ltd. All rights

reserved.

Abbreviations

aEEG amplitude-integrated EEG

BS burst-suppression

BSID-II or BSID III-NL Dutch Bayley Scales of Infant
Development II or III

CI confidence interval

CNV continuous normal voltage
CP cerebral palsy

cUs cranial ultrasound

DNV discontinuous normal voltage

EEG electroencephalography
FT flat trace

GMFCS gross motor function classification system
HIE hypoxic ischemic encephalopathy
HT therapeutic hypothermia
LV low voltage
MDI mental developmental index
MRI magnetic resonance imaging
NPV negative predictive value
NT normothermia
OR Odds ratio
PDI psychomotor developmental index
PPV positive predictive value
1. Introduction

Hypoxic-ischemic encephalopathy (HIE) is a leading cause of
newborn death and long-term disability." Of the surviving
children, one quarter is left with significant neurologic
disability.” Therapeutic hypothermia (HT) reduces death rates
and severe disability in term and late preterm newborns with
HIE.? Early prediction of future neurodevelopmental outcome
is important since the majority of HIE-related deaths are
attributed to end-of-life decisions.* A combination of clinical
scores and early biochemical markers has limited predictive
value for outcome in HIE, the more so as HT induces changes
in metabolism affecting these markers.
Electroencephalography (EEG) and neuroimaging tech-
niques such as cranial ultrasound (cUS) and magnetic reso-
nance imaging (MRI) can help predict outcome of neonates
with HIE.> cUS correlates well with injury patterns seen on
MRI and can be used for screening.®’ Since the original ran-
domized controlled trials, no studies have compared both EEG
and MRI during HT versus NT.*° Our primary objective was to

study differences in the predictive value of EEG and MRI for
outcome in infants treated and not-treated with HT for peri-
natal asphyxia. We hypothesize that both are equally predic-
tive and that combining EEG and MRI has the highest
predictive value.

2. Materials and methods
2.1. Study population

A retrospective observational study was performed in which
infants with HIE, admitted to the tertiary level neonatal inten-
sive care unit of the Erasmus MC-Sophia Children's Hospital,
Rotterdam, from January 2004 until December 2013, were
included. Therapeutic hypothermia was implemented at our
facility in September 2009. The inclusion criteria were the
criteria used for the clinical indication for HT: gestational age of
>36 weeks, perinatal asphyxia (5 min Apgar <5, (umbilical)
blood gas <1 h after birth pH < 7, BE > 16, lactate >10 mmol/L, or
resuscitation 10 min after birth), elevated encephalopathy score
between 1 and 3 h postpartum (>Thompson score 7 or Sarnat
stage 2) or an abnormal EEG (discontinuous normal voltage
(DNV), burst suppression (BS), low voltage (LV) or flat trace (FT)).
Exclusion criteria were inborn errors of metabolism, major
congenital malformations and no EEG within 48 h.

Data of infants fulfilling the criteria who did not receive
cooling (NT) were compared to data of infants who received
cooling (HT), independent of the era they were born in.
Therapeutic HT started within 6 h after birth and consisted of
72 h of whole body cooling using the Criticool® mattress (MTRE
Advanced Technologies, Yavne, Israel) with target rectal
temperature of 33.5 °C. The medical ethics review board of the
Erasmus MC, Rotterdam, The Netherlands, approved retro-
spective analysis of anonymous patient data.

2.2. Patient data collection

Data were retrieved from the electronic patient data man-
agement system. Anticonvulsants were given according to the
local seizure protocol, and the number of anticonvulsants
needed was documented. Socio-economic status was ranked
on the basis of the postal code area, as published by the Dutch
National Institute for Public Health and the Environment.”

