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ABSTRACT

Germinal matrix hemorrhage-intraventricular hemorrhage (GMH-IVH) remains an important 
cause of brain injury in preterm infants, and is associated with high rates of mortality and 
adverse neurodevelopmental outcomes, despite the recent advances in perinatal care. Close 
neuroimaging is recommended for both the detection of GMH-IVH and for the follow-up of 
serious complications, such as post-hemorrhagic ventricular dilatation (PHVD). Although the 
question when best to treat PHVD remains a matter of debate, recent literature on this topic 
shows that later timing of interventions predicted higher rates of neurodevelopmental impair-
ment, emphasizing the importance of a well-structured neuroimaging protocol and timely 
interventions. In this guideline, pathophysiologic mechanisms, preventive measures, and clini-
cal presentations of GMH-IVH and PHVD will be presented, and a neuroimaging protocol as 
well as an optimal treatment approach will be proposed in light of the recent literature.
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INTRODUCTION

Germinal matrix hemorrhage-intraventricular hemorrhage (GMH-IVH) remains an impor-
tant cause of brain injury in preterm infants, and is associated with high rates of mortal-
ity and adverse neurodevelopmental outcomes, despite the recent advances in perinatal 
care. The incidence of GMH-IVH is inversely proportional to the degree of maturity, and the 
current incidence is reported to be around 20-25% in the very preterm population, while it 
affects around 45% of extremely preterm infants born under 26 weeks’ gestation.1-3 With the 
recent advances in neonatology, severe grades of GMH-IVH affect 5-10% of preterm infants 
who were born at <32 weeks of gestation.4-6

PATHOPHYSIOLOGY

The germinal matrix (GM) is a gelatinous layer in the subependymal region of the preterm 
brain, with a dense vascular network, located between the caudate nucleus and thalamus 
at the level of the foramen of Monro. It is most active between 8 and 28 weeks of gestation 
and is the origin of neuronal precursors and glial cells.7,8 This transient anatomic region starts 
to regress beyond 28 weeks, and its full involution takes place at around 34 to 36 weeks.7-10 
Arterial blood supply of the GM originates from the Heubner’s artery, a branch of the ante-
rior cerebral artery and the terminal branches of the lateral striate artery, while the venous 
drainage merges with subependymal veins and medullary veins of the white matter, which 
then drain into the venous system through the terminal vein.6,11-13
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The immature vascular bed of the GM region is the site of origin 
of GMH-IVH in very preterm infants, as the vasculature of the 
GM in the developing preterm brain is more fragile compared 
to the other cerebral veins.1,6,11,14 Endothelial tight junctions, astro-
cyte endfeet coverage, basal lamina, and pericytes are impor-
tant building blocks of the stability of GM vasculature; however, 
GM vessels are poor in these elements, which contributes to the 
regional instability.7,15 It has been hypothesized that the paucity 
of endothelial tight junction proteins, and glial fibrillary acidic 
protein, both of which form the astrocyte endfeet coverage as 
the gestational week progresses, may predispose very preterm 
infants to GM hemorrhage.7,16 It has been shown that fibronectin 
in the extracellular matrix of GM vasculature is scarce, which 
may also play a role in the etiopathogenesis of GMH-IVH.17 The 
anatomic variations of the subependymal vein and narrow 
angulations of its terminal branch have also been shown to 
contribute to the development of GMH-IVH.6,18 All of these dis-
tinguishing characteristics of the GM create an increased risk of 
venous pressure and congestion, leading to GMH-IVH.11

Sudden fluctuations in cerebral blood flow may cause GMH-
IVH in the preterm brain. The autoregulation of cerebral blood 
flow in preterm infants is more immature compared to the term 
infants, and this causes “pressure-passive” circulation, where 
cerebral blood flow cannot be maintained during fluctuations 
in systemic blood flow, resulting in damage to the fragile vas-
culature. The other common neonatal factors that can cause 
fluctuations in cerebral blood flow include pain, hypercarbia, 
acidosis, hypoglycemia, asphyxia, seizures, and rapid volume 
expansion.11,14,18-21

GMH-IVH leads to the development of two-stage brain dam-
age. The primary brain injury occurs due to hemorrhagic 
insult, and secondary brain injury is due to subsequent neu-
roinflammation and neurotoxicity resulting in white matter 
damage. Previous studies have demonstrated that microglia 
and astrocyte activation, degraded blood components (e.g., 
extracellular hemoglobin, hemosiderin, methemoglobin, and 
iron) and the resulting toxic substances (e.g., bilirubin and car-
bon monoxide), coagulation products (e.g., thrombin, plasmin, 
fibrinogen, and platelets), infiltration of systemic inflamma-
tory cells, necrotic process in neurons and glial cells, and the 
arrested maturation of the pre-oligodendrocytes caused by 
hemorrhage, result in brain injury in preterm infants affected 
by GMH-IVH.22-29

CLINICAL FINDINGS AND CLASSIFICATION SYSTEMS

While GMH-IVH commonly occurs in the first 3 days of life, 
the vast majority of the cases occur within the first 24 hours.6 

The hemorrhage may progress over the course of the next 3 to 
5 days after the onset of hemorrhage, in around 20-40% of the 
cases.1,11 Late-onset GMH-IVH is usually associated with sepsis 
and postnatal events causing hemodynamic fluctuations.30,31 
Although rare, bleeding diatheses should also be consid-
ered in atypical cases.32 GMH-IVH can cause 3 distinct clinical 
presentations.11

Silent Presentation: The most common presentation without 
apparent clinical signs, that can only be detected by routine 
cranial ultrasound (cUS) scans.

