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The objective of this study was to identify relevant quantitative parameters to distinguish premature 
infants with presence of brain injury from conventional electroencephalography (EEG) and predict 
short-term neuromotor developmental outcomes. This is a prospective cohort study of newborns at 
34 weeks’ gestation or earlier. Multichannel EEG recordings were performed within 24 h after birth. 
The total power (TP), absolute and relative band power (ABP and RBP), alpha/theta ratio (ATR), 
alpha/delta + theta ratio (ADTR), 95% spectral edge frequency (SEF), approximate entropy (ApEn), 
coherence and brain symmetry index (BSI) were calculated using the Auto-Neo-EEG signal processing 
system. Neonates were divided into two groups: with and without brain injury, and clinical outcomes 
of general movements (GMs) assessment at three months were available for analysis. This study 
comprised 43 and 65 premature neonates with and without brain injury, respectively. Premature 
neonates with brain injury had significantly lower TP, ABP-δ, ABP-α, RBP-δ and coherence than those 
without brain injury (all p values < 0.05). The area under curve (AUC) of TP, ABP-δ, ABP-α, RBP-δ and 
coherence for predicting brain injury was 0.749, 0.830, 0.721, 0.799 and 0.743, respectively. Preterm 
infants with brain injury had significantly lower GMs optimality scores (15.6 ± 6.7) than those without 
brain injury (28.4 ± 8.3) (P = 0.019). For 43 preterm infants with brain injury, TP (P = 0.023) and ABP-δ 
(P = 0.030) were positively correlated with GMs optimality scores; while coherence (P = 0.039) was the 
opposite. Compared with those without brain injury, preterm infants with brain injury tended to have 
reduced spectral power, accompanied by impaired brain network connectivity, and delayed short-term 
motor development. Automated quantitative EEG (qEEG) analysis provides predictive value for the 
occurrence of brain injury and outcomes in preterm neonates, among which ABP-δ presented the best 
predictive performance.
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Preterm newborns are at high risks of brain injury or neurodevelopmental impairment1,2. Electroencephalography 
(EEG) monitoring is widely used in neonatal intensive care units (NICUs). However, the raw EEG is complicated 
and difficult to explain for nonneurologists3. Quantitative electroencephalography (qEEG) provides the 
quantification of raw EEG in both time and frequency domains by utilizing methods such as wavelet analysis 
and fast Fourier transform, and finally compresses and presents EEG data in the form of a trend graph4,5. Studies 
have shown that qEEG may be used as an effective method in the evaluation of patients with acute stroke, 
subarachnoid hemorrhage and hypoxic ischemic encephalopathy6. Nevertheless, there is a paucity of research 
on the use of qEEG in preterm neonates with brain injury, both domestically and internationally. The field is still 
in its infancy. Therefore, this study aims to analyze the automatically computed qEEG characteristics in preterm 
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newborns with brain injury within the first 72 h of life. Additionally, the study examined the relationship between 
qEEG parameters and the general movements (GMs) score obtained at the corrected age of 3 months.

Methods
Study design
Neonates admitted to the NICU of Children’s Hospital of Fudan University from January 2021 to July 2022 
with < 34 weeks’ gestational age were recruited for this single-center prospective cohort study. Newborns were 
excluded from the study for congenital malformations, prenatally confirmed chromosomal abnormalities, 
inherited metabolic disorders, death within the first week of birth, incomplete EEG data (initial time > 24 h after 
birth and monitoring duration < 2 h), survival without MRI data during hospitalization, voluntary abandonment 
of treatment.

Infants underwent cranial MRI scan at term equivalent age (TEA). T1 and T2 images were obtained 
using Siemens TIM Trio 1.5 T MRI scanner (Siemens Medical Solutions, Erlangen, Germany). Brain injury 
in premature infants was defined as the presence of the white matter damage, periventricular-intraventricular 
hemorrhage, subarachnoid hemorrhage, and periventricular leukomalacia based on the radiological reports of 
MRI. In order to assess more objectively and quantitatively the correlation between brain structure and EEG 
function, we scored the MRI of brain-injured preterm infants according to the MRI scoring system by Kidokoro 
et al.9.

