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Perspectives : Understanding the Pathophysiology of  
Intraventricular Hemorrhage in Preterm Infants and  
Considering of the Future Direction for Treatment
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Remarkable advances in neonatal care have significantly improved the survival of extremely low birth weight infants in recent years. 
However, intraventricular hemorrhage (IVH) continues to be a major complication in preterm infants, leading to a high incidence of 
cerebral palsy and cognitive impairment. IVH is primarily caused by disruption of the fragile vascular network of the subependymal 
germinal matrix, and subsequent ventricular dilatation adversely affects the developing infant brain. Based on recent research, 
periventricular white matter injury is caused not only by ischemia and morphological distortion due to ventricular dilatation but also 
by free iron and inflammatory cytokines derived from hematoma and its lysates. The current guidelines for the treatment of post-
hemorrhagic hydrocephalus (PHH) in preterm infants do not provide strong recommendations, but initiating treatment intervention 
based on ultrasound measurement values before the appearance of clinical symptoms of PHH has been proposed. Moreover, in 
the past decade, therapeutic interventions that actively remove hematomas and lysates have been introduced. The era is moving 
beyond cerebrospinal fluid shunt toward therapeutic goals aimed at improving neurodevelopmental outcomes.
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INTRODUCTION 

Although survival rates for extremely low birth weight 

(ELBW) infants have remarkably improved in recent years 

owing to technological and scientific advances in neonatal 

care, intraventricular hemorrhage (IVH) continues to be a 

major complication of prematurity that can affect long-term 

neurodevelopmental outcomes1,7,20,30,38,44). Severe types of IVH 

(grade 3 and 4 according to Volpe classification) continue to 

occur in up to 15% of ELBW infants, and more than half of 

these infants develop post-hemorrhagic ventricular dilatation 

(PHVD) resulting in periventricular white matter injury 

(WMI)1,38,52).

While prevention of IVH has remained an important issue 

for neonatologists, pediatric neurosurgeons have focused only 

on the treatment of post-hemorrhagic hydrocephalus (PHH) 

for the last three decades. Specifically, the goal has been to 

successfully place a permanent ventriculoperitoneal (VP) 

shunt after temporary cerebrospinal fluid (CSF) management 

(ventricular access device [VAD] or ventriculosubgaleal shunt 
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[VSg] shunt), and the main concerns have been infection and 

shunt failure. From now on, however, pediatric neurosurgeons 

should focus their attention and efforts on reducing the inci-

dence of WMI and improving long-term neurodevelopmental 

functional outcomes in ELBW infants14,21,42,66). In this paper, 

the recently clarified mechanism of brain damage caused by 

IVH and PHVD and new treatment approaches for PHH are 

briefly summarized.

PATHOGENESIS OF IVH AND PHVD 

The pathogenesis of IVH in preterm infants is complex and 

multifactorial. IVH is primarily caused by destabilizing 

changes in cerebral blood flow (CBF) inflicting to the micro-

vasculature of the germinal matrix (GM)8,12,46). 

Embryologically, the GM is the source of both neurons and 

glial cells, and it is active mainly between 8 and 28 weeks of 

gestation. The GM initially produces neurons and subse-

quently glial cells, which migrate to populate the cerebral cor-

tex. Involution of the GM toward the caudothalamic groove 

begins late in the second trimester and is nearly completed by 

32 weeks of gestation31,50).

Anatomically, the GM is a highly vascularized region of the 

developing brain located underneath the lateral ventricles. The 

GM has been referred to as an “immature vascular rete” con-

taining primitive vessels that cannot be classified as arterioles, 

venules, or capillaries26,33). The GM microvasculature is fragile 

and this fragility is derived from the histological feature of a 

single layer of surrounding endothelial cells and a scarcity of 

pericytes. Furthermore, the GM microvasculature lacks the 

basement membrane deposition, tight junctions, and glial 

end-foot investiture, all of which physiologically constitute the 

blood-brain barrier31,50). These anatomical features make it 

more prone to injury and bleeding.

On the other hand, in preterm infants with immature car-

diopulmonary systems, vital signs are considerably unstable 

during the first few days of life, and complications such as re-

spiratory distress syndrome can also occur. Therefore, hypo-

tension, hypoxia, and hypercapnia are common46). As cerebral 

autoregulation is also immature, CBF f luctuation can cause 

repeated ischemia-reperfusion events, and a sudden increase 

in CBF can lead to excessive strain on fragile vessels in the 

GM, resulting in hemorrhage17,31,46). The hemorrhage can easily 

disrupt the ependymal lining and extend to the lateral ventri-

cle, which is clinically recognized as IVH.