Acute Presentation: Presents with feeding intolerance, respi-
ratory problems, deterioration in the level of consciousness, 
and abnormal neurological examination findings that evolve 
gradually after the onset of GMH-IVH. While this presentation 
was previously the most common type, it is less commonly seen 
today, owing to routine cUS screening.

Catastrophic Presentation: The least common presentation, 
with a rapid deterioration of clinical condition within hours. 
Lethargy, hypotonia, abnormal posture, apnea, seizures, met-
abolic acidosis, and a sudden drop in the hemoglobin levels 
are among the common manifestations.4,11

While the Papile classification33 is still commonly used world-
wide, the classification system developed by Joseph Volpe1 using 
cUS is recommended in these guidelines, with an aim to develop 
a common language. The details of this classification system 
are given in Table 1.

Prevention
As prematurity is the single most important risk factor for GMH-
IVH, the most effective method for the prevention of GMH-IVH 
is to prevent preterm birth.2,5,34-38 However, certain approaches 
that can be applied in the antenatal period, the delivery room, 
and the neonatal intensive care unit are also effective in pre-
venting GMH-IVH.

Antenatal Practices
Antenatal Steroids: The role of antenatal steroids in the pre-
vention of GMH-IVH in pregnant women at risk of preterm 
delivery has been shown in multiple studies.5,6,36,39-41 A substan-
tial decrease in the risk of GMH-IVH has also been shown by 
antenatal steroid administration in a recent systematic review.42

Transport of the Newborn: Multiple studies show that the inci-
dence of GMH-IVH is increased in preterm infants delivered in 
non- tertiary neonatal intensive care units (NICU) and trans-
ferred to a tertiary care center after delivery.36,41,43-46

Table 1. GMH-IVH Classification According to Volpe1,6,11

Grade Appearance in the parasagittal cUS section*

Grade I Germinal matrix hemorrhage (GMH)
This hemorrhage can extend into the ventricle; however, it occupies less than 10% of the ventricular space

Grade II Hemorrhage occupying 10-50% of the ventricular space
Grade III Hemorrhage occupying >50% of the ventricular space (usually accompanied by acute ventricular dilatation)
Periventricular 
hemorrhagic infarction

Parenchymal hemorrhage on the ipsilateral side

*The amount of intraventricular hemorrhage is assessed on the parasagittal cUS views.
cUS, cranial ultrasonography.
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Treatment of Chorioamnionitis: The association between 
clinical chorioamnionitis and GMH-IVH in premature infants 
has been shown in several studies.43,47-51 Histological chorio-
amnionitis, however, has not been shown to cause increase 
in GMH-IVH incidence, as seen in a recent large case 
series.52 The antenatal detection and treatment of clinical 
chorioamnionitis is an effective method for the prevention of 
GMH-IVH.48,51,53

Administration of Tocolytic Agents: Rescue tocolysis delays 
labor by up to 48 hours, and allows antenatal steroid admin-
istration and transfer of the pregnant woman to a tertiary 
center.40 However, maintenance tocolytics administered after 
this period have not been demonstrated to have an effect on 
the prevention of neonatal morbidities.54,55 The results of the 
EPIPAGE-II trial show a decrease in high-grade GMH-IVH 
after tocolytic administration to women with threatened pre-
term labor.56

Summary of Recommendations
• The most effective method in the prevention of GMH-IVH is 

to prevent preterm birth (A1).
• In cases where preterm delivery is unavoidable, antenatal 

steroid administration is one of the most effective methods in 
reducing GMH-IVH (A1).

• In preterm infants <32 weeks who are anticipated to undergo 
inter-hospital transport, the aim should be intra-uterine 
transfer to the tertiary NICUs (B1).

• Clinical chorioamnionitis should be diagnosed and treated to 
prevent GMH-IVH (B1).

• Rescue tocolysis as indicated allows delaying preterm labor 
and completing antenatal steroid course, leading to reduc-
tion in the incidence of GMH-IVH (B2).

DELIVERY ROOM PRACTICES

Method of Delivery: There is insufficient evidence to show that 
cesarean section provides reduction in the incidence of GMH-
IVH in preterm infants.57 While several retrospective studies 
have shown that it provides reduction in the risk of GMH-IVH 
in preterm infants <32 weeks, it is clear that further studies are 
warranted.5,58

Delayed Cord Clamping (DCC): DCC for at least 30-60 seconds 
is a common practice in preterm infants who are not depressed 
at birth and do not require resuscitation.59 In a meta-analysis, 
DCC has been demonstrated to be effective in reducing GMH-
IVH.60 However, in a recent prospective randomized controlled 
trial on 1566 preterm infants, DCC was not associated with risk 
reduction for high-grade GMH-IVH.61

Umbilical Cord Milking (UCM): A recent meta-analysis 
showed that UCM may be effective in reducing GMH-IVH in 
preterm infants who are depressed at birth and require deliv-
ery room resuscitation.62 In this meta-analysis of 7 randomized 
trials in 501 infants, UCM was shown to reduce GMH-IVH (RR: 
0.62, 95% CI: 0.41-0.93).62 However, a prospective random-
ized controlled trial comparing the efficacy of UCM and DCC 
in preterm infants <32 weeks was prematurely terminated 
due to the increased incidence of severe GMH-IVH in infants 
<27 weeks undergoing UCM.63 Until the risks and benefits of 

this method are elucidated by further studies, UCM is not rec-
ommended as a routine practice, especially in preterm infants 
<29 weeks.64

