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The significance of glycemic
variability in conjunction with
lactate metabolism levels in the
clinical assessment of neonatal
hypoxic-ischemic encephalopathy
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The disruption of cerebral cellular energy metabolism represents the initial phase in the pathogenesis
of neonatal hypoxic-ischemic encephalopathy (HIE). This study aimed to investigate the significance of
glycemic variability (GV) and lactate (LAC) metabolic levels for early assessment of HIE. A retrospective
study was conducted on asphyxiated neonates admitted to our hospital from January 2018 to

January 2024. Neonates ultimately diagnosed with HIE were categorized into the HIE group, while
those excluded from the HIE diagnosis were allocated to the control group. GV was assessed using

the difference between maximum and minimum (max-min), standard deviation (SD), and coefficient
of variation (CV). Lactate clearance rate (LCR) was used as an indicator of lactate metabolism. We
found that GLU CV and LCR were independent risk factors for brain injury following asphyxia. The
combination of GLU CV and LCR demonstrated a sensitivity of 84.2% and specificity of 78.6% in
predicting HIE, and achieved a sensitivity of 90.0% and specificity of 61.1% in predicting moderate-
severe HIE. Early monitoring of GV and LAC levels can serve as valuable indicators for predicting
neonatal HIE and assessing disease severity.
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Neonatal hypoxic-ischemic encephalopathy (HIE) is a perinatal brain injury resulting from hypoxia and
ischemia affecting fetal or neonatal brain tissue due to various perinatal factors. This condition represents a
prevalent form of neonatal central nervous system injury, with severe cases leading to varying degrees of long-
term sequelae and, in extreme instances, neonatal mortality’ .

The pathogenesis of HIE encompasses a multitude of intricate pathophysiological processes, with the
disruption of cerebral cellular energy metabolism being the predominant factor contributing to post-hypoxic-
ischemic brain injury>®. During hypoxia-ischemia, aerobic metabolism is compromised, leading to an increase
in anaerobic metabolism, elevated lactate production, and subsequent tissue acidosis’. Stress factors such as
hypoxia and acidosis can also induce abnormal fluctuations in glucose levels3characterized by early stress-induced
hyperglycemia followed by significant glycogen depletion at a later stage. Studies have demonstrated that stress-
induced hyperglycemia is a significant risk factor for multi-organ damage®'°and neonatal hypoglycemia in the
context of hypoxia can result in more severe brain injury'!. Consequently, monitoring only hypoglycemia or
hyperglycemia does not adequately capture the impact of glucose fluctuations on brain injury following asphyxia.
In recent years, with the progressive refinement of glucose management protocols, it has become increasingly
evident that controlling the magnitude of GV is more critical than managing glucose levels at isolated time
points'?. Elevated levels of GV and LAC have been found to be associated with brain injury in adults, as well as
increased mortality in critically ill patients'3-!°. Consequently, it is reasonable to hypothesize that monitoring
GV and LAC levels may offer a valuable reference for the early prediction and severity assessment of neonatal
HIE. The aim of this study was to investigate the significance of GV and LAC metabolic levels in the early
evaluation of HIE, thereby providing a reference for clinical management.
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Materials and methods

Patient selection

A retrospective study was conducted on 136 full-term neonates diagnosed with asphyxia who were admitted
to the Neonatal Intensive Care Unit (NICU) of the Affiliated Hospital of Yangzhou University between January
2018 and January 2024. To establish the diagnosis and severity of encephalopathy, a neurological examination
was performed within 6 h of birth according to the National Institute of Child Health and Human Development
(NICHD) classification for modified Sarnat staging!”. Simultaneously, the data from brain computed tomography
(CT) or magnetic resonance imaging (MRI) as well as amplitude-integrated electroencephalogram (aEEG)
were retrospectively analyzed and utilized for reference. The brain CT and MRI imaging results, as well as the
aEEG findings, were evaluated by radiologists and electroencephalographers who were blinded to the study
details. In accordance with the established inclusion and exclusion criteria, a total of 38 asphyxiated neonates
diagnosed with HIE were categorized into the HIE group, while 56 neonates not diagnosed with HIE were
allocated to the control group (Fig. 1). The HIE group was further subdivided into mild, moderate, and severe
subgroups based on clinical grading. Neonates with moderate and severe HIE received therapeutic hypothermia
(TH) initiated within the first 6 h of life and maintained for a duration of 72 h. This study adhered to medical
ethical standards and received approval from the Institutional Review Board (IRB) of the Affiliated Hospital of
Yangzhou University (No. 2022-YKL3-06-006). All methods were performed in compliance with the relevant
guidelines and regulations established by the hospital’s IRB. Due to the retrospective nature of the study, the IRB
of the Affiliated Hospital of Yangzhou University waived the need of obtaining informed consent. The inclusion
criteria were as follows: gestational age of 37 to 42 weeks, birth weight>1800 g, admission to the NICU within
0.5 h postpartum, no prior exposure to medications that could influence blood glucose and LAC levels such as