Quantitative EEG recording and analysis
Bedside qEEG (Nicolet One™ EEG System, Natus Medical Inc., Middleton, Wisconsin, USA) was performed 
within the first day of life for 4–6  h, according to the American Clinical Neurophysiology Society (ACNS) 
guideline. We followed the International 10–20 system to place the electrodes (Fp1, Fp2, C3, C4, T3, T4, O1 and 
O2). Cz and Fpz were considered as reference and ground, respectively. EEG data were recorded at a sampling 
frequency of 500 Hz.

Both the graphic and quantitative digital information of qEEG were exported offline for analysis by the 
Auto-Neo-EEG signal processing system using Python 3.6 software (Python software foundation, Wilmington, 
Delaware, USA). (1) EEG signal pre-processing: For each EEG recording, the original signal dataset was pre-
processed, including adjusted to the reference electrode, artifact removal, filtering, and down-sampling. The 
configuration of the filter comprised a range from 1 to 35 Hz, with a sampling frequency of 125 Hz and a time 
constant set at 0.3 s. (2) Feature extraction: The original signal dataset could be decomposed into four frequency 
bands (δ: 0.5-4, θ: 4–8, α: 8–13, and β: 13–30  Hz), and the number of signal channels was eight. For each 
frequency band and in each channel, five features [total power (TP), absolute band power (ABP), relative band 
power (RBP), alpha/theta ratio (ATR), alpha/ delta + theta ratio (ADTR), 95% spectral edge frequency (SEF), 
approximate entropy (ApEn), brain symmetry index (BSI), and coherence. (3) Data recording: One hour of 
original EEG data without convulsive seizure, electrical seizure and motion error were selected and intercepted 
multiple periods of 60 s without repeating. The data of 8 channels in different frequency bands of each feature 
were obtained by taking the median.

General movements assessment
General movements were assessed at the corrected age of 3 months, and the video recordings were interpreted 
and optimally scored by two certified scorers. We classified the global categories of GMs as: (a) normal: the 
movement sequence, amplitude, speed, and intensity are variable; (b) monotonous: the sequence of movement 
components is monotonous, and the amplitude, speed, and intensity lack the normal variability; (c) cramped-
synchronised: GMs lack the usual smoothness and appear rigid as the limb and trunk muscles contract almost 
simultaneously and relax almost simultaneously10. The optimized GMs scoring system proposed by Einspieler et 
al.11 was used, which covered detailed scoring of neck, trunk, upper and lower extremities. The total score was 
a minimum of 5 points and a maximum of 42 points, and the lower the score, the poorer the quality of whole-
body movements. Each video was scored by two scorers certified for general movements assessment. The inter-
observer variation was assessed by intraclass correlation coefficient (ICC). And we applyed the Bland–Altman 
method to assess the intra-observer variation. The calculation involves the average and relative difference of two 
repeated measurements taken one month apart by the same scorer.

Statistical analysis
The statistical analysis tool in this study was SPSS 25.0 software (SPSS Inc., Chicago, Illinois, USA). 
Mean ± standard deviation was used to describe the quantitative data of normal distribution; median and 
interquartile range [Median (IQR)] were used to describe the quantitative data of skewed distribution. The 
number of cases and the constitutive ratio (n, %) were used to describe qualitative data. Means were compared 
between two variables by t-test or one-way ANOVA, and rates were compared between two variables by chi-
square (χ2) test. The abilities of different qEEG metrics to identify brain injury and early neuromotor impairment 
in preterm infants were analyzed by constructing a receiver operating characteristic (ROC) curve. Cut-off values 
were determined according to the maximum Youden index (sensitivity + specificity − 1) in ROC curve analysis. 
Area under the curve (AUC), sensitivity, specificity, positive predictive value (PPV) and negative predictive 
value (NPV) were constructed. Pearson correlation coefficients were used to describe the relationship between 
early qEEG parameters and levels of general motor development at the corrected age of 3 months for preterm 
infants with brain injury. All analyses were conducted using univariate linear regression models examining one 
independent variable at a time. Differences could be recognized as statistically significant when P < 0.05.
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Results
Clinical characteristics and MRI Fingdings
A total of 43 preterm infants with brain injury, as determined by the MRI during hospitalization, were recruited 
for this study and compared with 65 newborns without brain injury. Demographic and clinical characteristics 
are summarized in Table 1. Prenatal application of magnesium sulfate due to maternal eclampsia (P = 0.042); 
complications during labor (P = 0.037); invasive mechanical ventilation (P = 0.003) and caffeine use (P = 0.008) 
in the brain injury group were statistically more common than in the non-brain injury group. The duration of 
hospital stay (P = 0.023) and parenteral nutrition (P = 0.010) was significantly longer in the brain injury group 
than those in the non-brain injury group.