IVH is graded based on the extent of intraventricular hema-

toma and the presence of ventricular enlargement, and both 

Papile and Volpe classifications are widely recognized41,60,61). 

IVH grade 4 is known to be caused by venous drainage ob-

struction and bleeding into surrounding tissues after venous 

infarction and is not an extension of the original bleeding. 

IVH grade 3 and 4 are serious and followed by hydrocephalus, 

often requiring multiple neurosurgical interventions and in-

evitably resulting in poor neurodevelopmental outcomes7,37,44).

The prevalence rate of each IVH grade has been reported in 

several large cohort studies. According to a study that includ-

ed 9575 preterm infants (gestation age, ≤28 weeks; weight,  

≤1500 g) registered in the nationwide registry of the USA, the 

incidence rate of grade 1 hemorrhage was 10%, grade 2 was 

Fig. 1. Typical views of neuroendoscopic surgery for post hemorrhagic hydrocephalus. A : Numerous hemosiderin deposits on the ventricular wall. B : 
Obstruction of the Sylvian aqueduct (arrow).
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6%, grade 3 was 7%, and grade 4 was 9%. Overall, 16% of pre-

term infants developed severe IVH52).

The pathophysiology of PHVD that develops after IVH is 

also complex. In addition to hemorrhage-related simple ob-

struction in the ventricular system, adhesive arachnoiditis, fi-

brosis in the basal cistern, mechanisms of reabsorption and 

inflammation-mediated imbalance in the production of CSF 

have been implicated33). Neuroendoscopic findings have fre-

quently revealed obstruction of the Sylvian aqueduct (Fig. 1). 

Furthermore, PHVD has been attributed to fibrosis of the 

arachnoid granulations, meningeal fibrosis, and subependy-

mal gliosis, which add to impaired CSF resorption46). General-

ly, PHH is defined when PHVD becomes clinically symptom-

atic.

Fig. 2. A case of progressive ventricular dilatation after intraventricular hemorrhage (IVH). A female infant was born at 23 weeks 3 days of gestation and 
weighed 487 g. A : IVH occurred on day 4 of birth. B : Ultrasonography on postnatal day 14. Severe ventricular dilation developed during just 10 days. C : 
On day 20, the cerebral mantle became paper thin. The progressive accumulation of cerebrospinal fluid changed the shape of the lateral ventricles to 
balloon-like.
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MECHANISM OF WMI 

The pathophysiology of periventricular WMI after IVH in 

preterm infants involves a complex of various adverse factors. 

The easily understood pathology is the damage caused by a 

dilated ventricle. The progressive accumulation of CSF chang-

es the shape of the lateral ventricles from slit-like to balloon-

like, and ultimately, the cerebral mantle becomes paper thin 

(Fig. 2). The highly dilated ventricles distort the brain and in-

crease intracranial pressure subsequently. The developing 

brain in infants can be compromised not only by morphologi-

cal distortion but also by ischemic injury due to reduced cere-

bral perfusion pressure8,66).

In addition, the adverse effects of the hematoma itself and 

its lysate also need to be fully understood and have received 

little attention until recently8,66). Previous studies have report-

ed that free iron and inflammatory cytokines are involved in 

WMI47,48,53). Recently, more detailed studies have revealed that 

the presence of IVH causes axonal degeneration and damages 

oligodendroglial progenitor cells (OPCs), resulting in reduced 

myelination of white matter8). Embryologically, at 23–28 

weeks of gestation, the human cerebral cortex is populated 

mostly by early and late OPCs, which are pre-myelinating 

cells. Subsequently, at around 30–32 weeks of gestation, dif-

ferentiation of OPCs is most active, which is characterized by 

a three-fold increase in myelinating OPCs and a marked in-

crease in myelinated axons5,6,8). IVH occurs precisely during 

this period. Blood accumulates in the ventricles, resulting in 

clot lysis and subsequent release of hemoglobin, iron, throm-

bin, and complement8). Among the products of clot lysis, 

thrombin and iron have been widely studied and seem to be 

the key inducers of brain injury. These blood products induce 

oxidative stress, glutamate excitotoxicity, and inflammation, 

which are the main pathological reactions that result in dam-

age to OPCs. IVH triggers extensive inflammation around the 

ventricles, damages axons, and induces apoptosis and matura-

tional arrest of OPCs, leading to reduced myelination of white 

matter and ultimately causing WMI8).