Assessed for eligibility (n=136)

Excluded (n=42)
-The admission time > 0.3 h after birth (n=8)
-Exposwre to medications that could nfluence
glucose (n=3)
-Mother had gestational diabetes (n=8)
-Congenital genetic metabolic diseases (n=1)
-Intrauterine infection (n=10)

-Inadequate clinical data (n=12)

94 Infants enrolled 41
A 4
HIE (n=38) Non-HIE (n=56)
Mild (n=20) Moderate (n=12) Severe (n=6)
Analysis
v v
Glycemic variability parameters Lactate parameters

Fig. 1. Study flow chart. HIE, hypoxic-ischemic encephalopathy.
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glucocorticoids, catecholamines, and maternal absence of gestational diabetes. Exclusion criteria encompassed
conditions such as congenital genetic metabolic diseases, intrauterine infection, and congenital malformations.

General data
Demographic and clinical information were collected for all enrolled infants, including gender, gestational age,
birth weight, mode of delivery, and perinatal medical history.

Arterial lactate data collection
Arterial blood gas analysis was conducted to measure the arterial LAC levels at admission (LAC,) and 6 h
thereafter (LAC,,). The LCR was subsequently calculated using the formula: LCR = [(LAC,;, - LAC

k6 v6) /
LAC.,,] x 100%"°.

TPO]

Glucose monitoring

All included infants underwent glucose monitoring at 3-hour intervals throughout the first day of life. If the
glucose levels fell below 2.6 mmol/L or exceeded 8.3 mmol/L, the monitoring frequency was increased to every
30 min to 1 h, and appropriate interventions were initiated. Specifically, when the blood glucose level was
below 2.6 mmol/L, an intravenous bolus of 10% glucose (2 ml/kg) was administered, followed by an increase
in the glucose infusion rate. When the blood glucose level exceeded 8.3 mmol/L, the glucose infusion rate was
decreased. Notably, none of the infants developed hyperglycemia requiring insulin therapy. Data from glucose
monitoring within the first 24 h post-admission were collected. The following metrics were calculated: average
glucose (GLU ave), the difference between the maximum and minimum of glucose values (GLU max-min),
standard deviation of glucose (GLU SD), and coefficient of variation of glucose (GLU CV). GLU max-min, GLU
SD, and GLU CV were utilized as indicators of GV'°.

Statistical analysis

All statistical analyses were performed using SPSS software (version 26.0, IBM Corporation, Armonk, NY, USA).
For continuous variables, the Student’s t-test was used for parametric testing and the Mann-Whitney U-test was
used for nonparametric testing. Analysis of variance (ANOVA) was employed to conduct comparisons among
multiple groups. For categorical variables, the chi-square test was used. Univariate analyses were performed to
identify possible risk factors that might be associated with HIE individually. Multicollinearity was tested among
all factors identified as possibly associated with HIE (P<0.05). In the multivariate analysis, the variables were
further entered into the logistic regression model to determine independent predictors of HIE. The performance
of factors identified as significantly related to HIE development from the regression analysis was assessed by
receiver operating characteristic (ROC) curve analysis and estimation of the corresponding AUC.

Results

Demographic and clinical data of the control and HIE groups

A total of 136 asphyxiated neonates were admitted during the research window, of whom 94 met the inclusion
criteria and had comprehensive clinical data. Among these neonates, 38 infants diagnosed with HIE were
assigned to the HIE group, while 56 infants who were not diagnosed with HIE were allocated to the control
group (Fig. 1). There were no significant differences in the demographic and general clinical characteristics
between the two groups (Table 1).

