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Abstract: Objective: To investigate the value of amplitude-integrated electroencephalography (aEEG) combined 
with neuron-specific enolase (NSE) in the diagnosis and prognostic assessment of neonatal brain injury. Methods: 
Clinical data from 94 neonates with brain injury and 90 neonates without, admitted to Baoji Maternity and Child 
Healthcare Hospital between September 2022 and February 2024, were retrospectively analyzed. The relationship 
between aEEG score, NSE level, and Neurobehavioral Neurological Assay (NBNA) score was analyzed by Pearson’s 
correlation analysis. Independent factors affecting the prognosis of the neonates were identified by unifactorial 
and multifactorial analyses, and the predictive value was assessed using ROC curves. Results: The aEEG score was 
significantly lower while the NSE level was considerably higher in newborns with brain injury compared to those 
without (both P<0.001). aEEG score was positively correlated with the NBNA score (r=0.718, P<0.001), NSE level 
was negatively correlated with NBNA score (r=-0.785, P<0.001), and aEEG score was negatively correlated with NSE 
level (r=-0.749, P<0.001). The aEEG score and NSE level demonstrated good predictive value for neonatal brain 
injury, with AUC values of 0.903 and 0.897, respectively. The AUC of combined assessment was 0.917. Multifactorial 
analysis showed that intrauterine distress (OR: 3.385, 95% CI: 1.033-11.903, P=0.048) and higher NSE level (OR: 
1.516, 95% CI: 1.117-2.136, P=0.011) were independent risk factors for poor prognosis of neonates with brain 
injury, while higher aEEG scores (OR: 0.587, 95% CI: 0.370-0.884, P=0.015) was an independent protective factor. 
Intrauterine distress, aEEG score, and NSE predicted poor prognostic outcomes with AUCs of 0.639, 0.809, and 
0.827, and the combined diagnosis had an AUC of 0.871. Conclusion: aEEG combined with NSE level can effectively 
predict neonatal brain injury and prognosis, providing a valuable reference for early diagnosis and intervention.
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Introduction

The perinatal period is an extremely vulnerable 
stage for newborns, as they are exposed to 
numerous high-risk factors such as preterm 
labor, infection, hemorrhage, trauma, hypoxia, 
and metabolic disorders [1, 2]. These factors 
can lead to neonatal brain damage, resulting in 
severe complications like mental retardation, 
muscle spasms, seizures, and deficits in vision, 
hearing, and language development [3]. In 
severe cases, affected children may develop 
cerebral palsy, significantly reducing their qual-
ity of life and self-care abilities. This condition 
not only places a substantial emotional and 
financial burden on the family but can also dis-

rupt family harmony and strain societal resourc-
es [4, 5]. Therefore, early identification, diagno-
sis and timely intervention for neonatal brain 
injury are crucial in improving the prognosis of 
affected children. Early detection and treat-
ment are essential in preventing long-term com-
plications; however, neonatal brain injuries are 
sometimes asymptomatic or present with atypi-
cal clinical features, making them easy to over-
look or misdiagnosis [6, 7].

Magnetic resonance imaging (MRI) is the pri-
mary imaging tool for the evaluation of neonatal 
brain injury, but it has limitations, including low 
positivity rates for early diagnosis and unsuit-
ability for rapid bedside examination [8]. In 
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recent years, amplitude-integrated electroen-
cephalography (aEEG) has emerged as a valu-
able bedside brain function monitoring tech-
nique [9]. aEEG simplifies conventional EEG 
signals through filtering, integration, and time 
compression, allowing for a single-channel rep-
resentation of overall brain activity [10]. aEEG 
can detect pathological changes such as 
edema caused by cerebral insufficiency or 
brain injury, manifested in abnormal waveforms 
like disrupted voltages, absent sleep-wake 
cycles, and amplitude irregularities [11]. Des- 
pite its usefulness, aEEG has limitations regard-
ing sensitivity and specificity, leading some 
researchers to recommend combining it with 
biochemical markers for more accurate diagno-
sis [12]. In neonatal brain injury, abnormal 
aEEG patterns can provide insight into the 
extent and progression of brain damage, aiding 
in assessing the severity of the injury and pre-
dicting long-term neurodevelopmental out-
comes [13].