MRI findings of the 43 neonates with brain injury at their term-aquivalent age were as follows: white matter 
injury in 17 cases, intraventricular/periventricular/subarachnoid hemorrhage in 19 cases, and grey matter injury 
in 7 cases. Figure 1 represents examples of different brain injuries identified in MRI scans.

QEEG characteristics
The sedative exposure during EEG monitoring was as follows: None of preterm infants without brain injury 
received fentanyl or midazolam during EEG monitoring; 8 and 2 preterm infants with brain injury received 
administration of fentanyl alone, and fentanyl together with midazolam, respectively. Dosages of fentanyl and 
midazolam were 1–2 µg/kg/h and 0.05–0.1 mg/kg/min in the cohort, respectively. Fentanyl and/or midazolam 
exposure was not significantly associated with TP, ABP, RBP, and coherence (t values 1.09–1.33, p values 0.18–
0.21).

As shown in Table 2, TP (363.92 ± 165.4 µV2), ABP-δ (359.35 ± 171.96 µV2), ABP-α (3.95 ± 1.01 µV2), RBP-δ 
(81.54% ± 26.92%) and coherence (0.11 ± 0.07) in the brain injury group were lower than TP (489.86 ± 158.86, 
P = 0.008), ABP-δ (469.12 ± 147.72, P = 0.002), ABP-α (5.07 ± 2.64, P = 0.019), RBP-δ (94.81 ± 28.15, P = 0.035) 
and coherence (0.18 ± 0.08, P = 0.025) in the non-brain injury group. Binary logistic regression showed that TP, 
ABP-δ, ABP-α, RBP-δ, and coherence were negatively correlated with the occurrence of brain injury. The detailed 
regression coefficients, P-values, odds ratio (OR) and 95% confidence intervals (CI) are shown in Table 3. ROC 
curve analysis was also conducted on the five different qEEG indicators, namely TP, ABP-δ, ABP-α, RBP-δ, 
and coherence, to evaluate their predictive ability for the occurrence of brain injury among preterm neonates. 
Figure 2 demonstrates that the five indicators were capable of discriminating between brain injury and non-
brain injury: AUCs (95% CIs) of TP, ABP-δ, ABP-α, RBP-δ, and coherence were 0.749 (0.611–0.983); 0.830 
(0.636–0.992); 0.721 (0.599–0.986); 0.799 (0.623–0.990); and 0.743 (0.608–0.947), with p -values of 0.032; 0.007; 
0.028; 0.010; and 0.046, respectively. Table 4 presents the sensitivity, specificity corresponding to different cut-
off values when using the maximum “Youden index” to differentiate between the presence and absence of brain 
injury for the five qEEG indicators. ABP-δ was superior to the other four parameters in the prediction of brain 
injury.

Short-term neuromotor developmental outcomes
We assessed 8 video-recordings as normal GMs; 31 recordings as monotonous; and 4 recordings as cramped-
synchronised among the brain injury group. And we assessed 49 video-recordings as normal GMs; 16 recordings 
as monotonous; and 0 recording as cramped-synchronised among the non-brain injury group.

