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Background: Early identification of hypoxic–ischemic encephalopathy (HIE) 
remains challenging during the first hours of life, and therapeutic hypothermia 
(TH) is often initiated before the underlying diagnosis can be established.
Objective: The primary aim of this work is to compare the clinical characteristics, 
laboratory findings, and short-term outcomes of neonates treated with TH for 
presumed HIE according to their predominant underlying diagnosis.
Methods: We retrospectively reviewed all neonates who received TH for 
suspected HIE between 2019 and 2023. Infants were categorized according to 
the predominant underlying diagnosis identified following comprehensive 
clinical, neurophysiological, neuroimaging, metabolic, genetic, and subspecialty 
evaluations. Demographic, clinical, neurologic, and laboratory parameters— 
including inflammation- and oxidative stress-related indices—were compared 
between groups.
Results: Among 92 neonates treated with TH, nine (10%) were subsequently 
found to have non-hypoxic–ischemic etiologies of neonatal encephalopathy. 
Baseline neurological severity assessed by Sarnat staging and initial 
amplitude-integrated electroencephalography patterns did not differ between 
groups. However, infants in the non-HIE group demonstrated significantly 
higher rates of myocardial injury (77% vs. 22%, p < 0.001) and severe 
thrombocytopenia (66% vs. 25%, p = 0.016). These infants also had substantially 
longer hospitalizations [median (25P–75P): 28 (17–38) vs. 7 (5–11) days, 
p = 0.002] and higher mortality rates (55.6% vs. 6%, p = 0.001). The median day 
of death was earlier in the non-HIE group [median (25P–75P): 3 (1–57) vs. 16 
(8–77) days; p = 0.30]. However, it was not statistically significant. Inflammatory 
and oxidative stress indices did not differ significantly between groups.
Conclusion: Approximately 10% of neonates undergoing therapeutic 
hypothermia for presumed HIE were ultimately found to have non- 
hypoxic–ischemic causes of neonatal encephalopathy despite similar early 
neurologic presentations. These infants experienced greater systemic 
morbidity and poorer short-term outcomes. While the small and 
heterogeneous non-HIE cohort warrants cautious interpretation, 
disproportionately severe systemic manifestations—particularly myocardial 
injury and thrombocytopenia—may represent early clinical clues prompting 
broader diagnostic evaluation beyond hypoxic–ischemic injury.
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Introduction

Neonatal encephalopathy (NE) is a clinical syndrome 
characterized by disturbed neurological function in the newborn 
(1). Although NE is frequently used interchangeably with 
hypoxic–ischemic encephalopathy (HIE), the two terms are not 
synonymous. HIE refers specifically to brain injury resulting 
from perinatal hypoxia–ischemia, whereas NE is a descriptive 
syndrome encompassing a broad spectrum of underlying 
etiologies, including metabolic, infectious, genetic, structural, 
vascular, and neuromuscular disorders (1–3).

Because many clinical, biochemical, and neurophysiological 
features overlap among these conditions, distinguishing HIE 
from alternative causes of NE during the first hours after birth 
remains challenging. Metabolic acidosis, low Apgar scores, 
seizures, abnormal amplitude-integrated electroencephalographic 
(aEEG) findings, and the need for extensive resuscitation may 
occur in both hypoxic–ischemic and non-hypoxic conditions, 
making early differentiation of the underlying cause challenging 
(1, 3, 4). Although NE affects approximately 2–8 per 1,000 live 
births worldwide, only a subset of affected infants ultimately 
fulfills diagnostic criteria for HIE, underscoring the importance 
of accurate etiologic evaluation (2).

Therapeutic hypothermia (TH) is the standard neuroprotective 
treatment for moderate-to-severe HIE in high-income settings and 
has been shown to reduce mortality and long-term 
neurodevelopmental disability when initiated within the first 6 h 
after birth (5). Because this therapeutic window is narrow, clinicians 
are frequently required to initiate treatment before the underlying 
diagnosis can be established. Consequently, TH is often commenced 
in infants with presumed HIE while investigations for metabolic, 
genetic, structural, infectious, or other causes of NE remain 
ongoing. This strategy prioritizes timely neuroprotection in infants 
with true hypoxic–ischemic injury, recognizing that the underlying 
diagnosis often becomes apparent only after comprehensive 
diagnostic evaluation (3, 6). Recent commentaries have emphasized 
that the term NE should be regarded as an initial clinical diagnosis 
rather than a final etiologic diagnosis. Failure to distinguish HIE 
from other causes of NE may obscure appropriate diagnosis, delay 
disease-specific management, and complicate both clinical decision- 
making and interpretation of research findings (3, 6). Nevertheless, 
further characterization of infants who undergo therapeutic 
hypothermia for presumed HIE but are subsequently found to have 
non-hypoxic–ischemic causes of NE is needed.

