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The survival rate of preterm infants has 
increased dramatically owing to the advances 
in neonatal intensive therapy.1-3 However, 
this increased survival rate of preterm infants 
affects the morbidities such as intraventricular 
hemorrhage (IVH) and periventricular 
leukomalacia (PVL). The prevalence of brain 
damage and neurodevelopmental abnormalities 

will also increase as the survival rate increases.4,5 

Hence, monitoring of cerebral function has 
become important. However, it has not been 
generalized yet in neonatal intensive care units. 
Conventional electroencephalography (cEEG) 
has been the gold standard method for brain 
function monitoring for decades. Neonatal 
cEEG has been studied and correlated with 
neurodevelopmental outcomes in both full-
term and preterm infants with intracranial 
lesions.6-10 Because cEEG requires expertise 
in interpretation and is associated with 
some technical difficulties, it is difficult to 
routinely use in the neonatal intensive care 
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ABSTRACT

Background and objectives. The aim of this study was to compare serial scores of amplitude-integrated 
electroencephalography (aEEG) in preterm infants with favorable neurologic outcome compared with those 
with unfavorable neurologic outcome and to evaluate whether aEEG in the early days of life has predictive 
value for short-term neurologic outcome in preterm infants. 

Methods. This prospective observational study included infants born at ≤32 weeks of gestational age and 
≤1,500 g of birth weight. On the basis of brain ultrasonography findings, the infants were divided into two 
groups (favorable and unfavorable outcome group) at 36 weeks of corrected age or at discharge. aEEG was 
performed at 12-14 h (day-1), 46-48 h (day-2), 70-72 h (day-3), and 1 week (day-7) of life. The aEEG recordings 
were analyzed using the criteria described by Burdjalov et al.23 and the serial scores of aEEG were compared 
between the two groups. 

Results. Thirty five infants were enrolled and 18 infants and 17 infants were identified into both groups, 
respectively. Infants in the favorable outcome group showed high scores in almost all parameters and the score 
of all parameters increased over time. However, the scores of all components decreased in day-2 compared with 
those of day 1 in the unfavorable outcome group. The total score less than 3 of day-2 has predictive value of 
70.6% of sensitivity and 72.2% of specificity for unfavorable outcome. 

Conclusion. We found that aEEG is a useful predictor for short-term neurologic outcome in preterm infants. 
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units.11 On the contrary, amplitude-integrated 
electroencephalography (aEEG) can be 
recorded from a single-channel EEG and is 
easy to interpret.12 aEEG has become a bedside 
monitoring method in full-term asphyxiated 
infants and several studies have shown that an 
abnormal aEEG is predictive of the persistence 
of encephalopathy and impaired neurologic 
outcome when performed in the first few 
days of life.13-16 Recently, several studies have 
reported a correlation of early aEEG parameters 
with short- and long-term neurological outcome 
in preterm infants.17-22

In the present study, we used aEEG scoring 
system described by Burdjalov et al.23 to evaluate 
the relationship between scores of aEEG and 
unfavorable short-term neurologic outcome 
including IVH, PVL and death. We tried to 
compare serial scores of aEEG in the infants 
with favorable neurologic outcome compared 
with those with unfavorable neurologic 
outcome and to evaluate whether aEEG in the 
early days of life has predictive value of short-
term neurologic outcome in preterm infants.

Material and Methods 

A prospective observational study was 
conducted on preterm infants born between 
December 2016 and November 2017 in Pusan 
National University Hospital. Infants were 
included if they were born at ≤32 weeks of 
gestational age (GA) and weighed ≤1,500 g at 
birth. Infants were excluded if they had any of 
the following: 1) major congenital anomalies 
and/or chromosomal abnormality, 2) fetal 
hydrops, 3) metabolic disorders or central 
nervous system infection, or 4) death before 
7days of life. 