Neuron-specific enolase (NSE), an enzyme 
found in neurons of brain tissue, is widely rec-
ognized as a biomarker of brain injury. When 
brain injury occurs, NSE levels significantly 
increase and are released into the blood-
stream, making it a useful tool for assessing 
the extent of brain damage [14]. Measuring 
NSE levels helps in the prognosis of various 
conditions such as acute stroke, cerebral 
venous thrombosis, hypoxic brain injury after 
cardiopulmonary resuscitation, and traumatic 
brain injury [15, 16]. Studies have shown that 
elevated NSE levels are often associated with 
more severe neurodevelopmental disorders 
[17], and its correlation with long-term neurode-
velopmental outcomes in children has been 
noted, aiding in the stratification of infants who 
may experience adverse neurodevelopmental 
outcomes [18]. Although NSE is widely used in 
the assessment of brain injury in adults, rela-
tively few studies have been conducted on the 
combined use of NSE and aEEG for diagnosing 
neonatal brain injury. aEEG provides real-time 
electrophysiological information of the brain 
activity, while NSE offers biochemical informa-
tion following brain injury. Together, they can 
offer a more comprehensive assessment, 
enhancing the accuracy of predicting the neuro-
developmental prognosis in infants with hypox-
ic-ischemic encephalopathy (HIE).

In this study, we analyzed data from newborns 
between September 2022 and February 2024 
to examine the application of aEEG and NSE in 
diagnosing neonatal brain injury and predicting 
prognosis. The goal was to provide valuable ref-
erence information for enhancing clinical diag-
nosis and prognostic assessment in neonatal 
brain injury cases.

Methodology and information

Patients’ selection

This retrospective study involved 94 neonates 
with brain injury (observation group) and 90 
neonates without (control group), who were 
admitted to Baoji Maternity and Child Health- 
care Hospital from September 2022 to February 
2024. The study was conducted in accordance 
with the Declaration of Helsinki and was 
approved by the Medical Ethics Committee of 
Baoji Maternity and Child Healthcare Hospital.

The neonates were diagnosed with brain injury 
based on cranial ultrasound, CT, or MRI findings 
conducted 1 to 5 d after birth [19]. The neo-
nates included in this group had gestational 
ages of 34-42 weeks, birth weights of ≥1500 g, 
and complete clinical profiles. Neonates with 
central nervous system (CNS) infections, con-
genital brain defects, or traumatic brain injury 
were excluded from the study. The research 
methodology is outlined in Figure 1.

Data extraction

General information was extracted from elec-
tronic medical records of newborns, including 
age, birth weight, sex, gestational age, preterm 
birth, singleton, mode of delivery, intrauterine 
distress, 1-min Apgar score, 5-min Apgar score, 
and Neurobehavioral Neurological Assay 
(NBNA) score. In addition, aEEG brain monitor-
ing, serum NSE levels, and Gesell developmen-
tal diagnostic scale scores at 3 months were 
collected for both groups of newborns.

Newborns were monitored using a neonatal 
brain function monitor for 6 hours within the 
first 12 hours of birth. Prior to testing, the scalp 
area of the neonate was cleaned with an alco-
holic cotton ball. An appropriate elastic mesh 
skullcap, sized according to the head circumfer-
ence, was selected. Conductive paste was 
applied into the grooves of the disc-shaped 
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electrodes on the skullcap, and the connecting 
wires were secured, ensuring no contact with 
skin lesions or hematomas. Additionally, a sen-
sor belt for recording breathing patterns was 
placed around the neonate’s lumbar abdomen, 
avoiding the umbilical cord area, and connect-
ed to the corresponding electrodes. Once the 
devices were connected, the parameters of the 
EEG instrument were appropriately adjusted for 
the observation and recording of the EEG imag-
es. Evaluation was performed according to the 
aEEG scoring system, with key observation 
indexes including continuity, sleep-wake cycle, 
lower border amplitude, and bandwidth. The 
aEEG score ranged from 3 to 12 points [20].