NEURODEVELOPMENTAL OUTCOMES

Neurodevelopmental impairments in ELBW infants were 

common in the 1990s; however, since 2000, recent advances in 

treatment have reliably improved neurodevelopmental out-

comes10,24). Modern advanced neonatal intensive care occa-

sionally results in favorable neurological development, even in 

ELBW infants30,58). However, when IVH, subsequent hydro-

cephalus, and periventricular WMI occur in preterm infants, 

the neurological prognosis is inevitably worsened. 

There are optimistic reports that IVH has little effect on de-

velopmental disorders in preterm infants13,40), but in actual 

clinical practice, most affected infants develop neurological 

disorders as they grow up1,11,25,38). An updated meta-analysis, 

published in 2022, comparing 3-year neurodevelopmental 

outcomes in preterm infants with IVH with those in preterm 

infants without IVH reported that the adjusted risk for mod-

erate to severe neurodevelopmental disability was indicated by 

an odds ratio (OR) of 1.35 for IVH grade 1 and 2 and 4.26 for 

IVH grade 3 and 4. IVH grade 3 and 4 had significantly high-

er risks of cerebral palsy (OR, 4.98) and motor (OR, 2.7), cog-

nitive (OR, 2.3), and visual (OR, 5.42) impairement44).

McClugage et al.37) reviewed all cases of preterm infants 

who developed IVH (grade 3 and 4) between 2003 and 2014 at 

their institution and reported detailed neurofunctional out-

comes at 2 years of age. This report is considered valuable as it 

clearly describes the actual neurodevelopmental outcomes. 

Approximately 16% of the patients died, 88% had cerebral 

palsy or developmental delay, 48% were non-verbal, 55% were 

non-ambulatory, 33% had epilepsy, and 41% had visual im-

pairment. Specifically, in patients with IVH grade 3, 74% had 

cerebral palsy or developmental delay, 32% had a non-verbal 

disability, and 37% were unable to walk. Particularly in pa-

tients with IVH grade 4, 97% had cerebral palsy or develop-

mental delay, 59% were non-verbal, and 68% were non-ambu-

latory. This suggests that the neurodevelopmental outcomes 

are considerably poor when the grade of IVH increases.

Further, in recent years, attention has also been focused on 

the risk of psychiatric disorders in adolescent survivors. The 

occurrence of IVH has been shown to increase the risk of ado-

lescent psychiatric disorders such as attention deficit hyperac-

tivity disorder, poor social skills, anxiety disorders, and de-

pression. Among adolescent survivors from the Neonatal 

Brain Hemorrhage Study cohort, the incidence rates of major 

depressive disorder (13% vs. 5.2%) and obsessive-compulsive 

neurosis (11.6% vs. 1.4%) were higher in those who were born 

preterm and developed IVH than in those who were born pre-

term and did not develop IVH23,27,39,54,65).
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These clinical data are important in setting treatment goals 

for IVH. We must recognize the importance of rehabilitation 

treatment, including social-psychological approaches from in-

fancy to adolescence, in addition to neurosurgical treatment 

during the neonatal period8).

CONSIDERATIONS FOR NEUROSURGICAL  
INTERVENTIONS FOR IVH AND PHH

The evidence-based guidelines published in 2014 have failed 

to identify sufficient data to support strong recommendations 

in the neurosurgical interventions for PHH in preterm in-

fants36). Therefore, most pediatric medical centers have been 

using conventional methods of treating PHH based on their 

own concepts22,63). The lack of strong evidence has led to con-

siderable variability in two major treatment decision consider-

ations : the timing of treatment and the type of intervention.

Timing of treatment
Regarding the timing of treatment, the conventional idea is 

to consider therapeutic intervention at the onset of clinical 

signs such as increased head circumference, full fontanel, set-

ting sun eyes, apnea, and bradycardia. This treatment concept 

is apparently a “too late” intervention.

As the infant brain, especially the preterm brain, is highly 

compliant, low intracranial pressure is sufficient to induce 

progressive ventricular dilatation in which the cortical mantle 

is compressed before the head circumference is affected. 

Moreover, changes in fontanelle pressure cannot occur unless 

the ventricles are considerably dilated21). Prolonged untreated 

severe ventricular dilatation leads to irreversible damage to the 

periventricular white matter, with consequent poor neurode-

velopmental outcomes.