2.3. Electroencephalography, EEG

In children treated with HT, either conventional or two-
channel EEG was started as soon as possible after birth and
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maintained until the end of the rewarming phase. For the
conventional EEG, nine electrode cups (Fpi-2, Cz, Cs.4, T3.4,
0;.,) were placed according to the restricted 10—20 system for
electrode placement with a low-frequency filter set at
0.005—0.001 Hz, and a high frequency filter of 70 Hz (Nervus™
monitor, Taugagreining hf, Reykjavik, Iceland). Conventional
EEG was maintained until normalization of background
pattern in the NT infants. For the HT infants, conventional
EEG was intermittently used together with continuous
amplitude-integrated EEG (aEEG), which was introduced in
the same time period as therapeutic hypothermia in our
department. Amplitude-integrated EEG (BRAINZ BMR3
monitor, Natus Medical Incorporated, Pleasanton, USA) was
performed by using four needle electrode or cups placed
bilaterally on central and parietal locations (C3-P3 and C4-Py),
and one frontal reference electrode. Impedance values were
kept below 5 and 10 kOhm, respectively. Conventional EEG
data were analyzed and scored by the attending clinical
neurophysiologist specialized in neonatal EEG. Reports were
retrospectively interpreted by researchers, and raw data were
re-analyzed when necessary by a pediatric neurologist with
extensive training in neurophysiology (LS). aEEG data were
analyzed by two independent researchers (SO and LDW),
blinded for clinical data. In eight cases of disagreement dur-
ing the consensus meeting, a third investigator was con-
sulted (LS).

The amplitude-integrated EEG background pattern was
classified according to Hellstrom-Westas et al.’* Conventional
EEG was categorized according to the guidelines of the
American Clinical Neurophysiology Society.”” Continuous
normal voltage (CNV) and discontinuous normal voltage
(DNV) were considered “normal”. Burst suppression (BS), low
voltage (LV), flat trace (FT) or continuous seizures were clas-
sified as “abnormal” (Table 1). Seizures were defined as a
sudden, repetitive and evolving EEG discharge pattern during
at least 10 s. Sleep-wake cycling (SWC) was scored as present
or absent.

2.4.  Magnetic resonance imaging, MRI

Brain MRI (Signa HDx, 1.5 Tesla, General Electrics, US. Mil-
waukee) was performed within the first week after birth in all
infants. MRI was analyzed based on T1, T2 and diffusion
weighted images. Two independent investigators, a neona-
tologist (JD) and pediatric radiologist (ML), both with expertise
in neonatal neuro-imaging, scored all MRI scans and were
blinded for patient data and outcome. Afterwards a consensus
was reached. The adapted Barkovich score was used, assess-
ing basal ganglia/thalami including the myelination of the
posterior limb of the internal capsule, and cortical regions
including white matter and arterial watershed areas.'?
Absence of abnormalities was classified as “normal”, and ab-
normalities were divided into “moderate” (injury of basal
ganglia/thalamus or cortex), or “severe” (injury of both basal
ganglia/thalamus and cortex).

2.5. Outcome

Outcome measures were adapted from the TOBY trial.™*
Neurodevelopmental outcome at age two years was
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Conventional EEG

Amplitude-integrated EEG

Continuous mixed frequency (theta and delta activity of 70—100 pV)

Continuous normal voltage, CNV

Normal

Trace alternant during quiet sleep with quiet periods having a higher amplitude about 25
—50 uV (compared to < 25 pVin trace discontinue), and higher voltage bursts are about 50

—150 pV

Continuous variable activity with minimum amplitude around 5—-10 pV and maximum

amplitude of 10—25 (to 50) pV

Slow quiet sleep with a continuous high-amplitude delta activity over all regions

Trace discontinue with interburst interval < 25 pV (often <10 pV)

Discontinuous normal voltage, DNV

Discontinuous background with minimum amplitude variable, but below 5 pV, and

maximum amplitude at least 10 pV

Burst Suppression, BS

Abnormal

Burst suppression with prolonged interburst intervals with amplitudes < 5 pV,

Discontinuous background with minimum amplitude without variability at 0—2 uV and

bursts with amplitude > 25 uV. EEG trace shows bursts of 1—-3 s alternated with low

activity

interspersed with invariant, non-reactive bursts. No normal grapho-elements are

recognizable in bursts.