Within 12 hours after birth, 2 mL of venous 
blood was drawn under strict aseptic condi-
tions. The serum NSE level was measured 
immediately using a Swiss Roche automatic 

analyzer, employing the electrochemilumines-
cence method, strictly following the instruc-
tions provided with the kit.

The neurological function of the newborns was 
assessed using the NBNA on the day of blood 
collection. The NBNA, assessed by a pediatri-
cian, evaluates brain function through 20 
entries, with a total possible score of 40 points. 
A score of 36 or higher was indicative of normal 
neurobehavioral function [21].

The neonates in the observation group were 
further categorized into a good prognosis group 
and a poor prognosis group based on the devel-
opmental quotient (DQ) results from the Gesell 
Developmental Diagnostic Scale at 3 months 
of birth. DQ>75 is defined as a good prognosis, 
while DQ≤75 is considered a poor prognosis 
[22].

Figure 1. Research flow chart. 
aEEG: amplitude-integrated elec-
troencephalography.
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Observation indicators

Primary observation indicators: (1) aEEG scores 
and NSE levels were compared between the 
observation and control groups, and perfor-
mance of aEEG scores and NSE levels in pre-
dicting neonatal brain injury was assessed. (2) 
Independent factors affecting neonatal progno-
sis were identified by univariate and multivari-
ate analyses.

Secondary observation indicators: (1) The dif-
ference in baseline information was compared 
between the observation and control groups. 
(2) The relationship between aEEG scores, NSE 
levels, and NBNA scores in brain-injured neo-
nates was analyzed. (3) Predictive value of 
independent prognostic factors for neonate’s 
prognosis was analyzed using ROC curves.

Statistical methods

SPSS 20.0 software and R version 3.6.1 were 
utilized for data analysis. Count data were 
expressed as number (%) and analyzed using 
the chi-square test. Measurement data con-
forming to normal distribution were expressed 
as mean ± standard deviation, and compari-
sons between groups were made using the 
independent samples t-test. Pearson’s correla-
tion test was used to analyze the correlations 
among aEEG scores, NSE levels, and NBNA 
scores in neonates with brain injury. Indepen- 
dent prognostic factors were analyzed using a 
multivariate logistic regression model. The 
receiver operating characteristic (ROC) curve 
was employed to evaluate the predictive value 
of aEEG scores, NSE levels, and their combina-
tion for neonatal brain injury. The area under 
the curve (AUC), along with sensitivity and spec-
ificity, were calculated to determine the efficacy 
of these predictive models. Statistical signifi-
cance was defined as P<0.05.

Results

Comparison of baseline information between 
the two groups

Statistical analysis of the baseline data for the 
newborns in the two groups showed that there 
was no statistical difference between the two 
groups in terms of day age, birth weight, gen-
der, gestational age, singleton, mode of deliv-
ery, and mothers’ of deliveries numbers (all 

P>0.05), but there was a statistical differences 
between the two groups in terms of intrauterine 
distress, 1-min Apgar score, 5-min Apgar score, 
and NANB score (all P<0.05), as shown in Table 
1.

Comparison of aEEG scores and NSE levels 
between the two groups

The aEEG scores of the observation group were 
significantly lower than those of the control 
group. Conversely, the NSE levels in the obser-
vation group were significantly higher than 
those in the control group (all P<0.001), as illus-
trated in Figure 2.

