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Abstract 

Intraventricular hemorrhage (IVH) is a common complication of premature neonates and according to several authors 
its prevalence varies between 15% - 44.7%. Numerous perinatal risk factors have been associated with the development 
of IVH. This hemorrhagic situation has been defined as a leading cause of neonatal morbidity and mortality despite the 
great improvement observed in the clinical management of premature neonates. Rates of neonatal morbidity and 
adverse neurologic sequelae due to IVH remain high, making clinical decisions regarding treatment and management 
of IVH, challenging for healthcare professionals working in Neonatal Intensive Care Units. Since IVH is a complex 
situation that requires the involvement of a multidisciplinary team, we aimed to provide a comprehensive review of the 
topic. Through up-to-date scientific data, this review summarizes the key aspects of IVH in relation to development, 
pathophysiology, diagnosis and management via pharmacological and non-pharmacological approaches. 
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1. Introduction

Intraventricular hemorrhage (IVH) is a relatively common complication of prematurity and one of the leading causes of 
neonatal morbidity and mortality [1]. It is defined as the presence of blood inside or around the ventricles due to the 
rupture of blood vessels. The severity of brain injury is determined by the location and extent of the bleeding and in 
premature neonates it can range from insignificant to life-threatening. Gestational age (GA) is the factor that most 
decisively influences the risk of IVH development and thus neonates with GA <32 weeks are more prone to it [2]. A 
premature neonate's vulnerability to brain hemorrhage is primarily because of the intrinsic fragility of the germinal 
matrix (GM) vasculature, the continuous disturbances in cerebral blood flow (e.g. airway suctioning), the fluctuations 
of blood pressure and finally, the platelet and coagulation disorders [3]. The 80% of IVH incidences occur within the 
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first three days of life [4], usually after delivery. In most cases, the injury begins one day after delivery, progresses in 
the next two days, and peaks by the end of the first week [5, 6].  

In recent years, several interventions and strategies with proven benefits have been recommended for reducing the risk 
of IVH development, including antenatal corticosteroid administration and neonatal brain-focused clinical practices [7, 
8]. In particular, these practices when offered in the early neonatal period are closely linked to the protection of the 
neonatal central nervous system (CNS), as they aim to assist brain development, prevent or minimize neuronal cell 
death and lessen adverse neurodevelopmental outcomes in neonates at risk for IVH [3, 8]. Minimal handling, optimized 
ventilation strategies and novel molecules have been shown to provide effective neuroprotection and are therefore 
considered critical to confine the burden of IVH. 

Although the clinical management of premature neonates has made remarkable progress, rates of neonatal morbidity 
and adverse neurologic sequelae remain high [9], highlighting the need for healthcare professionals working in neonatal 
intensive care units (NICUs) to be updated with the latest evidence-based knowledge to provide neonatal care with 
high-quality standards. This narrative review aims to synthesize and present a concise summary of the most critical and 
pertinent aspects of the current knowledge on the topic of IVH in premature neonates, derived from peer-reviewed 
published scientific literature indexed in Pubmed, Scopus and Google Scholar. 

2. Prevalence of IVH in premature neonates 

The prevalence of IVH remains high in premature neonates, despite significant advances in perinatal and neonatal 
intensive care. With such high rates reported over the last decade, clinical decisions regarding prevention, diagnosis 
and treatment of IVH remain a constant challenge for NICU staff, as IVH is closely associated with cerebral palsy and 
serious long-term neurodevelopmental impairment, including motor, cognitive, neurological, and sensory disability 
[10]. The following epidemiological data are extracted from the last ten years (2012-2022) and relate only to premature 
neonates (Table 1). 

Table 1 Reported prevalence of IVH in premature neonates between 2012-2022 

Authors Prevalence 

Robinson, 2012 [11] 15%-20% in neonates born <1,500 gr 

Schmid et al., 2013 [12] 20%-25% in neonates born <30 weeks or weighing <1,500gr 

Ballabh, 2014 [3] 12,000 premature neonates/year in the United States 

Mukerji et al., 2015 [13] 25%-30% in preterm infants weighing <1,500gr 

45% in preterm infants weighing <1,000gr 

Szpecht et al., 2016 [4] 15%-20% in neonates born <32 weeks of GA 

Lu et al., 2016 [14] 19.7% in all preterm infants 

Coskun et al., 2017 [15] 10%-20% of all live-born premature neonates  

Roberts et al., 2018 [16] 25% of extremely premature very low birth weight infants in the United States 

Poryo et al., 2018 [17] 15%-25% in neonates born <32 weeks of GA 

Novak et al., 2018 [10] 32% in neonates born <28 weeks of GA and <1,500 gr 

Murosko et al., 2020 [18] 25%-30% of all preterm infants born annually 

Özek et al., 2020 [19] 10%-20% in infants born <30 weeks of GA 

Deger et al., 2021 [20] 20%-40% of all infants weighing <1,500 gr worldwide 

Al-Mouqdad et al., 2021 [21] 12,000 in the United States annually 

13%-27% of all live-born premature neonates in Saudi Arabia 

Basiri et al., 2021 [22] 36% in neonates with GA 22-28 weeks 

Egesa et al., 2021[23] 14.7%-44.7% among preterm infants globally 

Garvey et al., 2022 [24] 25% in all infants born <32 weeks of GA 
GA: gestational age 
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2.1. Perinatal risk factors for IVH development in premature neonates  

Several perinatal risk factors have been associated with the development of IVH but the determinants are low birth 
weight and the GA (especially <34 weeks of gestation) of the neonate. Other perinatal risk factors described to have a 
relation to IVH development in premature neonates are outlined extensively in Table 2. 

