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ABSTRACT
Objective  Establish if serial, multichannel video 
electroencephalography (EEG) in preterm infants can 
accurately predict 2-year neurodevelopmental outcome.
Design and patients  EEGs were recorded at three time 
points over the neonatal course for infants <32 weeks’ 
gestational age (GA). Monitoring commenced soon after 
birth and continued over the first 3 days. EEGs were repeated 
at approximately 32 and 35 weeks’ postmenstrual age 
(PMA). EEG scores were based on an age-specific grading 
scheme. Clinical score of neonatal morbidity risk and cranial 
ultrasound imaging were completed.
Setting  Neonatal intensive care unit at Cork University 
Maternity Hospital, Ireland.
Main outcome measures  Bayley Scales of Infant 
Development III at 2 years’ corrected age.
Results  Sixty-seven infants were prospectively enrolled 
in the study and 57 had follow-up available (median GA 
28.9 weeks (IQR 26.5–30.4)). Forty had normal outcome, 
17 had abnormal outcome/died. All EEG time points were 
individually predictive of abnormal outcome; however, the 
35-week EEG performed best. The area under the receiver 
operating characteristic curve (AUC) for this time point was 
0.91 (95% CI 0.83 to 1), p<0.001. Comparatively, the clinical 
course AUC was 0.68 (95% CI 0.54 to 0.80, p=0.015), while 
abnormal cranial ultrasound was 0.58 (95% CI 0.41 to 0.75, 
p=0.342).
Conclusion  Multichannel EEG is a strong predictor of 2-
year outcome in preterm infants particularly when recorded 
around 35 weeks’ PMA. Infants at high risk of brain injury 
may benefit from early postnatal EEG recording which, if 
normal, is reassuring. Postnatal clinical complications can 
contribute to poor outcome; therefore, we state that a later 
EEG around 35 weeks has a role to play in prognostication.

INTRODUCTION
Although the survival rate for preterm infants has 
improved in recent decades, they still continue to be 
at high risk of neurodevelopmental delay.1 Specifically, 
infants <32 weeks’ gestational age (GA) are at an 
increased risk of cerebral palsy (CP) and other prob-
lems compared with more mature infants.2 3 Accurate 
recognition of infants at increased risk of abnormal 
neurodevelopment is challenging during the neonatal 
period. By providing additional physiological informa-
tion, like cerebral function, infants may benefit from 
early intervention, influencing positive outcomes.4 The 
infant’s condition and development in the neonatal 
intensive care unit (NICU) can be monitored but 
providing parents with an accurate prediction of 
outcome is challenging.

Continuous electroencephalography (EEG) is used 
to evaluate brain function. The EEG of preterm infants 
varies, depending on GA. As infants mature, specific 
waves appear/disappear, change in morphology, 
characteristics and organisation. The evolving EEG 
reflects how the brain of a premature infant rapidly 
develops, making it very difficult to objectively eval-
uate brain activity and maturation.5 Previous studies 
have shown that early grading of the EEG6–9 and 
amplitude-integrated EEG (aEEG) can predict long-
term neurodevelopmental outcome.10–16 To the best of 
our knowledge, this is the first study to record serial 
multichannel video EEG and use a recently published 
tailored and standardised preterm EEG assessment 
scheme.5 This study aims to establish whether serial 
multichannel video EEG in the preterm infant (<32 
weeks’ GA), beginning on the first postnatal day, has 
a role in the prediction of outcome at 2 years of age.

METHODS
Participants
This was a prospective, observational study 
performed between March 2013 and April 2014 in 
the NICU of Cork University Maternity Hospital. 
All infants born at <32 weeks’ GA were eligible 
for enrolment and were included if they had 
early continuous multichannel EEG monitoring. 
Enrolment was not determined by or related to 
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the clinical condition of the infant. All infants were recruited 
prospectively. Infants with known congenital anomalies were 
excluded. Cranial ultrasound (CRUS) scan reports were reviewed 
for cerebral abnormalities such as intraventricular haemorrhage 
(IVH) or periventricular leukomalacia (PVL).