Predictive value of aEEG scores and NSE lev-
els in brain injury

The predictive value of aEEG score and NSE 
level in neonatal brain injury was assessed by 
plotting ROC curves. The AUC of aEEG score in 
predicting brain injury was 0.903, indicating a 
strong predictive accuracy. Similarly, the AUC of 
NSE level was 0.897, also demonstrating strong 
predictive accuracy. Notably, their combined 
detection increased the AUC to 0.019, further 
enhancing diagnostic precision (Table 2 and 
Figure 3).

Correlation of aEEG scores and NSE levels 
with NBNA scores in brain-injured neonates

The degree of brain injury in neonates was 
assessed using the NBNA score. Pearson cor-
relation analysis was conducted to examine the 
relationships between aEEG score, NSE level, 
and NBNA score in brain-injured neonates. The 
results indicated that the aEEG score was posi-
tively correlated with the NBNA score (r=0.718, 
P<0.001). Conversely, the NSE level was nega-
tively correlated with the NBNA score (r=-0.785, 
P<0.001). Additionally, the aEEG score was 
negatively correlated with the NSE level (r=-
0.749, P<0.001), suggesting that as aEEG 
scores increase, NSE levels tend to decrease. 
These relationships are detailed in Figure 4.

Univariate analysis of factors affecting the 
prognosis of neonates with brain injury

Statistical analysis of the prognosis of neo-
nates with brain injury at 3 months old revealed 
a total of 31 cases with unfavorable prognosis 
and 63 cases with favorable prognosis. Uni- 
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variate analysis revealed sig-
nificant differences in mode of 
delivery, intrauterine distress, 
aEEG scores, and NSE levels 
between the two subgroups, 
suggesting these factors may 
influence the prognosis of neo-
nates with brain injuries. De- 
tailed statistics are presented 
in Table 3.

Multivariate analysis of factors 
affecting the prognosis of neo-
nates with brain injury

Significant variables in the uni-
variate analysis were used as 
independent variables, while 
neonatal prognostic outcomes 

Figure 2. aEEG scores and NSE levels in both groups. aEEG: amplitude-
integrated electroencephalography; NSE: neuron-specific enolase. P***< 
0.001.

Table 1. Comparison of baseline information between the two groups
Observation group (n=94) Control group (n=90) t/χ2 P

Age (days) 5.93±1.08 6.13±0.90 1.419 0.158
Birth weight (kg) 3.31±0.19 3.34±0.20 1.262 0.209
Gender 0.736 0.391
    Male 55 (58.51) 47 (52.22)
    Female 39 (41.49) 43 (47.78)
Gestational age 2.922 0.087
    Preterm birth 15 (15.96) 7 (7.78)
    Full-term 79 (84.04) 83 (92.22)
Singleton 1.374 0.241
    Yes 73 (77.66) 76 (84.44)
    No 21 (22.34) 14 (15.56)
Mode of delivery 3.267 0.071
    Natural birth 56 (59.57) 65 (72.22)
    Cesarean section 38 (40.43) 25 (27.78)
Parity 0.729 0.393
    Primiparous 38 (40.43) 42 (46.67)
    Multiparous 56 (59.57) 48 (53.33)
Intrauterine distress 11.206 <0.001
    Yes 28 (29.79) 9 (10.00)
    No 66 (70.21) 81 (90.00)
1-min Apgar score 25.208 <0.001
    >7 points 57 (60.64) 83 (92.22)
    ≤7 points 37 (39.36) 7 (7.78)
5-min Apgar score 20.589 <0.001
    >7 points 71 (74.74) 88 (97.78)
    ≤7 points 24 (25.26) 2 (2.22)
NANB score 31.96±1.70 35.96±0.91 19.772 <0.001
NBNA: Neurobehavioral Neurological Assay.
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were used as dependent variables (see Table 4 
for variable assignments). Multifactorial logistic 
regression analysis was conducted to identify 
the factors affecting the prognosis of neonates 
with brain injury, with the results displayed in 
Figure 5. The analysis revealed that the mode 
of delivery was not an independent factor influ-
encing the prognosis of neonates with brain 
injury (OR: 0.376, 95% CI: 0.114-1.169, P= 
0.096). In contrast, intrauterine distress (OR: 
3.385, 95% CI: 1.033-11.903, P=0.048) and 
higher levels of NSE (OR: 1.516, 95% CI: 1.117-
2.136, P=0.011) were identified as indepen-
dent risk factors for poor prognosis in brain-
injured neonates. Conversely, a higher aEEG 
score (OR: 0.587, 95% CI: 0.370-0.884, P= 
0.015) was found to be an independent protec-
tive factor.