Resuscitation: The preterm brain should be protected from 
cerebral blood flow that is too low or too high, as well as from 
sudden blood flow fluctuations, and the aim should be to sup-
port the transition period of preterm infants in the delivery room 
as much as possible. Hypotension and hypertension should be 
avoided in the delivery room, and optimum tissue perfusion 
should be the aim for the preterm infant.65 In preterm infants 
requiring resuscitation, the necessary procedures should be 
performed “gently,” and multiple intubations and painful stimuli 
should be avoided during resuscitation.66

Other Practices to Reduce the Risk of GMH-IVH: GMH-IVH can 
also be prevented in very preterm infants by avoiding hypo-
thermia, hypoxia/hyperoxia, hypocarbia/hypercarbia, as well 
as multiple intubations in the delivery room. GMH-IVH has also 
been associated with fluid overload, inotrope use, and sodium 
bicarbonate infusion. Therefore, caution should be exercised to 
avoid these practices.36,53,67-71

Summary of Recommendations
• There is insufficient evidence to show that cesarean section 

reduces the incidence of GMH-IVH. All risk factors for the 
mother and the baby should be considered, and prematurity 
alone should not be regarded as an indication for cesarean 
section (C2).

• Delayed cord clamping for 30-60 seconds in very low-birth-
weight preterm infants who are not depressed and do not 
require delivery room resuscitation should be the standard 
practice (A1).

• There is insufficient data to recommend UCM in preterm 
infants. Until this is elucidated by further studies, this practice 
should be avoided as it may increase the incidence of GMH-
IVH (A1).

• Supporting the transition period as much as possible in the 
delivery room should be preferred over resuscitation. In pre-
term infants requiring resuscitation, “gentle” resuscitation 
should be performed, and multiple intubations and painful 
stimuli should be avoided (B1).

• Hypothermia, hypoxia/hyperoxia, hypocarbia/hypercar-
bia, and hypotension/hypertension should be avoided in the 
delivery room (B1).

• Fluid loading and sodium bicarbonate infusion without clear 
indications should be avoided in the delivery room (C1).

• For the infants with a gestational age of <32 weeks, an SpO2 
of ≥80% and heart rate of >100/minute should be targeted 
within the first 5 minutes of postnatal life (C2).

NICU PRACTICES

Prevention of Sudden Fluctuations of Cerebral Blood Flow: The 
avoidance of hypothermia, hypoxia/hyperoxia, and hypocar-
bia/hypercarbia initiated at the delivery room should be con-
tinued in the critical timeframe of the first 72 hours of postnatal 
life. Instead of treating hypotension based solely on numbers, 
it is recommended to closely monitor the parameters of ade-
quate perfusion (e.g., capillary refill time, heart rate, diuresis, 
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metabolic acidosis, and lactate levels).36,53,67-69 Near-infrared 
spectroscopy (NIRS) is frequently used in NICUs to monitor and 
optimize the cerebral blood flow; however, current evidence is 
insufficient to recommend its routine use.53,72-74

Prevention of Sodium and Glucose Imbalances: Cerebral blood 
flow is increased following hypoglycemia. It has also been 
shown that hyperglycemia and hyponatremia can increase 
the incidence of hemorrhage by elevating serum osmolarity. 
Attention should be paid to glucose and sodium metabolism, 
which should be kept within the normal range.75-78

Avoiding Off-label Use of Packed Red Blood Cell Transfusions: 
While the causality is not fully elucidated, it has been shown 
that avoiding off-label transfusions within the first week of life 
reduces the risk of GMH-IVH in very low-birthweight preterm 
infants.79

Correction of Coagulation Parameters: Routine use of fresh 
frozen plasma is a common practice to correct the impaired 
coagulation parameters in preterm infants.6 However, the lit-
erature is controversial, and there is insufficient evidence to 
support the routine correction of the coagulation parameters. 
Coagulation disorders should be treated as indicated.80-82

Management of Respiratory Disorders: Preferring non-inva-
sive respiratory support modalities whenever possible in pre-
term infants, synchronizing the ventilator with the infant, and 
less invasive surfactant administration (LISA) in extremely 
preterm infants below 27 weeks reduce the incidence of 
GMH-IVH.83,84 The LISA method was also touched on in the 
2019 European Consensus Guidelines on Respiratory Distress 
Syndrome, and if the practitioner is experienced, this tech-
nique of surfactant administration is recommended in preterm 
infants undergoing CPAP.65

Neutral Head Positioning: In the first 3 days of postnatal life 
when the head turns to one side, jugular venous return on ipsi-
lateral side may diminish, which may put the infant at risk of 
GMH-IVH.53,85 However, there is not sufficient evidence in the 
literature yet to show the efficacy of the neutral head posi-
tioning method.86 On the other hand, it is worth noting that 
this practice is a part of bundle care in centers experienced in 
neonatal neurology with low GMH-IVH incidence in Europe and 
the United States. In a Dutch multicenter trial on this subject, 
it has been shown that the incidence of GMH-IVH is reduced 
by midline neutral head positioning, a slight upward tilting the 
head of the incubator, prevention of rapid administration of 
intravenous medications, gentle collection of blood samples for 
laboratory tests, and avoidance of rapid lifting of legs during 
care such as diaper change, as part of bundle care in the first 
72 hours of postnatal life in preterm infants <30 weeks.87

Summary of Recommendations
• The practice of preventing hypothermia, hypoxia/hyper-

oxia, and hypocarbia/hypercarbia should be continued dur-
ing NICU stay. Significant fluctuations of blood glucose and 
serum sodium levels should be prevented (B1).