Arterial lactate and the development of HIE

According to the inclusion criteria, all newborns were admitted to NICU within 0.5 h after birth. Consequently,
the timing of LAC,,, corresponded to within 0.5 h post-birth, while LAC,, corresponded to approximately 6 h
post-birth. TH was initiated 4.6+ 1.1 h post-birth, thereby minimizing its influence on LAC,,, measurements.
There was no significant difference in the LAC,;, levels between the two groups (P>0.05). However, 6 h after
admission, the LAC,,, levels were significantly higher, and the LCR levels were significantly lower in the HIE
group compared to the control group (P<0.05) (Table 2).

HIEn=38

Total Mild Moderate | Severe Control

n=38 n=20 n=12 n=6 n=56 t/x* | P-value?
Male sex, n(%) 24 (63.2) 12 (60) 8(66.7) 4(66.7) 34 (60.7) 0.057 | 0.811
Birth weight (g) 3453 g+452 | 3355+425 | 3592+538 | 3500+316 | 3577 g+383 | 1.455 | 0.231
Gestational age (weeks) 38.68+1.21 |38.35+1.14 | 39.17+1.03 | 38.83+1.60 | 39.11+1.20 |2.789 | 0.098
Umbilical arterial cord pH 6.97+£0.06 6.98+0.08 |6.92+0.06 |6.93+0.05 |7.01+0.11 3.366 | 0.070
5-min Apgar (IQR) 5(4,5) 5(5,5) 4 (4,5) 4(3,5) 5 (4,6) 3.744 | 0.053
Vaginal delivery, n(%) 20 (52.6) 11(55.0) |5(417) 4(66.7) 34 (60.7) 0.605 | 0.437
Gestational hypertension, n(%) | 9 (23.7) 4(20.0) 3(25.0) 2(33.3) 6(10.7) 2.840 | 0.092
Parenteral nutrition, n(%) 36(94.7) 18(90.0) 12(100.0) 6(100.0) 51(91.1) 0.070 | 0.792

Table 1. Demographic and clinical data of the control and HIE groups. *Comparision between the control and
HIE groups; HIE, hypoxic-ischemic encephalopathy.
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HIE Control

n=38 n=>56 t P-value
LAC ™0 (mmol/L) | 7.4+3.0 6.1+3.3 1.978 | 0.060
LAC pp (mmol/L) | 4527 | 2.8+17 |3.365 |0.001
LCR (%) 36.1+15.7 | 48.4+22.5 | 2.902 | 0.005

Table 2. Arterial lactate and the development of HIE. HIE, hypoxic-ischemic encephalopathy; LAC, lactate;

TPO, time point of admission, the timing of LAC .,
6 h after admission, the timing of LAC

rate.

HIE Control

n=38 n=>56 t P-value
GLU ave (mmol/L) 49+1.7 49+1.2 | 0.062 | 0.951
GLU max-min 53+2.1 34+1.1 | 5.200 | 0.001
GLU SD 1.6+0.7 1.0+0.3 | 5.432 | 0.001
GLU CV (%) 33.68+10.0 | 21.2+6.4 | 6.827 | 0.001

corresponded to within 0.5 h post-birth; TP6, time point
corresponded to approximately 6 h post-birth; LCR, lactate clearance

Table 3. Glycemic variability and the development of HIE. HIE, hypoxic-ischemic encephalopathy; GLU,
Glucose; ave, average; max, maximum; min, minimum; SD, standard deviation; CV, coefficient of variation.
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Fig. 2. Relationship between GV and LAC metabolic levels. GV, glycemic variability; LAC, lactate; TP6, time
point 6 h after admission; LCR, lactate clearance rate; GLU, Glucose; max, maximum; min, minimum; SD,
standard deviation; CV, coeflicient of variation.

Glycemic variability and the development of HIE
There was no significant difference in the GLU ave levels between the two groups (P>0.05). In comparison to
the control group, the HIE group exhibited significantly higher values for GLU max-min, GLU SD, and GLU CV
(P<0.05) (Table 3).

Relationship between GV and LAC metabolic levels
In the HIE group, GLU max-min, GLU SD, and GLU CV exhibited significant positive correlations with LAC,,¢
and significant negative correlations with LCR (p <0.05). In contrast, GV showed no significant correlation with
lactate in the control group (p >0.05) (Fig. 2).
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Fig. 3. Analysis of risk factors for HIE. HIE, hypoxic-ischemic encephalopathy; LAC, lactate; TP6, time point
6 h after admission; LCR, lactate clearance rate; GLU, Glucose; max, maximum; min, minimum; SD, standard
deviation; CV, coeflicient of variation; Combined = LCR + GLU CV.

