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This study aimed to identify the risk factors associated with intraventricular hemorrhage (IVH) in 
extremely preterm infants (EPIs), focusing on early-stage prediction to improve clinical outcomes. 
A retrospective cohort study was conducted at Guangzhou Women and Children’s Medical Center, 
including 189 EPIs born between January 2019 and December 2023. Infants were categorized into IVH 
and non-IVH groups based on head ultrasound findings. Risk factors were assessed using univariate 
and multivariate analyses, and a predictive model for IVH was developed. Of the 189 EPIs, 80 (42.3%) 
developed IVH, with 26 (13.8%) experiencing severe IVH. Gestational age was identified as a significant 
protective factor (OR = 0.565, p = 0.023), while invasive mechanical ventilation (IMV) was a key risk 
factor (OR = 2.718, p = 0.012). The predictive model demonstrated good performance, with an AUC of 
0.753 (95% CI: 0.681–0.825). Gestational age and IMV are critical factors in the development of IVH in 
EPIs. Early identification of high-risk infants based on these factors can aid in timely interventions to 
reduce IVH incidence and improve outcomes.
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Advancements in medical science have significantly improved the survival rates of extremely preterm infants 
(EPIs), defined as those born at a gestational age of less than 28 weeks. However, these infants remain highly 
susceptible to severe complications, including intraventricular hemorrhage (IVH), due to their immature 
cerebrovascular systems and underdeveloped regulatory functions1. A nationwide epidemiological study in 
China highlighted a concerning increase in the incidence of severe IVH in EPIs, rising from 6.4 to 17.2% between 
2010 and 20192. This trend underscores the urgent need for effective preventive and therapeutic strategies for 
these vulnerable infants.

IVH, particularly in its severe form, is closely associated with long-term neurological impairments, including 
cerebral palsy, cognitive delays, and sensory deficits such as hearing loss and visual impairments3–7. The 
pathophysiology of IVH is multifactorial, and while the exact mechanisms remain incompletely understood, 
early interventions have been shown to mitigate the incidence and severity of the condition, thereby improving 
outcomes for affected infants. IVH generally occurs within the first week of life, with the majority of cases 
developing within the first 3 days8,9. Despite extensive research into the risk factors for IVH in preterm 
infants10–13, there remains a lack of studies focused specifically on the early-stage prediction and risk assessment 
of IVH in EPIs. This knowledge gap presents significant challenges in the prevention and treatment of this 
devastating condition.

The present study aims to address this gap by retrospectively analyzing a cohort of EPIs admitted to our 
medical center. Our primary objective is to identify the risk factors associated with the development of IVH 
in this population. By identifying these factors, we hope to provide evidence-based recommendations for the 
timely implementation of interventions that can enhance survival rates and improve the quality of life for these 
critically ill infants.
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Methods
Study design and patients
A retrospective cohort study was conducted at the Women and Children’s Medical Center of Guangzhou 
Medical University, focusing on extremely preterm infants (EPIs) admitted to the neonatal intensive care unit 
(NICU) between January 2019 and December 2023. The inclusion criteria for the study were: (1) admission to 
the NICU within 24 h of birth, (2) gestational age of less than 28 weeks, and (3) performance of head ultrasound 
(HUS) within the first 3 days (days 1–3) and again between days 5–7 after delivery. Infants with structural organ 
abnormalities, congenital metabolic diseases, chromosomal abnormalities, or those who died or were discharged 
within the first 7 days of life were excluded.

Following the HUS examinations, the study participants were divided into two groups: the intraventricular 
hemorrhage (IVH) group and the non-IVH group (Fig. 1). The study protocol and data collection procedures 
were approved by the Ethics Committee of the Women and Children’s Medical Center of Guangzhou Medical 
University (Approval No. 350B00), in compliance with ethical guidelines and standards. Given the retrospective 
nature of the analysis, informed consent was not required, as approved by the Ethics Committee.