• Hypotension and hypertension should be avoided, and atten-
tion should be paid to the clinical parameters of optimum tis-
sue perfusion (B1). While the NIRS method is commonly used 

for this purpose, there is insufficient level of evidence for now 
to recommend its routine use (C2).

• During the NICU admissions of preterm infants, off-label 
packed red blood cell transfusions should be avoided (C1). 
Coagulation disorders should be treated as indicated (C2).

• When possible, non-invasive methods of ventilation should 
be preferred over invasive mechanical ventilation for the 
management of respiratory disorders (A1). Less invasive sur-
factant administration techniques can be preferred at the 
discretion of the physician (B2).

• Minimum handling should be exercised within the first 72 
hours of life for preterm infants <32 weeks. Bundle care 
methods including midline neutral head positioning, slightly 
tilting the head of the incubator upwards, preventing rapid 
administration of intravenous medications, gentle collection 
of blood samples and avoiding rapid lifting of legs during 
care and diaper changes are becoming increasingly com-
mon practices. However, for now, there is insufficient evi-
dence to confirm the efficacy of these methods (C2).

TREATMENT

Currently, there is no treatment modality shown to be effec-
tive in reversing GMH-IVH once it has started; therefore, 
preventive strategies are of utmost importance. Treatment 
is largely based on supportive therapy, early detection of 
related complications, and identification of patients who 
are at risk of neurodevelopmental impairments, to support 
the neuroplastic capacity of the developing brain with early 
interventions.1,6,38,53

The principle of avoiding hypothermia, hypoxia/hyper-
oxia, hypocarbia/hypercarbia, hypotension/hyperten-
sion, and fluid-electrolyte and blood gas imbalances should 
be continued as supportive measures after hemorrhage is 
detected.36,53,67-69 GMH-IVH is a catabolic process, and second-
ary complications such as hypoglycemia should be prevented 
by maintaining optimum nutrition. Especially, pain should be 
diagnosed and treated using objective scoring systems. It is 
also recommended to treat the clinical/electrophysiological 
seizures which may occur after a hemorrhage.1,6

Summary of Recommendations
• Supportive therapy should be given, and hypothermia, 

hypoxia/hyperoxia, hypocarbia/hypercarbia, significant 
hypotension/hypertension, and fluid-electrolyte and blood 
gas imbalances should be avoided. Pain should be detected 
with objective scoring systems and treated accordingly (C1).

• Nutritional support should be optimized, and secondary 
nutritional complications such as hypoglycemia should be 
prevented (C1).

• Clinical/electrophysiological seizures should be treated 
with anti-epileptic agents using doses adapted for preterm 
infants, to prevent further brain injury (C2).

NEUROIMAGING PROTOCOL

Neuroimaging is recommended for both the detection of GMH-
IVH and for the follow-up of complications.88 Computerized 
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tomography should be avoided for this purpose, as it contains 
ionizing radiation. Cranial ultrasound (cUS) is an indispensable 
tool, and is the recommended neuroimaging modality for the 
diagnosis and follow-up of complications of GMH-IVH. It does 
not contain ionizing radiation, can be performed at the bed-
side, does not require sedation, is reproducible, and is highly 
sensitive in detecting intraventricular hemorrhage and its 
complications.36,87,89

Timing of cUS Screening: There is no study comparing the 
efficacy of different timings of imaging in preterm infants. 
The recommendations published by the American Academy of 
Neurology in 2002 on this subject are insufficient for the detec-
tion and monitoring of the complications of hemorrhage in 
extremely premature infants today.6,90

Today, we see that a number of centers specialized in neo-
natal neurology practices in the US, Canada, and Europe use 
variable protocols. Since some of these protocols require very 
frequent follow-up exams, their applicability might not be real-
istic for some centers. Therefore, we suggest that adhering to 
the protocol (explained in detail below) as much as possible is 
of paramount importance (Table 2). While it is an increasingly 
common global practice that cUS monitorization is performed 
by neonatologists, it can be performed legally by radiologists 
or pediatric radiologists in Turkey.

PRETERM INFANTS <280/7 WEEKS

First Screening: In this group, cUS should be performed within 
the first 24 hours after delivery if possible, following cardio-
respiratory stabilization, completion of the necessary invasive 
interventions, initiation of total parenteral nutrition, and all nec-
essary medical therapies. Antenatal hemorrhages and hemor-
rhages occurring during resuscitation in the delivery room can 
be detected using this screening. An important advantage of 
this screening is the fact that it provides prognostic information 
to the physician during family meetings.

Second Screening: Since the majority of GMH-IVH occurs 
within the first 72 hours in preterm infants, we recommend a 
second screening upon the completion of the first 72 hours.

Third Screening: To appreciate the full extent of hemorrhage, 
the cUS should be repeated at the end of the first week.

Subsequent Screenings: We recommend repeating the cUS 
screening when the postnatal 2nd week is completed, and 
then at 2-week intervals until postmenstrual age 34 weeks is 

reached. In the absence of an event that may cause cardio-
respiratory deterioration (**explained below), the procedure 
should be repeated before the discharge, as part of the dis-
charge preparation.