EEG recording
Three EEG machines were used: the NicoletOne EEG system 
(CareFusion, San Diego, USA); the Nihon Kohden, EEG-1200, 
Neurofax (Tokyo, Japan); and the Moberg ICU Solutions, 
CNS-200 EEG and Multimodal Monitor (Ambler, Pennsyl-
vania). Disposable Ambu Neuroline 700 single-patient surface 
electrodes were applied to the scalp using a modified neonatal 
version of the international 10/20 system.17

EEGs were recorded at three time points (EEG-1, EEG-32 
and EEG-35) over the neonatal course. EEG-1 was a continuous, 
long-term recording acquired as soon as possible after birth and 
continued until approximately 72 hours of age. Two-hour epochs 
of EEG-1 were extracted at four different time points (12, 24, 
48 and 72 hours of age) to capture postnatal changes.18 The 
whole recording was assessed for seizures and the background 
activity of the epochs was graded. EEG-1 grade was based on 
the most abnormal grade selected from the four epochs. EEG-32 
and EEG-35 were shorter (2–4 hours) recordings at 32 and 35 
weeks’ GA, respectively.

EEG grading
EEGs were scored based on a published standardised grading 
system which uses temporal organisation/cyclicity, normal 
features, abnormal waves and abnormal features for grading.5 
This grading system comprises five EEG grades: grade 0 
(normal); grade 1 (mild low voltage, slightly prolonged inter-
burst intervals (IBI), positive temporal sharp wave, other sharp 
waves); grade 2 (moderately low voltage, moderately prolonged 
IBI, positive rolandic sharp waves, deformed mechanical 
brushes, deformed delta, asymmetry, abnormal asynchrony, brief 
intermittent rhythmic discharges, immature waves (26 weeks<), 
no cyclicity (<28 weeks)); grade 3 (severely low voltage, exces-
sively prolonged IBI, seizures, burst suppression (28 weeks<)); 
and grade 4 (isoelectric and status epilepticus).

For prediction of neurodevelopmental outcome, EEG grades 
were dichotomised to ‘normal’ (grades 0–1) and ‘abnormal’ 
(grades 2–4).9 19 A neonatal electroencephalographer (rater 1) 
graded all EEG time points, blinded to all clinical information 
except for GA and administration of morphine/phenobarbitone. 
For validation, another neonatal electroencephalographer (rater 
2) reviewed a random subset of 66 epochs from the recordings. 
Examples of EEG grades are seen in figure 1.

Assessment of neonatal clinical course
As described in a previous report,19 five major clinical compli-
cations over the neonatal course (from admission to the NICU 
to discharge) were considered as high risk for later morbidity: 
grade 3/4 IVH/cystic PVL (cPVL), chronic lung disease, necro-
tising enterocolitis, sepsis and retinopathy of prematurity. Each 
infant was classified with either a ‘complicated clinical-course 
score’ based on the presence of at least one of these complica-
tions, or an ‘uncomplicated clinical-course score’ based on the 
absence of any of these complications.20–24

Two-year outcome assessment
The Bayley Scales of Infant Development III (Bayley-III) was 
used to assess neurodevelopmental outcome at 2 years’ corrected 

age. Abnormal outcome was defined as death, diagnosis of CP 
following assessment through interventional services, or if any of 
the three subscales (motor, cognitive and language) were below 
1 SD from the mean; thus, for the standardised scores, a value of 
<85 in any of the three subscales was deemed abnormal.25

Statistical analysis
Cohen’s kappa coefficient quantified inter-rater agreement for 
EEG grading. Area under the receiver operating characteristic 
curve (AUC), sensitivity, specificity, positive predictive value 
(PPV), negative predictive value (NPV) and their corresponding 
95% CIs quantified prediction of abnormal outcome for each 
EEG time point. These metrics were also used to test the associ-
ation of clinical course and abnormal outcome. To test the inde-
pendence of the EEG grades in predicting abnormal outcome 
potential confounders (birth weight, Apgar score, intrauterine 
growth restriction (IUGR) and IVH grade) were evaluated using 
univariable logistic regression analysis. Variables with p<0.1 
in the univariable analysis were included in the multivariable 
logistic regression analysis giving adjusted ORs and 95% CIs 
for the association between EEG grade and outcome. Cochran’s 
Q-test was used to investigate if EEG abnormality changed over 
the three time points. In addition to using dichotomised outcome 
and EEG grades, we also used Spearman’s correlation coefficient 
(rs) to investigate relationships between actual scores on each 
subscale of the Bayley’s, and the five EEG grades.

