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IntroductIon: To assess differences in amplitude among 
electrode locations on amplitude-integrated electroencepha-
lograms (aeeGs) in preterm infants and change therein between 
preterm age and term-equivalent age (Tea), we investigated 
aeeGs in preterm infants at both 30–32 wk post-conceptional 
age (Pca) and Tea.
Methods: The median values of upper- and lower-margin 
amplitudes were quantitatively calculated every 5 min (Med-
UMa5 and Med-LMa5, respectively), and peak, median, and bot-
tom values were extracted at each location for the trans-frontal, 
trans-central, trans-occipital, fronto-central, and  centro-occipital 
electrodes.
results: In 38 clinically stable preterm infants studied, most 
measurement items showed significant differences among the 
electrode locations at both preterm age and Tea. at 30–32 wk 
Pca, the bottom of Med-LMa5 was significantly higher for the 
trans-frontal electrodes than for the trans-central electrodes. 
In contrast, all measurements for Med-LMa5 were significantly 
lower for the trans-frontal electrodes than for the trans-central 
electrodes.
dIscussIon: amplitudes on aeeGs were significantly dif-
ferent among the electrode locations in preterm infants, and 
locational differences in amplitude changed between preterm 
age and Tea. It is necessary to understand the differences in 
amplitudes among the electrode locations on aeeGs in infants 
to appropriately evaluate them.

the amplitude-integrated electroencephalogram (aEEG) is a 
simple and convenient tool for continuous brain-function 

monitoring that gives a compressed view of the variation in 
amplitude of the electroencephalogram (EEG), typically using 
one or two channels (1). Many studies have demonstrated 
the prognostic value of aEEG in term infants with hypoxic 
ischemic encephalopathy in association with depression of 
amplitude (2–4). Other studies have demonstrated a correla-
tion between depressed aEEG activity and intraventricular 
hemorrhage in preterm infants (5–7). In many of these stud-
ies, single-channel records from the P3 to P4 electrodes were 
selected on aEEG. Recently, single-channel records from the 

C3 to C4 electrodes for the detection of neonatal seizures were 
reported (8,9). Although standard electrode placement is nec-
essary for the precise assessment on aEEG, sometimes, a non-
standard electrode placement for the trans-frontal electrode is 
selected because of less hair; this may be recommended by an 
equipment vendor. However, the validity of such nonstandard 
electrode placement has been rarely examined.

Quigg et al. (10) demonstrated significant differences in 
amplitude between the locations of electrodes on aEEG. 
However, the precise difference in amplitude among the elec-
trode locations on aEEG has been rarely examined in infants. 
Because the amplitude, especially that of the lower margin on 
aEEG, is one of the most important criteria for predicting out-
come in term infants with hypoxic ischemic encephalopathy 
(2–4), misinterpretation resulting from inappropriate elec-
trode placement could present a serious problem. Therefore, 
it is important to understand the differences in amplitude 
among the electrode locations on aEEG in infants for precise 
evaluations. We hypothesized that aEEG amplitudes would 
differ among the locations of electrodes in preterm infants and 
that these locational differences in amplitude would change 
between preterm age and term-equivalent age (TEA) because 
of maturational changes in the EEG. The aim of this study was 
to assess differences in amplitude among trans-frontal, trans-
central, trans-occipital, fronto-central, and centro-occipital 
electrodes on aEEG using quantitative analyses in clinically 
stable preterm infants at both 30–32 wk post-conceptional age 
(PCA) and TEA.

Results
Patient Characteristics
Subjects had a median gestational age of 30.1 (range, 27.1–32.7) 
wk and a median birth weight of 1,288 (range, 664–2,158) g. 
Twenty-six infants were males, six were small for gestational 
age, with birth weights below the 10th percentile, 12 were 
twins, nine had respiratory distress syndrome and needed 
treatment with surfactant, five developed chronic lung dis-
ease, and five had symptomatic patent ductus arteriosus and 
needed treatment with indomethacin. However, in all subjects, 
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cardiovascular and respiratory conditions were stable at the 
time of aEEG recording.

The aEEG at 30–32 wk PCA was obtained at a median of 9 
d of life (range, 1–40 d) and a median of 31.6 wk PCA (range, 
30.0–32.9 wk). The duration of aEEG recording was a median of 
65 min (range, 45–100 min). The aEEG at TEA was performed 
at a median of 56 d of life (range, 36–89 d) and a median of 
38.3 wk PCA (range, 37–40 wk). The duration of aEEG record-
ing was a median of 60 min (range, 40–120 min). In all 38 sub-
jects, aEEG recordings at both 30–32 wk of PCA and TEA were 
obtained and could be analyzed.