Mild Moderate | Severe Moderate-severe

n=20 n=12 n=6 n=18 F/x? | P-value
Male sex, n(%) 12 (60) 8 (66.7) 4 (66.7) 12 (66.7) 0.249 | 0.969
Birth weight (g) 3355+425 | 3592+538 |3500+316 |3564+373 1.618 | 0.196
Gestational age (weeks) 38.35+1.14 | 39.17+1.03 | 38.83+1.60 | 39.06+1.21 1.603 | 0.200
Umbilical arterial cord pH 6.98+£0.08 |6.92+£0.06 |6.93£0.05 |6.93+£0.06 2.735 | 0.053
5-min Apgar (IQR) 5(5,5) 4(4,5) 4(3,5) 4(4,5) 11.520 | 0.003
Vaginal delivery, n(%) 11 (55.0) 5(41.7) 4(66.7) 9 (50.0) 1.130 | 0.770
Gestational hypertension, n(%) | 4 (20.0) 3(25.0) 2(33.3) 5(27.8) 0.563 | 0.905
Parenteral nutrition, n(%) 18(90.0) 12(100.0) 6(100.0) 18(100.0) 3.733 | 0.292
MRI scan, n(%) 15(75.0) 12(100.0) 6(100.0) 18(100.0) 9.882 | 0.020
Age at MRI scan (days) 49+1.4 56+14 7.0+2.7 6.0+2.0 2.770 | 0.051
Abnormalities on MRI, n(%) 13(86.7) 12(100.0) 6(100.0) 18(100.0) 4.996 | 0.172

Table 4. General clinical data of different clinical grading groups for HIE. HIE, hypoxic-ischemic
encephalopathy; MRI, magnetic resonance imaging.

Logistic regression analysis of risk factors for the development of HIE
Elevated GLU CV and reduced LCR were identified as independent risk factors associated with HIE, with an OR
(95% CI) of 4.752 (1.249-8.667) and 4.149 (1.378-7.382), respectively (Fig. 3A).

ROC curve analysis of risk factors for the development of HIE

The ROC curve analysis showed that in predicting HIE, the combined detection of GLU CV and LCR yielded the
highest AUC of 0.883, and the Youden index was the largest when the cut-off value was 0.71, with a sensitivity
and specificity of 84.2% and 78.6%, respectively (Fig. 3B).

General clinical data of different clinical grading groups for HIE

The HIE group was further subdivided into mild (1 =20), moderate (n=12), and severe (n=6) subgroups based
on clinical grading. In order to identify moderate and severe HIE and initiate brain protection strategies as
soon as possible, moderate and severe HIE were combined as a moderate-severe HIE group for analysis. There
were no significant differences in the demographic and general data across all clinical grading groups (P>0.05),
with the exception of the 5-minute Apgar score and the proportion of patients undergoing brain MRI scanning
(p<0.05) (Table 4).

Arterial lactate and clinical severity of HIE
There were no significant differences in the LAC
admission, the LAC

po 1€vels among the groups (P>0.05). However, at 6 h post-

ps 1€Vels increased, while LCR decreased as the severity of HIE worsened (P<0.05) (Table 5).
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A

Mild Moderate | Severe Moderate-severe

n=20 n=12 n=6 n=18 F P-value
LAC ™0 (mmol/L) | 6.9+2.7 7.7£2.6 8.7+£4.6 | 8.0+3.3 0.701 | 0.556
LAC 6 (mmol/L) | 3.6+24 47+1.7 7.1£4.0 | 5.6+28 3.496 | 0.022
LCR (%) 49.0+16.7 | 36.6+17.5 | 19.8+7.2 | 31.0+16.7 6.705 | 0.001

Table 5. Arterial lactate and clinical severity of HIE. HIE, hypoxic-ischemic encephalopathy; LAC, lactate;
TPO, time point of admission, the timing of LAC_,;, corresponded to within 0.5 h post-birth; TP6, time point

6 h after admission, the timing of LAC ., corresponded to approximately 6 h post-birth; LCR, lactate clearance
rate.