Table 2 Perinatal risk factors for IVH development in premature neonates 

Original Research - 
Authors 

Perinatal Risk Factors 

Linder et al., 2003 [25] High fraction of inspired oxygen in the first 24 hours of a neonate’s life 

Pneumothorax 

Early sepsis 

Failure usage of antenatal steroid treatment (for every dose of antenatal steroid 
treatment there is a lower risk of high-grade of IVH) 

Low first hematocrit level (43.96 ± 7.94) during the first 24 hours of neonate’s life 

Ηigher FiO2 (%) during the first day of life (80.83 ± 23.38) 

High PaCo2 (lowest 33.6 ± 5.8) - each decrease in a mmHg unit of PaCo2 during the first 
day of life was correlated to a lower risk of IVH (OR: 0.91; 95% CI: 0.83-0.98) 

Jain et al., 2009 [26] Low GA 

Mode of delivery (higher rates of IVH in cesareans with no trial of labor compared to 
cesareans after trial of labor and higher rates in vaginal unassisted delivery than in 
instrumental vaginal delivery) 

Lee et al., 2010 [27] Metabolic acidosis 

Use of inotropes 

Lu et al., 2016 [28] Low GA ( 29.3 ± 2.8 weeks) 

Low birth weight ( 986 ± 122 gr) 

Fetal distress and asphyxia resuscitation 

Low apgar score at 5 minutes 

Chorioamnionitis 

Prolonged rupture of the membranes 

Asphyxia 

Resuscitation in preterm infants following premature rupture of the membranes 

Helwich et al., 2017 [29] Lack of antenatal corticosteroids admission 

Invasive mechanical ventilation 

Vaginal birth 

Roberts et al., 2018 [16] Low birth weight (<1,000gr) 

Low GA (<30 weeks) 

Seizures 

Sepsis 

Surgery 

Pneumothorax 

Thrombocytopenia 

Cardiopulmonary resuscitation at labor 

Intubation at labor 

Disseminated intravascular coagulation 

Vesoulis et al., 2019 [30] Unstable mean arterial blood pressure (extended period outside of the optimal range)  
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Khanafer-Larocque et al., 
2019 [31] 

 

 

 

Lack of antenatal corticosteroids admission 

Low GA and birth weight 

Maternal chorioamnionitis 

Apgar score <5 at 5 minutes 

Umbilical cord pH <7 

Patent ductus arteriosus 

Respiratory distress syndrome 

Early onset sepsis 

Prolonged intubation 

Inhaled nitric oxide, use of opioids, bicarbonate, inotropes or normal saline boluses 

Metabolic derangements 

Hypercarbia 

Hyperglycemia 

Hypothermia 

Wu et al., 2020 [32] Maternal lower genital tract infection 

Invasive respiratory support, pulmonary surfactant, dopamine and antibiotic 
administration  

Al-Mouqdad et al., 2021 
[21] 

Neonatal pulmonary hemorrhage 

Neonatal hydrocortisone administration 

Patent ductus arteriosus 

Low hematocrit in the first three days of life 

Lack of antenatal steroid admission 

Use of inotrope 

Basiri et al., 2021 [22] Low GA (mean 29.5 weeks) 

Low 5 minute apgar score (mean 7.23) 

Low birth weight (mean 1,423.42 gr) 

Pneumothorax      

Iwahata et al., 2022 [33] Clinical chorioamnionitis 

Absence of prenatal MgSO4 administration 

Zhao et al., 2022 [34] Birth weight (≤1,000gr) 

GA (≤32 weeks) 

Vaginal delivery 

5-minute apgar score ≤7  

Early onset neonatal sepsis 

Lack of antenatal glucocorticoid use  

FiO2: fraction of inspired oxygen; GA: gestational age; HIV: human immunodeficiency virus; MgSO4: magnesium sulfate; PaCo2: partial pressure of 
carbon dioxide in arterial blood; pH: potential of hydrogen 

2.2.  Pathophysiology of IVH  

Intraventricular hemorrhage is a cerebrovascular lesion that typically begins in the periventricular GM. The GM is a 
transitional gelatinous area in the developing fetal brain that gives rise to the neuronal cells that will later form the grey 
matter of the brain. It is located at the level of the foramen of Monro and underneath the lateral ventricles. It is a major 
source of neuronal and glial precursor cells. During human embryogenesis, it is the area where neurons proliferate and 
migrate to other areas of the brain [35]. Around mid-pregnancy, the generation of neurons stops but that of glial cells 
continues. The bulk of migration is usually completed by 22 weeks of gestation. At 24 weeks of GA, the GM begins to 
appear thinner and as pregnancy progresses, it almost disappears. The GM promotes neural proliferation and 
differentiation until the 32nd week of gestation. After this point, it is unusual to observe GM because these cells migrate 
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out to the cerebral cortex and by 40 weeks of gestation its existence as an individual fetal structure ceases and the 
immature vascular network remodels to constitute adult vascular patterns [35-37]. 

The site of origin of IVH is believed to be in the fragile capillary network of the subependymal GM of the brain. When 
the hemorrhage is substantial, the ependymal lining, a protective barrier between the brain and cerebrospinal fluid, 
may be disrupted. Blood may then progress into the adjacent lateral ventricle [36].  

The pathogenesis of IVH in premature neonates is complex and multifactorial, and is a combination of endovascular and 
extravascular factors that contribute to blood vessel rupture. It is mainly attributed to the increased vascular fragility 
of the GM, the fluctuations in cerebral blood flow and the immature cerebral autoregulation in premature neonates [23]. 
In contrast to mature vessels, these of the GM are thin-walled and have deficiency in a) pericytes, b) fibronectin in the 
basal lamina and c) glial fibrillary acidic protein in astrocyte endfeet. These components create vulnerability in the blood 
- brain barrier and thus, increase susceptibility to hemorrhage [38]. Furthermore, cerebral blood flow in premature 
neonates is closely related to fluctuations in systemic blood pressure, contrary to full-term neonates and adults in whom 
cerebral blood flow is maintained constant regardless of blood pressure. In case of hypotension there is a greater risk 
of ischemia in the final perfusion areas of the brain while in hypertension there is a greater risk of hemorrhagic lesions 
caused by the rupture of the cerebral vessels. Factors closely linked to fluctuations in cerebral blood flow are numerous 
and involve the pre-, peri-, and postnatal period. The most important risk factors are: clinical practices in neonatal 
intensive care units (e.g. suctioning, positioning and handling), respiratory distress syndrome and hypercarbia, 
pneumothorax, patient - ventilator asynchrony, patent ductus arteriosus, sepsis, inotrope administration, fluid boluses 
and rapid infusion of sodium bicarbonate. Finally, impaired cerebral autoregulation is associated with prematurity less 
than 32 weeks of GA, birth weight less than 1,500 grams and is usually observed in ventilated, critically-ill and 
hemodynamically unstable premature neonates [3, 23, 39]. 