Delivery room management for premature infants
Prior to delivery, a multidisciplinary team consisting of neonatologists, obstetricians, and anesthesiologists 
developed individualized treatment plans for each preterm infant. These plans were discussed with the family 
to ensure they were fully informed of potential risks and complications, and informed consent was obtained 
accordingly. At the time of delivery, the neonatal team was on standby, ready to provide immediate care. All 
necessary resuscitation equipment was prepared in advance, and the resuscitation process in the delivery 
room followed a well-coordinated approach, including initial stabilization, airway management, and support 
for respiration and circulation. This process was guided by the American Neonatal Resuscitation Program 
(NRP) guidelines. Once the infant was stabilized, they were promptly transferred to the neonatal intensive 

Fig. 1.  Flow of participation for extremely preterm infants.
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care unit (NICU) for ongoing monitoring and care. If necessary, pulmonary surfactant (PS) was administered 
via minimally invasive surfactant therapy (MIST) to support lung function. For infants who did not require 
intubation, non-invasive respiratory support was continued to maintain respiratory stability. The primary goal 
of this approach was to optimize the infant’s chances of survival and recovery during the critical first hours and 
days after birth.

Definitions of clinical conditions
In this study, Respiratory Distress Syndrome (RDS) was defined as infants who met the diagnostic criteria for RDS, 
including clinical signs such as tachypnea, grunting, nasal flaring, and chest retractions, along with radiological 
evidence of lung underexpansion or reticulogranular pattern on chest X-ray, and received pulmonary surfactant 
(PS) therapy. Hypotension was defined as a mean arterial pressure (MAP) below the gestational age-specific norm 
(for infants < 28 weeks, MAP < 30 mmHg), accompanied by the need for vasopressor treatment. Anemia was 
defined as hemoglobin (Hb) or hematocrit (HCT) levels falling below the normal physiological reference range, 
necessitating a blood transfusion. We adopted a restrictive transfusion strategy, with transfusion thresholds 
primarily based on HCT/Hb levels, postnatal age, and the clinical status of the infant. Sepsis included blood 
culture-positive sepsis and blood culture-negative clinical sepsis. Severe acidosis was defined as a pH ≤ 7.0, refers 
to a condition in which the blood pH drops significantly below the normal range, which is typically between 
7.35 and 7.45. Thrombopenia was defined as a platelet count of less than 150,000 platelets/µL. PDA referred to 
all infants with PDA detected by echocardiography within the first week of life, including both hemodynamically 
significant and medically treated PDA. Invasive mechanical ventilation (IMV) referred to infants who failed to 
wean from IMV within the first week of life, typically due to conditions such as severe RDS, apnea, respiratory 
failure, shock, or hemodynamic instability. Failure to withdraw IMV was defined as the inability to maintain 
spontaneous breathing, requiring reconnection to invasive support within 24 h of attempted weaning.

Ultrasound screening and IVH classification
Head ultrasound screenings were conducted using the Philips Epiq5 color Doppler ultrasound system on days 
1–3 and 5–7 after birth to evaluate the presence and severity of intraventricular hemorrhage (IVH). The severity 
of IVH was classified according to the modified Papile grading system: Grade I – subependymal hemorrhage; 
Grade II – intraventricular hemorrhage involving less than 50% of the ventricle; Grade III – intraventricular 
hemorrhage with associated ventricular enlargement; Grade IV – intraventricular hemorrhage extending into 
the brain tissue. Grades I and II were categorized as mild, while Grades III and IV were classified as severe.

Data collection
Clinical data from extremely preterm infants admitted to the NICU between January 2019 and December 2023 
were retrospectively collected. A total of 189 infants were included, 80 of whom were diagnosed with IVH (IVH 
group) and 109 without IVH (non-IVH group). The following variables were assessed:

•	 Demographic data: Sex (male/female), gestational age, and birth weight (presented as median and interquar-
tile range).

•	 Delivery factors: Mode of delivery (vaginal or cesarean) and delivery site (in-born or out-born).
•	 Prenatal factors: Multiple gestation, in vitro fertilization (IVF), fetal distress, intrauterine infection, threat-

ened preterm labor, stained amniotic fluid, premature rupture of membranes, antenatal steroid use, magnesi-
um sulfate use, gestational diabetes mellitus, and gestational hypertension.