Low voltage, LV

Low voltage EEG with amplitudes persistently <10 pV

Continuous background pattern of very low voltage (around or below 5 uV)

Flat trace, FT

Primarily inactive (isoelectric tracing) background below 5 uV

Primarily inactive (isoelectric tracing) background below 5 pV
Primarily inactive (isoelectric tracing) background below 5 pV
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assessed with the Dutch Bayley Scales of Infant Develop-
ment II or III (BSID-II or BSID-III-NL)."® This resulted in a
mental developmental index (MDI) and a psychomotor
developmental index (PDI) with a mean of 100 and a standard
deviation (SD) of 15. Neuromotor disability was based on the
presence of cerebral palsy (CP), and functional disability was
graded from one to five with the Gross Motor Function
Classification System (GMFCS).” Since BSID-III is likely to
generate a higher score than BSID-II, an adjustment was
made by increasing the cut-off threshold for severe disability
to a score less than 85.7 Normal outcome was defined as MDI
and PDI of at least 85 and/or a mild CP (GMFCS grade 1).
Moderately abnormal outcome was defined as MDI or PDI
between 70 and 85 and one or more of the following: CP with
GMFCS grade 2, hearing impairment, visual impairment or
(treated) epilepsy. Severely abnormal outcome was defined
as MDI or PDI more than 2 SD below the mean, CP with
GMFCS grade 3 to 5, or refractory epilepsy and death due to
asphyxia. For statistical reasons a dichotomous classifica-
tion was used: normal and adverse (moderate, severely
abnormal and death).

2.6. Statistics

Data are presented as number (%), and continuous data as
mean (SD) for normally distributed variables or as median
(interquartile range, IQR) for not normally distributed vari-
ables. Independent sample t-test was used for normally
distributed continuous variables; Mann—Whitney U test for
not normally distributed continuous variables; and Chi-
square or Fisher's exact test for categorical variables. Logis-
tic regression modelling was used to calculate odds ratios

n=39
Born before introduction therapeutic hypothermia

January 2004 until August 2009

n =5 excluded:
3 low encephalopathy

(OR) and 95% confidence intervals (CI) for the association
between EEG, MRI and outcome. Multivariable logistic
regression analyses were performed after identifying con-
founders. Two sided P-values below 0.05 were considered as
statistically significant. Statistical analysis was performed
using SPSS statistics 21 (IBM Corp., Armonk, New York,
2012).

3. Results
3.1. Patient characteristics

Retrospectively, 89 infants were identified with HIE and had
an indication for HT. Seven patients were excluded because of
inborn errors of metabolism (n = 1), congenital cardiac ab-
normality (n = 1), low encephalopathy score (n = 3) or EEG
started >48 h postpartum (n = 2). Of the 82 infants, 37 did not
receive cooling (NT group) and 45 did receive cooling (HT
group). Patients in the NT group were not cooled, either
because they were born before HT became available (n = 34) or
were admitted too late for HT (n = 3) (Fig. 1). Table 2 shows
patients' characteristics.

3.2 EEG features, MRI patterns and outcome in HT
versus NT group

Table 3 summarizes EEG and MRI findings in both groups.
Patients are categorized according to the evolution of EEG
background pattern, MRI pattern and outcome. More to the
right and the bottom of the table means longer duration of
abnormal EEG background pattern in combination with more

n=50
Born after introduction therapeutic hypothermia

September 2009 until December 2013

n=34 n=48 n =2 excluded:

score, / 1inborn error
2 EEG started > 48 hours n=3 of metabolism
pestpartum no therapeutic 1 congenital

hypothermia started cardiac

because admittance abnormality

more than 6 hours

postpartum

n=37 n=45
Normothermia Therapeutic hypothermia

Fig. 1 — Flow chart patient enrollment.
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Table 2 — Clinical characteristics of Normothermia and Hypothermia group.