Predictive value of independent prognostic fac-
tors for prognostic outcomes

The predictive value of the independent prog-
nostic factors identified through multifactorial 

analysis was assessed using ROC curves. The 
AUC for intrauterine distress, aEEG score, and 
NSE in predicting poor prognostic outcomes 
were 0.639, 0.809, and 0.827, respectively. 
Notably, the AUC for the combined diagnosis 
using all three factors increased to 0.871, indi-
cating a significant improvement in predictive 
accuracy. The details are illustrated in Table 5 
and Figure 6.

Discussion

In this study, we investigated the value of  
amplitude-integrated electroencephalography 
(aEEG) combined with neuron-specific enolase 
(NSE) in the diagnosis and prognostic assess-
ment of neonatal brain injury by retrospectively 
analyzing the clinical data of 94 neonates with 
brain injury and 90 neonates without. 

aEEG, as a bedside brain function monitoring 
technique, can reflect pathological changes 
such as cerebral edema due to cerebral insuf-
ficiency or brain injury by processing conven-
tional EEG signals through filtering, integration, 
and time compression [23]. In this study, aEEG 
scores were significantly lower in brain-injured 
neonates compared to the controls, and posi-
tively correlated with NBNA scores, suggesting 
that aEEG is an effective tool for identifying 
brain injury. Similarly, Mires et al. [24] reported 
that aEEG assessment during childbirth can 
improve the detection of fetal hypoxia, enabling 
early intervention, and thus reducing the risk of 
hypoxic brain damage. NSE is an enzyme pres-
ent in neurons of brain tissues, and its levels 
increase significantly when brain injury occurs, 
releasing into the bloodstream [25]. Therefore, 
NSE is widely recognized as a biomarker for 
brain injury. In this study, NSE levels in brain-
injured neonates were significantly higher than 
those in the control group, and NSE levels were 
negatively correlated with NBNA scores, further 
validating the value of NSE in the diagnosis of 

Table 2. Performance of aEEG scores and NSE levels in predicting neonatal brain injury analyzed by 
ROC curve

AUC 95% CI Specificity (%) Sensitivity (%) Cut off
aEEG score 0.903 0.857-0.950 81.91% 93.33% 9.500
NSE 0.897 0.851-0.943 76.60% 92.22% 22.310
Joint diagnosis 0.917 0.872-0.961 79.79% 97.78% 0.646
aEEG: amplitude-integrated electroencephalography; NSE: neuron-specific enolase; ROC: receiver operating characteristic; 
AUC: area under the curve.

Figure 3. ROC curves of aEEG scores and NSE levels 
in predicting neonatal brain injury. aEEG: amplitude-
integrated electroencephalography; NSE: neuron-
specific enolase; AUC: area under the curve.
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brain injury. Additionally, in this study, we found 
that the AUCs of aEEG scores and NSE levels in 
predicting neonatal brain injury were 0.903 
and 0.897, respectively, indicating good predic-
tive value. Moreover, their combined detection 
increased the AUC to 0.917, further enhancing 
diagnostic precision.