Data collection 

The demographic characteristics were collected 
from the medical charts of the infants including 
the following parameters: GA, birth weight, 
sex, mode of delivery, 1 min and 5 min Apgar 
scores, initial arterial pH, respiratory distress 
syndrome, patent ductus arteriosus (defined as 

the need for ibuprofen medication or surgical 
ligation), and hospital stay duration. 

Brain ultrasonography

Brain ultrasonography was performed during 
the first 3 days of life and then mostly once a 
week, depending on the clinical course of the 
patient, until discharge, transfer or death. A 
Vivid 7 Dimension ultrasound machine (GE 
Healthcare, Waukesha, WI, USA) with an 8.0-
MHz transducer was used and the results were 
interpreted by 1 radiology specialist without 
knowing the history or the clinical status of the 
infants. Images were evaluated for germinal 
matrix-intraventricular hemorrhage according 
to the Papile24 classification (grade I-IV) and 
PVL according to the de Vries25 classification 
(grade I-IV). Short term neurologic outcome 
was assessed on the basis of ultrasonographic 
findings at 36 weeks of corrected age or at 
discharge. If there were different results on brain 
ultrasonography, the most recent was used. For 
the purpose of this study, Group A consisted of 
infants with favorable outcome which included 
normal brain lesions, IVH grade I or II, or PVL 
grade I or II. Group B consisted of infants who 
had unfavorable outcome including IVH grade 
III or IV, PVL grade III or IV, or death. 

Amplitude-integrated electroencephalography 

The aEEG recordings were performed in each 
infant four times: at 12-14 h, 46-48 h, 70-72 h, 
and 7 days after birth. At least three hours 
were recorded for each time points. We used a 
cerebral function monitor (Olympic CFM 6000, 
Natus Medical Incorporated, San Carlos, USA) 
with disc electrodes prepared with Elefix paste 
(Nihon Kohden Corporation, Tokyo, Japan) 
to achieve low impedance. Single channel 
monitoring with attached over bi-parietal areas 
was done according to the international 10-20 
EEG system. The quality of the aEEG trace was 
monitored using a simultaneous continuous 
impedance trace, and aEEG tracings with an 
impedance of >20 kΩ were discarded. The aEEG 
tracings were interpreted according to a scoring 
system described by Burdjalov et al.23 (Table I). 
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Four components of the tracings were assessed: 
continuity (0-2), cycling (0-5), amplitude of 
the lower border (0-2), and bandwidth span 
and amplitude of lower border (0-4). These 
components were summated into a total score 
ranging from 0 to 13. The aEEG tracings were 
interpreted by two independent researchers, 
who were blind to other information. 

Ethical approval for this study was granted 
by the institutional review board of Pusan 
National University Hospital (1603-006-064). 
Fully informed written consent was obtained 
from the parents of all infants. 

Statistical analysis

Data were stored in a dedicated access 
database and verified for accuracy. Statistical 
analyses were performed with SPSS 22.0 (IBM 
Corp., Chicago, IL, USA) using raw scores. 
To investigate the agreement between the 
aEEG interpretations of the two examiners, 
we performed Bland-Altman analyses. The 
analyses presented here focused on the 
comparisons between two groups (Group A 
and Group B). Statistical comparison of the 
categorical variables was tested by Fisher’s 
exact test. Continuous variables were tested by 
independent t-test or Wilcoxon rank sum test 
depending on whether the data conformed to 

the normality assumption. p-value <0.05 was 
regarded as statistically significant. Receiver 
operating characteristic and area under the curve 
(AUC) were generated to determine cutpoints 
and to calculate the sensitivity and specificity. 
Youden’s index was used to determine the 
optimal cutpoints on the probability scale 
for best discriminating between Group A 
and Group B. Youden’s index was defined 
as the optimal cutpoint that maximizes both 
sensitivity and specificity. 