The intraclass correlation for the GMs measurements was 0.774 (95% CI 0.712–0.939). On Bland–Altman 
analysis of GMs measurements, the means and standard deviation (SD) were 0.02 and 1.05, respectively. As shown 
in Table 5, the overall GM scores of 108 preterm infants ranged from 9 to 40 (22.8 ± 7.5): 15.6 ± 6.7 and 28.4 ± 8.3 

Variables Brain injury (n= 43) Non- brain injury (n= 65) P-value

Male, n (%) 23 (53.5) 36 (55.4) 0.165

Gestational age, weeks, Median (IQR) 28.4 (25, 33.6) 29.5 (25.1, 32.6) 0.320

Birth weight, kg, Median (IQR) 1377 (810, 2250) 1375 (980, 1783) 0.592

Cesarean sections, n (%) 24 (56.5) 37 (57.8) 0.435

Complications during pregnancy, n (%) 17 (38.6) 21 (33.2) 0.078

Complications during labor, n (%) 18 (41.9) 13 (21.0) 0.037*

5-minute Apgar score, mean±SD 6.7 ± 1.3 7.1 ± 1.2 0.279

Umbilical artery or first postnatal arterial blood gas

pH, mean±SD 7.0 ± 0.3 7.1 ± 0.2 0.367

BE, mmol/l, mean±SD − 4.0 ± 1.9 − 3.9 ± 1.5 0.466

Antenatal glucocorticoid use, n (%) 26 (60.5) 39 (60.0) 0.185

Antenatal use of magnesium sulfate for maternal eclampsia, n (%) 17 (39.5) 16 (24.6) 0.042*

Hospital stay, days, Median (IQR) 39 (20, 54) 24 (13, 37) 0.023*

Invasive mechanical ventilation, n (%) 18 (41.9) 18 (27.7) 0.003**

Caffeine use, n (%) 13 (30.2) 6 (9.2) 0.008**

Parenteral nutrition, days, Median (IQR) 30 (18, 54) 20 (11, 33) 0.010**

Blood transfusion, episodes, mean±SD 3.5 ± 1.0 3.0 ± 1.2 0.410

Table 1.  Clinical characteristics of neonates with and without brain injury. *P < 0.05, **P < 0.01.
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among preterm infants with and without brain injury, respectively (P = 0.019). Comparing the detailed scores, it 
can be found that the score of lower limbs was 7.4 ± 3.5 and 11.8 ± 5.5 in the brain injury group and the non-brain 
injury group, respectively (P = 0.030). We further analyzed the relationship between qEEG parameters and GM 
score among preterm infants with brain-injury, and found that TP (regression coefficient = 0.176, P = 0.023) and 
ABP-δ (regression coefficient = 0.159, P = 0.030) positively correlated with the GM score, with r-values of 0.316 
and 0.295, respectively; coherence negatively correlated with the GM score (regression coefficient = − 0.169, 
P = 0.039), with r values of − 0.213; and the other qEEG parameters were not significantly correlated with the 
GM score (all p-values > 0.05), as shown in Fig. 3. ROC curve analysis was also conducted on the three qEEG 
indicators, namely TP, ABP-δ, and coherence, to evaluate their predictive ability for early motor impairment. 
Figure 4 demonstrates that the three indicators were capable of discriminating between normal GMs and non-
normal GMs: AUCs (95% CIs) of TP, ABP-δ, and coherence were 0.580 (0.554–0.690); 0.576 (0.511–0.688); and 
0.544 (0.509–0.662), with P -values of 0.040; 0.045; and 0.047, respectively. Linear regression analysis was used to 
control for the following confounding factors: GA, BW, antenatal use of magnesium sulfate, opioids medication, 

Fig. 1.  Brain injuries identified in MRI scans. (A) White matter injury; (B) intraventricular hemorrhage; (C) 
subarachnoid hemorrhage; (D) periventricular leukomalacia.
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caffeine use, parenteral nutrition, and mechanical ventilation. The analysis indicated that higher TP and ABP-δ, 
and lower coherence were associated with higher GM scores in neonates (Table 6).