2.3. Diagnosis of IVH 

The diagnosis of IVH can be based on physical examination and clinical signs but the use of a neuroimaging tool is vital 
for precise assessment. The most preferred and practical neuroimaging technique used in NICUs for diagnosis and 
classification of brain injury is cranial ultrasound (CUS) while conventional magnetic resonance imaging (MRI) may be 
performed at term corrected age in neonates who reveal moderate to severe abnormalities during ultrasonography [40-
42]. Currently, computerized tomography (CT) is not considered as part of routine imaging techniques for the 
premature brain [43]. 

2.3.1. Clinical signs of IVH 

IVH manifests in three ways - clinically silent, salutatory and catastrophic. Most cases are asymptomatic and are usually 
detected through routine screening. However, several clinical symptoms can occur including change in the level of 
consciousness, hypotonia, decerebrate or decorticate posturing, lethargia, seizures, bulging fontanel, recurrent apnea, 
unexplained pallor, respiratory distress, acidosis, hypoglycemia, hyperglycemia, rapid decrease in blood pressure and 
temperature instability [19, 23]. 

2.3.2. Laboratory signs  

IVH is a hemorrhagic disease and a sudden and significant reduction in the hematocrit may occur in the event of severe 
hemorrhage. Failure of hematocrit to rise with transfusion or unexplained persistent hyperbilirubinemia should cause 
concern and be considered suspicious signs of IVH [19, 23]. 

2.3.3. Cranial Ultrasound  

Cranial ultrasound is the most widely used method of brain imaging in NICUs as it has multiple capabilities and 
advantages and few disadvantages, such as the fact that it is highly operator-dependent. Advances in ultrasound 
technology have led to the ability to focus at different depths in the neonatal brain, resulting in more detailed imaging 
of its anatomical structures.    

The locations where the transducer can be placed are the anterior or posterior fontanelle and the mastoid process. The 
CUS is a non-invasive technique that monitors the cerebral circulation and provides direct information about the 
arteries and cerebral blood flow (CBF) [44]. CBF fluctuations have been highly correlated with the resistive index, 
pulsatility index, and end-diastolic blood flow velocity. In preterm infants prone to develop IVH, CBF changes are 
observed. For instance, high levels of pulsatility due to infarction of the blood vessels in the GM and low resistive index 
accompanied by bleeding can be observed [45]. CUS has a limited capacity due to single local measurements of velocities 
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and resistive index in large arteries. In recent years, ultrafast plane-wave Doppler imaging has overcome this limitation 
and thus, can be considered as an alternative neuroimaging method [46]. 

A sonographic grading system was first proposed by Papile in 1978 and included four criteria. Volpe later adapted this 
classification [47]. 

Currently, the American Academy of Paediatrics (AAP) suggests that CUS as a screening tool for IVH should be 
performed on all premature neonates delivered before the 30th week of GA. Specifically, the first CUS is recommended 
to take place between the 7th and 10th day of life to detect IVH, while the European Foundation for Care of Newborn 
Infants (EFCNI) suggests a more intensive screening for premature neonates (Table 3).  

Table 3 AAP and EFCNI recommendations regarding neuroimaging of the premature infant 

 Gestational age Infant age Recommendation 

 

 

 

 

 

American 

Academy of 

Pediatrics [48] 

≤30 or >30 weeks at high 
risk for brain injury 

OR clinical signs and 
symptoms suggestive of 
brain injury 

<7 days of age Initial CUS 

≤30 weeks 

 

7 to 10 days of age 

 

4 to 6 weeks of age & before hospital 
discharge 

Routine CUS 

 

Repeat CUS 

high-risk infant <37 weeks at term equivalent age MRI optional, based on 
physician-family 
discussion and ideally 
non sedated 

 

 

 

European 
Foundation for 
Care of 
Newborn 
Infants [49] 

<28 weeks 1-3-7-14-21-28 days of age and then 
every 2 weeks until 34 weeks 
gestational age and at term equivalent 
age 

Routine CUS 

>28 weeks 1-3-7-14-21-28 day, at 6 weeks and at 
term equivalent age 

Routine CUS 

>28 weeks 

OR 

<28 weeks 

In case of abnormalities or after 
episode of clinical deterioration 

Intensify CUS 

<28 weeks Around term equivalent age Routine MRI 

<37 weeks Neurological symptoms of unknown 
origin 

As soon as possible MRI 

CUS: cranial ultrasound; MRI: magnetic resonance imagining   

2.3.4. MRI 

Nowadays, advanced MRI has become increasingly preferable due to its detailed imaging. Advanced MRI neuroimaging 
tools include MR spectroscopy, functional MRI and susceptibility-weighted imaging (SWI) for evaluation of premature 
infants. However, further clinical surveys are needed to confirm their detective and predictive role regarding IVH [50]. 

The correct evaluation of the images emerging from the neonate's brain requires specialized knowledge, such as the 
etiology and pathophysiology of brain injury, brain anatomy, embryology, the advantages and disadvantages of different 
imaging techniques and optimal imaging time. In addition, transporting and sedating critically ill neonates is often a 
major challenge for NICU staff. During the examination the neonate is wrapped tightly so as to be immobilized and 
maintain a constant body temperature. The recording of vital signs and the presence of personnel highly skilled and 
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experienced in neonatal cardiorespiratory resuscitation is essential. In addition, ear protection is considered necessary 
for the neonate as exposure to gradient noise may lead to negative effects on the neonate [51, 52]. 

2.3.5. Biomarkers  

In recent years, the scientific community has shown significant interest in involving biomarkers for the early diagnosis 
of IVH and other types of brain injury. To date, numerous biomarkers in different biological fluids have been 
investigated in neonates with promising results (Table 4). For instance, Activin A, S100B, IL-6 and many others have 
been associated with a variety of roles in the neuronal injury response [53-55]. However, further investigation needs to 
prove the predictive value of different biomarkers regarding neonatal brain injury [56]. 

Table 4 Biomarkers studied in premature infants related to IVH 

Authors Biomarker(s
) 

GA 
(weeks) 

Biological 
fluid(s) 

Results 

Florio et al., 
2006 [57] 

Activin A ≤32 Plasma  

(cord blood) 

↑ 

Levels were significantly higher in preterm infants 
who developed IVH compared to those who did not 
develop IVH. 

Rao et al., 
2009 [58] 

BDNF <34 Serum 
(peripheral 
and cord 
blood) 

↓ 

Cord blood concentrations did not correlate with IVH 
although they were lower in infants who developed 
IVH compared to those who did not develop IVH. 

