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Abstract

Purpose Intraventricular hemorrhage (IVH) of prematurity is a known complication of preterm birth. Intraventricular hem-
orrhage in term infants is much less commonly encountered. To address the lack of information in the current literature
concerning this demographic, we offer demographic and image findings that demonstrate etiology and predict the need for
permanent cerebrospinal fluid (CSF) diversion.

Methods A prospectively maintained database was queried for all patients with intraventricular hemorrhage from 2016 to
2020 treated at our institution. Demographic data and etiology were collected, along with need for and timing of surgical
intervention.

Results A total of 150 IVH patients were identified. Of these patients, 138 were excluded due to prematurity. Twelve patients
were born at term with IVH. All patients were followed for at least 8 months. Seven patients (58.3%) underwent ventricu-
loperitoneal (VP) shunt placement, performed between 4 days and 4 months of age. Superficial siderosis detected by MRI
during in-patient stay or follow-up showed a sensitivity of 100% and specificity of 60% for the future development of post-
hemorrhagic hydrocephalus (PHH) (p <0.05). All full-term infants who developed PHH (n="7, 58.3%) obtained a VP shunt.
Conclusion IVH in term infants occurs infrequently when compared to IVH of prematurity. Etiology of IVH in term infants
remains difficult to ascertain, but the majority of patients did demonstrate risk factors. The presence of superficial siderosis
on MRI significantly predicted the development of PHH and eventual need for CSF diversion.

Keywords Superficial siderosis - Ventriculoperitoneal shunt - Post-hemorrhagic hydrocephalus

Introduction

While intraventricular hemorrhage (IVH) is typically
described in the premature infant with a well-understood
pathophysiology and management protocols, IVH in the term
infant is not. IVH of prematurity occurs in approximately 3
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live births per 1000, has a mortality of 20-30%, and is the
cause of death in 1.7% of infants in the USA [1]. Evolving
ventriculomegaly can cause cognitive sequelae if neurosur-
gical intervention is delayed [2]. A common sequela of IVH
is post-hemorrhagic hydrocephalus (PHH) which causes
premature IVH patients to need cerebrospinal fluid (CSF)
diversion at rates ranging from 6—40%, with an average of
15% [3]. By definition, PHH is the progressive dilation of
the ventricles following IVH [4, 5]. For infants with IVH
of prematurity, CSF diversion is first undertaken when the
frontooccipital horn ratio (FOHR) is greater or equal to
0.55, and at least two of the following three are present:
splayed cranial sutures, bulging anterior fontanelle or apneic
or bradycardic events. This is often initially a temporizing
procedure and subsequently converted to a permanent VP
shunt when their weight is > 1.8-2 kg and CSF diversion is
still required [6].

While some studies have made attempts, the true inci-
dence of IVH in term infants is unknown, as term infants
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are usually asymptomatic [7]. In a study that involved 505
healthy, asymptomatic term infants undergoing ultrasonog-
raphy within 72 h of life, the incidence of IVH was 4% [8].
In a retrospective study that included 35,939 full-term new-
borns, grades III and IV IVH comprised an incidence rate of
5.5 per 100,000 (or 0.0055%) live term births [9].

Known risk factors of IVH in term infants include birth
asphyxia with requirement of resuscitation at birth [10-13],
hypoxic ischemic encephalopathy [14], instrumental deliv-
eries [15, 16], and severe congenital heart disease (causing
altered hemodynamics or use of anticoagulant pharmaco-
therapy) [11]. Less commonly, thrombocytopenia and coag-
ulation factor deficiencies are associated with IVH in term
infants [12, 17, 18].

In this study, we present our institutional experience with
intraventricular hemorrhage (IVH) of the full-term newborn.
This serves to show that symptomatic IVH at term is an
event that does occur, there are often associated risk factors,
imaging can aid in predicting patients who will need CSF
diversion, and CSF diversion may be necessary in general.