Continuous variables were described using median and IQR 
and categorical variables were described using numbers and 
percentages. For comparisons between the outcome groups 
(normal and abnormal), the Mann-Whitney U test was used for 
continuous variables and Fisher’s exact test for categorical vari-
ables. Fisher’s exact test also assessed the associations between 
outcome and EEG grading at each of the time points. CIs for 
Spearman’s correlation coefficient were calculated using a boot-
strap approach.

Statistical analyses were performed using MedCalc and IBM 
SPSS Statistics V.21 (SPSS). All tests were two sided and a p value 
<0.05 was considered statistically significant.

RESULTS
During the study period, 103 infants <32 weeks’ GA were 
eligible and 70 were enrolled in the study. Thirty-three infants 
were not enrolled due to unavailability of EEG machines, 
declined consent or unavailability of research staff. Three infants 
with EEG recordings were excluded due to congenital anomaly 
and consent withdrawal. Sixty-seven infants were included in the 
final analysis and follow-up.

At 2 years’ corrected age, 10 infants were lost to follow-up: 1 
was excluded due to a late diagnosis of Beckwith-Wiedemann 
syndrome, 1 declined to attend appointments and 8 did not 
respond. Outcome was therefore available in 57 of the 67 
infants (85%). Four infants died prior to NICU discharge 
and two infants were diagnosed with CP. The outcome of the 
remaining 51 infants was based on their Bayley-III assess-
ment. Forty (70%) infants had a normal neurodevelopmental 
outcome and 17 (30%) had an abnormal outcome. Clinical 
and demographic characteristics are detailed in table 1.

EEG recordings
Data were available for 57 infants at EEG-1, 53 infants 
at EEG-32 (4 infants had died) and 45 infants at EEG-35 
(8 infants were transferred or discharged earlier). EEG-1 
commenced at a median postnatal age of 7 hours 38 min 
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(IQR: 4 hours 46 min to 11 hours 51 min). The median 
recording duration was 68 hours 24 min (IQR: 63 hours 57 
min to 71 hours 13 min). The median recording duration of 
EEG-32 and EEG-35 was 2 hours 46 min (IQR: 2 hours 1 
min to 4 hours 4 min) and 2 hours 11 min (IQR: 2 hours to 
2 hours 59 min), respectively. Inter-rater agreement for EEG 
grading was high (Cohen’s kappa coefficient=0.91).

In total, 18 infants (32%) had a normal EEG-1 (grades 0 
and 1) and 39 (68%) had an abnormal EEG-1 (grades 2 and 
3). No EEG epoch was graded isoelectric or status epilep-
ticus (grade 4).

EEG and outcome assessment
All three serial EEGs were individually predictive of 2-year 
outcome. In table 2, sensitivity calculates the ability of the 
EEG to correctly classify infants with an abnormal outcome, 
while specificity calculates the ability of the EEG to correctly 
classify the infants with a normal outcome. Dichotomised 
outcome was used as our main finding to allow the six 
infants who died or were diagnosed with CP to be included 
in the analysis.

All infants whose EEG remained normal or was initially 
abnormal but normalised over the course of the three 
recordings had a normal 2-year outcome. One infant with 

abnormal outcome had a normal EEG-1, then became 
abnormal by EEG-32 following an episode of sepsis. When 
the EEG was initially abnormal and remained abnormal 
from EEG-1 to EEG-35, 60% had an abnormal outcome. Six 
infants had a normal 2-year outcome even though the EEGs 
were abnormal at all time points. All six infants had major 
complications within the first 72 hours. Figure 2 shows the 
trajectory of the grades at different time points, from all 
possible scenarios, for both outcomes.