Bhandari et 
al., 2010 
[59] 

EPO 

IL-6 

23-34 Serum  

(cord blood) 

↑ EPO 

↑ IL-6 
Elevated EPO may predict newborns at risk for IVH. 

Abdel- 
Wahed et 
al., 2012 
[60] 

Activin A <34 Serum ↑ 

Infants with IVH had higher serum levels compared 
to infants without IVH. 

Sannia et al., 
2013 [61] 

Activin A 27-30 Urine 

(five 
predetermined 
time-points: 0-
6, 6-12, 12-24, 
24-48 and 48-
72 hours after 
birth) 

↑ 

Infants who developed IVH had significantly higher 
levels than controls at all monitoring time-points. 

Efstathiou 
et al., 2015 
[62] 

S100B 

EPO 

NSE 

SDF-1 

<34 Serum or 
plasma 

(peripheral) 

↑ S100B  

↑ EPO  

↑ NSE  

↑ SDF-1  

Levels of S100B were significantly higher in the case 
group (IVH or PVL) compared to controls on the 1st 
day of life. 

NSE levels were significantly higher in the case group 
compared to controls on the 18th day of life. 

Both EPO and SDF-1 were higher in the case group 
compared to controls early after birth. EPO was 
higher on days 1 and 3 of life, whereas SDF-1 was 
higher on the 3rd day of life. 
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Zhou et al., 
2015 [63] 

S100B 

MBP 

<34 Plasma 
(Peripheral 
blood) 

↑ S100B  

↔ MBP  

Within 1st day and on the 3rd day after birth, the 
serum levels of S100B in PVH-IVH group were 
significantly higher than those in no brain damage 
group. The plasma levels of MBP within 1st day and on 
the 3rd, 7th and 14th day after birth, did not differ 
significantly between PVH-IVH group and no brain 
damage group. 

Khosravi et 
al., 2016 
[64] 

IL-6 

EPO 

27-37 Plasma  

(cord blood) 

↑ IL-6  

↑ EPO  

Higher levels of both biomarkers in infants with IVH 
compared to controls. 

Elfaragy et 
al., 2017 
[65] 

Activin A 

EPO 

28-37 Serum and 
Plasma  

(cord blood 
and venous 
samples) 

↑ Activin A  

↑  EPO  

Infants with IVH had significantly higher plasma 
Activin A concentration than infants without IVH. 
Infants with IVH had significantly higher cord blood 
EPO levels than infants without IVH. 

Shahid et al., 
2017 [66] 

Activin A <34 Serum 

(cord or 
peripheral 
blood) 

Amniotic Fluid 

↑ 

Serum levels of amniotic fluid, cord blood and 3rd day 
peripheral blood were significantly higher in infants 
with IVH or PVL than the control group. 

Metallinou 
et al., 2020 
[54] 

S100B <34 Serum 
(peripheral or 
umbilical) 

↑ 

Cases with IVH had higher concentration when 
compared to neonates with PVL. 

Gasparroni 
et al., 2021 
[67] 

S100B Preterm 
infants 

Urine (four 
time-points: 
first void, 24, 
48 and 96 
hours after 
birth) 

↑ 

Elevated S100B levels were detected in infants with 
IVH at all monitoring time-point particularly at first 
void. 

Metallinou 
et al., 2021 
[55] 

Activin A <34 Serum 
(peripheral or 
umbilical) 

↑ 

Significantly higher levels in infants with IVH or PVL 
during the first two days of life compared to infants 
without brain injury. 

Metallinou 
et al., 2022 
[2] 

GFAP <34 Serum 
(peripheral or 
umbilical) 

↔ 

No significant differences were observed in levels 
between infants with IVH or PVL and infants without 
brain injury. 

BDNF: brain-derived neurotrophic factor; EPO: erythropoietin; GFAP: glial fibrillary acidic protein; MBP: myelin basic protein; NSE: neuron-specific 
enolase; PVH: periventricular - intraventricular hemorrhage; PVL: periventricular leukomalacia; SDF-1: stromal cell-derived factor-1; ↔: biomarker 

concentrations did not differ significantly; ↑: significantly higher concentrations of biomarker; ↓: significantly lower concentrations of biomarker. 

2.4. IVH prevention and management  

Prevention and management of neonatal IVH involve various strategies aimed at reducing the risk factors, detecting and 
monitoring the condition and providing appropriate medical and non - medical interventions. Some key approaches [3, 
68-72] involve: 
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2.4.1. Antenatal care 

Adequate antenatal care is important to minimize the risk of IVH. This includes regular prenatal check-ups, screenings, 
obstruction of premature labor and interventions to manage conditions that might contribute to IVH, such as 
preeclampsia or maternal infections. In suspicion of possible premature birth, maternal transportation to a specialized 
hospital is vital, as the fetus will be transferred “in utero” conditions and in case of perinatal asphyxia, both of them will 
receive optimal perinatal care. Furthermore, previous studies have shown that neonates whose mothers received 
antenatal steroids were less likely to develop IVH and had significantly lower mortality rates [54], suggesting that 
steroids may play a crucial role in IVH prevention.  

2.4.2. Birth practices 

Careful management of labor and delivery can help reduce the risk of IVH. Avoiding unnecessary trauma during delivery, 
ensuring adequate oxygen supply and delay cord clamping, preventing prolonged labor and minimizing the use of 
forceps or vacuum extraction can be preventive measures. All healthcare professionals being involved in intrapartum 
care should be acquainted with the latest neonatal cardiopulmonary resuscitation guidelines. 

2.4.3. Monitoring neonatal vital signs 

Systematic monitoring of vital signs, especially blood pressure, heart rate and oxygen saturation levels, can help in 
detecting any signs of distress or instability and that may indicate a potential risk or presence of IVH. 

2.4.4. Control of blood pressure and oxygen levels 

Proper control of blood pressure and oxygen levels is crucial in managing IVH. Maintaining stable blood pressure within 
the normal range and avoiding extreme fluctuations reduces the risk of bleeding and further damage to the brain. IVH 
is primarily attributed to increased vascular fragility and disturbance in CBF thus the prevention strategies should focus 
on CBF stabilization. Fluctuations in the CBF have been associated with daily clinical practices such as suctioning, 
handling and placing intravenous lines. Furthermore, respiratory distress syndrome, patent ductus arteriosus, apneic 
episodes, seizures, hypoxemia, hypercarbia and abrupt administration of colloids or other solutions are situations in 
premature neonates that have been correlated with the occurrence of IVH.  