Methods
Database and demographics

A prospectively maintained database at Riley Hospital for
Children (Indianapolis, IN, USA) was queried for patients
with the diagnosis of IVH who were consulted on by the
pediatric neurosurgical service from the years 2016 to 2020.
Included patients had IVH, a gestational age of more than
36 weeks and 6 days (>36+6), and IVH presenting after
delivery on imaging. At our institution, any pediatric patient
with the diagnosis of IVH grade III or IV in the preterm
population or any IVH in the term population receives a
pediatric neurosurgery consult regardless of the primary
treating service or whether the IVH was detected while
inpatient or outpatient. It also includes all referred patients
with IVH grades III and IV from outside hospitals that do
not have a pediatric neurosurgery service. Our study only
included term infants diagnosed with IVH from the time
after delivery to 28 days of age. Patients not meeting said
criteria were excluded.

A protocol is in place for screening premature infants.
Term infants who had signs of distress, including apnea,
bradycardia, seizure, or signs of external trauma concern-
ing for intracranial pathology underwent cranial imaging,
and if positive imaging findings were identified, patients
were referred to the pediatric neurological surgery service.
Included infants underwent further imaging with MRI. MR
angiogram and MR venogram were performed if a vascular
etiology was suspected. Evaluation for coagulopathy (e.g.,
PTT, PT/INR, CBC, genetic screens), congenital infection
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screening (including STORCH), maternal and infantile
drug screens, child abuse screen, and thorough review of
maternal, delivery, and prenatal history was completed. The
study was approved by the Institutional Review Board.

IVH location was confirmed with MRI. The following
imaging findings were obtained: IVH grade, laterality,
presence or absence of superficial siderosis, and hemor-
rhage location. Information regarding the IVH location
was obtained from cranial ultrasounds or MRI that were
interpreted by pediatric neuroradiologists in conjunction
with our pediatric neurosurgery team. Location of hemor-
rhage included the caudothalamic groove (the area com-
posed of the residual germinal matrix, the thalamus, and
the watershed area of the foramen of Monro near the cau-
date nucleus), choroid plexus (posterior tufts of glomus),
and intraparenchymal. When a patient had different graded
IVHs on either side, the higher overall grade was used. All
patients’ IVHs were diagnosed post-natally. In our set of
patients, superficial siderosis is defined as the slow accumu-
lation of hemosiderin on the pial surfaces of the brain. This
was detected by susceptibility weighted imaging (SWI) and
T2* gradient echo (GRE) sequences [19].

Conservative management consisted of evaluation by the
pediatric neurosurgery service including fontanelle, suture,
and head circumference assessment, tracking of apneic or
bradycardic events on a daily basis and weekly cranial ultra-
sounds with tracking of the FOHR. The shunting outcomes
of post-hemorrhagic hydrocephalus, or SOPHH criteria [20],
albeit an extrapolation for non-premature infants, served
as the institutional guideline in terms of which patients to
intervene upon and when. The interventions included in this
study were either temporary CSF diversion in the form of a
tapping reservoir or ventriculosubgaleal shunt or permanent
diversion with either an endoscopic third ventriculostomy or
ventriculoperitoneal shunt placement. As ventricular lavage
and fibrinolytic therapy were not included in the treatment
pathway as described by SOPHH, the patients in our study,
when intervened upon, only received CSF diversion. In term
patients of which index hospitalization did not necessitate
surgical intervention, patients were discharged with planned
neurosurgical follow up. Those who underwent CSF diver-
sion during index hospitalization met SOPHH criteria [20].

Statistical analysis

The study data wasmanaged using REDCap (Research Elec-
tronic Data Capture, Vanderbilt University,Nashville, TN,
USA). Descriptive statistical analyses were performed using
SASstatistical software, version 9.4 (SAS Institute Inc., Cary,
NC, USA). One-wayANOVA followed by Tukey’s multiple
comparisons tests, ordinal regression, and contingencyfol-
lowed by Fisher’s exact test was performed using GraphPad
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Prism version8.2.1 for Windows (GraphPad Software, San
Diego, CA, USA).

Results
Demographics

A total of 150 patients diagnosed with IVH were identified.
Out of 150 patients, 12 (8.00%) met the criteria for a term
pregnancy and presented after the time of delivery. Most
patients were male (75.0%). Table 1 contains descriptive
information of the study population. Table 2 shows superfi-
cial siderosis findings, the development of PHH and whether
patients received a VP shunt (VPS) or were conservatively
managed (CM).