Difference in Amplitude Among Electrode Locations at  
30–32 wk PCA
Regarding the difference in amplitude among the locations 
of electrodes, the P values of the Kruskal–Wallis test for the 
peak, median, and bottom of median values of upper-margin 
amplitudes every 5 min (Med-UMA5) and those of median 
values of lower-margin amplitudes every 5 min (Med-LMA5) 
were 0.020, 0.063, 0.231, 0.004, 0.002, and <0.001, respectively 
(Table 1). The peaks of Med-UMA5, and the peaks, medi-
ans, and bottoms of Med-LMA5 showed statistically signifi-
cant differences among the electrode locations. Box plots of 
these analyses and results for multiple comparisons are shown 
in Figure 1. Regarding the peaks of Med-UMA5, the trans-
frontal electrodes showed significantly higher amplitudes than 
did the trans-central electrodes. With regard to the peaks and 
medians of Med-LMA5, the trans-occipital electrodes showed 
significantly lower amplitude than did the trans-frontal and 
fronto-central electrodes. Regarding the bottoms of Med-
LMA5, the trans-frontal electrodes showed significantly higher 
amplitudes than did the trans-central, trans-occipital, and cen-
tro-occipital electrodes. In terms of the amplitude differences 
between the trans-frontal and trans-central electrodes, some 
measurement items of Med-UMA5 and Med-LMA5 showed 
significantly higher values for the trans-frontal electrodes than 
for the trans-central electrodes.

Differences in Amplitude Among Electrode Locations at TEA
The P values of the Kruskal–Wallis test for the peak, median, 
and bottom of Med-UMA5 and those of Med-LMA5 were 
<0.001, <0.001, 0.003, <0.001, <0.001, and <0.001, respec-
tively (Table 2). All measurement items showed significant 

differences among the electrode locations. Box plots of these 
analyses and results of correction for multiple comparisons are 
shown in Figure 2. Regarding the peaks and medians of Med-
UMA, the trans-occipital electrodes showed significantly lower 
amplitudes than did every other electrode. With regard to the 
bottom values of Med-UMA5, the trans-occipital electrodes 
showed significantly lower amplitudes than did the trans-
frontal, trans-central, or fronto-central electrodes. As for the 
peaks and medians of Med-LMA5, the trans-frontal and trans-
occipital electrodes showed significantly lower amplitude than 
did the other electrodes. In terms of the bottom values of Med-
LMA5, the trans-frontal and trans-occipital electrodes showed 
significantly lower amplitude than did the trans-central and 
centro-occipital electrodes. Regarding the amplitude differ-
ence between the trans-frontal and trans-central electrodes, no 
value for Med-UMA5 showed a significant difference, but all 
values for Med-LMA5 were significantly lower for the trans-
frontal electrodes than for the trans-central electrodes.

Changes in Locational Amplitude Differences Between Preterm 
Age and TEA
There were some changes in locational amplitude differences 
between 30–32 wk PCA and TEA. At 30–32 wk PCA, no mea-
surement item of Med-UMA5 was lower for the trans-occipital 
electrodes than for the other electrodes. However, at TEA, these 
values were significantly lower for the trans-occipital electrodes 
than for the other electrodes. Furthermore, at 30–32 wk PCA, 
each measurement item of Med-LMA5 was relatively higher 
for the trans-frontal electrodes than for the other electrodes. In 
contrast, at TEA, these values were significantly lower for the 
trans-frontal electrodes than for the other electrodes, with the 
exception of the trans-occipital electrode.

DisCussiON
These findings demonstrate that the amplitude on aEEG dif-
fered significantly among the electrode locations in pre-
term infants and that the locational differences in amplitude 
changed between preterm age and TEA. In this study, many 
measurement items showed significant differences among the 
electrode locations, the exception being the median and bot-
tom values of Med-UMA5 at 30–32 wk PCA. Using quantita-
tive analyses, Quigg et al. (10) demonstrated that increasing 
interelectrode distances increased amplitude on aEEG and 

table 1. Quantitative analyses of amplitude on each location of electrodes at 30–32 wk of post-conceptional age

trans-F trans-C trans-O F–C C–O Pa

Peak of Med-uMA5 (µV) 38.4 (21.9–56.2) 32.4 (19.3–39.3) 34.5 (14.1–67.6) 35.6 (22.7–49.6) 34.2 (20.9–52.8) 0.020