•	 Intrapartum factors: Apgar scores at 1 and 5 min, as well as resuscitation methods (100% oxygen resuscita-
tion, endotracheal intubation, chest compressions, fluid resuscitation).

•	 Postnatal factors: RDS, sepsis, patent ductus arteriosus (PDA), hypotension, anemia, severe acidosis 
(pH ≤ 7.0), thrombocytopenia, and IMV.

All data were extracted from medical records to ensure completeness and accuracy. All postpartum factors 
were collected prior to the occurrence of IVH. For instance, if IVH occurred within the first 3 days after birth, 
postpartum factors for these infants were collected within the first 3 days. If IVH occurred by day 7 but not 
within the first 3 days, postpartum factors for these infants were collected within the first 7 days. In this study, 
there were indeed some missing data, but the missing rate for all variables is below 2%. Given that the proportion 
of missing data is very small and it did not have a significant impact on the sample size or the robustness of the 
results, we decided to use complete case analysis to handle the missing data.

Statistical analysis
Statistical analyses were performed using SPSS software version 25.0 (IBM Corp., Armonk, NY). Data were 
presented as means with standard deviation or medians with interquartile ranges (IQR), depending on the 
distribution. Categorical variables were expressed as numbers (n) and percentages (%). Group differences for 
normally distributed variables were analyzed using the independent sample t-test, and non-normally distributed 
variables were compared using the Mann-Whitney U test. The chi-square test was employed for categorical 
variables. Logistic regression analysis was performed to assess risk factors for IVH. Variance inflation factor 
(VIF) was used to assess the degree of multicollinearity among the variables before multivariate analysis. Model 
performance was evaluated using the receiver operating characteristic (ROC) curve, with an area under the 
curve (AUC) greater than 0.75 indicating good discrimination. The model calibration was assessed using the 
Hosmer-Lemeshow test. A p-value of < 0.05 was considered statistically significant.

In the multivariate model, the selection of confounders was based on a comprehensive consideration of 
existing literature and univariate analysis results. First, we referred to variables known to be associated with 
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neonatal outcomes in the literature, and selected those potentially related to IVH through univariate analysis, 
further evaluating their impact in the multivariate model. Additionally, for factors strongly supported in the 
literature, such as antenatal corticosteroids, we included them in the model even if they did not show statistical 
significance in the univariate analysis, to ensure the model’s clinical relevance and comprehensiveness.

Results
Demographic characteristics
Among the 189 EPIs, 80 (42.3%) developed IVH. Of these, 26 (13.8%) experienced severe IVH, while 54 (28.6%) 
had mild IVH. Regarding the timing of onset, 53 cases (66.3%) occurred within the first 3 days after birth, and 
27 cases (33.8%) developed between days 5 and 7(Fig. 2).

Distribution of IVH and severe IVH by gestational age and birth weight
Gestational age: The incidence of IVH showed a strong correlation with gestational age. In the 27 to 27+ 6 weeks 
group, 40 out of 113 infants (35.4%) developed IVH, with 9 (8.0%) experiencing severe IVH. Similarly, in the 
26 to 26+ 6 weeks group, 18 out of 45 infants (40.0%) developed IVH, with 4 (8.9%) having severe IVH. Among 
the 25 to 25+ 6 weeks group, 13 out of 21 (61.9%) developed IVH, with 8 (38.1%) experiencing severe IVH. The 
highest incidence was observed in the 24 to 24+ 6 weeks group, where 9 out of 10 infants (90.0%) developed IVH, 
and 5 (50.0%) had severe IVH. Statistical analysis revealed significant differences in the proportions of IVH 
across gestational age groups (χ2 =14.929, p = 0.002), with a similar trend for severe IVH (χ 2= 25.651, p < 0.001)
(Figure 3).

Birth weight: The incidence of IVH also increased with decreasing birth weight. In the ≥ 1000 g group, 25 
out of 68 infants (36.8%) developed IVH, with 3 (4.4%) experiencing severe IVH. In the 750–999 g group, 33 
out of 86 infants (38.4%) developed IVH, with 11 (12.8%) experiencing severe IVH. Among the 501–749  g 
group, 19 out of 30 infants (63.3%) developed IVH, and 11 (36.7%) had severe IVH. In the < 500 g group, 3 out 
of 5 infants (60.0%) developed IVH, with 1 (20.0%) experiencing severe IVH. Statistical analysis confirmed 
significant differences in the proportions of IVH across birth weight groups (χ2 = 7.475, p = 0.058), with severe 
IVH showing a similar trend (χ 2 =18.509, p < 0.001) (Figure 4).