Results

During the study period, 43 preterm infants 
born at ≤32 weeks of GA and ≤1,500 g of birth 
weight were delivered at our hospital. Of 
them, 8 infants were excluded according to the 
exclusion criteria; congenital multiple anomaly 
(n= 1), fetal hydrops (n= 1), death before 7 days 
after birth (n= 4) or no parental consent (n=2). 
Of the 35 included infants, 18 infants and 17 
infants were identified into the Group A and 
B, respectively (Fig. 1). The demographic and 
clinical characteristics of both groups are shown 
in Table II. 

The mean GA and birth weight were 29.3 ± 
2.2 weeks and 1139.5 ± 316.8 g, respectively in 
Group A. In Group B, the mean GA and birth 
weight was 28.0 ± 2.6 weeks and the mean 

Table I. Cerebral function monitoring system reported by Burdjalov et al.25

Score Continuity Cycling Amplitude of lower 
border

Bandwidth span and amplitude of 
lower border

0 Discontinuous None Severely depressed  
(< 3 μV)

Very depressed: low span (≤15 μV) 
and low voltage (5 μV)

1 Somewhat 
continuous Waves first appear Somewhat depressed 

(3-5 μV)

Very immature: high span (>20 μV) 
or moderate span (15-20 μV) and low 
voltage (5 μV)

2 Continuous Not definite, somewhat 
cycling Elevated (>5 μV) Immature: high span (>20 μV) and 

high voltage (>5 μV)

3 Definite cycling, but 
interrupted 

Maturing: moderate span (15-20 μV) 
and high voltage (>5 μV)

4 Definite cycling, non-
interrupted

Mature: low span (<15 μV) and high 
voltage (>5 μV)

5 Regular and mature 
cycling
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birth weight was 1023.0 ± 345.9 g (Table II). 
There was no significant difference between 
the two groups in demographic and clinical 
characteristics including in sex, delivery mode, 
initial arterial pH, incidence of patent ductus 
arteriosus, and hospital days. Initial systolic 
blood pressure and mean blood pressure 
were significantly lower in group B (p= 0.046 
and p= 0.011 respectively) while incidence of 
respiratory distress syndrome was higher in 
group B (p= 0.025). 

We performed the Bland-Altman analysis for 
total scores of Burdjalov score at each time 
points. The Bland-Altman plots show that 
most of the differences were within ± 1.96 

SD, suggesting that the differences are not 
significant (Fig 2). 

We found higher scores in all four component 
of each time point of the aEEG tracings in 
Group A than Group B and some of them had 
statistically significant differences. The mean 
score of continuity was significantly higher in 
group A (1.78) than that of group B (1.12) (p= 
0.007). In case of cycling, patients in group A had 
significantly higher mean scores at day 2 and 
day 7 (p= 0.032 and p= 0.042, respectively). At 
the lower border, the only significant difference 
was at day-2, which was 1.17 and 0.94 in 
Group A and Group B, respectively (p= 0.020). 
At the band width, patients in Group A had 

Fig. 1. Flowchart showing details of patients included and excluded.
BW: birth weight, aEEG: amplitude-integrated electroencephalography, GA: gestational age, GMH: germinal matrix 
hemorrhage, IVH: intraventricular hemorrhage, PVL: periventricular leukomalacia.
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higher mean scores but there is no significant 
difference. Total score was significantly higher 
at day-2 in group A (4.22 and 2.59, respectively).

All scores were increased as the postnatal days 
increased in Group A. However, there was 
a decrease in all four components of day-2 
compared to day-1 in Group B, and then after 
day-3, there was increase in all four components 
like in Group A (Fig 3). Especially there was 
a statistically significant increase in cycling in 
Group A, while all components except lower 
border were decreased significantly in group B 
at the day-2 (Table III).

Receiver operator characteristics curves were 
created to provide the predictive value of the 
total Burdjalov score for unfavorable outcome 
in preterm infants (Fig 4). AUC was highest 
at the day-2. The cutpoints for the mean total 
Burdjalov score at day-2 was set at 3, as it 
presented the highest combined sensitivity 
and specificity, which were 70.6% and 72.2%, 
respectively (Table IV). 