EEG-1 remained statistically significant for the prediction 
of outcome when we controlled for potential confounders 
(birth weight, Apgar at 1 and 5 min, IVH and IUGR). Table 3 
presents the unadjusted ORs for EEG-1 and adjusted OR 
controlling for these possible confounding variables. EEG-1 
remained statistically significant in each multivariable 
logistic regression analysis (adjusted OR range: 9.14–13.96). 
None of the potential confounding variables were statisti-
cally significant in the multivariable model.

Furthermore, statistically significant, moderate to large, 
negative correlations were found between EEG grade 
(normal to severe) and each Bayley-III subscale on at least 
one time point, with strongest correlations found for the 
language subscale at all time points and cognitive subscale 
during EEG-32 and EEG-35 (online supplemental table).

Figure 1  Examples of electroencephalography (EEG) from four different infants, presenting varying degrees of EEG abnormal severity. Infant A: 
female, 30+3 weeks’ gestational age (GA) at 12 hours of life, with continuous activity and no abnormal activity. Infant B: male, 30+2 weeks’ GA at 
12 hours of life, positive temporal sharps (PTS). Infant C: male, 26+0 weeks’ GA at 12 hours of life, occipital deformed mechanical brush activity and 
asymmetry. Infant D: female, 26+4 weeks’ GA at 48 hours of life, excessive discontinuity period lasting 95 s.

https://dx.doi.org/10.1136/fetalneonatal-2020-319825
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Clinical course and outcome assessment
Of the 45 infants who had all EEG recordings, 15 had an uncom-
plicated clinical course and 14 had normal outcome at 2 years. 
The infant with an uncomplicated clinical course but abnormal 
outcome had abnormal EEGs at all time points.

Of the 30 infants with clinical complications, nine had 
abnormal outcome. All nine infants had an abnormal EEG-35; 
however, another six infants with abnormal EEG-35 had a normal 
outcome. All 15 infants with a complicated clinical course and 
normal EEG-35 had a normal outcome. The clinical course was 
predictive of abnormal neurodevelopmental outcome, with an 
AUC of 0.65 (0.47–83), sensitivity of 90% (56%–100%) and 
specificity of 40% (24%–58%) reported. Additionally, infants 
with IVH grade 3/4 or cPVL following abnormal CRUS findings 
were also investigated, reporting an AUC of 0.58 (95% CI 0.41 
to 0.75), p=0.342.

DISCUSSION
We report the utility of serial, multichannel EEG in preterm 
infants for the prediction of neurodevelopmental outcome at 2 
years of age. EEGs were recorded in preterm infants during the 
first 3 postnatal days and at approximately 32 and 35 weeks. All 
recordings at each time point proved useful; however, EEG-35 
had the highest AUC of 0.91 (95% CI 0.83 to 1.00). At this 
time point, infants are less vulnerable to complications and more 
stable. Infants with normal or mildly abnormal EEG recordings 
at approximately 32 and 35 weeks’ GA had normal outcomes in 
every case. This finding suggests that an EEG between 32 and 
35 weeks could offer valuable early prognostic information for 
healthcare teams and parents.

Both analysis methods, with dichotomised and continuous 
outcome and EEG grading, showed statistically significant 
results with the more abnormal EEG grading being predictive of 

Table 1  Clinical demographics and characteristics of all the infants by outcome

All infants (n=57)
Median (IQR)

Normal outcome
(n=40)
Median (IQR)

Abnormal outcome
(n=17)
Median (IQR) P value*

GA (weeks) 28.9 (26.5–30.4) 29.0 (26.6–30.5) 28.6 (26.4–29.9) 0.447

BW (g) 1160 (850–1445) 1185 (890–1563) 1140 (625–1335) 0.084

Apgar score 1 min 7 (5–8) 7 (5–8) 6 (4–8) 0.052

Apgar score 5 min 8 (7–9) 9 (7–9) 8 (7–9) 0.056

CRIB II 7 (4–10) 7 (3–10) 8 (4–12) 0.363

Initial pH 7.23 (7.19–7.29) 7.23 (7.18–7.28) 7.24 (7.18–7.34) 0.427

 �    �  n (%)   �  n (%)   �  n (%) P value†

Gender

 � Male 35 (61) 25 (63) 10 (59) 1

IUGR 8 (14) 3 (8) 5 (29) 0.043

Neuroimaging

 � Normal 34 (60) 23 (58) 11 (65) 0.089

 � IVH grade 1/2 16 (28) 14 (35) 2 (12)