Risk factors for IVH
Univariate analysis: Univariate analysis was performed to identify potential risk factors for IVH. Significant 
factors included younger gestational age (p < 0.001), lower birth weight (p = 0.011), 1-minute Apgar score 
(p < 0.001), 5-minute Apgar score (p = 0.007), 100% oxygen resuscitation (p = 0.006), endotracheal intubation 
(p < 0.001), and postnatal complications such as sepsis (p = 0.011), IMV (p < 0.001), hypotension (p = 0.001), and 
anemia (p < 0.001). All details are shown in Table 1.

Multivariable logistic regression analysis: A multivariable logistic regression analysis was conducted to 
identify independent risk factors for IVH, controlling for confounding variables. No multicollinearity was present 
among the selected variables (including gestational age and birth weight). The analysis revealed that gestational 
age was a significant protective factor (OR = 0.565, 95% CI: 0.346–0.923, p = 0.023), while IMV was identified as 
an independent risk factor (OR = 2.718, 95% CI: 1.245–5.932, p = 0.012). Other variables, including birth weight, 
antenatal steroids, Apgar scores, and sepsis, were not statistically significant (p > 0.05). These findings emphasize 
the critical role of gestational age as a protective factor and IMV as a key risk factor for IVH (Fig. 5).

Fig. 2.  Distribution of IVH, Severe IVH, and Post-Birth Incidence.
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Fig. 4.  IVH and severe IVH by birth weight.

 

Fig. 3.  IVH and severe IVH by gestational age.
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Model performance
The predictive model for IVH demonstrated good performance. The ROC curve yielded an AUC of 0.753  (95% 
CI: 0.681–0.825), with a maximum Youden index of 0.452. The sensitivity and specificity were 70.9% and 74.3%, 
respectively  (Fig. 6). The omnibus test confirmed that the model significantly outperformed the null model  (χ2 
= 39.330, p < 0.001), and the Hosmer-Lemeshow test indicated a good fit  (χ2 = 5.683, p = 0.683).

Fig. 5.  Forest plot of independent risk factors for IVH in EPIs.

 

Values IVH (n = 80) Non IVH (n = 109) χ2/Z p

Male, n  (%) 41 (51.3) 61 (56.0) 0.413 0.521

Gestational age (week) 26.6 (25.6,27.3) 27.2 (26.6,27.5) −3.877 < 0.001

Birth weight (gram) 870 (705,1027) 980 (855,1070) −2.551 0.011

Type of delivery

Vaginal delivery
Cesarean section

43 (53.8)
37 (46.2)

50 (45.9)
59 (54.1) 1.146 0.284

Delivery site

In-born
Out-born

66 (82.5)
14 (17.5)

100 (91.7)
9 (8.3) 3.688 0.055

Prenatal factors

Multiple gestation
IVF
Fetal distress
Intrauterine infection
Threatened preterm labor
Stained amniotic fluid
Premature rupture of membranes
Antenatal steroids
Magnesium
Gestational diabetes mellitus
Gestational hypertension

23 (28.8)
18 (22.5)
8 (10.0)
7 (8.8)
63 (78.8)
9 (11.3)
18 (22.5)
54 (67.5)
41 (51.3)
15 (18.8)
11 (13.8)

35 (32.1)
18 (16.5)
9 (8.3)
13 (11.9)
85 (78.0)
14 (12.8)
30 (27.5)
79 (72.5)
67 (61.5)
22 (20.2)
12 (11.0)

0.245
1.072
0.171
0.492
0.016
0.110
0.614
0.548
1.967
0.060
0.324

0.621
0.300
0.679
0.483
0.899
0.741
0.433
0.459
0.161
0.806
0.569

Intrapartum factors

Apgar score, median (IQR)
1- minute
5- minute
100% oxygen resuscitation
Endotracheal intubation
Chest compression
Fluid resuscitation