Median of Med-uMA5 (µV) 31.9 (18.3–43.7) 27.3 (16.9–36.7) 26.6 (11.5–58.2) 29.8 (17.0–40.8) 28.3 (18.5–45.9) 0.063

Bottom of Med-uMA5 (µV) 24.8 (13.6–38.9) 22.9 (14.5–30.9) 20.4 (9.7–49.5) 23.1 (14.3–34.6) 22.3 (15.7–35.4) 0.231

Peak of Med-lMA5 (µV) 7.2 (6.0–10.0) 7.1 (6.0–9.0) 6.6 (5.0–8.0) 7.4 (6.0–9.0) 7.0 (6.0–8.0) 0.004

Median of Med-lMA5 (µV) 6.3 (3.8–8.4) 6.1 (4.6–8.2) 5.7 (4.3–7.8) 6.2 (4.9–8.0) 6.0 (4.7–7.6) 0.002

Bottom of Med-lMA5 (µV) 5.8 (2.8–8.0) 5.2 (4.0–7.4) 4.8 (3.5–6.9) 5.4 (3.7–7.6) 5.2 (4.0–6.9) <0.001

all values are shown as medians (range). Trans means bilateral.

c, central; F, frontal; Med–LMa5, median value of lower-margin amplitude every 5 min; Med–UMa5, median value of upper-margin amplitude every 5 min; O, occipital.
aKruskal–Wallis test.
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that the amplitude for the C3–C4 electrodes was significantly 
higher than that for the P3–P4 electrodes on aEEG in 10 neo-
nates with hypoxic ischemic encephalopathy. Their data are 
consistent with our results, although our study showed more 
detail with regard to the amplitude difference, and we used 
more electrode channels in a larger number of infants. One 
reason for these differences in amplitude seen among the elec-
trode locations is technical, because increasing interelectrode 
distances significantly increase the aEEG amplitude (10). The 
distances of the trans-frontal or trans-occipital electrodes are 
shorter than those of the trans-central, fronto-central, or cen-
tro-occipital electrodes. Another reason is the ontogeny of the 
EEG. Different changes in the amplitude of various EEG com-
ponents among the brain locations occur in preterm infants 
with brain maturation. Although details of these changes have 
rarely been reported, we previously reported the maturational 
changes in the amplitude of delta/theta/alpha/beta waves on 

conventional EEG in several electrode locations for preterm 
infants using amplitude spectral analysis (11,12). We also 
reported that many components of the conventional EEG in 
preterm infants changed markedly with brain maturation (13). 
These data support this explanation. We recorded quantitative 
analyses of the peak, median, and bottom of the median values 
of UMA and LMA every 5 min because aEEG usually shows 
cycling that is characterized by smooth sinusoidal variations, 
primarily in the LMA, after 29–30 wk PCA (1). We considered 
that it was important to evaluate aEEG on the basis of cycling 
because the UMA and LMA should be affected by cycling. In 
our quantitative analyses, the peak and bottom values could 
reflect that cycling.

In this study, the locational differences in amplitude changed 
between preterm age and TEA. The main changes were depres-
sion of Med-UMA5 in the trans-occipital lead and depression 
of Med-LMA5 in the trans-frontal lead. The reason that these 
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Figure 1. Box plots of each measurement item from the respective electrode locations at 30–32 wk post-conceptional age. (a) Peak of median value of 
upper-margin amplitude every 5 min (Med-uMA5). (b) Median of Med-uMA5. (c) Bottom of Med-uMA5. (d) Peak of median value of lower-margin ampli-
tude every 5 min (Med-lMA5). (e) Median of Med-lMA5. (f) Bottom of Med-lMA5. the lower and upper edges of the box represent quartiles, the lines in 
the middle of the box represent the median, the whiskers represent 1.5 box lengths from the upper or the lower edge of the box, and the circles repre-
sent outliers, beyond 1.5 box lengths from the edge of the box. trans means bilateral. C, central; F, frontal; O, occipital. *P < 0.05; **P < 0.01 (steel–Dwass 
test for multiple comparisons).

table 2. Quantitative analyses of amplitude on each location of electrodes at term-equivalent age

trans-F trans-C trans-O F–C C–O Pa

Peak of Med-uMA5 (µV) 30.0 (21.6–40.7) 29.2 (19.3–41.7) 24.3 (17.0–35.9) 29.1 (23.4–39.8) 29.3 (21.1–40.1) <0.001

Median of Med-uMA5 (µV) 22.7 (15.0–30.9) 22.5 (16.4–30.2) 19.2 (14.5–29.2) 22.8 (17.7–30.2) 23.2 (16.4–30.3) <0.001