 � IVH grade 3/4 6 (11) 3 (8) 3 (18)

 � cPVL 1 (2) 0 (0) 1 (6)

Complications

 � Sepsis 27 (47) 16 (40) 11 (65) 0.146

 � Necrotising enterocolitis 10 (18) 7 (18) 3 (18) 1

 � Chronic lung disease 19 (33) 13 (33) 6 (35) 1

 � Retinopathy of prematurity 2 (4) 1 (3) 1 (6) 0.511

Medication

 � AEDs 2 (4) 1 (3) 1 (6) 0.511

 � Morphine 4 (25) 8 (20) 6 (35) 0.314

*Mann-Whitney U test.
†Fisher’s exact test.
AEDs, antiepileptic drugs (first-line AED of choice, administered intravenously as a loading dose of 20 mg/kg); BW, birth weight; cPVL, cystic periventricular leukomalacia; CRIB II, Clinical Risk Index for Babies II; GA, 
gestational age; IUGR, intrauterine growth restriction; IVH, intraventricular haemorrhage.

Table 2  Confusion matrix, sensitivity, specificity, positive and negative predictive value (PPV and NPV) of EEG at three different time points and 
the relationship with neurodevelopmental outcome in all available infants

EEG

Outcome

P value* AUC (95% CI) Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI)Normal Abnormal

 � EEG-1 All infants
(n=57)

Normal (n=18) 17 1 0.011 0.68 (0.55 to 0.80) 94 (71 to 100) 43 (27 to 59) 41 (26 to 58) 94 (73 to 100)

Abnormal (n=39) 23 16

 � EEG-
32

All infants
(n=53)

Normal (n=27) 27 0 <0.001 0.84 (0.70 to 0.92) 100 (75 to 100) 68 (51 to 81) 50 (30 to 70) 100 (87 to 100)

Abnormal (n=26) 13 13

 � EEG-
35

All infants
(n=45)

Normal (n=29) 29 0 <0.001 0.91 (0.83 to 1.00) 100 (69 to 100) 83 (66 to 93) 63 (35 to 85) 100 (88 to 100)

Abnormal (n=16) 6 10

Sensitivity calculates the ability of the EEG to correctly classify infants with an abnormal outcome (ie, true positives among total true positives and false negatives), while specificity calculates the ability of the EEG to 
correctly classify the infants with a normal outcome (ie, true negatives among total true negatives and false positives). PPV calculates the EEG’s ability to predict infants with an abnormal outcome (ie, true positives 
among total true positives and false positives), while NPV calculates the EEG’s ability to predict infants with a normal outcome (ie, true negatives among total true negatives and false negatives).
*Fisher’s exact test.
AUC, area under the receiver operating characteristic curve; EEG, electroencephalography.
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more abnormal neurodevelopmental outcome: unadjusted OR 
11.83 (95% CI 1.43 to 98.06) for the former and rs=−0.354 
to −0.564 for the latter. Dichotomising neurodevelopmental 
outcome is a standard approach in many EEG studies.9 11 25 It 
allows us to form a composite score across the three Bayley 
subscales which may be of clinical benefit to quickly identify 
those infants at risk of delayed neurodevelopment who may 
need additional clinical follow-up assessments or early interven-
tional strategies. For these reasons, we present results from the 
dichotomised outcome as our main finding.

The high predictive ability of the EEG could be a result of 
using our EEG grading system.5 It is a very detailed age-specific 
scheme which has numerous features incorporated. Visual EEG 
interpretation is challenging as features change with matura-
tion,26 27 therefore using an age-specific preterm grading system 

can enhance a more standardised way of analysis. The strong 
inter-rater agreement results (Cohen’s kappa of 0.91) confirm 
this.