6 (5,8)
8 (7,9)
27 (33.8)
44 (55.0)
8 (10.0)
4 (5.0)

8 (6,8)
9 (8,9)
18 (16.5)
32 (29.4)
6 (5.5)
3 (2.8)

−3.615
−2.699

7.556
12.618

1.359
0.726

< 0.001
0.007
0.006

< 0.001
0.244
0.460

Postnatal factors

RDS
Sepsis
PDA
Hypotension
Anemia
Severe Acidosis (Ph ≤ 7.0)
Thrombopenia
IMV

73 (91.3)
21 (26.3)
56 (70.0)
36 (45.0)
44 (55.0)
4 (5.0)
46 (57.5)
57 (71.3)

94 (86.2)
13 (11.9)
66 (60.6)
24 (22.0)
28 (25.7)
1 (0.9)
48 (44.0)
37 (33.9)

1.127
6.416
1.800

11.246
16.809

0.164
3.345

25.684

0.289
0.011
0.180
0.001

< 0.001
0.103
0.067

< 0.001

Table 1.  Demographic characteristics of extremely preterm infants in IVH and non IVH groups.
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Discussion
This study aimed to investigate the risk factors for intraventricular hemorrhage  (IVH) in extremely preterm 
infants  (EPIs). Through a retrospective analysis of 189 EPIs, we found that gestational age is a significant 
protective factor for IVH, while the use of invasive mechanical ventilation  (IMV) is an independent risk factor 
for IVH.

First, gestational age plays a critical role in the occurrence of IVH. Our findings indicate that as gestational 
age increases, the incidence of both IVH and severe IVH  (severe IVH) significantly decreases. Specifically, the 
incidence of IVH and severe IVH was highest in the 24 to 24+ 6-week group  (90.0% and 50.0%, respectively), while 
in the 27 to 27+ 6-week group, the incidence dropped significantly to 35.4% and 8.0%, respectively  (Fig. 3). These 
results are consistent with multiple studies14–16, further confirming gestational age as an important predictor of 
IVH. Extremely preterm infants with lower gestational age have underdeveloped cerebral vasculature, making 
them more vulnerable to hemodynamic fluctuations, insufficient oxygen supply, and other factors that increase 
the risk of IVH. More mature EPIs  (e.g., 27 to 27+ 6 weeks) exhibit a significantly lower risk of IVH compared 
to those born at earlier gestational ages  (e.g., 24 to 24+ 6 weeks), supporting gestational age as a protective factor 
for IVH  (OR = 0.565, P = 0.023). While gestational age is indeed a well-established predictor of IVH, our study 
uniquely focuses on early prediction in EPIs born at < 28 weeks, a subgroup with distinct vulnerabilities due 
to immaturity of cerebral autoregulation and hemodynamic instability. Prior studies often combine EPIs with 
infants ≥ 28 weeks, which may dilute insights specific to this critically high-risk population. By narrowing the 
cohort to EPIs and validating gestational age as a protective factor within this group, our findings reinforce its 

Fig. 6.  ROC curve of the predictive model for IVH in EPIs.
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clinical utility for risk stratification in the most vulnerable neonates, an aspect that is underexplored in existing 
literature.

In this study, we conducted stratified analyses based on birth weight and found that infants with a birth weight 
under 750 g had a higher risk of IVH and severe IVH  (Fig. 4). Low birth weight is often associated with a higher 
incidence of intraventricular hemorrhage17. Infants with low birth weight typically also have lower gestational 
age and face higher physiological stress, making them more susceptible to cerebral vascular instability, hypoxia, 
and hemodynamic fluctuations, which contribute to IVH. However, despite the higher incidence of IVH in low 
birth weight infants, our multivariate analysis did not find birth weight itself to be an independent predictor of 
IVH. This may be due to the broad range of birth weights and the interaction of multiple risk factors. Future 
studies could explore how birth weight interacts with other clinical factors to form more precise risk assessment 
models, providing deeper insights into the role of birth weight in the occurrence of IVH.