2.4.5. Treatment of coagulopathies 

Neonates with clotting disorders or coagulopathies may have an increased risk of IVH. Coagulation normalization can 
be set via fresh frozen plasma, vitamin K and coagulation factors infusion. Identifying and treating such conditions 
promptly can help reduce the risk of bleeding in the brain.  

2.4.6. Supportive care 

Creating an optimal, calm and stress-free environment for the neonate can support its overall well-being and recovery 
from IVH. Today, a neonatal care bundle for IVH prevention has been established and aims to reduce the rates of this 
specific brain injury occurrence. This bundle includes eight basic principles: 1) nursing care, 2) care procedures, 3) 
stimulation/pain management, 4) infant positioning, 5) light and sound environment, 6) medical procedures, 7) cranial 
ultrasound and 8) review of practice. 

More specifically, NICU staff has to avoid prone positioning during the first week of a neonate’s life. It is recommended 
that neonates should be placed at supine midline position during the first three days of life. Also, neutral head 
positioning is suggested and the incubator’s mattress slope has to tilt at 10 to 30 degrees upper to provide an optimum 
body elevate positioning during the first week of life. A head rotation has to be avoided. Regarding “nursing care” and 
“care procedures”, these should be combined and adapted to the neonate’s sleep-wake cycles. The care provision has to 
be individualized for each neonate and is suggested to be performed in six care rounds in each day between three to 
five hours. Neonatal care has to be performed by experienced nurses/midwives, especially during the first week of life. 
Simple daily procedures such as the change of neonate’s linen and body weight measurement have to be performed by 
two midwives/nurses. Extensive cleaning of the incubator and bathing has to be avoided during the first seven days of 
life. On mechanically ventilated infants a closed suction system is required. 

As for stimulation and pain management, the use of individual tactile stimulation during neonatal care can be useful. 
Generally, stress and pain have to be avoided and in case of painful or stressful procedures the NICU staff has to apply 
pain scale reports. 
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The NICU environment has to be free of constant light and sound exposure such as alarm tones and noisy conversations 
close to the incubator. To avoid extensive noise, alarm tones can be set as quietly as possible and light can be isolated 
from infant’s field of vision by covering the incubator. 

Regarding medical procedures, endotracheal intubation has to be performed by an experienced neonatologist during 
the first week of life. To avoid blood pressure fluctuation, drawing of blood samples from arterial lines with subsequent 
flushing should be performed slowly (1.5mL/30 sec). Routine cranial ultrasound is often performed in premature 
neonates for the early detection of signs suggesting IVH. This technique contributes also to the classification and 
monitoring the severity of IVH, described extensively in this article before. All serious IVH cases (≥ grade 3) should be 
discussed within the case conference. 

Other measures that have been mentioned as IVH prevention bundle is the frequent multidisciplinary assessments and 
education, the stabilization and transition of the neonate (e.g. use of a preheated gel mattress, prepare an incubator at 
delivery room or use of a plastic bag at birth), the optimal respiratory management, the hemodynamic management and 
the set-up of a process for discussing inconsistent reporting. 

Finally, certain neuroprotective strategies may be considered in specific cases to minimize brain injury and optimize 
outcomes for neonates with severe IVH. However, the use of pharmacological and non-pharmacological brain-focused 
clinical practices for premature neonates, extensively described previously [8], should be individualized and carefully 
evaluated on a case-by-case basis.  

3. Conclusions 

Intraventricular hemorrhage in premature neonates is a complex condition. Although major efforts have been made to 
manage this intricacy of brain injury the last decades, its incidence remains high. The future of neonatal IVH will involve 
a multidisciplinary approach, combining advances in medical technology, genetics, and personalized medicine, along 
with a focus on early detection and intervention. Ultimately, the goal is to reduce the occurrence of IVH and improve the 
long-term outcomes for affected neonates. However, it's important to note that research in this field is ongoing, and it 
may take years before many of these advancements become standard in daily clinical practice.  

Compliance with ethical standards 

Disclosure of conflict of interest 

All authors declare that they have no conflicts of interest. 

References 

[1] Sannia A, Natalizia AR, Parodi A. Different gestational ages and changing vulnerability of the premature brain. J 
Matern Fetal Neonatal Med. 2015; 28(1):2268-2272.  

[2] Metallinou D, Karampas G, Nyktari G, Iacovidou N, Lykeridou K, Rizos D. Serum glial fibrillary acidic protein as a 
biomarker of brain injury in premature neonates. Bosn J Basic Med Sci. 2022; 22(1):46-53.  

[3] Ballabh P. Pathogenesis and prevention of intraventricular hemorrhage. Clinics in perinatology. 2014; 41(1):47–
67. 

[4] Szpecht D, Szymankiewicz M, Nowak I, Gadzinowski J. Intraventricular hemorrhage in neonates born before 
32 weeks of gestation-retrospective analysis of risk factors. Childs Nerv Syst. 2016; 32(8):1399–1404.  

[5] Vohr BR, Allan, WC, Westerveld M, Schneider KC, Katz KH, Makuch RW, Ment LR. School-age outcomes of very 
low birth weight infants in the indomethacin intraventricular hemorrhage prevention trial. Pediatrics. 2003; 
111(4):340–346.  

[6] Miller SP, Ferriero DM, Leonard C, Piecuch R, Glidden DV, Partridge JC, Perez M, Mukherjee P, Vigneron DB, 
Barkovich AJ. Early brain injury in premature newborns detected with magnetic resonance imaging is associated 
with adverse early neurodevelopmental outcome. J Pediatr. 2005; 147(5): 609–616. 

[7] Sood S, Gulati R. Germinal Matrix-Intraventricular Hemorrhage: Current Concepts and Future Direction. In: 
Bektaşoğlu PK, Gürer B, eds. Cerebrospinal Fluid. Budapest: IntechOpen; 2022. 



World Journal of Advanced Research and Reviews, 2023, 19(03), 964–977 

974 

[8] Metallinou D, Lazarou E, Lykeridou A. Pharmacological and Non-Pharmacological Brain-Focused Clinical 
Practices for Premature Neonates at High Risk of Neuronal Injury. Maedica (Bucur). 2021; 16(2):281-290.  

