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Newborn Care: Intraventricular Haemorrhage in the newborn infant  

1. Introduction  

Intraventricular haemorrhage (IVH) in newborn infants may significantly impact long term 

neurodevelopmental outcomes. IVH is much more common in the preterm infant; however, it 

can occur in term babies with similar impacts on their neurodevelopmental outcomes. 

2. The Aims / Expected Outcome of this Guideline  

• Intraventricular haemorrhage will be diagnosed early and safely managed.  

3. Risk Statement 

SLHD Enterprise Risk Management System (ERMS) Risk # 1: Unwarranted Deviations from 

standards of clinical care:  

• Delayed diagnosis of intraventricular haemorrhage may impact treatment 

• Delayed referral of grade 3 IVH for neurosurgical intervention may result in adverse 

outcomes.   

4. Scope   

All neonatal medical and nursing staff.  

5. Education and Training  

• Neonatal Fellows receive bedside head ultrasound teaching to diagnose IVH 

• Education needs are addressed within current mandatory education and other My 

Health Learning (MHL) resources 

6. Implementation 

• Distribution and notification of this Guideline via usual means (email, relevant 

management and ward meetings).  

• Notification on the SLHD / RPAH Policies/Guidelines Intranet. 

• Unit-based in-service for nurses, midwives, medical officers and neonatal nurse 

practitioners includes clinical beside case-based teaching for medical and nursing 

staff 

7. Key Performance Indicators and Service Measures 

• Intraventricular haemorrhage identification 

• High risk patients will be screened for intraventricular haemorrhage. If identified, 

appropriate surveillance will be initiated and a referral to the neurosurgical team will 

be undertaken once intervention thresholds have been met. 

8. Scan Procedures 

 Indications for a Cranial Ultrasound Scan 

• All babies < 32 weeks’ gestation1 
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• All babies with neurological concerns – HIE, seizures, meningitis or abnormal clinical 

examination 

• All babies who require mechanical ventilation (excludes babies with simple minimally 

invasive surfactant if no other criteria are met) 

• All MCDA twins 

• All babies ≤ 3rd percentile for gestation 

• Suspected or confirmed congenital infection i.e., CMV or toxoplasmosis 

• Any baby with a syndrome or a dysmorphic baby 

• Any baby with significant thrombocytopenia (platelets< 50x109/L) or coagulopathy2  

• Any baby who has an increase in head circumference of >1.5cm in a week (Refer to 

SLHD Neonatal anthropometry - measurement and reporting of newborn size and 

growth (SLHD_Gl2021_017)) 

• Any baby who the neonatologist is concerned about 

• Any baby with a head circumference < 3 Standard Deviation (SD) below the mean 

• Any baby who undergoes an exchange transfusion 

 Timing of Scan 

Preterm babies < 27 weeks who are in poor clinical condition, require inotropes or who are 

shocked require an early additional formal head scan (within 72 hours) to exclude IVH.  

Thereafter, they follow the standard timing highlighted below. 

All other preterm babies (<32 weeks) should have routine head ultrasounds performed 

between day 5 and day 7 and again at day 28. The early ultrasound is predominantly looking 

for intraventricular haemorrhage and normal anatomy. More than 90% of parenchymal 

haemorrhages will be present by day 7.3 The later scan is looking for periventricular 

leukomalacia.  

More frequent examinations will be required if the early ultrasound is abnormal, there is a 

significant increase in head circumference or any neurological concerns like irritability, low 

tone or an inactive baby. A term equivalent head ultrasound may also be considered in 

babies who have early abnormal scans. 

All other newborns with an indication for a head ultrasound will require a single head 

ultrasound at a suitable time. Later follow-up scans are only indicated if there is an 

abnormality detected early that requires repeat imaging.   

9. Guidelines 

 Background and Pathogenesis  

IVH is a major complication of prematurity resulting in death and poor long-term 

neurodevelopmental outcomes.   

IVH initiates in the germinal matrix, which is a richly vascularised collection of neuronal-glial 

precursor cells in the developing brain.4 Why this occurs is outlined below: 

1. Intrinsic fragility of the germinal matrix which has fragile vessels which lack muscular 

and collagen support making them vulnerable to insult. 