Accordingly, the primary aim of this study was to compare the 
clinical characteristics, laboratory findings, neurophysiological 
features, and short-term outcomes of infants who underwent 
TH for presumed HIE and were subsequently classified as 
having either HIE-consistent NE or NE due to non-hypoxic– 
ischemic etiologies. As a secondary objective, we evaluated 
whether selected inflammation- and oxidative stress-related 
composite indices—including the systemic immune- 
inflammation index (SII), hemoglobin–albumin–lymphocyte– 
platelet (HALP) score, uric acid-to-albumin ratio (UA/Alb), and 
lactate dehydrogenase-to-albumin ratio (LDH/Alb)—could 
facilitate early etiologic differentiation, as these biomarkers have 
shown potential associations with hypoxic–ischemic injury but 
have not been adequately evaluated for distinguishing HIE from 
non-hypoxic–ischemic causes of NE (7–11).

Methods

This retrospective cohort study was conducted at a single 
tertiary neonatal intensive care unit (NICU) serving as a 
regional referral center for TH. The study period encompassed 4 
years from 1 January 2019 to 1 January 2023. After approval by 
the institutional ethics committee (27 May 2024/E.594842), data 
were extracted from electronic medical records.

Patient selection and grouping

Eligible infants (≥36 weeks’ gestation and >2,000-g) were 
admitted to the NICU within the first 12 h after birth. As our 
institution serves as a regional tertiary referral center, some 
infants were transferred from outside hospitals after birth. In 
selected infants admitted between 6 and 12 h of age, TH was 
initiated following individualized consultant assessment, with 
careful consideration of the potential risks and benefits, 
particularly when the diagnosis of moderate-to-severe HIE 
remained clinically plausible despite delayed presentation. TH 
was initiated primarily in infants who met institutional 
diagnostic criteria for moderate-to-severe encephalopathy based 
on clinical examination using the modified Sarnat and Sarnat 
scales and/or abnormal aEEG findings. In addition, because 
neurological findings in NE may evolve during the first hours 
after birth, TH was not initiated solely on the basis of a single 
Sarnat examination. In our unit, infants with initially mild 
(Stage 1) encephalopathy were considered for TH if neurological 
abnormalities progressed on serial examinations, seizures 
developed, and/or aEEG demonstrated abnormalities consistent 
with moderate-to-severe encephalopathy. In these situations, the 
decision to initiate TH was made on an individual basis by the 
attending neonatal consultant after careful assessment of the 
overall clinical picture and the potential risks and benefits of 
treatment. Exclusion criteria included major congenital 
anomalies and known or suspected chromosomal disorders at 
the time of the TH decision.

A total of 92 infants met inclusion criteria and were 
retrospectively categorized into two groups: 

(a) HIE-consistent NE (NE with predominant hypoxic– 
ischemic etiology) (n = 83).

(b) Non-HIE group (predominant underlying diagnosis 
other than HIE) (n = 9). The predominant underlying 
diagnosis was established through review of all available 
clinical, neurophysiological, neuroimaging, metabolic, 
genetic, cardiologic, and subspecialty consultation data. 
Diagnostic investigations varied according to the 
suspected underlying condition and were not identical 
for all patients. Because alternative diagnoses and 
hypoxic–ischemic injury are not necessarily mutually 
exclusive, infants were categorized according to the 
predominant underlying diagnosis identified during the 
diagnostic workup rather than the complete exclusion 
of hypoxic–ischemic injury.
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TH was applied in accordance with the national guideline for NE 
(12). TH was initiated in infants with arterial pH ≤7.00 or base 
excess ≥16 mmol/L when these findings were accompanied by 
moderate-to-severe encephalopathy on the modified Sarnat and 
Sarnat examination and/or abnormal aEEG patterns. For 
borderline cases with pH between 7.00 and 7.15 or base deficit 
between 12 and 16 mmol/L, TH was commenced if at least two 
additional clinical findings (e.g., low Apgar score, prolonged 
resuscitation, or seizures) were present or if moderate-to-severe 
encephalopathy and/or an abnormal aEEG patterns were 
identified. In infants who did not fully meet the biochemical 
criteria but in whom HIE remained clinically suspected, the 
decision to initiate TH was made on an individual basis by the 
attending neonatal consultant after careful assessment of the 
overall clinical presentation, neurological findings, aEEG 
findings, and the potential risks and benefits of treatment. The 
target core temperature was maintained between 33.0°C and 
34.0°C for 72 h, followed by gradual rewarming at a rate of 0.5° 
C per hour.