In recent years, intervention criteria based on ventricular 

measurements obtained using ultrasonography have been ac-

tively introduced. Intervention should be initiated based on 

standardized ventricular measurements before the appearance 

of clinical signs of hydrocephalus. Conventionally, it has been 

considered necessary to initiate treatment when the ventricu-

lar index (VI) has crossed the 97th percentiles +4 mm 

line18,19,28,59). However, this index proposed by Levene32) only 

exists from the 27th week of gestation. Currently, interven-

tions for IVH are often considered even in patients with gesta-

Fig. 3. Various ventricular measurements on ultrasonography. Ventricular index (VI) is the distance between the lateral wall of the anterior horn of the 
lateral ventricle and the falx cerebri in the coronal view at the level of the foramen of Monro, just anterior to the choroid plexus in the third ventricle. 
Anterior horn width (AHW) is the oblique width of the anterior horn of the lateral ventricle at the widest point in the coronal plane. Thalamo-occipital 
distance (TOD) is the distance between the external walls of the thalamus and lateral border of the occipital horn of the lateral ventricle in parasagittal 
plane. A : Coronal view. B : Sagittal view.

A B
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tional age <27 weeks; therefore, VI alone is not a sufficient in-

dicator of ventricular dilation. More importantly, this index 

might be a “somewhat late” criterion for therapeutic interven-

tion. Therefore, besides VI, measurements such as anterior 

horn width (AHW), third ventricular width (TVW), and 

thalamo-occipital dimension (TOD) provide additional refer-

ence ranges (Fig. 3). The combination of these three measure-

ments (AHW >4 mm, TVW >3 mm, and TOD >26 mm) has 

been used as an alternative diagnostic index to detect 

PHVD20,21).

In 2020, the collaborate study by prominent several experts 

in this field classified PHVD into three categories according 

to VI, AHW, and TOD values—the green zone : VI ≤97th 

percentiles and AHW ≤6 mm; the yellow zone : VI >97th 

percentiles and AHW >6 mm and/or TOD >25 mm; the red 

zone : VI >97th percentiles +4 mm and AHW >10 mm and/or 

TOD >25 mm21). Further, they proposed therapeutic interven-

tion at the yellow zone stage (Fig. 4). This clinical approach is 

extremely practical, and this severity classification will un-

doubtedly become a standard criterion in the near future. 

Changing indications for interventions will lead to a trend to-

ward earlier treatment attempts18,19,43).

Type of intervention
Regarding the type of intervention, the current standard 

treatment includes using a VAD or VSg shunt for temporary 

CSF management after repeated lumbar punctures22,36,63). The 

result of an international randomized controlled trial involv-

ing acetazolamide and furosemide indicated that diuretic 

drug treatment was associated with a high rate of permanent 

shunt placement and increased neurological morbidity and 

thus could not be recommended29). Ventricular punctures can 

cause secondary bleeding, risk of intracranial infection, and 

unexpected porencephaly69). Therefore, this method is rarely 

adopted.

CSF drainage by intermittent puncture with VAD place-

ment and VSg shunt are the two most common treatments for 

PHH36,63,64). Cases requiring permanent VP shunt placement 

have been reported to range from 69% to 90% for VAD treat-

ment and 60% to 86% for VSg shunt placement15,22,34,51,62,63). 

These results indicate no significant difference between treat-

ments. Furthermore, a meta-analysis comparing the two 

treatment groups found no significant differences in the inci-

dence of infection, obstruction, VP shunt dependence, subse-

quent shunt infection, mortality, and long-term disabili-

ty45,63,64). Currently, pediatric medical centers choose between 

VAD and VSg shunt placement that are more familiar at their 

institution.

Indicators of ventricular enlargement are intended only for 

deciding the treatment of PHVD. As mentioned in the section 

on the mechanism of WMI, brain damage and poor neurode-

velopmental outcomes are caused not only by PHVD but also 

by hematoma and its lysates, which have extremely detrimen-

tal effects on the immature brain8,66).

In the early 2000s, the famous DRainage, Irrigation, and Fi-

brinolytic Therapy (DRIFT) trial conducted by Whitelaw et 

al.70) was devised to actively dissolve and drain intraventricu-

lar hematomas. They injected tissue plasminogen activator 

(tPA), a fibrinolytic agent, into the lateral ventricle, and the 

therapeutic effect was verified in detail. At the time, this clini-

cal trial was considered groundbreaking, but there were also 

concerns about its risks. Although the phase 1 trial reported a 

significant reduction in the proportion of cases of VP shunt 

surgery (26%) and good neurodevelopmental outcomes (nor-

mal, 42%; single disorder, 37%) at 12 months postoperative-

ly70), in the prospective multicenter randomized control study, 

the incidence of VP shunt surgery and death was not reduced 

in the DRIFT group as compared with the standard treatment 

group (44% vs. 50%); moreover, a high incidence of secondary 

IVH (35%) was reported67).