2. Disturbance in cerebral blood flow 

http://slhd-intranet.sswahs.nsw.gov.au/SSWpolicies/pdf/SLHD/SLHD_GL2021_017.pdf
http://slhd-intranet.sswahs.nsw.gov.au/SSWpolicies/pdf/SLHD/SLHD_GL2021_017.pdf
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o Exposure to respiratory and metabolic disturbances cause fluctuations in 

cerebrovascular blood flow i.e., hypocarbia, patent ductus arteriosus, 

hypotension and restlessness.  

o Non-synchronous ventilation has also been associated with fluctuations in 

cerebral blood flow.  

3. Impairment in cerebral auto regulation 

o The resting aortic pressure of the preterm infant is close to the lower limits of 

the cerebrovascular auto regulatory plateau. The auto regulation may be 

absent in sick preterm infants. 

o The inability of sick preterm infants to auto regulate cerebral blood flow and 

sustain a constant flow increases their risk of IVH. In extremely low birth 

weight infants, cerebral perfusion has been documented as being pressure-

passive (when changes in blood pressure result in concordant changes in 

cerebral blood flow) for more than 50% of the time.5, 6 

4. Disturbances in intravascular blood volume 

o Rapid boluses of intravenous volume are frequently administered to preterm 

neonates and are associated with IVH. 

5.  Coagulation abnormalities are associated with low grade IVH. 

 Risk Factors for IVH 

1. Prematurity is the most important risk factor for IVH because of the fragility of the 

germinal matrix with fragile vessels which are vulnerable to insult and the infant’s 

inability to auto regulate cerebral blood flow (CBF) during changes in systemic blood 

pressure.6 The lower the gestational age, the greater the risk. 

2. Low systemic blood flow resulting in hypoperfusion-reperfusion is a major 

contributor to IVH. Low superior vena cava (SVC) flows and large ductal shunting 

that is left to right that direct significant volumes of blood away from the systemic 

circulation. IVH occurs as flows improve during reperfusion. It’s most common in the 

first 12 to 24 hours and is poorly predicted by blood pressure. Severe IVH occurs 

with significantly lower early right ventricular outputs. 80% of upper body blood flow 

goes to the brain, if the SVC flow is very low this indicates that the blood flow to the 

brain is low.6 

3. Fluctuating cerebral flow. Risk factors that cause fluctuations in the CBF and 

increase the risk of IVH include hypocarbia, hypoxia, acidosis, severe respiratory 

distress syndrome (RDS), hypo/hypertension and pneumothorax. Rapid alteration in 

acid-base status, hypoxia, inotrope use, and blood transfusion can overwhelm the 

ability of the neonate to protect cerebral circulation and can result in IVH.8 

4. Fertility treatment.  Studies have shown that fertility treatment (IVF) is an 

independent risk factor for IVH.9, 10 

5. Sepsis. In a retrospective case control study, early onset sepsis [OR 8.0; 95% 

CI: 1.55 – 43.1] was associated with a greater risk of significant IVH.9 

 Prevention of IVH 

1. Chorioamnionitis is known to significantly increase the risk of IVH,11-13 cerebral 

white matter damage and long-term disability when associated with histological 

evidence of inflammation or infection in the placenta, fetal membranes or umbilical 
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vessels.10 A meta-analysis demonstrated that antenatal infection increased the 

overall risk of IVH [OR 2.18; 95 % confidence intervals 1.58-2.99] with an OR of 2.65; 

95% CI1.52-4.61 for severe IVH.12 The use of prenatal antibiotics for prolonged 

rupture of membranes reduced the incidence of all grades of IVH.14 

2. Antenatal steroids. Babies whose mothers are given antenatal steroids are less 

likely to develop IVH or severe IVH.15 A Cochrane review showed that after the 

administration of a single course of antenatal corticosteroids there was a reduction in 