*cUS Screening When GMH-IVH is Detected: If GMH-IVH is 
detected at any time, cUS scans should be continued at least 
once a week for low-grade hemorrhages (Grade I and Grade 
II), and at least twice a week for high-grade hemorrhages 
(Grade III and PVHI) until the hemorrhage and the post-hem-
orrhagic ventricular dilatation (PHVD) are stabilized.

**cUS Screening After Concurrent Disorders: Reinitiating cUS 
screening is essential following sepsis, meningitis, cardio-
respiratory events impacting the hemodynamic status, and 
systemic events deteriorating the clinical condition in a previ-
ously stable preterm infant.

PRETERM INFANTS BETWEEN 280/7 AND 316/7 WEEKS

First Screening: We recommend the first cUS screening to be 
performed at the end of the first 72 hours.

Second Screening: The screening should be repeated at the 
end of postnatal week 1.

Subsequent Screenings: We recommend repeating the cUS 
screening at the end of postnatal weeks 2 and 4. Afterwards, 
in the absence of severe intervening disease (**as explained 
above), the procedure should be repeated before the discharge 
of the preterm infant, as part of the discharge preparation.

PRETERM INFANTS ABOVE 320/7 WEEKS

Since the risk of GMH-IVH is low in this infant group and there 
are insufficient data in the literature to recommend a routine 
cUS scan, cUS screening should be performed if there is an 
antenatal event requiring an emergency cesarean with risk 
factors for hemorrhage being present, the need for resuscita-
tion in the delivery room, sudden deterioration in the clinical 
condition, a stormy postnatal period, occurrence of cardio-
respiratory events impairing hemodynamics and requiring fluid 
load or inotrope administration, and sepsis. If hemorrhage is 
detected, the screening should continue until the hemorrhage 
is stabilized, at least once a week for low-grade hemorrhages 
(Grade I and Grade II) and at least twice a week for high-grade 
hemorrhages (Grade III and PVHI).

Doppler Measurements in Addition to cUS Screening: 
Measuring flow velocity through the anterior or middle cerebral 

Table 2. Cranial Ultrasonography Scan Protocol in Preterm Infants (D2)
Gestational 
Age in Weeks

Within the 
First 24 hours

At the End 
of 3 days

At the End of the 
First Week

At the End of the 
Second Week

At the End of the 
Fourth Week Subsequent Screenings

<280/7 + + + + + At 2-week intervals until 
postmenstrual age 34 and at 
discharge

280/7-316/7 - + + + + At discharge
*If GMH-IVH is detected at any time, until the hemorrhage and the PHVD are stabilized, cUS scans should be continued at least once a week for low-grade 
hemorrhages (Grade I and Grade II) and at least twice a week for high-grade hemorrhages (Grade III and PVHI).
**cUS should be repeated in infants with a new-onset hemodynamic impairment, sepsis, meningitis, severe respiratory disorders, and heart failure.
***cUS scan should be performed in case of any risk factor or conditions which may cause hemodynamic impairment such as sepsis, meningitis, severe respiratory 
disorders, or congestive heart failure in the preterm group above >320/7 weeks.
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artery using Doppler ultrasonography, especially resistive 
index ([maximum systolic velocity−end-diastolic velocity]/
maximum systolic velocity) measurement can provide invalu-
able information on brain hemodynamics, especially in cases 
with PHVD.91,92 The increase in resistive index above +2 stan-
dard deviation (SD) indicates diastolic flow loss due to ven-
tricular dilatation, and therefore, serious impairment of brain 
perfusion.91,92 However, for now, there is insufficient evidence in 
the literature to recommend its routine use.

Assessment of the Cerebellum Through the Mastoid Window: 
The incidence of cerebellar hemorrhage accompanying 
GMH-IVH is between 2.2% and 19%, and the incidence of iso-
lated cerebellar hemorrhage is around 2.5% in preterm infants 
<32 weeks.93,94 cUS scans through the anterior fontanelle are 
insufficient to detect cerebellar hemorrhages, which are at the 
furthest region to ultrasonography probe. Therefore, imaging 
through the mastoid window as a part of routine screening is 
becoming a common practice today. The cerebellum should 
especially be assessed in cases with GMH-IVH.

Role of Brain Magnetic Resonance Imaging in GMH-IVH: Brain 
MR imaging has become a common practice for preterm 
infants with high-grade GMH-IVH who reach postmenstrual 
38-42 weeks, due to its superiority in predicting long-term 
prognosis. However, for now, there is insufficient evidence in 
the literature to recommend routine brain MR imaging to assess 
preterm infants with GMH-IVH when they reach term.95,96

POST-HEMORRHAGIC VENTRICULAR DILATATION

PHVD is the most common complication of GMH-IVH and 
is closely associated with mortality and neurodevelopmen-
tal impairments.38,97,98 Although it frequently accompanies 
Grade III GMH-IVH, it should be kept in mind that it may also 
rarely accompany low-grade hemorrhages.4 While PHVD 
occurs within 1-2 weeks following the hemorrhage, increased 
head circumference (generally accepted upper limit being 2 
cm/week), bulging anterior fontanelle, split cranial sutures, 

sunset sign in the eyes, bradycardia, apnea, development of 
respiratory symptoms, and feeding difficulties occur later in 
the course, usually at around 3 to 4 weeks after the hemor-
rhage.97 There is compelling evidence showing that within this 
time period, cellular damage occurs due to compression of 
periventricular white matter tissues, and volume loss occurs in 
the basal ganglia and cerebellum due to inflammatory pro-
cesses.98,99 Therefore, waiting for the clinical signs to occur in 
order to intervene in infants with PVHD will result in further neu-
rological injury. However, the timing of the interventions is one 
of the most controversial issues in neonatal neurology.1,6