Normothermia (n = 37) Hypothermia (n = 45) p-value

Male gender, n (%) 21 (57) 22 (49) 0.63%
Gestational age (weeks " 997%), median (IQR) 3916 (386 — 41+3) 39+€ (38+1 — 40" 0.21°
Birth weight (g), mean, SD 3298 (477) 3294 (612) 0.97°
Delivery mode, n (%) 0.45°%

Vaginal in hospital 4 (11) 6 (13)

Vacuum extraction 7 (19) 10 (22)

Emergency caesarean 19 (51) 26 (58)

Home 7 (19) 3(7)
Inborn in Erasmus MC, n (%) 3(8) 4(9) 1%
Socio-economic status score, z-score, SD —0.03 (1.17) 0.07 (1.16) 0.70°
Resuscitation in first 10 min, n (%) 24 (65) 27 (60) 0.82°%
Apgar at 5 min, median (IQR) 4 (2-5) (n = 36) 3(1-4) (n=44) 0.33%
Lab results, mean, SD

pH (lowest) 6.90 (0.19) (n = 36) 6.96 (0.24) (n = 43) 0.23"

Lactate (highest) 10.1 (6.1) 11.8 (6.2) 0.22°
Hypoxic-ischemic encephalopathy grade, n (%)°

Mild 9 (24) 11 (24) 0.53°

Moderate 15 (41) 23 (51)

Severe 13 (35) 11 (24)
Type of EEG, n (%) <0.001*

Conventional EEG 35 (95) 4

aEEG 0 3

Both 2 38 (83)
Time until start EEG (hours), median (IQR) 11.0 (7.0-17.5) 5.5 (4.0-7.0) <0.001°
Total duration EEG (hours), median (IQR) 61 (48—79) 87 (74—113) <0.001°
Morphine use, n (%) 20 (54) 44 (98) <0.001°
Inotropic agents use, n (%) 19 (51) 33 (73) 0.06%
No. of inotropes, median (IQR) 1(0-1) 1(0-2) 0.09%
Invasive ventilation, n (%) 31 (84) 43 (96) 0.13%
Time until MRI (days), median (IQR) 4 (4—6) 5 (4-5) 0.97°

Abbreviations: SD = standard deviations, IQR = interquartile range, EEG = electroencephalogram, aEEG = amplitude-integrated electroen-

cephalogram, MRI = magnetic resonance imaging.
# Chi squared test or Fisher's Exact test for categorical data.

® Independent sample t-test for normally distributed continuous variables, Mann Whitney U test for not normally distributed continuous

variables.
¢ According to Thompson and Sarnat.*

injury on MRI Visually, more infants in HT group are posi-
tioned up and towards the left, reflecting less abnormal EEG
and MRI patterns, compared to NT.

Table 4 compares EEG features, MRI injury patterns and
outcome data between NT and HT.

Table 5 shows the predictive values of EEG features and MRI
for adverse outcome. In both NT and HT, the PPV of EEG
background pattern rises from 24 h to 48 h after the perinatal
event. None of the infants of the HT group with an abnormal
EEG background pattern at 48 h have a normal outcome. All
infants with HIE (NT and HT) are included for the multivariable
logistic regression analysis. The strongest predictors for
outcome are EEG background pattern at 24 and 48 h and MR],
but not cooling. A normalizing EEG background pattern within
48 h decreases the odds for adverse outcome, regardless of
cooling and adjusted for moderate/severe MRI.

4, Discussion

Multivariable logistic regression analysis was used to study
differencesin the predictive value of EEG and MRI for outcome in
infants treated and not-treated with HT for perinatal asphyxia.

