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Intraventricular Hemorrhage -

Post-Hemorrhagic Ventricular Dilatation:  Current 
approaches to improve outcomes

Objectives

1. Describe two physiological risk factors for intraventricular 
hemorrhage (IVH)

2. Describe 2 clinical features of symptomatic PHVD

3.  List 2 approaches to mitigate long term neurodevelopmental 
sequelae from PHVD
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IVH - Etiology

Q1: In preterm infants, what is generally the 
source of bleeding in IVH?

Germinal Matrix

The germinal matrix, which is the source 
of neural stem cells, persists until at least 
32 weeks gestational age.

IVH - Etiology

Suggested mechanisms

– Germinal matrix: immature, fragile vasculature. 

– Fluctuation in the cerebral blood flow

• lack of autoregulation in preterm infants

Robinson, J Neurosurg Pediatrics 2012; Volpe, 2008

Q2: Name factors implicated in CBF fluctuation that 
can lead to IVH



IVH - Etiology

Q2: Name factors implicated in CBF fluctuation that 
can lead to IVH
- Abrupt elevation in systemic BP 

- Rapid volume expansion with fluid boluses
- CPR / Difficult intubation 
- Noxious stimuli
- Neonatal transport

- Hypo/hypercarbia
- Anemia
- Severe RDS
- Pneumothorax

IVH - Etiology

Q3: Name 3 medical interventions shown to decrease 
the incidence of IVH in very preterm neonates



IVH – Etiology and Protective Factors

Antenatal Steroids Prophylactic Indomethacin

Delayed Cord Clamping

IVH - Epidemiology



IVH - Epidemiology

Term Infants can also develop IVH – pathogenesis is 
different and depends on the underlying cause:

- Trauma during delivery

- Coagulation anomaly

- Sinovenous thrombosis

- Gene mutation of the collagen genes (COL4A1 and COL4A2)

IVH – Epidemiology in term infants

Among term neonates with 
IVH, 30 % had cerebral 
sinovenous thrombosis



Clinical presentation IVH

Q4: Timing of IVH – when IVH is most likely to occur in 
the preterm neonate?
a) 90% by day 3 of life
b) 90% by 6 hours of life
c) 50% by the end of the first week of life
d) The risk is the same during the neonatal life until 34 

weeks of life

Clinical presentation IVH

• 50 % on the first day of life, 25% on the second day of 
life, 15% on the third day of life (90% by day 3 of life)

• 20-40% = progression of hemorrhage over 3 to 5 days

Ahn, Korean Med Sci 2015; Radic, J Neurosurg Pediatr 2015; Robinson, J Neurosurg Pediatrics 2012; Papile, J Pediatr 1978; Volpe, 2008



Clinical presentation IVH

• Majority = clinically asymptomatic and detected by 
routine HUS screening

• If clinical symptoms:

– Irritability, HBG drop, sudden clinical deterioration

– Rarely : Increased ICP (↑ HC, full fontanel, spells, seizures, change in 
consciousness)

Ahn, Korean Med Sci 2015; Radic, J Neurosurg Pediatr 2015; Robinson, J Neurosurg Pediatrics 2012; Papile, J Pediatr 1978; Volpe, 2008

IVH – Imaging

Serial head ultrasound (HUS): 

Reliable for detection and staging

MRI: Associated lesions

Radic, J Neurosurg Pediatr 2015; Papile, J Pediatr 1978; Volpe, 2008



IVH – Classification

• Classification by Papile, adapted by Volpe

Grade I: GMH (also called subependymal hemorrhage)

Grade II: Bleed extends into the ventricles

Grade III: Intraventricular bleed with acute ventricular dilatation)

Grade IV: now called periventricular hemorrhagic infarction (PVHI)

Separate note: Ventricular dilatation, WM involvement

Radic, J Neurosurg Pediatr 2015; Papile, J Pediatr 1978; Volpe, 2008

Intraventricular hemorrhage

Volpe JJ. Lancet Neurol 2009;8:110-24. 



GMH-IVH – Imaging and Classification

Grade III

Grade II

PVHI / 

Grade IV

Grade I

GMH-IVH - Complications

Complications: 

• Periventricular Hemorrhagic Infarction (PVHI / PHI / IVH grade IV) A

• Post-Hemorrhagic Ventricular Dilatation (PHVD) B-C

• Associated changes: Widespread WM injury, cerebellar changes, smaller tissue volumes



PVHI

• <6% of preterm infants

• Venous congestion (pressure)

• Unilateral / bilateral

• Imaging

– Serial HUS

– MRI details

Volpe, Lancet Neurology 2009; Benders Clin Perinatol 2014

PVHI

• Porencephalic cyst (necrosis) A → B

• Impairs brain growth and maturation

• Implications for outcome

Volpe, Lancet Neurology 2009; Benders Clin Perinatol 2014



IVH & Neurodevelopmental Outcome

Outcome of IVH depends on:

1. Toxic effects of free blood products on brain development

– Blood products = neurotoxic, direct injury to progenitor cells in germinal matrix

2. Size of IVH

3. Location of parenchymal brain injury

4. Hydrocephalus and VP shunting

IVH & Neurodevelopmental Outcome
Toxic effects of blood products

Long term effects to other structures such as the cerebellum



IVH & Neurodevelopmental Outcome
Size of IVH

Mild IVH (grade 1-2):

• Outcome comparable to those without IVH

• Outcome influenced by presence WM and cerebellar injury

• 50% born <32 weeks GA show learning difficulties at school age

Severe IVH (grade 3-4): associated with worse outcomes

• Higher incidence of motor and cognitive difficulties

• Motor difficulties correlate with location of injury 

IVH & Neurodevelopmental Outcome
Size of IVH

Size of IVH % IVH Neurological
Sequelae

Death

Grade 1 40% 15% 3%

Grade 2 25% 25% 9%

Grade 3 20% 50% 18%

PVHI 15% 75% 29%

Volpe, Neurology of the Newborn, 5th ed. 2008



IVH & Neurodevelopmental Outcome
Size of IVH

• Large IVH associated with ipsilateral 
cerebral and contralateral cerebellar 
volume loss

Limperopoulos C, et al. Pediatrics. 2005;

3. Location

Legs
Arms

Internal capsuleVentricle

IVH & Neurodevelopmental Outcome
Location 



3. Location
IVH & Neurodevelopmental Outcome

Location 

What is the classic motor impairment in 
bilateral grade 3 IVH? 