Background activity on aEEG was classified according to the 
Hellström–Westas voltage classification as normal (continuous 
normal voltage), moderately abnormal (discontinuous normal 
voltage or burst suppression), or severely abnormal (low voltage 
or flat trace) (13).

Cranial ultrasonography was performed as part of the initial 
evaluation before initiation of TH and repeated during or after 
treatment when clinically indicated to identify alternative causes 
of NE, such as intracranial hemorrhage or arterial ischemic 
stroke. The institutional neonatal MRI protocol included 
conventional brain MRI sequences (T1- and T2-weighted 
imaging) together with diffusion-weighted imaging (DWI) and 
apparent diffusion coefficient (ADC) maps. MRI imaging was 
routinely performed at approximately postnatal day 5, provided 
the infant was clinically stable. Brain MRI examinations were 
interpreted by an experienced pediatric neuroradiologist as part 
of routine clinical care. Neuroimaging findings were reviewed 
retrospectively from radiology reports and clinical records. 
A standardized MRI injury scoring system (e.g., Barkovich, 
Weeke, or modified Rutherford score) was not routinely applied, 
as the primary aim of the present study was etiologic 
classification rather than quantitative grading of hypoxic– 
ischemic brain injury; nevertheless, complete MRI sequence 
parameters and imaging findings were systematically recorded 
for all examinations. MRI findings contributed to establishing 
the underlying diagnosis but were interpreted together with the 
complete clinical, neurophysiological, metabolic, genetic, and 
multidisciplinary evaluation rather than serving as the sole 
determinant of diagnosis.

Data collection

Clinical and laboratory data were retrieved from electronic 
hospital records. Demographic variables (gestational age, birth 
weight, sex, delivery mode), perinatal indicators (Apgar scores, 
time to TH initiation), and initial laboratory results obtained at 
hospital admission—before initiation of TH whenever 
applicable, including arterial pH, base excess, lactate, troponin, 
serum creatinine, and complete blood count parameters—were 

recorded. Neurologic assessment included Modified Sarnat 
staging and aEEG background patterns obtained during the first 
24 h. Clinical outcomes occurring during hospitalization 
including severe thrombocytopenia (platelet count <100,000/ 
mm3) and acute kidney injury defined as a serum creatinine 
>1.5 mg/dL or urine output <1 mL/kg/h for ≥24 h were also 
systematically recorded.

Inflammation and oxidative stress indices

(a) To evaluate whether hematologic and biochemical 
markers of inflammation and oxidative stress might 
contribute to early etiologic differentiation, several 
composite indices were calculated using laboratory 
values obtained before initiation of therapeutic 
hypothermia (7–11): SII = (platelet count × neutrophil 
count)/lymphocyte count.

(b) HALP score (hemoglobin–albumin–lymphocyte– 
platelet) = (hemoglobin × albumin  ×  lymphocyte count)/ 
platelet count.

(c) Uric acid-to-albumin ratio (UA/Alb) = serum uric acid 
(mg/dL)/serum albumin (g/dL).

(d) Lactate dehydrogenase-to-albumin ratio (LDH/Alb) =  
serum LDH (U/L)/serum albumin (g/dL).

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics 
for Windows, version 29.0 (IBM Corp., Armonk, NY, USA). 
Continuous variables were assessed for normality using the 
Shapiro–Wilk test. Non-normally distributed data were reported 
as medians and percentiles, and compared using the Mann– 
Whitney U-test. Categorical variables were presented as 
frequencies and percentages. Given the small sample size of the 
non-HIE group and unequal group distributions, categorical 
comparisons were conducted using Fisher’s exact test.