MEASUREMENT TECHNIQUE AND REFERENCE 
CHARTS

Certain sonographic measurement points were defined for 
the objective assessment of PHVD.100-104 These measurement 
points are described in Figure 1. After the measurements are 
performed, ventricular indices should be recorded on the 
charts separately for the right and the left lateral ventricles 
(Figure 2).100 Although the curves described by Levene are 
commonly used, they do not include the preterm infants at 
<27 weeks’ gestation.102-104 Therefore, the curves defined by 
Boyle M103 or Brouwer AJ104 can be used for infants below 27 
weeks’ gestation. The charts below can be used for this pur-
pose (Figure 2).

Prevention of PVHD
There is no approach in the literature shown to prevent PHVD 
development in preterm infants with high-grade hemorrhage. 
There are meta-analyses showing that lumbar puncture 
(LP) interventions performed to prevent the development of 
PHVD are not effective on mortality and neurodevelopmental 
outcomes.105,106

Management of PVHD
In infants with PVHD, both mortality and long-term neurode-
velopmental impairments can be reduced in properly man-
aged cases. For this purpose, CSF drainage with ventricular 

Figure 1.a-c. Cranial ultrasound scans in a preterm infant with post-hemorrhagic ventricular dilatation. Figures represent the measurement points. (A) 
Ventricular index is the horizontal distance between the outermost part of the lateral ventricle and the interhemispheric fissure on the coronal scan at the 
level of the foramen of Monro. (B) Anterior horn width is the longest diagonal distance between the frontal horns of the lateral ventricles on the coronal 
scan at the level of the foramen of Monro. (C) Thalamo-occipital distance is the measurement between the most posterior portion of the thalamus and 
the occipital horn of the lateral ventricle in the parasagittal view.
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taps through the anterior fontanelle is discouraged, as it causes 
cystic encephalomalacia in the white matter needle tracts.105 
The intraventricular administration of fibrinolytic agents has 
become popular; however, studies have shown that it is inef-
fective, and later studies have shown that it leads to secondary 
hemorrhages.107,108 While the 2- and 10-year cognitive scores 
in these studies were favorable, this method is not routinely 
recommended as it is highly invasive, requires specific expe-
rience and equipment, and increases the risk of secondary 
hemorrhages.109,110

Watching for Clinical Signs of PHVD: The clinical parameters 
should be closely followed in preterm infants who develop 
PHVD. Although the signs of increased intracranial pressure 
occur after several weeks, these infants should be closely fol-
lowed for an increase in the head circumference, bulging ante-
rior fontanelle, and split cranial sutures, with daily assessments. 
Special attention should be paid to the presence of the sunset 
sign in the eyes, respiratory irregularities, resistant bradycar-
dia, and feeding intolerance.1,6

Close cUS Monitorization: Close cUS monitorization is recom-
mended in infants with PVHD. While there is no consensus in the 
literature on the frequency of cUS scans, it should be performed 

at least twice weekly in high-grade hemorrhages.1 These scans 
should be continued until PVHD is stabilized, and these infants 
should continue to be followed with cUS scans until they reach 
postmenstrual 34 weeks.111

Medications for the Treatment of PHVD: The efficacy and 
safety of medications such as furosemide and acetazolamide 
have not been demonstrated, and they have been shown to 
be ineffective. Furthermore, lower motor neurodevelopmental 
scores have been shown in patients undergoing furosemide 
therapy.112,113 The use of these 2 agents is not recommended 
to prevent progression of PHVD.114 Intraventricular fibrinolytic 
therapy cannot routinely be recommended after the onset of 
PHVD, as it can cause an increase in secondary hemorrhages, 
requires special experience and equipment, and is highly inva-
sive. Moreover, when the neurodevelopmental outcomes of the 
DRIFT trial108,109,114 and the ELVIS trial97,99,115 are compared, larger 
ventricular measurements and a higher rate of neurodevelop-
mental impairments can be seen in the DRIFT trial.116

SERIAL LUMBAR PUNCTURES

It has been shown that after the development of PVHD, the 
removal of hemorrhagic cerebrospinal fluid (CSF) by serial LPs 

Figure 2. Curves indicating the ventricular index, anterior horn width, and thalamo-occipital distance. These measurements should be obtained in the 
right and left hemispheres separately, and these adapted charts should then be used to plot the measurements. These charts are adapted from 
El-Dib et al.111
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enables the removal of the cellular components of the blood 
and inflammatory mediators in the CSF, reduces the compres-
sion on the periventricular white matter, opens the blocked 
interventricular foramina, and facilitates resorption of CSF by 
reducing the obliteration of arachnoid villi. Serial LPs can be 
performed in 3 ways:

• Low-threshold Intervention: Interventions are initiated when 
the bilateral ventricle indices exceed the 97th percentile (+2 
SD curve) and move toward the 97th percentile + 4 mm line 
(+3 SD curve), and the anterior horn width is >6 mm and/or 
the thalamo-occipital distance exceeds 25 mm.

• High-threshold Intervention: Interventions are initiated 
when the bilateral ventricle indices are > 97th percentile 
+ 4 mm line (+3 SD curve) and the anterior horn width is 
>10 mm.