[9] Larroque B, Ancel PY, Marret S, Marchand L, André M, Arnaud C, Pierrat V, Rozé JC, Messer J, Thiriez G, Burguet 
A, Picaud JC, Bréart G, Kaminski M. Neurodevelopmental disabilities and special care of 5-year-old children born 
before 33 weeks of gestation (the EPIPAGE study): a longitudinal cohort study. Lancet. 2008; 371(9615):813–
820. 

[10] Novak CM, Ozen M, Burd I. Perinatal Brain Injury: Mechanisms, Prevention, and Outcomes. ClinPerinatol. 2018; 
45(2):357–375.  

[11] Robinson S. Neonatal posthemorrhagic hydrocephalus from prematurity: pathophysiology and current 
treatment concepts. J Neurosurg Pediatr. 2012; 9(3):242–258. 

[12] Schmid MB, Reister F, Mayer B, Hopfner RJ, Fuchs H, Hummler HD. Prospective risk factor monitoring reduces 
intracranial hemorrhage rates in preterm infants. Dtsch Arztebl Int. 2013; 110(29-30):489-96. 

[13] Mukerji A, Shah V, Shah PS. Periventricular/Intraventricular Hemorrhage and Neurodevelopmental Outcomes: A 
Meta-analysis. Pediatrics. 2015; 136(6):1132-43. 

[14] Lu H, Wang Q, Lu J, Zhang Q, Kumar P. Risk Factors for Intraventricular Hemorrhage in Preterm Infants Born at 
34 Weeks of Gestation or Less Following Preterm Premature Rupture of Membranes. J Stroke and Cerebrovasc 
Dis. 2016; 25(4): 807-812. 

[15] CoskunY, Isik S, Bayram T, Urgun K, Sakarya S, Akman I. A clinical scoring system to predict the development of 
intraventricular hemorrhage (IVH) in premature infants. Childs Nerv Syst. 2018; 34(1):129–136.  

[16] Roberts JC, Javed MJ, Hocker JR, Wang H, Tarantino MD. Risk factors associated with intraventricular hemorrhage 
in extremely premature neonates. Blood Coagul Fibrinolysis. 2018; 29(1):25-29. 

[17] Poryo M, Boeckh JC, Gortner L, Zemlin M, Duppré P, Ebrahimi-Fakhari D, Wagenpfeile S, Heckmannf M, 
Mildenbergerg E, Hilgendorffh A, Flemmerh AW, Freyi G, Meyer S. Ante-, peri- and postnatal factors associated 
with intraventricular hemorrhage in very premature infants. Early Hum Dev. 2018; 116:1–8. 

[18] Murosko D, Passerella M, Lorch S. Racial Segregation and Intraventricular Hemorrhage in Preterm Infants. 
Pediatrics. 2020; 145(6):e20191508.  

[19] Özek E, Kersin SG. Intraventricular hemorrhage in preterm babies. Turk Pediatri Ars. 2020; 55(3):215-221.  

[20] Deger J, Goethe EA, LoPresti MA, Lam S. Intraventricular Hemorrhage in Premature Infants: A Historical Review. 
World Neurosurg. 2021; 153:21-25. 

[21] Al-Mouqdad MM, Abdelrahim A, Abdalgader AT, Alyaseen N, Khalil TM, Taha MY, Asfour SS. Risk factors for 
intraventricular hemorrhage in premature infants in the central region of Saudi Arabia. Int J Pediatr Adolesc Med. 
2021; 8(2): 76–81. 

[22] Basiri B, Sabzehei MK, Shokouhi SM, Khanlarzadeh E, Mosheiri M. The Frequency of Intraventricular Hemorrhage 
and its Risk Factors in Premature Neonates in a Hospital's NICU. Iran J Child Neurol. 2021; 15(3):109-118. 

[23] Egesa WI, Odoch S, Odong RJ, Nakalema G, Asiimwe D, Ekuk E, Twesigemukama S, Turyasiima M, Lokengama RK, 
Waibi WM, Abdirashid S, Kajoba D, Kumbakulu PK. Germinal Matrix-Intraventricular Hemorrhage: A Tale of 
Preterm Infants. Int J Pediatr. 2021; 16:6622598. 

[24] Garvey AA, Walsh BH, Inder TE. Pathogenesis and prevention of intraventricular hemorrhage. Semin Perinatol. 
2022; 46(5):151592. 

[25] Linder N, Haskin O, Levit O, Klinger G, Prince T, Naor N, Turner P, Karmazyn B, Sirota L. Risk factors for 
intraventricular hemorrhage in very low birth weight premature infants: a retrospective case-control study. 
Pediatrics. 2003; 111(5):e590e5. 

[26] Jain NJ, Kruse LK, Demissie K, Khandelwal M. Impact of mode of delivery on neonatal complications: Trends 
between 1997 and 2005. J Matern Fetal Neonatal Med.2009; 22(6):491–500. 

[27] Lee JY, Kim HS, Jung E, Kim ES, Shim GH, Lee HJ, Lee JA, Choi CW, Kim EK, Kim BI, Choi JH. Risk Factors for 
Periventricular-Intraventricular Hemorrhage in Premature Infants. J Korean Med Sci. 2010; 25(3):418-424.  

[28] Lu H, Wang Q, Lu J, Zhang Q, Kumar P. Risk Factors for Intraventricular Hemorrhage in Preterm Infants Born at 
34 Weeks of Gestation or Less Following Preterm Premature Rupture of Membranes. J Stroke Cerebrovasc Dis. 
2016; 25(4):807-812. 



World Journal of Advanced Research and Reviews, 2023, 19(03), 964–977 

975 

[29] Helwich E, Rutkowska M, Bokiniec R, Gulczyńska E, Hożejowski R. Intraventricular hemorrhage in premature 
infants with Respiratory Distress Syndrome treated with surfactant: incidence and risk factors in the prospective 
cohort study. Dev Period Med 2017; 21(4):328-335. 

[30] Vesoulis ZA, Flower AA, Zanelli S, Rambhia A, Abubakar M, Whitehead HV, Mathur AM. Blood pressure extremes 
and severe IVH in preterm infants. Pediatr Res. 2019; 87(1):69-73. 