Because of the exploratory nature of the study and the small 
size of the non-HIE cohort, formal adjustment for multiple 
comparisons was not performed, and findings should be 
interpreted as hypothesis-generating. For Mann–Whitney U 
comparisons, effect size was calculated as r = Z/√N, where Z is 
the standardized test statistic and N is the total number of 
observations. Effect sizes were interpreted as small (r = 0.10), 
medium (r = 0.30), and large (r ≥ 0.50). A two-tailed p-value 
<0.05 was considered statistically significant for descriptive 
purposes. Time to death was analyzed using Kaplan–Meier 
survival curves, and differences between the HIE-consistent NE 
and non-HIE groups were compared using the log-rank 
(Mantel–Cox) test.

Results

A total of 92 neonates underwent TH during the study period. 
Of these, 83 (90%) were classified as having HIE-consistent NE, 
whereas 9 (10%) were classified as having non-HIE 
encephalopathy following completion of the diagnostic 
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evaluation. The non-HIE group comprised two neuroblastomas, 
two chromosomal/syndromic disorders, two inherited metabolic 
disorders, one congenital neuromuscular disorder, one skeletal 
dysplasia, and one complex congenital disorder with central 
hypoventilation. Detailed clinical, neurophysiological, 
neuroimaging, and diagnostic characteristics of these nine 
infants are summarized in Table 1. Among infants in the non- 
HIE group, neuroimaging findings varied according to the 
underlying diagnosis.

In the overall cohort, initial aEEG patterns were classified as 
normal in 12 infants (12.9%), moderately abnormal in 69 (74%), 
and severely abnormal in 11 (11.8%). According to modified 
Sarnat staging, 46 infants (49%) presented with Stage 1, 35 
(37.6%) with Stage 2, and 11 (11.8%) with Stage 3 encephalopathy.

Gestational age and birth weight were similar between groups: 
38 weeks (25P–75P; 37–40) vs. 38 weeks (25P–75P; 37–38), 
p = 0.27; 3,300 g (25P–75P; 2,780–3,620) vs. 3,200 g (25P–75P; 
2,920–3,575), p = 0.99. Cesarean delivery was significantly less 
frequent among infants with HIE-consistent NE [34 (41%)] 
compared with the non-HIE group [8 (88%); p = 0.011]. Apgar 
scores at 5 min, cord blood gas parameters, Sarnat staging, and 
initial aEEG patterns showed no significant differences between 
groups (Table 2). In terms of systemic complications, 
myocardial injury (elevated troponin) occurred in 77% of 
infants in the non-HIE group vs. 22% in the HIE group 
(p < 0.001). Severe thrombocytopenia (<100,000/mm3) was also 
more common in the non-HIE group (66% vs. 25%; p = 0.016). 
Infants in the NE group with alternative etiologies had a 
significantly longer NICU stay [28 days (25P–75P; 17–38) vs. 7 
days (25P–75P; 5–11); p = 0.002] and higher mortality (55.6% vs. 
6%; p = 0.001). Although deaths occurred earlier among infants 
in the non-HIE group (median day 3 vs. 16), this difference did 
not reach statistical significance (log-rank p = 0.30). Other 
outcome parameters are summarized in Table 3. Evaluation of 
inflammatory and oxidative stress indices (SII, UA/Alb, LDH/ 
Alb ratio, HALP score) showed no significant differences 
between the groups. Effect sizes for all comparisons were small 
(r < 0.20) (Table 4).

Discussion

Our study demonstrates that approximately 1 in 10 infants 
who underwent TH for presumed HIE was ultimately found to 
have non-HIE encephalopathy. Importantly, initial neurological 
severity—assessed by Sarnat staging, aEEG, and biochemical 
markers of perinatal acidosis—was comparable between groups, 
underscoring the substantial diagnostic overlap between HIE 
and non-hypoxic–ischemic causes of NE during the early 
postnatal period. Despite similar neurological presentations, 
infants in the non-HIE group experienced significantly higher 
mortality and greater systemic morbidity than those with HIE- 
consistent NE. Collectively, these findings highlight the 
diagnostic uncertainty encountered during the first hours after 
birth, when treatment decisions must be made within a narrow 
neuroprotective window before the results of comprehensive 
diagnostic investigations become available.

Our findings support the evolving concept that NE should be 
regarded as an initial clinical syndrome rather than a definitive 

diagnosis. As emphasized by Branagan et al., a diagnosis of NE 
should prompt immediate evaluation and consideration of TH 
when HIE is suspected, while the underlying cause should be 
clarified through ongoing diagnostic investigations (14). This 
concept is particularly relevant because genetic, metabolic, 
structural, and other non-asphyxial disorders may closely mimic 
HIE during the first hours after birth, precisely when 
therapeutic decisions must be made (14–16).