Discussion
In this study, we piloted a fully automated approach to EEG background analysis in preterm neonates (gestational 
age < 34 weeks) with brain injury using an Auto-Neo-EEG signal processing system. The EEG fragments selected 
were all subjected to screening and did not include convulsive episodes; thus, they could represent brain cortical 
activities. This study identified that TP, ABP-δ, ABP-α, and RBP-δ in preterm infants with brain injury were 
significantly lower than in those without brain injury. ABP-δ exhibited good capability in predicting brain 
injury. In addition, TP, ABP-δ and coherence significantly correlated with GM score, which reflected short-term 
neuromotor developmental outcomes.

Spectral power analysis contains the frequency information and reflects brain injury in the early stage12,13. 
The peak of the power spectrum is derived from the oscillation of the functional network at different natural 
frequencies3. Brain injury may lead to the dysfunction of the brain’s functional network, which leads to a 
decrease of EEG power14. Our results demonstrated that the total power of brain activity reduced in preterm 
infants with brain injury, among which δ power reduced to the greatest extent, which may be related to the 
fact that neonatal cortical activity was dominated by δ wave15. Jain et al.16 suggested that a drop in TP below 
the 10 µV2 threshold may indicate a loss of neural networks with antiepileptic properties. It can be seen that 
qEEG parameters regarding power spectrum were a useful monitoring method in preterm neonates who are at 
high risks of brain injury, and its abnormal changes were earlier than clinical symptoms, and even superior to 
neuroimaging. Further investigation of the mechanism of power decline in neonatal brain injury may provide 
new ideas for neuroprotective treatment of these neonates, and may introduce new therapeutic targets.

Brian connectivity describes the functional and anatomical connections across the brain network, which 
depend on neuronal oscillations17. Coherence is one mathematical method that can be used to determine if 
two or more sensors, or brain regions, have similar neuronal oscillatory activity with each other, and then 
can be used to determine the wellbeing or integrity of the functional connectivity in brain networks18. This 
study demonstrated that brain-injured preterm neonates had significantly lower coherence value than those 
without brain injury, which is consistent with the findings of Mc Laren et al.19both of whom found that the 
coherence level of neonates with moderate to severe HIE was lower than that of healthy neonates. The decrease 

Variables β OR 95% CI P-value

TP, µV2 − 0.205 0.683 0.565–1.276 0.044∗

ABP-δ, µV2 − 0.358 0.890 0.770–1.274 0.035∗

ABP-α, µV2 − 0.213 0.762 0.520–1.804 0.027∗

RBP-δ, % − 0.372 0.944 0.573–1.794 0.019∗

Coherence − 0.275 0.647 0.553–0.972 0.026∗

Table 3.  Relationship between early qEEG and the occurrence of brain injury in preterm infants. *P < 0.05.

 