The predictive value of a normal background pattern at 48 h is
higher in HT than NT (81% vs. 58%), as in previous studies.””
An abnormal background pattern at 48 h had a PPV for adverse
outcome of 92% and 100% in NT and HT, respectively. In litera-
ture, the PPV for EEG in HT ranges from 82% to 100%.%"9%°

The adjusted OR for adverse outcome of a normal EEG
background pattern at 48 h and abnormal MRI is respectively
0.013 and 32 to 1. In literature, no data are available to
compare OR, but in a recent study, the best predictor of
outcome was MRI, with EEG background pattern at 36 h sec-
ond best.® Another study also concluded that MRI was the best
predictor, followed by background EEG at one week in HT.?
Our data suggest that EEG background pattern at 48 h has a
higher predictive value than MRI in the first week of life.

The type of EEG used differs significantly between the HT
and NT groups. However, the classification of background
patterns correlates well in both conventional EEG and
aEEG.”>?>?* All aEEG registrations displayed a double channel
conventional EEG and therefore artefacts were easily recog-
nized. More infants in the HT group had normalizing EEG
background patterns within the first 48 h compared to NT,
which could be the influence of hypothermia in reducing
secondary injury to the brain.
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Table 3 — Evolution of EEG background pattern, MRI and outcome in Normothermia® and Hypothermia group®.

EEG EEG EEG EEG
normal normalizing within 24  normalizing persistently abnormal
at hours between 24 more than 48 hours
start® and 48 hours
MRI normal
Normothermia 00@ O
ooo
Hypothermia
ooo ooono O
OO0
MRI
moderate
Normothermia
000 O o 1) O @ * * % % % %
Hypothermia — [][m] ¢ oooOoOoo O] ] ¢3¢ [] [] B 30 o0 o3 50 o30 o0 o3
MRI severe
( X ]
Normothermia % %
K kK K K K K K K K

2o o% % o% o% o% o% o2
930 630 50 030 60 o%e ol e

Hypothermia

* Normothermia group: n =37, O normal outcome , @ severely abnormal outcome, > died.
® Hypothermia group: n = 45, O normal outcome, [ moderately abnormal outcome, B
severely abnormal outcome, ** died. Every symbol equals a patient.

Abbreviations: EEG = electroencephalogram, MRI = magnetic resonance imaging.

¢ Start time of EEG monitoring varied in cooled infants between 4 and 6 hours, with one
patient starting only 19 hours after birth.
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Table 4 — EEG background pattern evolution, seizures, number of anticonvulsants, sleep wake cycling, MRI injury and

outcome/withdrawal of intensive care comparing Normothermia versus Hypothermia group.

Normothermia (n = 37) Hypothermia (n = 45) p-value

EEG background evolution, n 0.03*

Normal at start 7 12

Normalizing < 24 h 1 10

Normalizing between 24—48 h 4 5

Abnormal > 48 h 25 18
Seizures®, n (%) 32 (86) 34 (76) 0.08"
Electrographical and clinical 23 (62) 14 (30)
Clinical only 8 (22) 14 (30)
Electrographical only 1(3) 6 (13)
Number of anticonvulsants®, median (IQR) 2 (2—4) 1(1-2) 0.003*
Sleep-wake cycling (SWC), n % 10 (27) 25 (58) 0.007*
Median time of SWC occurrence, hours 51.5 495 0.09°
MRI score, n (%) 0.02%
Normal 4 (11) 15 (33)
Moderate 17 (46) 23 (50)
Severe 16 (43) 8 (17)
Basal ganglia/thalamus injury, n % 28 (76) 27 (60) 0.16"
White matter/watershed lesions, n % 21 (57) 12 (27) 0.007%
Outcome, n (%)°
Normal 9 (24) 22 (49) 0.04*
Moderately abnormal 0 4 (9
Severely abnormal 6 (16) 2 (4
Death 22 (60) 17 (37) 0.08?
Withdrawal of intensive care, n (%) 25 (68) 20 (44) 0.04*

Abbreviations: EEG = electroencephalogram, MRI = magnetic resonance imaging. SWC = Sleep wake cycling, IQR = interquartile range.