IVH of 46% (relative risk 0.54, 95% confidence interval 0.43 to 0.69).16 There is an 

increased risk of severe IVH in infants < 28 weeks’ gestation who had received a 

course of antenatal steroids but had an extended gap between receiving the steroids 

and delivery (>or equal to 10 days). A rescue dose or second course is 

recommended to reverse this effect.17 

3. Mode of delivery - A Cochrane review found that data was insufficient to determine 

if a caesarean section reduced the risk.18 Observational studies are also inconclusive 

with conflicting outcomes. Osborn et al and Dani et al both demonstrated a higher 

rate of IVH when born by vaginal delivery.19,20 In contrast, two large cohort studies 

showed no difference in IVH rates between both methods of delivery.22,23 

4. Inborn delivery of babies - one study which reviewed 67,596 babies, showed the 

incidence and severity of IVH in the infants outborn, and transported ex-utero is twice 

the rate of those infants born in tertiary hospitals.24 

5. Placental transfusion does significantly reduce the incidence of IVH. A review of 

several trials comparing delayed cord clamping and immediate cord clamping 

showed that IVH is reduced.25 The results of a large Australian trial (APTS) of 1566 

infants showed no difference in combined outcome of death or major morbidity at 36 

weeks of gestation.26 

6. Patent ductus arteriosus (PDA) treatment. Early targeted or prophylactic treatment 

of a poorly constricting PDA with a short course of indomethacin at 48 hours or less 

in the preterm infant is associated with a trend towards less 

periventricular/intraventricular haemorrhage (PIVH) (4.5% vs 12.5%).27-29  

7. Antithrombin. The administration of antithrombin seems not to reduce the incidence 

and severity of intraventricular haemorrhage in very preterm infants.30 

 Classification of IVH 

The extent of the haemorrhage associated ventricular distension and parenchymal 

involvement is the basis of the classification system of Papile.31 

• Grade 1: Isolated germinal matrix haemorrhage 

• Grade 2: Intraventricular haemorrhage without ventriculomegaly 

• Grade 3: Intraventricular haemorrhage of sufficient severity to dilate the ventricles 

with blood 

• Grade 4: Intraparenchymal haemorrhage – venous infarction in area ipsilateral to IVH 
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Grade 1 IVH with a small amount of blood in the germinal matrix (sagittal and coronal views). 

 

 

 

 

 

 

 

Grade 2 IVH with a small amount of blood in the ventricle (sagittal and coronal views). 

 

Bilateral Grade 3 IVH with significant blood in the ventricles and associated dilatation 

(sagittal and coronal views) 

 

 

 

 

 

 

 

Right sided Grade 4 IVH with blood extending into the cerebral cortex (sagittal and coronal 

views) 
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 Incidence of IVH – local RPA data (2008 – 2019) and ANZNN data 2019 

Gestation Grade 1 

 

Grade 2 Grade 3 Grade 4 

 RPA ANZNN RPA ANZNN RPA ANZNN RPA ANZNN 

24 weeks 

(n=37) 

10.8% 13%  5.4% 12.4% 2.7% 5.9% 8.1% 12.4% 

 

25 weeks 

(n=58) 

18.9% 14% 1.7% 13.1% 3.4% 3.4% 5.1% 10.6% 

 

26 weeks 

(n=83) 

15.6% 11.8% 3.6% 6.9% 0%     1.7% 1.2% 5.6% 

 

27 weeks 

(n=132) 

9.8% 14.2% 7.5% 7.7% 0.8% 1.4% 1.5% 2.0% 

 

28 weeks 

(n=145) 

9.6% 11.4% 1.3% 5.3% 1.3%     np 0.69% np 

 

29 weeks 

(n=156) 

8.9% np 2.5% 2.8% 0% np 0% 1.3% 

 

30 weeks 

(n=225) 

7.5% np  0.4% 1.6% 0% 0% 0% np 

 

At RPA between 2008 and 2019, there were 10 deaths from grade 3 or grade 4 IVH ≤ 28 

weeks – 2.1%. The incidence of grade 3 and 4 IVH among the survivors was 3.5%. In the 

2019 ANZNN report, 4.3% of babies <32 weeks had grade 3 or 4 IVH’s while 15 % had 

grade 1 or 2 IVH’s. The incidence of severe IVH was shown to be inversely related to 

gestation.5  

 Diagnosis 

9.6.1 Clinical Diagnosis 

Most commonly, IVH is asymptomatic (particularly with grade 1 or 2 IVH). Possible clinical 

signs include a tense anterior fontanelle, pallor, a limp unresponsive infant with increasing 

apnoeas or seizures. If severe, babies may be hypovolaemic with a metabolic or lactic 

acidosis.  