Bottom of Med-uMA5 (µV) 18.6 (13.2–24.3) 18.0 (14.1–24.6) 15.6 (10.2–24.5) 18.0 (14.1–24.3) 18.7 (14.2–25.2) 0.003

Peak of Med-lMA5 (µV) 8.0 (6.2–10.4) 8.5 (7.1–15.3) 7.5 (5.8–9.8) 8.6 (7.2–13.4) 8.7 (7.2–13.1) <0.001

Median of Med-lMA5 (µV) 7.1 (5.3–8.6) 7.9 (6.3–11.1) 6.9 (5.1–9.0) 7.7 (5.8–9.7) 8.0 (6.1–10.0) <0.001

Bottom of Med-lMA5 (µV) 5.9 (4.2–7.7) 7.2 (4.3–9.1) 5.9 (4.1–8.2) 6.7 (5.1–9.3) 7.1 (4.7–8.9) <0.001

all values are shown as medians (range). Trans means bilateral.

c, central; F, frontal; Med–LMa5, median value of lower-margin amplitude every 5 min; Med–UMa5, median value of upper-margin amplitude every 5 min; O, occipital.
aKruskal–Wallis test.
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changes were observed between preterm age and TEA is unclear, 
but it could be generated by the ontogeny of the EEG, as men-
tioned earlier. To our knowledge, no previous study has demon-
strated differences in amplitude among electrode locations in pre-
term infants or changes in locational amplitude between preterm 
age and TEA. It is important to understand these differences and 
changes to evaluate aEEGs in preterm infants precisely.

Many studies have demonstrated the prognostic value of 
aEEG in term infants with hypoxic ischemic encephalopathy, 
and the value of LMA is one of the most important criteria in 
such assessments (2–4). In our study, we evaluated aEEGs only 
in preterm infants. However, we considered that the records 
at TEA would show the same results as those of term infants 
because the aEEG maturation of preterm infants would paral-
lel PCA, as we reported previously (13). In our study, all LMA 
measurement items from the trans-frontal electrodes were 
significantly lower at TEA than those from the trans-central 
electrodes. Therefore, if trans-frontal electrodes were selected 
on aEEG recording in term infants with hypoxic ischemic 
encephalopathy, underestimation of amplitudes might occur. 
Appropriate electrode locations with appropriate criteria for 
evaluation are important in assessing aEEGs in infants, espe-
cially those with pathological conditions. This study may show 
that use of the trans-frontal electrodes on aEEG could be inap-
propriate in term infants or preterm infants at TEA according 
to previously reported criteria (1–4).

This study has several limitations. First, the number of chan-
nels analyzed was limited to seven, and parietal electrodes 
were not used because we routinely record conventional EEGs 

using eight electrodes (AF3, AF4, C3, C4, O1, O2, T3, and 
T4). Second, a problem with artifacts was observed on aEEGs 
in preterm infants, as reported previously (14). One record 
was excluded mainly because of such artifacts. However, we 
removed artifacts as much as possible using both quantitative 
and visual analyses.

In conclusion, this study demonstrated that the amplitude 
on aEEG was significantly different among the electrode loca-
tions in preterm infants and that such locational differences in 
amplitude showed changes between preterm age and TEA. It is 
important to understand these differences for precise evalua-
tions. Further study is needed with more electrode channels to 
evaluate more precisely differences in amplitude among elec-
trode locations.

MetHODs
Patients
In total, 70 infants whose gestational age was between 27 and 32 wk 
were admitted to the neonatal intensive care unit of Okazaki City 
Hospital between December 2008 and July 2011. Of these, 32 infants 
were excluded for the following reasons: insufficient EEG records in 
21 (no record at TEA in 20, too many artifacts in one), congenital 
anomalies in three, intraventricular hemorrhage or periventricular 
leukomalacia in three, cardiopulmonary instability in two, respira-
tory instability in one, severe infection in one, and conventional EEG 
abnormalities as defined by our previously reported criteria (15–17) 
in one. Ultimately, 38 clinically stable preterm infants were included, 
none of whom had received sedative medications around the aEEG 
recording.