This diagnostic uncertainty was well illustrated in our cohort. 
Infants in the non-HIE group frequently underwent TH before the 
underlying diagnosis was established, with several diagnoses 
becoming apparent only after metabolic investigations, genetic 
testing, neuroimaging, or multidisciplinary evaluation. Most 
infants were referred from outside hospitals, where incomplete 
obstetric and perinatal documentation further complicated the 
initial diagnostic evaluation. As our institution serves as a 
regional tertiary referral center for critically ill outborn 
neonates, referral-related delays likely contributed to the interval 
between birth and establishment of the underlying diagnosis. In 
addition, several underlying disorders were associated with 
prenatal abnormalities or suggestive family histories. However, 
these findings were often non-specific or insufficient to establish 
the diagnosis before birth. Definitive genetic diagnoses were also 
not immediately available because confirmatory testing required 
referral to external laboratories, with turnaround times 
extending beyond the narrow therapeutic window for initiating 
TH. Consequently, TH was initiated whenever HIE remained a 
clinically plausible diagnosis while definitive diagnostic 
investigations continued.

Importantly, our findings should not be interpreted as 
suggesting that therapeutic hypothermia (TH) should be delayed 
until an underlying diagnosis has been established. Although 
unnecessary TH may expose some infants without HIE to 
treatment-related adverse effects (e.g., invasive monitoring, 
sedation, coagulopathy, or cardiovascular instability), the 
potential harm associated with withholding TH from an infant 
with true HIE generally outweighs the risks of treating a limited 
number of infants who are subsequently found to have non- 
hypoxic–ischemic causes of NE. As TH remains the only 
established neuroprotective therapy for moderate-to-severe HIE 
and must be initiated within the first 6 h after birth to achieve 
maximal benefit (17, 18), treatment decisions inevitably precede 
definitive neuroimaging, metabolic investigations, and genetic 
testing. Consequently, initiation of TH before the underlying 
diagnosis is fully established is an inherent feature of current 
neonatal practice. Rather than supporting more restrictive 
eligibility criteria, our findings highlight the need for more 
accurate early diagnostic tools capable of improving etiologic 
discrimination without delaying initiation of TH.

Because a diagnosis of HIE carries important therapeutic, 
prognostic, and medicolegal implications, clinicians may 
reasonably favor initiating TH when the diagnosis is clinically 
plausible but not yet definitive (19). In this context, our findings 
emphasize that atypical clinical evolution, disproportionate 
extracerebral organ involvement, or a clinical course that 
deviates from the expected trajectory of HIE should prompt 
early reassessment of the underlying diagnosis and a broader 
diagnostic evaluation rather than continued attribution to 
hypoxic–ischemic injury alone.
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TABLE 2 Comparison of infants with and without hypoxic–ischemic encephalopathy among those receiving therapeutic hypothermia (TH).

Variable Hypoxic–ischemic encephalopathy 
(N = 83)

Alternative etiologies of NE 
(N = 9)

p-Value

Gestational age (weeks), median (25P– 

75P)

38 (37–40) 38 (37–38) 0.27

Birth weight (g), median (25P–75P) 3,300 (2,780–3,620) 3,200 (2,920–3,575) 0.99

Male sex, n (%) 55 (66) 5 (55) 0.71

Cesarean section, n (%) 34 (41) 8 (88) 0.011

1-min Apgar score, median (25P–75P) 4 (2–5) 3 (2–5) 0.84

5-min Apgar score, median (25P–75P) 6 (5–7) 5 (4–7) 0.64

Resuscitation, n (%)

Positive pressure ventilation 17 (20) 1 (11) 0.89

Intubation 48 (58) 6 (67)

Adrenaline 18 (21) 2 (22)

Cord pH, median (25P–75P) 6.9 (6.8–7.05) 6.9 (6.8–7.06) 0.89

Cord bas excess, median (25P–75P) −17(−19 to −13) −16.5(−18 to −9) 0.69

Lactate level, median (25P–75P) 12 (8–17) 12 (8–13) 0.79

Sarnat staging, n (%)

Stage 1 43 (51) 3 (33) 0.10

Stage 2 32 (39) 3 (33)

Stage 3 8 (9.6) 3 (33)

Initial aEEG pattern, n (%)

Normal 12 (14) 0 0.071

Moderately abnormal 63 (76) 6 (66)

Severely abnormal 8 (9) 3 (33)

Convulsion, n (%) 23 (27) 5 (55) 0.12

Time to TH initiation (h), median (25P– 

75P)

4 (3–5) 6 (3–8) 0.19

TABLE 3 Short-term clinical outcomes.