Fig. 4. A male infant was born at 23 weeks 4 days of gestation and 
weighed 501 g. Intraventricular hemorrhage occurred on day 3 of birth. 
Ultrasonography on postnatal day 8 revealed a ventricular index : 10.5 
mm (right) and 12.9 mm (left), anterior horn width : 6.85 mm (right) and 
7.64 mm (left). Neuroendoscopic surgery at this stage is dangerous and 
invasive. Other treatments need to be initiated to obtain favorable 
neurofunctional outcomes.
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Of note, subsequent follow-up studies revealed favorable re-

sults for neurodevelopmental outcomes, particularly cognitive 

function, at 2 and 10 years35,68). The DRIFT trial, designed to 

maintain low intracranial pressure, alleviate brain distortion, 

and reduce the increased levels of free iron and cytokines 

caused by IVH, was the first clinical trial involving interven-

tion for PHH in preterm infants that demonstrated sustained 

cognitive improvement35,68). However, secondary IVH devel-

ops at a high rate, and it is impossible to perform fibrinolytic 

therapy with the same regimen. A new fibrinolytic therapy 

using urokinase instead of tPA has been reported, and future 

development is expected43).

Recently, neuroendoscopic lavage (NEL) has been reported 

to be another promising treatment modality9,16,49,57). The great-

est advantage of NEL is direct visualization of the progress of 

hematoma removal and control of bleeding sites. Residual he-

matoma and f loating degradation products can be removed 

by irrigation. In the first report, the average body weight at 

birth was 1036 g (500–3460 g), and the average weight at sur-

gery was 1475 g (750–3645 g)49). Regarding the severity of 

IVH, two patients had IVH grade 2, 12 patients had IVH 

grade 3, and three patients had IVH grade 4. Eleven of 19 

(58%) infants required a shunt insertion later compared with 

100% of infants who were treated conventionally. The number 

of patients studied was increased to 45, and neurocognitive 

results 2 years after treatment were reported. Although 26 of 

44 patients (59%) required permanent shunt placement, 30% 

of patients revealed a fairly normal neurocognitive develop-

ment, and 78% were able to walk independently or with mini-

mal support9).

Undoubtedly, NEL is the most effective method for remov-

ing hematoma but should be carefully performed and requires 

neuroendoscopic expertise and an advanced surgical team. 

NEL might be highly invasive and unsafe in the case of ex-

tremely small infants. Therefore, in my opinion, NEL should 

be adopted only in cases where the infant’s weight is at least 

1500 g42). Currently, the TROPHY (treatment of post-hemor-

rhagic hydrocephalus registry study) registry has been estab-

lished to collect international multicenter prospective data on 

the surgical management of neonatal PHH, and the results of 

its large-data clinical studies are awaited55,56).

CONCLUSIONS AND FUTURE DIRECTIONS

In the past, the main goal of treatment for IVH and subse-

quent PHH was only to reduce mortality as the target patient 

was a fragile premature infant. The current standard treat-

ment goal is to perform permanent VP shunt placement safely 

after temporary CSF management. However, pediatric neuro-

surgeons have experienced numerous troublesome complica-

tions related to VP shunts in preterm infants. In particular, 

shunt infection is devastating to the brain, and isolated ventri-

cle is a peculiar complication that is difficult to treat. There-

fore, next, a therapeutic strategy to avoid permanent VP shunt 

is desired14,42,43). “No shunt is the best shunt.”

Furthermore, it is important to consider ways to improve 

neurological functions in premature infants with IVH. To 

that end, a thorough understanding of the mechanisms of 

WMI caused by IVH and subsequent PHVD, as well as thera-

peutic guidelines for safe and effective early interventions for 

actively removing hematomas, are essential. On the other 

hand, the results of innovative regenerative treatments that 

promote myelination and neurological recovery, such as mes-

enchymal stem cell transplantation therapy reported from 

Korea, are eagerly awaited2-4). Stem cell therapy might become 

a promising treatment for moderate or severe IVH in preterm 

infants8).

Treatment of IVH in preterm infants remains an insur-

mountable barrier. A favorable neurodevelopmental outcome 

cannot be achieved with a neurosurgical approach alone. Fur-

ther progress is eagerly awaited in collaboration with multi-

disciplinary specialists, including neonatologists and rehabili-

tation physicians.
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