Variables Brain injury (43) Non-brain injury (65) t P value

TP, µV2 363.92 ± 165.41 489.86 ± 158.86 4.025 0.008∗∗

ABP

δ, µV2 359.35 ± 171.96 469.12 ± 147.72 7.789 0.002∗∗

θ, µV2 9.86 ± 3.64 11.53 ± 5.22 1.737 0.062

α, µV2 3.95 ± 1.01 5.07 ± 2.64 3.089 0.019∗

β, µV2 3.89 ± 1.76 4.86 ± 2.12 1.725 0.145

RBP

δ, % 81.54 ± 26.92 94.81 ± 28.15 1.839 0.035∗

θ, % 3.97 ± 1.46 2.79 ± 1.17 0.756 0.468

α, % 1.08 ± 0.25 1.29 ± 0.37 1.310 0.189

β, % 0.99 ± 0.23 1.18 ± 0.35 0.752 0.675

ATR 0.45 ± 0.18 0.47 ± 0.21 0.826 0.465

ADTR 0.03 ± 0.01 0.02 ± 0.01 0.553 0.905

SEF95, Hz 3.49 ± 1.32 4.87 ± 1.85 1.734 0.098

ApEn 0.49 ± 0.22 0.57 ± 0.29 0.839 0.443

Coherence 0.11 ± 0.07 0.18 ± 0.08 2.307 0.025∗

BSI 0.18 ± 0.07 0.12 ± 0.05 0.784 0.626

Table 2.  Comparison of early qEEG characteristics between neonates with and without brain injury. *P < 0.05, 
**P < 0.01.
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in coherence may indicate the presence of abnormalities in EEG connectivity. While functional connectivity 
does not determine the specific direction of information flow in the brain, it just shows that these regions have 
similar signal content and therefore are most likely connected20. In the future, the application of functional 
connectivity indexes including coherence and phase delay index can be further studied, aiming to provides 
objective and reliable neurobiological markers for assessing brain network function.

Total score Sequence Neck and trunk Upper extremity Lower extremity

Brain injury group (n = 43) 15.6 ± 6.7 1.1 ± 0.8 1.8 ± 1.3 8.3 ± 3.4 7.4 ± 3.5

Non-brain injury group (n = 65) 28.4 ± 8.3 1.4 ± 0.9 2.2 ± 1.1 10.5 ± 4.7 11.8 ± 5.5

Total 22.8 ± 7.5 1.3 ± 0.8 2.0 ± 1.5 8.9 ± 4.6 9.2 ± 4.7

t 4.098 1.572 1.662 3.289 3.978

P value 0.019∗ 0.154 0.119 0.062 0.030∗

Table 5.  Comparison of GM scores in neonates with and without brain injury. *P < 0.05.

 

Variables AUC 95%CI Cut-off value Sensitivity Specificity

TP, µV2 0.749 0.611–0.983 53.46 0.841 0.587

ABP-δ, µV2 0.830 0.636–0.992 78.55 0.815 0.831

ABP-α, µV2 0.721 0.599–0.986 6.28 0.706 0.605

RBP-δ, % 0.799 0.623–0.990 35.58 0.791 0.678

Coherence 0.743 0.608–0.947 0.13 0.492 0.901

Table 4.  Predictive value of five early qEEG parameters on brain injury of preterm infants. AUC area under 
curve, CI confidence intervals; PPV positive predictive value, NPV negative predictive value.

 

Fig. 2.  Receiver operator characteristic curve of five early qEEG parameters on predicting brain injury of 
preterm infants.
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In this study, we found that AUCs of TP, ABP-δ, ABP-α, RBP-δ and coherence in predicting brain injury 
among preterm neonates were all greater than 0.7. When ABP-δ < 78.55 µV2it exhibited the greatest predictive 
value for brain injury (PPV: 78.6%, specificity: 83.1%, sensitivity: 81.5%). This is consistent with the results of 
several studies which also found qEEG parameters to be a sensitive real-time biomarker for monitoring the 
dynamic evolution of encephalopathy in children on the first day of life21,22. Since the natural frequency of EEG 
signal is unknown, the band power is expressed as relative power and is not affected by the power distortion 
caused by the frequency mismatch15. However, mainly due to renormalization factors, RBP cannot distinguish 

Fig. 3.  Three qEEG parameters correlated with GM score in 43 preterm infants with brain injury.
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between high-variability signals and low-variability signals, so ABP is recommended to describe the EEG 
characteristics of neonates with brain injury. However, ABP should be used with caution considering its high 
sensitivity.

The previous studies demonstrated that EEG was useful in predicting the prognosis of patients with brain 
injury23,24. However, the standard EEG was complicated, and it was difficult to interpret accurately. Abnormal 
general movements are among the most reliable early markers for neurodevelopmental disorders25,26. In addition 
to the global assessment of GM patterns, it can also be worthwhile to look at different aspects and components 
of GMs. A detailed assessment of GMs at preterm and term age was introduced by Ferrari et al.27. Several 
studies have demonstrated that GM score provides an intuitive and accurate basis for evaluating the short-term 