All 150 patients had gestational age information, and
records included information regarding IVH etiology and
grade. Of the 12 term infants with IVH, the median gestational
age was 38.4 weeks (range: 37.1-40.0 weeks). The median
age at IVH presentation was day 0 (range: 0-18 days). We
observed that as gestational age increased, so did the severity
of the hemorrhage grade (Nagelkerke R*=0.827, model of fit-
ting p <0.001). All patients received a head MRI; 10 (83.3%)
were additionally imaged by head ultrasound (hUS), 8 (66.7%)
obtained a MRV, 7 (58.3%) obtained a MRA, and 5 (41.7%)
had a head CT scan (these were exclusively obtained from
the referring institutions). Five (41.7%) of the 12 of patients
did not require surgical intervention and were followed with
serial imaging. Seven patients (58.3%) underwent a VP shunt
placement, and 1 of those seven patients had an external ven-
tricular drain placed before the shunt as a temporizing meas-
ure. Patients who were managed conservatively had a median
follow-up period of 18 months (range: 8.0-28.0 months). Of
those requiring surgical intervention, the median age was
20.0 days (mean: 33.0 days, range: 4.0-120 days). Patients
who had a VP shunt placed had a median follow-up period
of 18.0 months (range: 8.0—48.0 months). Eleven patients
(91.7%) were discharged home, and 1 (8.3%) died while inpa-
tient secondary to high-output heart failure due to an arterio-
venous fistula (AVF).

Etiology

Nine were determined to be idiopathic but had other congen-
ital anomalies or some perinatal stressor effecting the infant
or mother. Two had underlying vascular causes, and one had
both an intraventricular tumor as well as traumatic delivery.

Imaging findings
MRI findings of superficial siderosis (Fig. 1), development

of PHH, and clinical management (surgical or conservative)
are noted in Table 2.

Of the seven that received a VP shunt, six (85.7%) were
alive by the 8-month follow-up period, and one mortality
was identified secondary to complications of an AVF. An
additional patient died at the 48-month timepoint secondary
to glioma metastases. In retrospect, the ventricular glioma is
the likely cause of the patient’s IVH; however, MRI findings
at presentation did not show clear evidence of a neoplastic
etiology. The MRI finding of superficial siderosis subse-
quently requiring VP shunt had a sensitivity of 100% and a
specificity of 60.0% (p=0.046).

Discussion

In this study, we present our institutional experience with
IVH in the term infant. Literature has frequently focused on
IVH in the premature infant. Albeit a minority of IVH, our
database revealed that when IVH is present, 8% of the time,
the infants have achieved a term delivery. These infants are
not without other factors. While most (75%) of our popula-
tion had no clear cause of IVH, risk factors were present
(Table 1). In addition, intracranial hemorrhage is a known
complication of forceps- and vacuum-assisted delivery, and
the intraventricular location seems to be rare [21, 22]. Three
patients did have clear causes of intraventricular hemor-
rhage, reinforcing the need for advanced imaging acquisition
to determine an etiology.

Full MRI acquisition (as opposed to limited sequence,
or “fast spin”) was critical in this patient population. In our
limited cohort of patients, superficial siderosis identified on
MRI was predictive of the need for permanent CSF diver-
sion. The decision to treat an infant was based on SOPHH
criteria [20]. Prior to VPS placement, CSF analysis obtained
through ventricular tap or lumbar puncture affirmed the
presence of low-protein CSF without markers of pathogenic
microorganisms.

Experimental models have provided fundamental
insights into the iron-regulated pathophysiological sequela
of PHH that underpin GMH and choroid plexus involve-
ment in IVH [1, 23-28]. An emerging mechanism explain-
ing PHH pathogenesis after IVH is the lysis of red blood
cells and subsequent release of hemoglobin and iron into
surrounding cerebral parenchyma causing iron toxicity.
Termed as “superficial siderosis,” blood products and
extracellular matrix (ECM) proliferation (an indication
of gliosis) have been hypothesized to cause PHH by dis-
rupting CSF flow [29]. In our study, we observed that
seven patients with radiographic superficial siderosis pro-
gressed to permanent CSF diversion. In a recent study
by Mahaney et al., CSF hemoglobin, ferritin, bilirubin,
and iron-scavenging protein levels were measured in PHH
and high-grade IVH of premature neonates. They found
that there was a significantly higher level of hemoglobin