Discussion

The tool to predict neurodevelopmental 
outcome in preterm infants would be helpful 
for accurate parental counseling and early 
rehabilitation programs if needed. Although 
reports describing usefulness of aEEG in 
predicting outcome of preterm infants have 
been limited, several reports showed that 
possibility of aEEG in predicting outcome of 
preterm infants.12,26,27 Chalak et al.12 reported 
that low voltage discontinuous activity with 
burst suppression was an ominous finding 
predicting the occurrence of severe intracranial 
hemorrhage with 100% positive predictive 
value and specificity. Kidokoro et al.26 reported 
that absent cycling on a EEG within 24 hour 
of age was associated with poor outcome in 
preterm infants.

Although there is still no consistent agreement 
in interpretation of recording in preterm 
infants, there are two common classifications 
and scoring systems of aEEG by Hellström- 
Hellström-Westas28 and Burdjalov et al.23 One 

Table II. Comparison of demographic and clinical characteristics between the two groups.
Characteristics Group A (n= 18) Group B (n= 17)  p value
Male gender, n (%) 10 (55.6) 11 (64.7) 0.733 
Gestational age, week 29.3 ± 2.2 28.0 ± 2.6 0.114 
Birth weight, g 1139.5 ± 316.8 1023.0 ± 345.9 0.308 
Cesarean section, n (%) 12 (66.7) 15 (88.2) 0.228 
Apgar score at 1 min.§ 5 (4-7) 4 (3-6) 0.095 
Apgar score at 5 min.§ 7 (5-8) 6 (4-7) 0.143 
Initial arterial pH 7.4 ± 0.1 7.3 ± 0.1 0.191 
Systolic blood pressure, mm Hg§ 58 (38-80) 43 (32-87) 0.046* 
Diastolic blood pressure, mm Hg§ 29 (18-64) 21 (13-59) 0.064 
Mean blood pressure, mm Hg§ 38 (24-70) 27 (21-69) 0.011*
Ventilator support, n (%) 14 (77.8) 15 (88.2) 0.115 
Respiratory distress syndrome, n (%) 7 (38.8) 12 (70.5) 0.025*
Patent ductus arteriosus, n (%) 5 (27.7) 10 (58.8) 0.061
Hospital stay duration, day§ 58 (29-122) 68 (9-148) 0.801 
Group A: infants with favorable outcome which included normal brain lesions, intraventricular hemorrhage (IVH) grade I 
or II, or periventricular leukomalacia (PVL) grade I or II. 
Group B: infants who had unfavorable outcome including IVH grade III or IV, PVL grade III or IV, or death. 
§ Results are presented as median (25th percentile - 75th percentile). 
Two-sample test or Wilcoxon rank-sum test for continuous variables; Fisher’s exact test for categorical variables.
* p value <0.05
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main difference between the two classifications 
is that the Burdjalov score is primarily designed 
to describe the physiological maturation of 
electrocortical activity. On the other hand, 
Hellstrom-Westas score is designed to 
distinguish pathological and physiological 
patterns rather than to describe maturational 
changes over time.29 We had evaluated the 
serial aEEGs during the first week of life with a 
scoring system described criteria by Burdjalov 
et al.23 in our previous study.30 At that study, 
we could confirm that the inter-rater agreement 
was high for most components of the tracing 
and that scoring system was objective and 
reproducible in repeated assessments of the 
aEEG tracing. Therefore, we adopted the criteria 
by Burdjalov et al.23 again in this study. We 
performed to determine the extent of agreement 
between the aEEG interpretations of the two 

examiners using Bland-Altman analyses, and 
could confirm that most of the differences were 
within ± 1.96 SD, suggesting that the differences 
are not significant. 