This study has shown different findings to our previous study 
in 2016,19 which used the Watanabe EEG grading system28 in a 
model with other physiological measurements, with a different 
cohort of infants (n=43). This 2016 study used early record-
ings only, that is, equivalent to the EEG-1 time period from this 
current study, which showed similar AUC (0.68); however, the 
sensitivity was higher in this study at 94% while the specificity 
was lower at 43%. This could be due to study differences, such as 
different infants in both cohorts, different EEG grading system 
used, different epochs used (with the current study also using 
48 and 72-hour epochs) and different epoch duration (2-hour 
epochs for the current study; 1 hour for the 2016 study).

Previous studies have used serial EEG to predict outcome 
in very preterm infants,6 8 9 29 identifying later recordings as 
more useful. In these studies, adverse outcome was associated 
with severe EEG abnormalities, such as seizures, acute and 
chronic stage abnormalities or abnormal features. Sensitivity 
and specificity to predict outcome ranged from 16%–83% and 
88%–96%, respectively,6 8 9 in comparison to our results of 
100% and 83%. Our results are not completely comparable, 
however, due to numerous methodological differences, such as 
different EEG grading scheme, different serial recording dura-
tion, timing and age.6 8 9 Many studies have examined the use 
of quantitative preterm EEG analysis but results are inconclu-
sive.25 30 Studies have also reported an association between 
aEEG/limited EEG and abnormal outcome, with sensitivity 
and specificity values ranging from 73%–93% and 41%–97%, 
respectively.10 11 15 Particular features such as early depression, 
absent cyclicity, seizures, prolonged IBI, burst suppression and 
specific characteristics of burst activity were predictive of an 
abnormal outcome.11–14 31

Even though EEG-1 provided the lowest specificity, PPV and 
the lowest AUC, the number of infants with an abnormal outcome 
was significantly higher in the group with an abnormal EEG-1 
compared with the group with a normal EEG-1. This difference 
remained after adjusting for the potential confounding effects of 

Figure 2  Bar graph of the number of preterm infants with different electroencephalography (EEG) grade evolutions from EEG-1 to EEG-35 and 
their neurodevelopmental outcome (n=45). EEG always normal—when EEG-1, EEG-32 and EEG-35 were normal; EEG normalised—when EEG-1 was 
abnormal and EEG-35 was normal; EEG deteriorated—when EEG-1 was normal and EEG-35 was abnormal; EEG always abnormal—when EEG-1, 
EEG-32 and EEG-35 were abnormal.

Table 3  Results of multivariable logistic regression adjusting for 
possible confounding clinical variables testing the association with 
the EEG-1 recording, n=57

 
OR (95% CI) P value

Unadjusted

 � EEG-1 11.83 (1.43 to 98.06) 0.022

Adjusted

 � EEG-1
 � Weight

9.65 (1.12 to 82.81)
1.00 (1.00 to 1.00)

0.039
0.332

 � EEG-1
 � Apgar 1 min

9.75 (1.14 to 83.17)
0.87 (0.68 to 1.12)

0.037
0.276

 � EEG-1
 � Apgar 5 min

9.14 (1.07 to 78.03)
0.67 (0.43 to 1.04)

0.043
0.075

 � EEG-1
 � IUGR (Ref: normal)

10.51 (1.24 to 89.17)
4.14 (0.77 to 22.15)

0.031
0.097

 � EEG-1
 � CRUS/MRI (Ref: normal)
 � IVH grade 1/2
 � IVH grade 3/4 or cPVL

13.96 (1.56 to 124.64)

0.19 (0.03 to 1.08)
1.32 (0.23 to 7.46)