Cranial ultrasonography using a SONOS 5500 with an s12 trans-
ducer (Philips Medical Systems, Andover, MA) or ACUSON X-300 
with a P9-4 transducer (Siemens Healthcare, Malvern, PA) was 
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Figure 2. Box plots of each measurement item from the respective electrode locations at term-equivalent age. (a) Peak of median value of upper-margin 
amplitude every 5 min (Med-uMA5). (b) Median of Med-uMA5. (c) Bottom of Med-uMA5. (d) Peak of median value of lower-margin amplitude every 5 min 
(Med-lMA5). (e) Median of Med-lMA5. (f) Bottom of Med-lMA5. the lower and upper edges of the box represent quartiles, the lines in the middle of the 
box represent the median, the whiskers represent 1.5 box lengths from the upper or the lower edge of the box, and the circles represent outliers, beyond 
1.5 box lengths from the edge of the box. trans means bilateral. C, central; F, frontal; O, occipital. *P < 0.05; **P < 0.01; †P < 0.001 (steel–Dwass test for 
multiple comparisons).



Volume 72  |  Number 1  |  July 2012      Pediatric ReseaRch 61copyright © 2012 International Pediatric Research Foundation, Inc.

ArticlesLocational amplitude differences on aEEG

administered almost every day during the first week of life and 
at least once a week thereafter in all subjects until discharge. All 
infants had normal findings according to previously reported cri-
teria (18). Brain magnetic resonance imaging was also performed 
at TEA in all infants using a Signa HDxt 1.5-Tesla imager (GE 
Healthcare, Buckinghamshire, UK) or a Sigma Horizon LX 1.5-Tesla 
imager (Yokokawa GE Medical, Tokyo, Japan) with conventional 
T1-weighted, T2-weighted, and fluid-attenuated inversion recovery 
imaging. All infants had normal findings according to the previously 
reported criteria (19).

aEEG Recordings
In our neonatal intensive care unit, conventional EEGs were rou-
tinely obtained within 3 d of birth, between 7 and 10 d of age, and 
then at 2-wk intervals until discharge. Conventional EEGs were 
recorded polygraphically at the bedside, usually for 60 min, using a 
bipolar montage with at least eight surface Ag/AgCl cup electrodes 
(AF3, AF4, C3, C4, O1, O2, T3, and T4) according to the interna-
tional 10-20 system with a NicoletOne Monitor nICU (CareFusion, 
San Diego, CA). Seven-channel (AF3–AF4, C3–C4, O1–O2, AF3–C3, 
AF4–C4, C3–O1, and C4–O2) aEEGs were obtained simultaneously 
with the conventional EEG both at 30–32 wk PCA and at TEA using 
a standard protocol (1). The impedance was usually <20 kΩ. Elefix 
(Nihon Kohden, Tokyo, Japan) was used as electrode paste.

Informed consent for the EEG recordings was obtained from the 
parents of all patients. Approval for the study was obtained from the 
institutional review board at Okazaki City Hospital.

aEEG Assessments
For quantitative analyses, we used the following method, modified 
from the previously reported method of Zhang et al. (20). We output-
ted the UMA and the LMA data from all seven channels for the entire 
record as a text file from the NicoletOne Monitor, with a time resolu-
tion of 1 s. Then the data were divided into epochs of 15 s, and the 
maximum of UMA and minimum of LMA were extracted in accor-
dance with the standard clinical aEEG trace. Then we calculated Med-
UMA5 and Med-LMA5. Finally, we extracted the peak, median, and 
bottom values of Med-UMA5 and Med-LMA5 (Figure 3a,b). UMA 

data beyond 100 μV were removed automatically as artifacts with 
LMA data of the same epochs, and the other data with artifacts were 
removed visually according to the raw EEG or aEEG waveforms.

The calculated values from the AF3–C3 and AF4–C4 channels were 
averaged into the values of front-central lead, and those of C3–O1 
and C4–O2 were also averaged into the values of centro-occipital 
lead. Finally, we compared the aforementioned aEEG values among 
the trans-frontal (AF3–AF4), trans-central (C3–C4), trans-occipital 
(O1–O2), fronto-central (averaged values of AF3–C3 and AF4–C4), 
and centro-occipital (averaged values of C3–O1 and C4–O2) 
electrodes.

Statistical Analysis
Data were analyzed with the R software package (ver. 2.8.1; http://
www.R-project.org). The Kruskal–Wallis test was used to compare 
the difference in amplitude among the locations of lead sites. If there 
was a significant difference, a Steel–Dwass analysis was used for mul-
tiple comparisons. P values <0.05 were deemed to indicate statistical 
significance.
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lograms (aeeGs). (a) Representative aeeG on AF3–AF4 in an infant of 28 wk 
of gestation at 32 wk post-conceptional age using a NicoletOne Monitor. 
(b) scatter plots of median values of upper-margin amplitude (filled 
circles) and lower-margin amplitudes (open circles) every 5 min of the 
same record. Arrows 1, 2, and 3 show peak, median, and bottom of each 
value, respectively.
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