Spastic Diplegia

3. Location
IVH & Neurodevelopmental Outcome

3. Location 

A large unilateral PVHI could lead to 
hemiplegia



3. Location
IVH & Neurodevelopmental Outcome

Location of PVHI

Maitre NL et al. Pediatrics 2009;124(6):e1153-60

Management of GMH-IVH / PVHI

Robinson, J Neurosurg Pediatrics 2012

Increased
Risk of IVH

Systemic Factors

Cardiorespiratory Factors

Metabolic Factors

Infectious / Inflammatory Factors

Immature Anatomy

Impaired / Immature 
Cerebral Reactivity

Hematologic Factors

Factors Intrinsic to
Developing Brain

No single measure preventing GMH-IVH → Combination of measures



PHVD

• ~30-50% infants with large IVH

• <2nd week of GMH-IVH

• Ventricular size >97th percentile

• Etiology 

- Acute: Impaired CSF outflow (clot)

- Intermediate: Impaired CSF reabsorption (clots, proteins, fibrosis)

• Initially ‘silent’; signs increased ICP late

Levene, ADC 1981; Davies, ADC 2000; Brouwer, Radiology 2012; Ahn 2015; Ellenbogen 2016

Adverse Effects of PHVD

Cerebral hemodynamics Doppler / PET / NIRS

Neurophysiology CFM / SEP / VEP

Increase in latency

Biochemistry CSF: Cytokines
VEGF

Hypoxanthine

NPBI

TGFß-1

sFAS 

de Vries 1990; Kempley 1993; Du Plessis 1995; Soul 2004; Olischar 2004; van Alfen 2007; Olischar 2009; Klebermass 2012; Norooz 2015



PHVD - Imaging

• Serial HUS: 

- Follow onset and progress PHVD

- DOL 3 and 7, weekly → Intensify if PHVD

- Ventricular size: Visual ↔ Measurements

• MRI:

- Limited for PHVD

- Important for additional brain injury

Levene, ADC 1981; Davies, ADC 2000; Brouwer, Radiology 2012; Ahn 2015; Ellenbogen 2016

Measurements Ventricular Size

Severely dilated

Moderately dilated

Mildly dilated

CGA in weeks

Levene scale 

CGA in weeks

Mean VI

Dilatation

Levene, ADC 1981; Davies, ADC 2000; Brouwer, Radiology 2012

VI, Ventricular Index AHW, Anterior Horn Width



Management of PHVD

• Prevention of prolonged pressure on immature, vulnerable WM and 
neurodevelopmental deficits

• ~35-40% infants need intervention

• Complicated by:

- Blood and high protein level 

- Weight and instability infant

• Complications: Infection, overdrainage, revision, skin lesion, anesthetics, additional 
brain injury

Ellenbogen, J Clin Neurosci 2016

Management of PHVD

• Different strategies studied

- 3rd Ventriculostomy - Fibrinolytic agents

- Choroid plexus coagulation - Diuretics / other agents

• Current practice: CSF taps (LP / reservoir) ↔ VP shunt

• No consensus on when, based on, how ??

→ No RCTs on whether or not to treat (early); benefits outcome > risks?



Approaches: Best for Outcome?

De Vries, Acta Paediatr 2002; De Vries, ELVIS trial, ISRCTN43171322 

Early Intervention
VI >+2SD (+4mm) and/or

AHW >6mm

Late Intervention
Signs of increased ICP and

increase in HC (1-2cm/wk)

2-3 LPs

If LPs still required Shunt or reservoir placement

CSF taps based on signs and VI size

Reservoir placement

10ml/kg/d based on VI

Aim: VI <+2SD + AHW <6mm 

within 1 week 

If no stabilisation: Shunt placement

Aim: Decrease in ventricular size 

and/or absence of increased ICP

Early intervention beneficial for outcome ??





Outcome Scores Between Groups

• Buy in from neurosurgery!

• Development of early intervention protocol

• Implementation

• Evaluation-outcome data

What Next?



Surveillance Protocol

Intervention Protocol







n=55
IVH > Gr 

111

Resolved
n=15

No 
Intervention

n=24

Died
n=9

LP Only
n=19

Resolved 
n=13

Died
n=6

LP + 
Ommaya 

n=5

Died
n=2

LP + 
Ommaya + 
VP Shunt

n=7

Resolved
n=3

Mortality Rate: 30%
Complication Rate: 7%
• Complications

•One CONS 48 hrs post ommaya insertion
•One CSF leak 6 weeks post ommaya insertion – CONS 
•One resistant Enterobacter fecalis (VAP/UTI-meningitis)- died

39% Resolved spontaneously
35% Resolved LP only
8% Resolved to discharge home with 
ommaya only
18% Required VP shunt

PHVD Tri Hospital Data 2018



Ryleigh’s Story

ReferencesIn Conclusion

IVH and PHVD:

• Still important complications of prematurity

• Implications for outcome, particularly when associated brain lesions 

• Close monitoring and early detection (and intervention) most important  
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