[31] Khanafer-Larocque I, Soraisham A, Stritzke A, Al Awad E, Thomas S, Murthy P, Kamaluddeen M, Scott JN, 
Mohammad K. Intraventricular Hemorrhage: Risk Factors and Association With Patent Ductus Arteriosus 
Treatment in Extremely Preterm Neonates. Front Pediatr. 2019; 22(7):408.  

[32] Wu T, Wang Y, Xiong T, Huang S, Tian T, Tang J, Mu D. Risk factors for the deterioration of periventricular–
intraventricular hemorrhage in preterm infants. Sci Rep. 2020; 10(1):13609.  

[33] Iwahata Y, Hasegawa J, Homma C, Iwahata H, Furuya N, Kondo H, Suzuki N. Perinatal Risk Factors for the 
Development of Neonatal Intraventricular Hemorrhage in Preterm Infants. Clin Exp Obstet  Gynecol. 2022; 
49(5):101. 

[34] Zhao Y, Zhang W, Tian X. Analysis of risk factors of early intraventricular hemorrhage in very-low-birth-weight 
premature infants: a single center retrospective study. BMC Pregnancy Childbirth. 2022; 22(1):890. 

[35] Alexiou A, Gouvias T, Sfakianos G, Prodromou N. Intraventricular hemorrhage of prematurity – Hydrocephalus. 
Encephalos. 2010; 47(1):43-48. 

[36] Ballabh P. Intraventricular hemorrhage in premature infants: mechanism of disease. Pediatr Res. 2010; 67(1):1–
8. 

[37] Rumack CM, Auckland AK. Neonatal and Infant Brain Imaging. In: Rumack CM, Levin D, eds. Diagnostic 
Ultrasound. Netherlands: Elsevier; 2018. p. 1511-72. 

[38] Hinojosa-Rodríguez M, Harmony T, Carrillo-Prado C, Van Horn JD, Irimia A, Torgerson C, Jacokes Z. Clinical 
neuroimaging in the preterm infant: Diagnosis and prognosis. Neuroimage Clin. 2017; 16:355–368.  

[39] Vesoulis ZA, Mathur AM. Cerebral Autoregulation, Brain Injury and the Transitioning Premature Infant. Front 
Pediatr. 2017; 5:64.  

[40] Benders MJNL, Groenendaal F, de Vries LS. Progress in neonatal neurology with a focus on neuroimaging in the 
preterm infant. Neuropediatrics. 2015; 46(4):234–241.  

[41] Rutherford MA, Supramaniam V, Ederies A, Chew A, Bassi L, Groppo M, Anjari M, Counsell S, Ramenghi LA. 
Magnetic resonance imaging of white matter diseases of prematurity. Neuroradiology. 2010; 52(6):505–521.  

[42] Tusor N, Arichi T, Counsell SJ, Edwards AD. Brain development in preterm infants assessed using advanced MRI 
techniques. Clin Perinatol. 2014; 41(1):25–45.  

[43] Hand IL, Shellhaas RA, Milla SS. Routine Neuroimaging of the Preterm Brain. Pediatrics. 2020; 
146(5):e2020029082. 

[44] Naqvi J, Yap KH, Ahmad G, Ghosh J. Transcranial Doppler ultrasound: a review of the physical principles and 
major applications in critical care. Int J Vasc Med. 2013; 2013:629378. 

[45] Argollo N, Lessa I, Ribeiro S. Cranial Doppler resistance index measurement in preterm newborns with cerebral 
white matter lesion. J Pediatr (Rio J). 2006; 82(3):221-226. 

[46] Demené C, Pernot M, Biran V, Alison M, Fink M, Baud O, Tanter M. Ultrafast Doppler reveals the mapping of 
cerebral vascular resistivity in neonates. J Cereb Blood Flow Metab. 2014; 34(6):1009-1017. 

[47] Al-Abdi SY. A severity score for intraventricular haemorrhage in preterm neonates. Saudi Med J. 2011; 
32(12):1313-1314.  

[48] Eichenwald EC. Neuroimaging of Extremely Preterm Infants: Perils of Prediction. Pediatrics. 2014; 135(1): e176–
e177.  

[49] Dudink J, Hellström-Westas L, Zimmermann LJI, Buonocore G, Gressens P, Pellicer A. Neurological monitoring in 
the high-risk infant: ultrasound and MRI scanning. [Internet]. Germany: European Standards of care for newborn 
health; 2018. Available from https://newborn-health-standards.org/wp-
content/uploads/2022/08/2022_09_01_Neurological_monitoring_in_the_high-
risk_infant_ultrasound_and_MRI_scanning_first-edition.pdf 

https://newborn-health-standards.org/wp-content/uploads/2022/08/2022_09_01_Neurological_monitoring_in_the_high-risk_infant_ultrasound_and_MRI_scanning_first-edition.pdf
https://newborn-health-standards.org/wp-content/uploads/2022/08/2022_09_01_Neurological_monitoring_in_the_high-risk_infant_ultrasound_and_MRI_scanning_first-edition.pdf
https://newborn-health-standards.org/wp-content/uploads/2022/08/2022_09_01_Neurological_monitoring_in_the_high-risk_infant_ultrasound_and_MRI_scanning_first-edition.pdf


World Journal of Advanced Research and Reviews, 2023, 19(03), 964–977 

976 

[50] El-Atawi K, Elhalik M, Kulkarni T, Abdelsamed A, Alexander L, Satyan AD. Risk factors, diagnosis, and current 
practices in the management of intraventricular hemorrhage in preterm infants: a review. Acad J  Pediatr 
Neonatol. 2016; 1(3):555561. 

[51] Barnetta ML, Tusora N, Balla G, Chew A, Falconer S, Aljabar P, Kimpton JA, Kennea N, Rutherford M, David 
Edwards A, Counsell SJ. Exploring the multiple-hit hypothesis of preterm white matter damage using diffusion 
MRI. Neuroimage Clin. 2018; 21(17):596–606. 

[52] Smyser CD, Wheelock MD, Limbrick DDJ, Neil JJ. Neonatal brain injury and aberrant connectivity. Neuroimaging. 
2019; 15(185):609-623. 

[53] Andrikopoulou M, Almalki A, FarzinA, Cordeiro CN, Johnston MV, Burd I. Perinatal biomarkers in prematurity: 
early identification of neurologic injury. Int J Dev Neurosci. 2014; 36:25-31. 