Variable Hypoxic–ischemic encephalopathy Alternative etiologies of NE p-Value

(N = 83) (N = 9)

Need for inotropic support, n (%) 69 (83) 9 (100) 0.34

Renal failure, n (%) 46 (55) 4 (44) 0.52

Hepatic failure, n (%) 75 (90) 7 (77) 0.28

Pulmonary hypertension, n (%) 9 (10) 0 (0.0) 0.59

Troponin elevation/myocardial injury, n (%) 19 (22) 7 (77) <0.001

International normalized ratio elevation, n (%) 64 (77) 5 (55) 0.22

Platelet<100,000/mm3, n (%) 21 (25) 6 (66) 0.016

Respiratory support, n (%)

Free-flow oxygen 3 (3) 0 0.99

Nasal ventilation 14 (16) 1 (11)

Invasive ventilation 67 (80) 8 (88)

Length of hospitalization (days), median (25P–75P) 7 (5–11) 28 (17–38) 0.002

Mortality, n (%) 5 (6) 5 (55.6) 0.001

Mortality day, median (25P–75P) 16 (8–77) 3 (1–57) 0.30

Italic values indicate statistical significance (p < 0.05).
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Although neurological severity at presentation was 
comparable between groups, infants in the non-HIE group 
exhibited a distinctly different systemic clinical profile. They had 
significantly higher troponin concentrations, more frequent 
severe thrombocytopenia, greater mortality, and longer hospital 
stays than infants with HIE-consistent NE. Similar observations 
have been reported in previous studies demonstrating poorer 
outcomes among infants with non-HIE NE (14, 20). These 
findings likely reflect the heterogeneous mechanisms underlying 
the diagnoses. Genetic syndromes, inherited metabolic disorders, 
and multisystem diseases may cause myocardial dysfunction or 
hematologic abnormalities through mechanisms distinct from 
perinatal hypoxic–ischemic injury. Therefore, these 
abnormalities should not be regarded as disease-specific 
biomarkers but rather as clinical clues suggesting that the 
underlying disease process extends beyond isolated hypoxic– 
ischemic brain injury and warrants comprehensive metabolic, 
genetic, cardiac, and neuroimaging assessment.

An important implication of our findings is that the 
identification of a non-HIE underlying diagnosis does not 
necessarily exclude concomitant hypoxic–ischemic injury. NE is 
frequently multifactorial, and genetic, metabolic, or structural 
disorders may coexist with—or increase susceptibility to— 
perinatal hypoxic–ischemic injury (14). Infants in our cohort 
were classified according to the predominant underlying 
diagnosis identified after comprehensive clinical evaluation 
including neurophysiological findings, neuroimaging when 
available, metabolic investigations, genetic testing, cardiologic 
assessment, and multidisciplinary consultation. Brain MRI 
contributed to establishing the underlying diagnosis when 
available but was interpreted together with the complete clinical 
and diagnostic evaluation rather than as the sole determinant of 
diagnosis. Because MRI could not be obtained in all infants 
owing to early death or clinical instability, concomitant 
hypoxic–ischemic injury cannot be completely excluded in every 
individual case. We also exploratorily evaluated several 
inflammation- and oxidative stress-related composite biomarkers 
as potential adjuncts for early etiologic differentiation. None of 
the investigated indices, including SII, HALP score, UA/Alb 
ratio, and LDH/Alb ratio, differed significantly between groups, 
despite prior reports of their elevation in HIE, and all effect 
sizes were small (7–11). One possible explanation is that some 
infants in the non-HIE group may also have experienced 
concomitant hypoxic–ischemic injury, resulting in overlapping 

inflammatory and oxidative stress responses between groups. In 
addition, severe neonatal illness itself, regardless of the 
underlying diagnosis, may trigger similar systemic inflammatory 
and oxidative stress pathways, further reducing the 
discriminatory capacity of these biomarkers. Consequently, these 
findings should be considered exploratory and hypothesis- 
generating rather than evidence against their biological 
relevance. Future prospective multicenter studies incorporating 
standardized neuroimaging, comprehensive diagnostic 
investigations, and larger numbers of infants in the non-HIE 
group are required to determine whether these biomarkers have 
a role in early etiologic stratification.