Various diagnostic tools, such as CT, intrapar-
tum ultrasound, and the Apgar score, are com-
monly used in assessing neonatal brain injury. 
However, neonates with brain injury are often in 
severe and unstable clinical conditions, limiting 
the applicability of many neuroimaging tech-
niques [26-28]. Locatelli et al. [29] also noted 
that the Apgar score is not a specific diagnostic 
tool for neonatal brain damage, and even pre-
natal fetal heart rate monitoring may not 
improve the diagnostic decision. Magnetic res-
onance imaging (MRI) plays an important role 
in the diagnosis of neonatal brain injury, provid-
ing an objective basis for the assessment of 
brain development, brain injury severity, and 
prognosis [30]. Griesmaier et al. [31] compared 
aEEG scores with MRI findings in 523 preterm 
infants and found that aEEG could effectively 
predict the severity of brain injury detected by 
MRI at full-term age. This underscores the utili-
ty of aEEG as a valuable tool for neonatal brain 

in preterm infants during the first three days fol-
lowing birth and discovered that serum NSE 
levels in newborns with intraventricular hemor-
rhage were significantly higher than those in 
normal newborns and preterm infants with 
periventricular leukomalacia. Therefore, mea-
suring NSE levels during the first three days 
after birth can effectively predict the risk of 
brain injury in preterm infants. Tan et al. [34] 
reported that higher theta power during cogni-
tive tasks in aEEG was associated with better 
cognitive performance in children and adoles-
cents. In our study, the assessment of the 
accuracy of independent prognostic factors 
revealed that intrauterine distress had an AUC 
of 0.639, aEEG score had an AUC of 0.809, and 
NSE level had an AUC of 0.827. Their combina-
tion increased the AUC to 0.871, indicating a 
notable improvement in the accuracy of pre-
dicting poor prognostic outcomes.

The findings of this study provide critical impli-
cations for clinical practice. First, by performing 
aEEG monitoring and measuring NSE levels in 
the early postnatal period, brain-injured new-
borns can be recognized early, allowing for 
timely intervention to improve the prognosis of 
the children. Second, the combined application 
of aEEG and NSE levels improves diagnostic 

Figure 4. Correlation of aEEG 
scores and NSE levels with NBNA 
scores. aEEG: amplitude-integrat-
ed electroencephalography; NSE: 
neuron-specific enolase; NBNA: 
Neurobehavioral Neurological As-
say.

injury, complementing tradi-
tional diagnostic methods like 
MRI by providing timely func-
tional insights at the bedside.

The aEEG score and NSE level 
also showed significant value 
in prognostic assessment. Mu- 
ltifactorial analysis revealed 
that intrauterine distress and 
higher NSE levels were inde-
pendent risk factors for poor 
prognosis in brain-injured neo-
nates, while higher aEEG sco- 
res were independent protec-
tive factors. A study by Efs- 
tathiou et al. [32] found that in 
preterm infants, elevated NSE 
levels were found to have 
strong predictive value for the 
children’s prognosis at two 
years of age, aligning with our 
findings. Similarly, Metallinou 
et al. [33] investigated the 
prognostic value of NSE levels 
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accuracy and reduces the likelihood of mis- 
diagnosis and underdiagnosis. Additionally,  
the independent influencing factors identified 
through multifactorial analysis can help clini-
cians better assess the prognosis of newborns 
and provide a basis for developing individual-
ized treatment plans. This approach not only 

analysis, it may be prone to selection bias. 
Moreover, with the advancement of medical 
technology, more new biomarkers and monitor-
ing techniques could further refine the diagno-
sis and prognostic assessment of neonatal 
brain injury. For example, proteomics-based 
biomarkers and advanced imaging techniques 

Table 3. Univariate analysis for identifying factors associated with prognosis in neonates with brain 
injury 