Mild Moderate | Severe Moderate-severe

n=20 n=12 n=6 n=18 F P-value
GLU ave (mmol/L) | 5.6+1.8 | 5.6+1.6 4.5+1.1 51+£1.5 1.177 | 0.328
GLU max-min 47420 | 64+19 72407 | 6.1+2.0 3.725 | 0.017
GLU SD 14+0.6 | 2.0+0.6 2.2+03 1.9+0.7 4.088 | 0.011
GLU CV (%) 31.1+£9.6 | 352+4.0 |50.7+£6.9 | 36.5+9.8 8.096 | 0.001

Table 6. Glycemic variability and clinical severity of HIE. HIE, hypoxic-ischemic encephalopathy; GLU,
Glucose; ave, average; max, maximum; min, minimum; SD, standard deviation; CV, coefficient of variation.
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Fig. 4. Analysis of risk factors for moderate-severe HIE. HIE, hypoxic-ischemic encephalopathy; LAC,
lactate; TP6, time point 6 h after admission; LCR, lactate clearance rate; GLU, Glucose; max, maximum; min,
minimum; SD, standard deviation; CV, coefficient of variation; Combined = LCR + GLU CV.

Glycemic variability and clinical severity of HIE

There was no significant difference in the GLU ave levels among the groups (P>0.05). However, GLU max-
min, GLU SD, and GLU CV showed an increasing trend with the severity of HIE, and these differences were
statistically significant (P <0.05) (Table 6).

Logistic regression analysis of risk factors for the severity of HIE
In multiple regression analysis, GLU CV and LCR were identified as significant risk factors for moderate-severe
HIE, with an OR (95% CI) of 3.718 (0.001-7.322) and 1.434 (1.001-1.945), respectively (Fig. 4A).

ROC curve analysis of risk factors for the severity of HIE

The ROC curve analysis showed that in predicting moderate-severe HIE, the combined detection of GLU CV
and LCR yielded the highest AUC of 0.736, and the Youden index was the largest when the cutoff value was 0.51,
with a sensitivity and specificity of 90.0% and 61.1%, respectively (Fig. 4B).
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Discussion

In this study, we have demonstrated a significant association between elevated GV levels and reduced LCR
levels and the development and severity of brain injury in neonates with HIE following asphyxia. Furthermore,
our findings suggest that the combined detection of GV and LCR holds potential predictive value for the early
identification and evaluation of HIE.

The impairment of energy metabolism in cerebral cells following hypoxic-ischemia represents the initial
stage in the progression of HIE. The accumulation of LAC in tissues during anaerobic metabolism, along with
fluctuations in glucose levels under stress conditions, is closely associated with brain injury. Consequently,
maintaining homeostasis and stabilizing glucose levels are crucial for mitigating brain injury after hypoxic-
ischemia®~’. Research has demonstrated that the metabolic interplay between glucose and LAC is disrupted
following HIE, leading to disorders in LAC and glucose metabolism?’. Both hyperglycemia and hypoglycemia
are prevalent among asphyxiated neonates?'. While hypoglycemia is a significant risk factor for hypoxic-ischemic
brain injury**hyperglycemia and erratic glucose fluctuations also impair cerebral cell energy metabolism,
contributing to neurological damage®***. Therefore, this retrospective study aims to predict the risk of HIE and
evaluate its severity by monitoring changes in LAC and glucose levels.

GV represents the magnitude of glucose fluctuation within a given time period, reflecting an unstable
condition where glucose levels oscillate between maximum and minimum values. Research has demonstrated
that maintaining long-term stable glucose levels can decrease the incidence of brain injury and mortality
risk?>26, Currently, GV has gained widespread application in adult endocrinology research; however, its utility
in predicting neonatal HIE remains unreported. In this study, we found that the levels of GLU max-min, GLU
SD, and GLU CV in the HIE group were significantly higher than those in the non-HIE group (P<0.05). It is
hypothesized that asphyxia-induced elevation in stress hormone secretion stimulated increased glycogenolysis
and gluconeogenesis, leading to stress hyperglycemia. If hypoxia remains uncorrected, anaerobic metabolism
intensifies, resulting in glycogen depletion and subsequent hypoglycemia. The significant fluctuations in glucose
caused by this neuroendocrine response are closely associated with the development of hypoxic-ischemic brain
injury!®. Further comparative analysis of GV indexes among neonates in different clinical grading groups
revealed that GLU max-min, GLU SD, and GLU CV progressively increased with the severity of HIE (P<0.05).
This observation is consistent with previous studies?”-*which have demonstrated that significant fluctuations in
glucose levels, particularly extreme highs and lows, can lead to abnormal cerebral blood flow and neuronal stress
damage, thereby supporting our findings.