9.6.2 Ultrasound Diagnosis 

The criteria for ultrasound screening and diagnosis are covered at Section 8 Scan 

Procedures.   
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 Timing of IVH 

IVH can occur in utero, intra-partum and during the early postnatal period.  In a systematic 

review of IVH timing, 134/279 (48%) IVH’s occurred within the first 6 hours of life and 76/241 

occurred after 24 hours.3 There is increasing evidence that perinatal antecedents are related 

to early IVH i.e., longer duration of active labour. IVH occurring within the first 12 hours of life 

is more strongly associated with perinatal hypoxic-ischaemic events than later onset IVH.33 

 Treatment of IVH 

Most IVH’s need no specific treatment, largely supportive care. 

 Complications and outcomes of IVH 

9.9.1 Neurodevelopmental impairment and/or death 

In a meta-analysis, primary outcome of death or moderate-severe neurodevelopmental 

impairment (NDI) were higher with mild {1.48, 95% CI 1.26-1.73)} and severe PIVH (4.72, 

4.21-5.31) compared with no IVH.34 Among survivors, mild PIVH was associated with higher 

odds of moderate-severe NDI compared with no PIVH (1.39, 1.09 – 1.77).35 Grade 1 and 2 

IVH even without white matter injury have adverse neurological outcomes.35 Cognitive delay 

was higher with severe but not mild PIVH. Babies with bilateral IVH have worse outcomes.  

Bilateral intracranial haemorrhage with the presence of haemorrhagic infarction had higher 

rates of adverse outcomes and were independently associated with death/NDI.36,37 

9.9.2 Post-haemorrhagic hydrocephalus  

9.9.2.1 Pathogenesis of post-haemorrhagic hydrocephalus  

Following a large IVH, small blood clots in the ventricular system prevent the reabsorption of 

CSF. Initially there is reduced CSF production but when this normalises, the lateral ventricles 

enlarge.   

The blood (haemoglobin) gets broken down and free iron is released. This free iron is a 

potential source of free radicals and is an important mechanism of progressive white matter 

damage in the immature brain.38 

9.9.2.2 Diagnosis of post haemorrhagic ventricular dilatation (PHVD) 

a) Ventricular Measurements 

Levene and Davies describe different measurements to define PHVD which in combination 

are39,40,41 

• Anterior horn width (AHW) > 6mm (> 97th percentile). AHW is the diagonal width of 

the frontal horn, at the widest point measured at right to the longest dimension. 

• Thalamo-occipital dimension (TOD) >24mm (> 97th percentile) 

• Ventricular index:  measured from the falx to the lateral wall of the body of the 

ventricles (> 97th percentile) 

The ventricular index and anterior horn width are measured on a coronal view at the level of 

the third ventricle/foramen of Munro. The thalamo-occipital distance is measured in the 

sagital plane. The above measurements are considered low threshold.  High threshold is 

defined as >97th percentile plus 4mm.  
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b) Clinical excessive head enlargement 

Average head growth for preterm infants is approximately 0.7 cm/week and for term infants 

is 0.5 cm/week. 

All infants with growth in head circumference ≥1.0 cm per week must have a senior medical 

review. 

c) Change in fontanelle  

A change in the fontanelle from concave to bulging may be palpated. 

When a grade 3 or 4 IVH is diagnosed, cranial US should be repeated twice weekly. 

9.9.3 Management of PHVD 

Variable therapeutic interventions have been considered for PHVD which include38 

1. Repeated LP’s and ventricular taps. 

2. Repeated tapping through a ventricular access device. 

3. Drug treatment to reduce CSF production – osmotic diuretic 

4. Intraventricular fibrinolytic therapy 

5. External ventricular drain 

×× Ventricular index 

ΔΔ Diameter of third ventricle 

++ Ventricular index 

□ □ Anterior Horn Width 

Thalamo-occipital distance 

(TOD) 
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6. Ventriculo-subgaleal shunt 

7. Third ventriculostomy 

8. Choroid plexus coagulation 

The details of the above interventions are beyond the scope of this guideline. There is no 

evidence that repeated removal of CSF via lumbar puncture, ventricular puncture or from a 

ventricular reservoir provides any benefit over conservative management in the absence of 

symptomatic raised intracranial pressure.42 Repeated tapping through a ventricular access 

device (Rickman reservoir) is the most widely used approach.   