0.018
0.126
 

cPVL, cystic periventricular leukomalacia; CRUS, cranial ultrasound; EEG, 
electroencephalography; IUGR, intrauterine growth restriction; IVH, intraventricular 
haemorrhage.
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weight, Apgar score, IUGR and IVH grade. We have found that 
a normal EEG at 32 and 35 weeks predicted normal outcome 
at 2 years in our group of infants. At 35 weeks, both sensitivity 
and specificity were highest (100% and 83%, respectively), with 
PPV and NPV of 63% and 100%, respectively. These PPV results 
were higher (63%) than a study investigating moderate/severe 
MRI white matter abnormalities at term equivalent age, with 
PPV results of 21%32 . The suitability of predischarge CRUS and 
MRI recordings has previously been discussed33; however, this 
study offers a potential role for EEG at predischarge (approx-
imately 35 weeks). Additionally, the EEG-1 recording was a 
better predictor of abnormal outcome than CRUS, with an AUC 
of 0.68 (0.55–0.80, p=0.011) and 0.58 (0.41–0.75, p=0.342), 
respectively, suggesting that early EEG assessment of background 
activity has a role to play in the early postnatal period.14 34 Back-
ground EEG activity evolves gradually with maturity in preterm 
infants, therefore serial recordings can identify deteriorating or 
improving brain function following a resolving acute injury.8 We 
report that all infants with normal 35-week EEG regardless of 
prior EEG findings had a normal 2-year outcome. Furthermore, 
as standard, the clinician would be aware of a complicated clin-
ical course in infants. Adding 35-week EEG to the clinical course 
score could compliment current clinical practice.

The Bayley-III score allowed for standardised assessment of 
all surviving infants but there are some well-documented limita-
tions.35 36 We used a cut-off score of 85 to ensure that infants 
with borderline abnormal results were identified and entered 
into a longer term 5-year follow-up programme. It is possible 
the Bayley-III assessment at 2 years might have underestimated 
possible developmental issues35 and that later testing at school 
age may reveal other problems.

Although the sample size was small, we have shown statisti-
cally significant results for the prediction of neurodevelopmental 
outcome using EEG grading when potential confounders were 
controlled for. Although objective, the EEG grading system is 
still dependent on interpretation by specially trained reviewers. 
This is a commonly recognised limitation in EEG studies; 
however, this particular assessment scheme is markedly different 
from previous grading systems due to the detailed definitions 
in the user instructions manual, which considerably reduces 
reviewers’ subjectivity (Cohen’s kappa coefficient=0.91).5 We 
do appreciate, however, that subtle differences in definitions can 
always lead to inter-rater variability. Future studies could make 
the grading scheme more accessible for non-experts, or explore 
an automated system similar to those available for the term 
EEG.37 38 Alternatively, exploring other physiological signals, 
such as heart rate and SpO2, along with serial EEG monitoring in 
the NICU may provide further improvements for the prediction 
of outcome.19 A future multicentre study, following the same 
protocols, would be advantageous to verify our findings.

A large amount of EEG data was collected during the lengthy 
NICU stay of very preterm infants. Experienced neonatal elec-
troencephalographers reviewed the recordings anonymously, 
blinded to clinical information and were not involved in the 
clinical care of the baby. We analysed multichannel EEG rather 
than the aEEG because of the more detailed temporal and spatial 
information.39 In addition, the grading system used has previ-
ously been tested for inter-rater reliability between two special-
ists in the field of neonatal EEG.5 The effect of medication was 
considered during interpretation of the EEG, as drugs such as 
antiepileptic drugs and morphine can suppress the EEG and 
increase discontinuity. It was also essential to integrate EEG data 
with clinical information to aid investigation and prediction of 
adverse neurodevelopmental outcome in a clinical setting.40

In conclusion, we report that multichannel EEG in preterm 
infants can be a useful tool for predicting neurodevelopmental 
outcome at 2 years of age. The 35-week EEG proved to be 
the most accurate. A normal EEG at 32 and 35 weeks was an 
excellent indicator of normal neurodevelopmental outcome at 
2 years, while an abnormal EEG highlights the potential for 
an abnormal outcome. Early EEG monitoring in the first 72 
hours can also provide a useful baseline for early brain develop-
ment. Comparing EEG and CRUS results showed that an EEG 
during any of the three postnatal periods was more predictive 
of outcome than CRUS. EEG should be considered as a useful 
adjunct to provide an indication of early brain development or 
to identify infants in need of further investigations such as MRI, 
ahead of discharge from the NICU.
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