Favorable outcome group (n=64) Unfavorable outcome group(n=31) t/χ2 P
Age (days) 5.98±1.05 5.81±1.14 0.729 0.469 
Birth weight (kg) 3.32±0.20 3.29±0.15 0.845 0.401 
Gender 0.176 0.675 
    Male 38 (59.38) 17 (54.84)
    Female 26 (40.62) 14 (45.16)
Gestational age 1.596 0.206 
    Preterm birth 8 (12.5) 7 (22.58)
    Full-term 56 (87.5) 24 (77.42)
Singleton 0.181 0.670 
    Yes 50 (78.12) 23 (74.19)
    No 14 (21.88) 8 (25.81)
Mode of delivery 5.503 0.019
    Natural birth 43 (67.19) 13 (41.94)
    Cesarean section 21 (32.81) 18 (58.06)
Parity 0.032 0.858 
    Primiparous 26 (40.62) 12 (38.71)
    Multiparous 38 (59.38) 19 (61.29)
Intrauterine distress 7.919 0.005
    Yes 13 (20.31) 15 (48.39)
    No 51 (79.69) 16 (51.61)
1-min Apgar score 0.511 0.475 
    >7 points 40 (62.5) 17 (54.84)
    ≤7 points 24 (37.5) 14 (45.16)
Birth 5min Apgar score 1.192 0.275 
    >7 points 50 (78.12) 21 (67.74)
    ≤7 points 14 (21.88) 10 (32.26)
aEEG score 8.30±1.91 6.13±1.43 6.175 <0.001
NSE (μg/L) 23.30±2.88 26.68±1.88 6.830 <0.001
aEEG: amplitude-integrated electroencephalography; NSE: neuron-specific enolase.

Table 4. The assignment table
Variable Assignment
Mode of delivery Natural birth = 1, cesarean section = 0
Intrauterine distress Yes = 1, no = 0
aEEG score Continuous variables are analyzed using raw data
NSE Continuous variables are analyzed using raw data
Prognostic outcome Poor prognosis = 1, good prognosis = 0
NSE: neuron-specific enolase.

enhances early detection and 
intervention but also supports 
tailored therapeutic strategies, 
ultimately aiming to improve 
long-term outcomes for neo-
nates with brain injury.

Although this study achieved 
some valuable results, several 
limitations must be acknowl-
edged. First, as a retrospective 
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may offer novel perspectives for the diagnosis 
and treatment of neonatal brain injury. These 
advancements could further enhance the accu-
racy and effectiveness of early diagnosis and 
individualized treatment plans, ultimately im- 
proving outcomes for affected neonates. While 
aEEG and NSE have shown predictive value in 
this study, they may not fully replace other diag-
nostic methods such as MRI. Furthermore, the 
sample size and inclusion period limit the abili-
ty to analyze long-term trends and potential 
seasonal variations in neonatal brain injury.

Figure 5. Forest plot of independent prognostic factors analyzed by multifactor logistic regression. aEEG: amplitude-
integrated electroencephalography; NSE: neuron-specific enolase.

Table 5. Predictive performance of independent factors for the outcome of neonates with brain injury 
analyzed using ROC
Marker AUC 95% CI Specificity (%) Sensitivity (%) Cut off
Intrauterine distress 0.639 0.515-0.762 48.39 79.37 0.500
aEEG score 0.809 0.722-0.895 83.87 65.08 7.500
NSE 0.827 0.745-0.909 87.10 73.02 24.880
Combined diagnosis 0.871 0.801-0.942 83.87 80.95 0.368
ROC: receiver operating characteristic; AUC: area under the curve; aEEG: amplitude-integrated electroencephalography; NSE: 
neuron-specific enolase.

Figure 6. ROC curves for independent prognostic fac-
tors in predicting outcomes in neonates with brain 
injury. AUC: area under the curve; aEEG: amplitude-
integrated electroencephalography; NSE: neuron-
specific enolase.
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In conclusion, this study demonstrated that 
aEEG combined with NSE level can effectively 
predict neonatal brain injury and prognosis, 
providing a valuable reference for early diagno-
sis and intervention.
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