Variables

Unstandardized 
coefficients Standardized coefficients

t P valueB Std.Error Beta

TP 0.076 0.029 0.466 2.586 0.019

ABP-δ 0.054 0.023 0.429 2.376 0.029

Coherence − 2.476 0.983 – − 2.159 0.022

GA 0.117 0.027 0.302 1.271 0.220

BW 0.049 0.029 0.368 1.718 0.105

Antenatal use of magnesium sulfate 9.525 5.53 – 1.722 0.092

Opioids medication 0.061 0.064 0.554 1.751 0.086

Caffeine use 0.001 0.001 − 0.041 − 0.307 0.76

Parenteral nutrition − 0.097 0.075 − 0.212 − 1.295 0.202

Mechanical ventilation − 0.007 0.01 − 0.095 − 0.661 0.512

Table 6.  Regression analysis for factors associated with GM scores.

 

Fig. 4.  Receiver operator characteristic curve of three early qEEG parameters on predicting short-term motor 
impairment of preterm infants.
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neuromotor development28,29. In this study, GM scores of preterm infants with brain injury were significantly 
lower than those without brain injury at the corrected age of 3 months, and the difference was dominated by lower 
limbs, whereas the scores of the upper limbs, neck, trunk, and upper limbs showed no significant differences. 
The lower limbs scores of the GMs in the brain-injured preterm infants were significantly more backward, which 
may be related to the fact that lower limb muscle weakness is more pronounced in preterm infants at the early 
stage of development30. The clinical impression that the abnormal features of cramped-synchronised are more 
often expressed in the legs than in the arms was also confirmed by a lower score for the lower limbs as compared 
to the upper limbs in this study29. Furthermore, we analyzed qEEG and GM score, suggesting that TP and 
ABP-δ on the first day of life positively correlated with GM score in brain-injured preterm infants, whereas 
coherence was the opposite. It may suggest that the establishment and enhance of neuron activity, functional 
connectivity, and complexity in neonatal brain are associated with increased levels of neuromotor development 
at the corrected age of 3 months, which has also been proposed in a previous study31. However, the observed 
correlations represent a small effect size, and these moderate associations may reflect the multifactorial nature 
of motor impairment, where qEEG parameters capture only one aspect of neurophysiological dysfunction. The 
modest effect sizes emphasize that qEEG parameters should not be used in isolation, but may have value as part 
of multimodal assessment.

This study highlights qEEG as a promising bedside marker to determine brain function and predict 
neurodevelopmental outcome of preterm neonates. QEEG promises clinical applications. The brain functional 
status as indicated by qEEG is associated with brain injury and neuromotor development. Consequently, this 
may assist clinicians in evaluating the condition of children and predicting their prognosis. Portable and wireless 
qEEG systems reduce infrastructure demands. Simplified electrode setups (e.g., reduced montages) that maintain 
diagnostic accuracy while easing application. The need for specialized training remains a barrier, but solutions 
include: automated algorithms for seizure detection, minimizing reliance on expert interpretation; structured 
training programs for NICU staff to operate basic qEEG.

However, several limitations exist within this study. First, the results obtained from the limited patients. 
Another major limitation of the study was that we lacked dynamic cranial ultrasound monitorings on a regular 
basis to observe the progression of brain injury in premature infants. And we did not provide long-term follow-
up data, which are still being collected. Future studies using this automated qEEG analysis should be carried out 
to establish any association between qEEG features and long-term neurodevelopmental outcomes. QEEG would 
likely serve as a complementary tool rather than a replacement for current diagnostic methods, and describe 
specific clinical scenarios where it could add value (e.g., early risk stratification, treatment monitoring).

Conclusion
In summary, our findings provide robust evidence supporting that qEEG indicators can be used to identify 
neonates with high risks of brain injury and predict their prognosis. Clinicians can obtain real-time results at the 
bedside by qEEG and evaluate neonatal brain function, enabling timely and accurate clinical decision-making to 
improve adverse neurological outcomes in critically ill neonates. We anticipate that qEEG can be widely used in 
neonatal care and become a standard bedside brain monitoring tool for high-risk neonates in the future.

Data availability
Data are available from the corresponding author and the first author upon reasonable request.
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