• Waiting for Signs of Increased Intracranial Pressure: 
Interventions are initiated when there is a rapid increase in 
head circumference, bulging anterior fontanelle, split cranial 
sutures, sunset sign in the eyes, bradycardia, apnea, respira-
tory irregularities, and feeding problems, which are thought 
to be of neurological origin.

There is no consensus in the literature as to which of these 
3  approaches is superior. However, lower rates of progres-
sion to a ventriculoperitoneal (VP) shunt,117,118 less injury in the 
brain parenchyma in the brain MRI,96 smaller ventricle-to-
brain parenchyma ratio,99 lower ventricular volumes99 and 
similar neurodevelopmental scores, even in infants who go on 
to require a VP-shunt,117 have been demonstrated with low-
threshold intervention. The results of the prospective, multi-
center, randomized controlled ELVIS trial, which is the first trial 
comparing the low- and high-threshold interventions, can be 
summarized as follows:
• There is no statistically significant difference between the 

low- and high-threshold intervention groups with respect to 
VP-shunt requirement.97

• There is no statistically significant difference between the 
low- and high-threshold intervention groups with respect 
to the composite outcome of VP-shunt requirement/
mortality.97

• Significantly more LP procedures and reservoir insertions 
were performed in the low-threshold group compared to the 
high-threshold group.97

• Significantly less brain injury (using Kidokoro scoring) was 
observed in the gray matter and white matter tissues of the 
low-threshold intervention group.99

• The ventricle-to-brain parenchyma ratio and the frontal-
occipital horn ratio, were lower in the low-threshold group, 
in other words, the ventricles remained smaller.99

• Ventricular volumes (using the gold standard method, auto-
mated volume analysis) was significantly lower in the low-
threshold intervention group.99

• In the low-threshold group, cognitive and motor scores at 
2 years in infants with and without a VP-shunt were similar, 
while in the high-threshold group infants who required a 
VP-shunt had lower cognitive and motor scores compared 
with those who did not require a VP-shunt.116

• The composite adverse outcome of death/cerebral palsy/
cognitive or motor score <-2 SD was seen in 35% of the 
infants in the low-threshold group, while the composite out-
come was present at 51% in the high-threshold group. When 
the outcomes were adjusted for gestational age and sever-
ity of the hemorrhage, being in the low-threshold group sig-
nificantly reduced the composite adverse outcome (OR: 0.24, 
95% CI: 0.07-0.87, P = .03).116

In light of these data, adopting a low-threshold intervention 
(= early intervention) approach to initiate serial lumbar punc-
tures causes patients to be exposed to an increased number 
of interventions, but reduces the risk of death/cerebral palsy/
severe neurodevelopmental retardation by causing less dam-
age in the brain parenchyma and resulting in smaller ventric-
ular volumes. These favorable neurological outcomes seem 
to justify the increased number of invasive interventions. In 
a new international guideline prepared in light of the ELVIS 
trials, these favorable effects of low-threshold approach, in 
other words, early intervention, were emphasized.111 Until there 
are further studies on this topic, we recommend using the 
low-threshold approach in discussion with the parents, while 
also taking into account the clinical condition of the infant, 
risk of long-term neurodevelopmental impairment, and life 
expectancy of the infant. Also, due to above-listed reasons, 
the approach of delaying the interventions until the clinical 
signs of increased intracranial pressure should be abandoned 
(Table 3).

A ventricular reservoir, a ventriculo-subgaleal shunt, or 
an external ventricular drainage system can be used as 
a temporizing method following LPs, with similar success 
rates.119 However, ventriculo-subgaleal shunts have been shown 
to reduce the need for daily taps.113 Based on the experience 
of the neurosurgeon, one of these methods can be preferred. 
If CSF drainage is still required 4 weeks after the temporizing 
methods, a VP-shunt is inserted, provided that the patient has 
reached a weight of 2-2.5 kg and the CSF culture is sterile, with 
a protein level of <1.5 g/dL and erythrocyte count of <100/mm3 
(Figure 3).1,6

Endoscopic third Ventriculostomy with Choroid Plexus 
Cauterization: While the method of early endoscopic third 
ventriculostomy with choroid plexus cauterization to reduce 
the rate of VP-shunt is becoming increasingly popular, there is 
insufficient evidence to recommend its routine use.1,6

Mesenchymal Stem Cell Treatment: Intraventricular or intrave-
nous administration of mesenchymal stem cells has been shown 
to be promising in rat models, and a Phase-I human study has 
demonstrated that it is safe and tolerable.120-123 Further studies 
are warranted to recommend its routine use.

To achieve optimal outcomes and the highest quality of life for 
preterm infants with PHVD, it should be kept in mind that PHVD 
is a complex process requiring a multidisciplinary approach. 
A joint approach plan should be adopted with the neurosur-
gery team early in the course of patients who develop PHVD, 
and family participation in the decision process should be 
ensured.6
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Table 3. Summary of Interventional Approaches (B1)
Low-threshold Interventional Approach High-threshold Interventional Approach
Scanning: After the onset of PHVD, cUS scanning at least twice a 
week should be initiated.

Scanning: After the onset of PHVD, cUS scanning at least twice 
a week should be initiated.

Family Meeting: When the bilateral ventricular indices exceed the 
97th percentile and anterior horn width exceeds 6mm and/or 
thalamo-occipital distance >25mm, a family meeting should be held 
and treatment plan should be clarified.