An additional observation was the significantly higher 
frequency of cesarean delivery among infants in the non-HIE 
group compared with those with HIE-consistent NE. One 
possible explanation is that underlying genetic, structural, 
neuromuscular, or metabolic disorders may present antenatally 
with reduced fetal movements, congenital anomalies, or non- 
reassuring fetal status, prompting obstetric intervention before 
labor progression. Conversely, a proportion of hypoxic–ischemic 
injuries arise from acute intrapartum events occurring during 
labor, which may account for the relatively higher proportion of 
vaginal deliveries in the HIE group. However, because of the 
limited number of infants in the non-HIE group and the 
retrospective design, this observation should be interpreted 
cautiously and requires confirmation in larger prospective studies.

This study has several limitations. First, the non-HIE cohort 
was small and clinically heterogeneous, limiting statistical power 
and precluding disease-specific analyses. Second, the 
retrospective single-center design resulted in non-standardized 
diagnostic evaluations, and brain MRI was unavailable in a 
subset of infants because of early death or clinical instability. 
Third, the biomarker analyses were exploratory and no 
adjustment for multiple comparisons was performed. Fourth, 
brain MRI was performed at a fixed institutional time point 
(approximately day 5 of life) using conventional T1- and 
T2-weighted sequences together with DWI/ADC mapping. 
Although DWI is highly sensitive to acute hypoxic–ischemic 
injury during this early window, conventional sequence 
abnormalities continue to evolve over the following days, and 
delayed imaging performed around days 9–10 of life may more 
accurately delineate the final extent of irreversible injury (21, 
22). Early DWI findings may also be atypical or falsely 
reassuring in neonates with underlying genetic or metabolic 

TABLE 4 Comparison of systemic inflammatory and oxidative stress indices according to etiology of neonatal encephalopathy (NE).

Variable Hypoxic–ischemic 
encephalopathy

Alternative etiologies of 
NE

p-Value (Effect 
size)

(N = 83) (N = 9)

SII, median (25P–75P) 626 (320.6–1,042.8) 476 (243.9–715.4) 0.30 0.10

Uric acid-to-albumin Ratio, median (25P– 

75P)

2 (1.70–2.59) 2.3 (1.93–2.85) 0.47 0.07

LDH to albumin ratio, median (25P–75P) 363 (252.7–598.0) 396 (267.4–667.0) 0.76 0.03

HALP score, median (25P–75P) 1.14 (0.76–1.75) 1.5 (0.81–3.73) 0.44 0.08

SII, systemic immune-inflammation index; was calculated as (platelet × neutrophil)/lymphocyte. HALP score was calculated as (hemoglobin × albumin × lymphocyte count)/platelet count.
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disorders mimicking HIE who nonetheless undergo TH (23), a 
consideration particularly relevant to the non-HIE group in our 
cohort. Serial or delayed MRI, where feasible, may therefore 
provide additional diagnostic information beyond a single early 
scan (21). Finally, although all examinations were interpreted by 
an experienced pediatric neuroradiologist as part of routine 
clinical care, a standardized quantitative MRI scoring system 
was not applied, consistent with recent calls for greater 
standardization of MRI timing and injury classification in 
neonates with NE/HIE (24, 25). Therefore, these findings should 
be considered hypothesis-generating and require confirmation in 
larger prospective multicenter studies. Despite these limitations, 
our study provides one of the larger single-center descriptions 
of infants in the non-HIE group identified after initiation of 
therapeutic hypothermia and reflects real-world clinical 
decision-making in a regional referral center.

In conclusion, NE remains a heterogeneous clinical syndrome 
in which distinguishing HIE from non-hypoxic–ischemic causes 
of NE during the therapeutic window is often challenging. 
Although TH should not be delayed in infants who meet 
established treatment criteria, clinicians should remain alert to 
atypical or severe clinical features and pursue early, systematic 
diagnostic evaluation when appropriate. Improving the timely 
recognition of conditions that mimic HIE may facilitate disease- 
specific management, enhance prognostic accuracy, and 
optimize the use of TH.
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