@ Chi squared test for categorical data.

b Independent sample t-test for normally distributed continuous variables, Mann Whitney U test for not normally distributed continuous
variables.

¢ Add-on scheme for anti-seizure treatment: 1. Phenobarbital, 2. Midazolam, 3. Lidocain and 4. Levatiracetam.

4 Of the surviving children, 4 infants of normothermia group and 3 infants of hypothermia group developed secondary epilepsy (not
significant).

Table 5 — Predictive values, crude and adjusted OR of EEG features and MRI for outcome in Normothermia and Hypothermia
group®.

Sensitivity (%) Specificity (%) PPV (%) NPV (%)
NT HT NT HT NT HT NT HT
EEG background pattern 24 h  26/28 (93)  20/23 (87)  6/9(67)  19/22 (86) 26/29 (90)  20/23 (87) 6/8(75) 19/22(86)

EEG background pattern normalization within 24 h and adverse outcome

Crude OR (95% CI) 0.026 (0.007—0.094), p < 0.001

Adjusted® OR (95% CI) 0.006 (0.001—0.062), p < 0.001

+Adjusted for moderate/severe MRI “: 0.011 (0.001—0.128), p < 0.001

EEG background pattern 48 h ~ 23/28 (82)  18/23(78)  7/9(77)  22/22(100)  23/25(92)  18/18 (100)  7/12(58)  22/27 (81)
EEG background pattern normalization within 48 h and adverse outcome

Crude OR (95% CI) 0.017 (0.003—0.083), p < 0.001

Adjusted” OR (95% CI) 0.013 (0.002—0.094), p < 0.001

+Adjusted for moderate/severe MRI “: 0.018 (0.002—0.154), p < 0.001

Sleep wake cycling 24/28 (86)  18/23(78)  6/9(67)  21/22 (96) 24/27 (89)  18/19 (95) 6/10 (60)  21/26 (81)
Seizures 19/28 (68)  16/23 (70)  4/9 (44)  18/22 (82) 19/24 (79)  16/20 (80) 4/13 (31)  18/25 (72)
MRI 27/28 (96)  22/23(96)  3/9(33)  13/22 (59) 27/33 (82)  22/31(71) 3/4 (75) 13/14 (93)

MRI moderate/severe and adverse outcome

Crude OR (95% CI) 26.13 (5.39—126.83), p < 0.001

Adjusted” OR (95% CI) 32.19 (4.84—214.25), p < 0.001

+ Adjusted for EEG background pattern normalization <24h ©: 6.143 (0.741—50.96), p = 0.09
+ Adjusted for EEG background pattern normalization <48h < 14.77 (1.93—113.10), p = 0.01

Abbreviations: HT = therapeutic hypothermia, NT = normothermia, EEG = electroencephalogram, MRI = magnetic resonance imaging,

OR = odds ratio.

# Sensitivity and positive predictive value of abnormal EEG background pattern at 24 or 48 h, no sleep-wake cycling, seizures and moderate/
severe MR, for adverse outcome, and specificity and negative predictive value vice versa. Numbers given for NT and HT infants separately.

> Adjusted for HT, gender, gestational age, birth weight Z-score, socio-economic status, 5-minutes Apgar, highest serum lactate, inotropes,
inborn/outborn. All infants, NT and HT, are included.

¢ EEG background pattern normalization was additionally adjusted for moderate/severe MRI to identify collinearity and vice versa.
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High seizure burden is independently associated with
abnormal outcome. Unfortunately, total seizure burden
analysis was impossible to perform because not all infants
had full EEG and discharges can be missed on aEEG.?**>%°

EEG discontinuity is related to MRI in HT, but also shows an
independent significant relationship with neurodevelopmental
outcome.”? %