Changes in LAC levels serve as sensitive indicators of the degree of tissue and cellular hypoxia. Research has
confirmed that neonates experiencing hypoxic-ischemic events exhibit increased anaerobic metabolism, which
can lead to hyperlactatemia and accumulation of LAC in the brain. This process is closely associated with the
onset and progression of HIE?®. We observed that at 6 h post-admission, the LAC levels in the HIE group were
significantly higher compared to the control group, whereas the LCR levels were notably lower. The LAC and
LCR levels at 6 h post-admission were correlated with disease severity (P <0.05), which was consistent with prior
research®.

In the metabolic processes of neonatal HIE, glucose and LAC exhibit interactive relationships that collectively
influence cerebral cellular energy metabolism?’. This study further investigated the correlation between GV and
LAC indices. The results demonstrated that no significant correlation was observed between GV and the lactate
indices in the control group (p>0.05). In contrast, within the HIE group, GLU max-min, GLU SD, and GLU
CV were positively correlated with the LAC levels and negatively correlated with LCR (p <0.05). Although the
association within the HIE group was not very pronounced, potentially due to the low proportion of neonates
with severe HIE, we hypothesize that this association may become stronger as the proportion of neonates with
increasing HIE severity rises. It is hypothesized that following hypoxic-ischemic injury, neurons are unable to
secure a stable energy supply due to erratic fluctuations in glucose levels, and LAC can serve as an alternative
energy source, which has been termed “alternative brain fuel“*’. Consequently, there exists a compensatory
relationship between LAC and glucose in the metabolic alterations observed in HIE.

Therefore, GV and LAC levels are intricately associated with brain injury following hypoxic-ischemic
events. It is crucial to maintain the homeostasis of glucose and LAC metabolism in the clinical management of
asphyxiated neonates to mitigate the risk of brain injury. Multivariate logistic regression analysis revealed that
increased GLU CV (OR: 4.752, 95% CI: 1.249-8.667) and decreased LCR (OR: 4.149, 95% CI: 1.378-7.382)
were independent risk factors for HIE following asphyxia. Additionally, elevated GLU CV (OR: 3.718, 95% CI:
0.001-7.322) and reduced LCR (OR: 1.434, 95% CI: 1.001-1.945) were associated with an increased risk of
moderate-severe HIE. These findings suggest that higher GV and lower LCR levels may play partial roles in the
development and progression of HIE. However, GLU CV for moderate-severe HIE exhibit imprecision (owing to
wide 95% CI), potentially influenced by the proportion of HIE severity. Consequently, these findings should be
interpreted with clinical prudence and in conjunction with neuroimaging and neuroelectrophysiological data.
Further analysis of the ROC curve demonstrated that the combination of GLU CV and LCR achieved the highest
diagnostic efficiency for both the occurrence and severity of HIE. Specifically, the AUC for predicting HIE was
0.883, with a sensitivity of 84.2% and a specificity of 78.6%. For moderate-severe HIE, the AUC was 0.736, with
a sensitivity of 90.0% and a specificity of 61.1%.

Our study has some limitations. First it is a single center study, with a relatively small sample size that
precluded more in-depth analyses. Second, given that blood glucose monitoring was performed intermittently
rather than continuously, the available blood glucose data fail to comprehensively capture the trends of blood
glucose fluctuations following asphyxia. Furthermore, owing to the scarcity of blood glucose data within the
first six hours postpartum, it was not feasible to analyze the significance of GV during the TH therapeutic
intervention window for clinical decision-making purposes. Finally, this study did not evaluate the long-term
neurodevelopmental outcomes in infants with HIE.
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Conclusions

Our study indicates that elevated GV and reduced LCR are indicative of cellular energy depletion and impaired
homeostasis in neonatal HIE. The concurrent evaluation of GV and LCR may serve as a valuable tool for the
early prediction and assessment of HIE severity. Prompt monitoring of glucose fluctuations and LAC metabolism
could offer novel insights for the prevention and management of brain injury following hypoxic-ischemic events.

Data availability
The original rearch data presented in the study are included in the article, further inquiries can be directed to
the corresponding author.
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