Several reports demonstrated that the 
maturation of the aEEG tracing depends on 
GA and postnatal age in preterm infant. In 
our previous study, we examined the serial 
development of aEEG during the first week of 
life using Burdjalov scoring system to evaluate 
preterm infants who had no abnormality of 
brain ultrasounds. We found that the greater 
the GA, the more mature the aEEG tracing is 
at birth. In addition, that study showed that 
progressive increases with advancing postnatal 
age in all four component scores and the total 
score regardless of GA even though in 24-
26 weeks of GA. However, interestingly our 

Fig. 2. Each graph shows the Bland-Altman plots and 95% confidence limits of the agreement between the 2 
examiners for the total scores of aEEG from each time point. The mean of the examiners’ scores is shown on 
the x-axis and differences are shown on the y-axis. The solid line indicates the mean differences between the 
examiners’ scores, and the dashed lines indicate the 95% confidence intervals of these differences. (D: day)
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results showed that scores of all components 
significantly decreased at day-2 compared 
with at day-1 in group B, while the scores were 
increased as postnatal age increase in Group 

A. In this study, GA and postnatal age did not 
differ between study groups. Therefore, those 
decreased score at day-2 in Group B might not 
be due to GA or postnatal age. 

Fig. 3. Comparison of continuity, cycling, lower border, bandwidth and total score between the group A and the 
group B from each time points. The left side of the figure demonstrates the actual scores; the right side shows 
the differences from the first score. There was a decrease in all 4 components of day 2 compared with day 1 in 
group B. Then after day 3, there was an increase in all four components like in group A. (D: day)
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It is well known that the pathogenesis of the 
most common causes of disabling brain lesion 
such as IVH and PVL in preterm infants is likely 
to be associated with abnormalities of cerebral 
perfusion in the first days of life.31-33 Kehrer et 
al.33 performed quantitative measurement of 
cerebral blood flow volume using ultrasound 
flowmetry of the extracranial, brain feeding 
arteries in 32 preterm infants of 28-35 weeks of 
GA. They reported that the most pronounced 
increase in cerebral perfusion can be observed 
from the first to the second day of life in 
infants with normal brain and can be likely to 

represent a normal adaptive response of the 
cerebral circulation to postnatal conditions. Our 
results showed that scores of all components 
decreased significantly at day-2 compared with 
day-1 in Group B. The finding of this study 
is suggested that low score of aEEG might be 
due to failure of normal increase in cerebral 
perfusion during the first days of life, especially 
during the second day of life and therefore 
resulted in disabling brain lesions and adverse 
neurologic outcome sequentially. Interestingly, 
Bruns et al.29 reported that there is a correlation 
between absence of cycling on the second day 

Table III. Scores of components of aEEG at each time point. 
Group A

Components Day 1 Day 2 Day 3 Day 7
Continuity 0.61 (0.78) 0.83 (0.62) 1.06 (0.80) 1.78 (0.55)
Cycling 0.56 (0.78) 1.00 (0.91) 1.44 (1.25) 2.17 (1.04)
Lower border 1.11 (0.58) 1.17 (0.38) 1.33 (0.59) 1.56 (0.62)
Bandwidth 1.11 (0.58) 1.22 (0.43) 1.39 (0.92) 1.78 (0.81)
Total 3.39 (2.33) 4.22 (2.13) 5.22 (3.26) 7.22 (2.53)

Difference of mean from baseline (95% CI)
Continuity 0 (reference) 0.22 (-0.10, 0.54) 0.44 (0.02, 0.87) † 1.17 (0.78, 1.56) †
Cycling 0 (reference) 0.44 (0.09, 0.79) † 0.89 (0.35, 1.43) † 1.61 (1.12, 2.10) †
Lower border 0 (reference) 0.06 (-0.15, 0.26) 0.22 (-0.10, 0.54) 0.44 (0.14, 0.75) †
Bandwidth 0 (reference) 0.11 (-0.12, 0.35) 0.28 (-0.13, 0.69) 0.67 (0.33, 1.01) †
Total 0 (reference) 0.83 (-0.10, 1.77) 1.83 (0.49, 3.18) † 3.83 (2.64, 5.03) †