The MRI scans in our study were made at day 4—5. Since
early scans may appear normal on conventional images,
diffusion-weighted imaging (DWI) was performed.’® The
optimal timing for DWIin HIE is 3—7 days, after which pseudo-
normalization can occur.’* Magnetic resonance spectroscopy
(MRS) sequences can have additive prognostic information,
but were not systematically performed in our patients.>

In infants treated with HT, early (day 4) versus late MRI (>1
week) both yielded 100% sensitivity for adverse outcome at age
two years, but early MRI had a higher specificity.>* MRI in the
second week helps defining injury patterns, but it may be too
late to redirect care. The strength of our study is that all MRIs
were made at the same time-points. In the TOBY trial, HT was
associated with significant reductions in abnormalities in the
basal ganglia, thalami and white matter, but the reduction in
cortical grey matter injury was not statistically significant.**
However compared to our study, conventional MRI scans were
made after the first week of life, so there were no early MRI scans
made combined with diffusion weighed imaging techniques.

Our data revealed a preferential effect of HT on cortical
regions, consistent with an earlier study.*

The 38% mortality rate among the cooled infants in the
present study is slightly higher than those reported in the
TOBY (26%) and CoolCap (33%) RCTs. Consistent with literature
report, in our cohort deaths often resulted from withdrawal of
intensive care.* This creates a possible bias, since a severely
abnormal MRI is a surrogate biomarker for death, leading to a
“self-fulfilling prophecy”. Withdrawal of intensive care was
significantly more frequent in the NT group (68% versus 44% in
the HT group; p = 0.04). It is impossible to explore whether
infants who died, would have had a good outcome when
intensive care would not have been withdrawn. However,
surviving infants with a bad prognosis according to both MRI
and EEG eventually had a moderate or bad outcome.

Our data stress the importance of interpreting EEG and
neuroimaging findings as complementary tools. In our NT
group, one infant showed a persistent burst suppression
pattern, although the MRI appeared to be normal and the
outcome could be classified as normal. In all cases of persis-
tent burst suppression patterns, one should be aware that
serum levels of Morphine, or anti-seizure drugs such as Mid-
azolam or Phenobarbital, may be toxic.’**” Unfortunately,
serum levels were not determined in our cohort.

Another infant in the NT group had a normal EEG back-
ground pattern (DNV) at start and a normal MRI, but a severely
abnormal outcome. Although MRI findings were classified as
normal, corpus callosum diffusion restriction and subdural/
subarachnoid blood was present. This addresses the limitations
of both the MRI scoring system and classification of EEG back-
ground patterns used.’® In this case, DNV was categorized as
normal, but the pattern had not yet completely normalized to
CNV. This is consistent with earlier research where some pa-
tients with DNV background pattern had abnormal outcome.”’

One of the limitations of our study is the retrospective
design, comparing two historical cohorts from two different
era, where therapeutic strategies may have improved over
time. A potential bias could be the admission of more mildly
asphyxiated infants after HT was introduced. However, HIE
grade and Apgar scores at 5 min did not significantly differ
between the HT and NT groups. Furthermore, EEG background
pattern at start did not differ significantly between both groups.

5. Conclusion

The predictive value of EEG and MRI remains the same in
cooled and non-cooled infants with HIE. Our data show a
higher predictive value for EEG compared to MRI. In HIE,
persistent abnormal EEG background pattern until 48 h,
combined with abnormal early MRI is strongly predictive for
poor neurodevelopment.

What is already known on this topic

Therapeutic hypothermia (HT) reduces death and severe
disability in neonatal hypoxic-ischemic encephalopathy (HIE).
Electroencephalography (EEG) and magnetic resonance im-
aging (MRI) are reliable predictors of neurodevelopmental
outcome in the pre-cooling era.

What this study adds

The predictive value of EEG and MRI remains the same in
cooled and non-cooled infants with HIE. EEG background
pattern is at least as predictive as MRI for adverse outcome. In
HIE, persistent abnormal EEG background pattern until 48 h,
combined with abnormal early MRI is strongly predictive for
poor neurodevelopment.
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