@ Springer
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Fig.1 Three patients’ axial cross-sections of susceptibility weighted »
imaging (SWI) MRI sequences. The presence of iron susceptibility
products (superficial siderosis) is denoted with white arrows in pre-
operative patients who later underwent ventriculoperitoneal shunt
placement. (A) Axial SWI of patient 11 (grade II IVH, 37+0 gesta-
tional age). Arrows display the presence of bilateral superficial sidero-
sis lining the lateral ventricles. (B) Axial SWI of patient 5 (grade III
IVH, 3940 gestational age). Arrows point bilaterally to superficial
siderosis of markedly dilated lateral ventricles. (C) Axial SWI of
patient 2 (grade IV IVH, 39+ 5 gestational age). Right arrow displays
iron susceptibility products of the intraparenchymal cerebral tissue.
Left arrow displays superficial siderosis of the left lateral ventricle

in PHH compared to high-grade IVH without subsequent
hydrocephalus development. Additionally, hemoglobin,
ferritin, and bilirubin correlated with increased ventric-
ular size. The lack of elevation of CSF iron-scavenging
proteins indicated that endogenous iron clearance mecha-
nisms were overwhelmed [30]. While this data does not
encompass the granularity of CSF hemoglobin, ferritin,
and bilirubin, imaging further supports the hypothesis that
there is a role of iron accumulation toward development
of PHH, as shown by our findings of superficial siderosis
on MRI (Table 2).

In our study, all IVH term infants were born between a
gestational age of 37+ 1 and 40+ 0. Precursors of arach-
noid villi develop as small indurations in the venous wall
of the dura at 26 weeks of gestation. Within those indu-
rations, arachnoid cells are found sub-endothelially [31].
Then, complete formation of arachnoid villi and granu-
lations occur by 35 and 39 weeks of gestation, respec-
tively [32]. In context of premature infants with IVH, the

Table2 MRI detection of superficial siderosis, development of post-
hemorrhagic hydrocephalus, and clinical course

Patient umber Superficial PHH Clinical course
siderosis (MRI)

1 Yes Yes VPS
2 Yes Yes VPS
3 Yes Yes VPS
4 No No CM
5 Yes Yes VPS
6 No No CM
7 Yes Yes VPS
8 Yes Yes VPS
9 Yes No CM
10 No No CM
11 Yes Yes VPS
12 Yes No CM

Patient’s number (1-12) corresponds to the same patient in Table 1

PHH post-hemorrhagic hydrocephalus, VPS ventriculoperitoneal
shunt, CM conservative management
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theory that CSF outflow is obstructed through arachnoid
villi and granulations by blood or its breakdown prod-
ucts has largely been dismissed since they do not have
arachnoid granulations [31]. While a significantly larger
cohort is required than is presented in the current study,
the dismissal of this theory based on a lack of anatomi-
cal development cannot be completely ruled out, as term
infants by definition are at least 37 weeks old; thus, some
may have complete formation of arachnoid granulations.
Future clinical studies could yield insight into the outcome
of PHH by comparing the gestational age of premature and
full-term infants.

Limitations

This is a retrospective cohort study looking at term infants
with symptomatic intraventricular hemorrhage. It is lim-
ited by selection bias as well as a small target population
given the rarity of the occurrence of intraventricular hem-
orrhage in a term infant. Mild or asymptomatic patients
were not included in the review, and conclusions here can-
not be applied to a more general population.

Conclusion

In this study, we report our institutional experience from a
large quaternary care pediatric institution of term infants
with intraventricular hemorrhage. To our knowledge, this
is the first study to find a significant association between
superficial siderosis on MRI and the eventual need for
CSF diversion secondary to PHH. It also serves to dem-
onstrate intraventricular hemorrhage that can occur in the
term infant population, but additional factors are often pre-
sent. Comprehensive work up of this population is critical to
identify risk factors and etiology. Future prospective stud-
ies are necessary to allow a more inclusive population and
for better prediction of the need for surgical intervention.
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