There is conflicting evidence around the use of intrathecal fibrinolytic agents. In a recent 

RCT, looking at the 10-year outcomes following DRIFT (drainage, irrigation and fibrinolytic 

therapy) for post haemorrhagic ventricular dilatation, there was a sustained reduction of 

severe cognitive disability at school age.43 Although, the confidence intervals were wide, the 

point estimate suggests that the NNT for DRIFT to prevent one death of one case of severe 

cognitive disability was 3. This surgical approach was developed in Bristol and includes the 

insertion of frontal and left occipital ventricular catheters under anaesthesia. Tissue 

plasminogen activator is injected intraventricularly at a sub systemic dose. The ventricles are 

irrigated and cleared of blood and debris and then the catheters are removed.  

A Cochrane review in 2007 showed that Intraventricular fibrinolytic therapy with 

streptokinase in established post‐haemorrhagic ventricular dilatation, cannot be 

recommended for neonates following IVH.44 

Neurosurgical Referral 

There is significant variation amongst NICU’s with regards to timing and intervention. The 

ELVIS trial, a multicentre RCT randomised babies to low or high threshold groups (VI > 97th 

percentile vs VI > 97th percentile plus 4mm). Interventions included lumbar punctures (max 

3) followed by insertion and tapping from a ventricular reservoir with an aim to maintain 

VI<97th percentile. Results in this trial show a trend towards improved composite outcome 

(death, CP and Bayley’s composite cognitive or motor score <-2SD) in the low threshold arm 

compared with the high threshold arm.45  

Given the above results, any baby who meets the ventricular measurement criteria for PVHD 

(VI >97th percentile) (low level evidence) should be discussed with the neurosurgical fellow 

or consultant on call at The Children’s Hospital Westmead or Sydney Children’s’ Hospital 

Randwick. These babies may require an urgent CT, Magnetic Resonance Imaging scan or 

recommend transfer to a surgical centre with neurosurgery capabilities. The decision to 

transfer the baby may be affected by the entire clinical picture.  

9.9.4 Prognosis of PHVD 

In the context of PHVD, if there are no associated echo densities or echo lucencies then 

approximately 40% of the children will develop cerebral palsy and 25% will have multiple 

impairments. In the presence of extensive haemorrhagic parenchymal infarction in addition 

to PHVD, the risk of CP increases to 80-90%. A study of 998 infants <1000g with PHVD and 

grade 4 IVH, 32% had a Bayley MDI <50 and 39% had a psychomotor developmental index 

of <50.47 Moderate intellectual impairment is defined as an IQ between 30 and 55 and 

severe is <30.  



Sydney Local Health District  Policy No: SLHD_GL2022_045 
                                                                                                                                                         Date Issued: July 2022 

Compliance with this Guideline is recommended. 12 

 IVH in the term infant  

IVH is rare in term infants and the pathophysiology differs significantly compared to the 

preterm infant. The sources of haemorrhage include choroid plexus, tumours, vascular 

malformations, coagulopathies and cerebral infarction including in the deep venous 

sinuses.48,49,50 The mean age of onset is around 3 days with poor feeding, seizures and fever 

being the common clinical presenting signs.42,43 These babies need investigation for the 

above causes. The long-term outcomes are not clearly defined; however, the babies with 

grade 4 IVH had worse neurological outcomes (90% mortality or poor neurological outcomes 

in one study).50 

10. Definitions 

IVH Intraventricular Haemorrhage 

CBF Cerebral blood flow 

PHVD Post Haemorrhagic Ventricular Dilatation 

VI Ventricular Index 

ANZNN Australian and New Zealand Neonatal Network 

11. Consultation 

• The Radiology Department, Royal Prince Alfred Hospital 

• The Paediatric Department, Canterbury Hospital 

• The Neurosurgical Department, Sydney Children’s Hospital Network 

• SLHD Centre for Education and Workforce Development Policy Committee 

• Senior Medical and Nursing Staff, Department of Newborn Care, Royal Prince Alfred 

Hospital 
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