Family Meeting: When the bilateral ventricular indices are 97th 
percentile + 4 mm line and anterior horn width >10mm and/or 
thalamo-occipital distance >25mm, a family meeting should be 
held and treatment plan should be clarified.

The First Lumbar Puncture: If progression in the ventricular 
measurements (progression from the yellow curve to the red curve in 
Figure 2) is observed, the first LP is performed (10 mL/kg).

The First Lumbar Puncture: If this approach is adapted in the 
family meeting, the first LP is performed on the same day. LP 
volume is 10 mL/kg.

Subsequent Lumbar Punctures: If progression in the ventricular 
measurements continue 24-48 hours after the 1st LP, the 2nd LP is 
performed, and if the progression continues after 24-48 hours, the 
3rd LP is performed.

Subsequent Lumbar Punctures: If there is a progression in the 
ventricular measurements 24-48 hours after the 1st LP, the 2nd 
LP is performed, if the progression continues after 24-48 hours, 
the 3rd LP is performed.

Target: Bilateral ventricular indices being <97th percentile and the 
anterior horn width <6mm and thalamo-occipital distance <25 mm.

Target: Bilateral ventricular indices being <97th percentile and 
the anterior horn width below 6mm and thalamo-occipital 
distance below 25 mm.

Maximum Number of Lumbar Punctures: 3 times. Maximum Number of Lumbar Punctures: 3 times.
Subsequent Interventions: If the ventricles continue to enlarge after 
a total of 3 LPs, reservoir or ventriculo-subgaleal shunt or external 
ventricular drainage is performed, in discussion with the 
neurosurgery team.

Subsequent Interventions: If the ventricles continue to enlarge 
after a total of 3 LPs, reservoir or ventriculo-subgaleal shunt or 
external ventricular drainage is performed, in discussion with 
the neurosurgery team.

Figure 3. Flowchart of the intervention options for infants with post-hemorrhagic ventricular dilatation.
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MORTALITY AND NEURODEVELOPMENTAL 
OUTCOMES

When informing the parents about the consequences of GMH-
IVH and long-term neurological outcomes, one should be 
transparent, the clinical picture should be explained clearly, 
and possible treatment options should be explained to the 
families in plain language in light of the current literature. In 
family meetings, in addition to the description of GMH-IVH 
and related complications, it should also be explained in detail 
that prematurity per se is a negative risk factor for long-term 
adverse outcomes and that the comorbidities of prematurity 
will impact the long-term prognosis. It would also be more 
appropriate to share the mortality and morbidity data of the 
treatment center whenever possible. It should be emphasized 
that close follow-up after discharge is of paramount impor-
tance and initiating early rehabilitation programs following 
discharge for at-risk infants would provide the maximum ben-
efit by preserving the neuroplasticity.1

Below, we present the current data on mortality and neurode-
velopmental outcomes to guide the family meetings. In order 
to ensure that these data are easily remembered by physicians 
and can be easily absorbed by the parents, fractions have 
been avoided and numbers have been rounded.

LONG-TERM NEURODEVELOPMENTAL OUTCOMES

• Neurodevelopmental impairments are closely associated 
with the gestation age, concurrent morbidities, severity of 
GMH-IVH, and requirement of a VP-shunt.

• The association of low-grade hemorrhage (Grade I and 
Grade II) with neurodevelopmental outcomes is controver-
sial. However, the general opinion is that they may cause 
neurodevelopmental retardation, although rare. In recent 
studies, the rate of cerebral palsy has been reported to be 
approximately 10% for Grade I and Grade II hemorrhages 
combined.124-126

• The incidence of total cognitive and neuro-sensory impair-
ments (cognitive/motor/hearing/visual problems) is around 
20% for Grade I and Grade II hemorrhages.124-126

• The incidence of cerebral palsy is around 30% for Grade III 
hemorrhages.125,126 The risk increases when Grade III hem-
orrhage is accompanied by PHVD. As described above, the 
risk of mortality/cerebral palsy/severe neurodevelopmental 
impairment is reduced, from half of the infants to a third of 
the infants with timely interventions.116

• When PVHI (Papile Grade-IV) occurs, the risk of hemiparesis 
(=unilateral spastic cerebral palsy) increases substantially. 
The incidence is reported to be around 40% in the current 
literature.115

• The risk of occurrence of neurodevelopmental impairments 
increases when GMH-IVH is bilateral, involves more than 
1 lobe or causes midline shift. However, it should be kept in 
mind that with a good rehabilitation program, a majority 
of infants who go on to develop cerebral palsy after PVHI 
(Papile Grade-IV) can walk without support and around two-
thirds of them will have normal cognitive outcomes.115

MORTALITY

• Mortality is closely related with gestation age, accompany-
ing comorbidities, and severity of GMH-IVH.4

• In a recent large series, the mortality rate was reported to 
be 4% for Grade I and 10% for Grade II GMH-IVH.4 Mortality 
in low-grade GMH-IVH is usually a result of other underlying 
conditions.

• The mortality rate is reported to be around 20% for Grade III 
hemorrhage, which may increase with concurrent PHVD.4,97

• Mortality rates in PVHI (Papile Grade-IV) have decreased 
dramatically in the last 2 decades. The incidence is reported 
to be around 40% in the recent literature.115 The risk of mor-
tality increases when the hemorrhage is bilateral, involves 
more than 1 lobe, or causes midline shift.
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