[54] Metallinou D, Karampas G, Nyktari G, Iacovidou N, Lykeridou K, Rizos D. S100B as a biomarker of brain injury in 
premature neonates. A prospective case - control longitudinal study. Clin Chim Acta. 2020; 510:781–786. 

[55] Metallinou D, Karampas G, Lazarou E, Iacovidou N, Pervanidou P, Lykeridou K, Mastorakos G, Rizos D. Serum 
Activin A as Brain Injury Biomarker in the First Three Days of Life. A Prospective Case - Control Longitudinal 
Study in Human Premature Neonates. Brain Sci. 2021; 11(9):1243. 

[56] Douglas-Escobar M, Weiss MD. Biomarkers of brain injury in the premature infant, Front Neuro. 2013; 3:185.  

[57] Florio P. Increased Plasma Concentrations of Activin A Predict Intraventricular Hemorrhage in Preterm 
Newborns. Clin Chem. 2006; 52(8):1516–1521.  

[58] Rao R, Mashburn CB, Mao J, Wadhwa N, Smith GM, Desai NS. Brain-derived neurotrophic factor in infants <32 
weeks gestational age: correlation with antenatal factors and postnatal outcomes. Pediatr Res. 2009; 65(5):548-
52.  

[59] Bhandari V, Buhimschi CS, Han CS, Lee SY, Pettker CM, Campbell KH. Cord blood erythropoietin and interleukin-
6 for prediction of intraventricular hemorrhage in the preterm neonate. J Matern Fetal Neonatal Med. 2011; 
24(5):673–679. 

[60] Abdel-Wahed ΜΑ, Khafagy SM, Abdel-Al H, El-Sayed RF. Serum activin A as a predictor of intraventricular 
hemorrhage in preterm neonates. J Neonatal Perinatal Med. 2011; 4(3):241-245.  

[61] Sannia A, Zimmermann LJ, Gavilanes AW, Vles HJ, Calevo MG, Florio P, Gazzolo D. Elevated Activin A urine levels 
are predictors of intraventricular haemorrhage in preterm newborns. Acta Paediatr. 2013; 102(10):e449–e454.  

[62] Efstathiou N, Soubasi V, Koliakos G, Kyriazis G, Zafeiriou DI, Slavakis A, Kantziou K, Pozotou T, Chatzizisi O, 
Drosou-Agakidou V. Mobilization of circulating progenitor cells following brain injury in premature neonates 
could be indicative of an endogenous repair process. A pilot study. Hippokratia. 2015; 19(2):141-147.  

[63] Zhou W, Li W, Qu L, Tang J, Chen S, Rong X. Relationship of plasma S100B and MBP with brain damage in preterm 
infants. Int J Clin Exp Med. 2015; 8(9):16445-53. 

[64] Khosravi N, Badamchi A, Khalesi N, Tabatabaee A, Naghdalipour M, Asgarian R. Measurement of interleukin-6 
(IL-6) and erythropoietin (EPO) in umbilical cords of preterm infants with intraventricular hemorrhage in two 
hospitals in Tehran. J Matern Fetal Neonatal Med. 2016; 30(15):1847–1850.  

[65] Elfarargy MS, Eltomey MA, Soliman NA. Early predictors of neonatal intraventricular hemorrhage. Electron 
Physician. 2017; 9(8):4946–4951.  

[66] Shahid AD, Zhu H, Lu HY, Chang M, Malik A, Sher MA, Adil WU. The early prognosis value of activin A in premature 
infants’ brain injury. Int Res J Med Med Sci. 2017; 5(2):14-18. 

[67] Gasparroni G, Graziosi A, Bersani I, Caulo M, Moataza B, Aboulgar H, Mufeed H, Iskander I, Kornacka M, Gruzfeld 
D, Dotta A, Savarese I, Chukhlantseva N, Tina LG, Nigro F, Livolti G, Galvano F, Di Battista C, D'Adamo E, Primavera 
AP, Lapergola G, Conte M, Salomone R, Perrotta M, Panichi D, Levantin G, Catenaro M, Strozzi C, Maconi A, Centini 
G, Chiarelli F, D'Antonio F, Gavilanes DAW, Gazzolo D. S100B protein, cerebral ultrasound and magnetic 
resonance imaging patterns in brain injured preterm infants. Clin Chem Lab Med. 2021; 59(9):1527-1534.  

[68] Gross M, Engel C, Trotter A. Evaluating the Effect of a Neonatal Care Bundle for the Prevention of Intraventricular 
Hemorrhage in Preterm Infants. Children. 2021; 8(4):257.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Smyser%20CD%5BAuthor%5D&cauthor=true&cauthor_uid=30059733
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wheelock%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=30059733
https://www.ncbi.nlm.nih.gov/pubmed/?term=Limbrick%20DD%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=30059733
https://www.ncbi.nlm.nih.gov/pubmed/?term=Limbrick%20DD%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=30059733


World Journal of Advanced Research and Reviews, 2023, 19(03), 964–977 

977 

[69] De Bijl-Marcus K, Brouwer AJ, De Vries LS, Groenendaal F, Wezel-Meijler G. Neonatal care bundles are associated 
with a reduction in the incidence of intraventricular haemorrhage in preterm infants: a multicentre cohort study. 
Arch Dis Child Fetal Neonatal Ed. 2020; 105(4):419-424. 

[70] Mirza H, Oh W, Laptook A, Vohr B, Tucker R, Stonestreet BS. Indomethacin Prophylaxis to Prevent 
Intraventricular Hemorrhage: Association between Incidence and Timing of Drug Administration. J Pediatr. 
2013; 163(3):706–10.e1.  

[71] Persad N, Kelly EN, Amaral N, Neish A, Cheng C, Fan CS, Runeckles K, Shah V. Impact of a “Brain Protection Bundle” 
in Reducing Severe Intraventricular Hemorrhage in Preterm Infants <30 Weeks GA: A Retrospective Single 
Centre Study. Children. 2021; 8(11):983.  

[72] Murthy P, Zein H, Thomas S, Scott JN, Abou Mehrem A, Esser MJ, Lodha A, Metcalfe C, Kowal D, Irvine L, Scotland 
J, Leijser L, Mohammad K. Neuroprotection Care Bundle Implementation to Decrease Acute Brain Injury in 
Preterm Infants. Pediatr Neurol. 2020; 110:42-48. 