Regarding IMV use, our study found that IMV is an independent risk factor for IVH. Infants requiring 
mechanical ventilation exhibited a significantly increased risk of IVH. This finding aligns with several other 
studies, which suggest that mechanical ventilation, especially invasive mechanical ventilation, can lead to 
hemodynamic fluctuations and intracranial pressure changes, thereby increasing the risk of periventricular 
hemorrhage18–20. Specifically, we observed that infants who were unable to be weaned from IMV within the first 
week of life had a 2.718-fold increased risk of IVH compared to those managed with non-invasive ventilation. 
However, due to the overlap in the timing of IVH onset and the duration of IMV use, it is difficult to definitively 
determine whether IMV is a cause of IVH or a consequence of IVH leading to continued ventilation support. To 
clarify, we performed a thorough analysis of the 57 IVH cases requiring prolonged IMV  (≥ 7 days). Key findings 
revealed that the inability to wean from IMV was predominantly driven by severe pulmonary disease (e.g., 
refractory RDS, pulmonary infection) or systemic conditions (e.g., sepsis-induced hemodynamic instability), 
rather than directly resulting from IVH itself. This suggests that prolonged IMV use likely reflects baseline 
respiratory compromise in high-risk infants, which may predispose them to IVH through mechanisms such as 
hemodynamic fluctuations or ventilator-induced inflammation. While the temporal overlap between IVH onset 
(days 1–7) and IMV duration complicates causal inference, our analysis supports IMV as a marker of critical 
illness severity rather than solely a consequence of IVH. Therefore, future research should focus on identifying 
risk factors at earlier time points (e.g., within the first three days of life) to better understand the etiology of IVH.

Although we did not find a significant association between antenatal steroid treatment and IVH in our 
multivariate analysis, this result differs from findings in some other studies21,22. Antenatal steroids are commonly 
thought to promote fetal lung maturity, reduce the incidence of neonatal respiratory distress syndrome (RDS), 
and indirectly lower the risk of IVH23. The lack of association between antenatal corticosteroid use and IVH 
in our study may reflect variations in clinical practice, such as differences in the timing and dosing of steroid 
administration. In the current study, data on antenatal corticosteroids included both partial and complete 
courses, which might have differentially influenced outcomes. We acknowledge this limitation and plan to 
rigorously evaluate the effects of steroid timing (e.g., < 24  h vs. ≥24  h before delivery) and dosing regimens 
(single vs. multiple courses) on IVH risk in a forthcoming prospective study.

Some important perinatal confounders, for example, twin-to-twin transfusion syndrome(TTTS) and small 
for gestational age (SGA), are known to influence neonatal outcomes.However, due to the small sample size of 
TTTS in our study (only 2 cases) and SGA (only 10 cases), we did not include it as a separate variable in the 
model. We will consider them in future studies if the data allows.

Another strength of this study is its relatively high prediction model accuracy (AUC). By integrating 
clinical indicators such as gestational age, birth weight, and Apgar scores, this study provides a valuable tool 
for predicting the risk of IVH in extremely preterm infants. Nonetheless, further optimization and validation of 
this model are needed, potentially incorporating additional clinical variables such as blood gas parameters and 
imaging data, to improve prediction accuracy and clinical applicability.

This study provides valuable insights into the risk factors for IVH in extremely preterm infants, emphasizing 
gestational age as a protective factor and highlighting IMV as an independent risk factor for IVH. While 
factors such as birth weight, Apgar scores, and hypotension were associated with IVH in univariate analysis, 
they did not demonstrate independent predictive value in multivariate analysis. Future research should focus 
on identifying new biomarkers and imaging indicators to more accurately predict and intervene in IVH risk, 
thereby optimizing clinical management for extremely preterm infants.

There are some limitations to this study. First, the sample size was relatively small, particularly in subgroups 
with lower gestational ages and birth weights, which may not fully represent all clinical scenarios. Second, as a 
retrospective study, it did not control for all potential confounding factors. Furthermore, due to the lack of long-
term follow-up data, this study did not assess the long-term neurodevelopmental outcomes of IVH in preterm 
infants. Future studies should address these issues to obtain more reliable and comprehensive conclusions.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author upon 
reasonable request。.
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