Group B
Day 1 Day 2 Day 3 Day 7

Continuity 0.59 (0.71) 0.41 (0.62) 1.00 (0.79) 1.12 (0.78) * 
Cycling 0.53 (0.72) 0.41 (0.62) * 1.00 (0.94) 1.41 (1.06) * 
Lower border 1.06 (0.56) 0.94 (0.43) * 1.29 (0.59) 1.47 (0.51)
Bandwidth 1.06 (0.56) 0.82 (0.53) 1.35 (0.70) 1.47 (0.62)
Total 3.24 (2.33) 2.59 (1.84) * 4.76 (2.68) 5.47 (2.74)

Difference of mean from baseline (95% CI)
Continuity 0 (reference) -0.18 (-0.50, 0.15) † 0.41 (0.09, 0.73) 0.53 (0.16, 0.90) †
Cycling 0 (reference) -0.12 (-0.48, 0.24) † 0.47 (0.15, 0.79) 0.88 (0.41, 1.36) †
Lower border 0 (reference) -0.12 (-0.43, 0.19) 0.24 (-0.05, 0.52) 0.41 (0.09, 0.73)
Bandwidth 0 (reference) -0.24 (-0.52, 0.05) † 0.29 (-0.01, 0.60) 0.41 (0.05, 0.78)
Total 0 (reference) -0.65 (-1.61, 0.31) † 1.53 (0.67, 2.38) 2.24 (0.89, 3.58)
Group A: infants with favorable outcome which included normal brain lesions, intraventricular hemorrhage (IVH) grade I 
or II, or periventricular leukomalacia (PVL) grade I or II. 
Group B: infants who had unfavorable outcome including IVH grade III or IV, PVL grade III or IV, or death. 
Data are shown as mean (SD) except differences (95% CI) 
* p value <0.05 compared with Group A at same time points (two-sample test). 
† p value <0.05 compared with baseline (day-1) of the same parameter (two-sample test).
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of life and the risk of death. In addition, Bowen 
et al.34 measured aEEG activity in the first 48 
hour of life in preterm infants and identified 
that there was no increased in EEG continuity 
or a EEG amplitude for 12 to 48 h in neonates 
who died or developed grades 3-4 IVH. Their 
results were in substantial agreement with our 
study and supported our results. However, we 
could not measure cerebral blood flow. Further 
study using aEEG and cerebral blood flow will 
be needed to understand this phenomenon. 

We also tried to identify a numerical value 
to predict neurodevelopmental outcome 
in preterm infants using scoring system by 
Burdjalov et al.23 We found that total score of 
day-2 has highest AUC and ≤3 of total score 
has predictive value of 70.6% of sensitivity and 
72.2% of specificity for the unfavorable outcome. 
In fact, there may be NICU in which continuous 
aEEG monitoring is not possible due to lack 
of equipment. In that case, it might be helpful 
that unfavorable prognosis can be estimated if a 

Fig. 4. Receiver operating characteristics curves calculated for total scores at each time point. The area under 
the curve is in brackets.
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score of ≤3 is obtained by conducting a second 
day of life. 

This study had several limitations including 
small number of patients. It is impossible to 
know exactly when the aEEG changed because 
aEEG was not monitored continuously during 
the first seven days of life. Our study also 
overlooked some minor problems such as 
hypotension during the hospital days although 
we know that those events also may associate 
with adverse neurologic outcome. Further 
studies with larger numbers and continuously 
monitored were needed. Despite of these 
limitations, we demonstrated that preterm 
infants with lower scores of aEEG especially 
during the second day of life than the first day 
of life or those with total scores ≤3 during the 
second day of life are more likely to have short-
term unfavorable outcome.
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