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Objective
To assess prenatal ultrasonographic findings and postnatal outcomes in fetuses with intracranial hemorrhage (ICH).

Methods
This retrospective study included fetuses prenatally diagnosed with ICH between December 2012 and August 2023.
Maternal characteristics, prenatal ultrasonographic findings, and postnatal outcomes were reviewed.

Results

Twenty-seven fetuses with ICH were reviewed. Intracranial hemorrhage was classified as grade 3 and 4 in 24
fetuses. Twenty-two fetuses had ICH, four had ICH with subdural hemorrhage, and one had ICH with subarachnoid
hemorrhage. Ventriculomegaly was the most common ultrasonographic finding, and was observed in 22 of the 27
(81.5%) fetuses. Seven fetuses were lost to follow-up, and four intrauterine fetal deaths occurred. The remaining 16
fetuses were delivered at a median gestational age of 35+2 weeks. The infants were followed-up for 40.1 months
(range, 4-88). Nine of the 16 infants underwent ventriculoperitoneal placement. One infant underwent brain surgery
for severe epilepsy. Motor impairment, including cerebral palsy, was observed in 13 infants (81.2%). Neurologic
impairment occurred in six infants (37.5%), developmental delay in nine (56.2%), and epilepsy in 11 (68.7%).

Conclusion

Fetal ICH is a rare complication diagnosed during pregnancy, which results in subsequent fetal neurological sequelae
or death. This study demonstrated that the common ultrasonographic findings in fetal ICH were progressive
ventriculomegaly and increased periventricular echogenicity. Fetuses diagnosed with prenatal ICH, especially those
affected by higher-grade ICH, may be at an increased risk of long-term neurodevelopmental problems.
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Introduction

Fetal intracranial hemorrhage (ICH) refers to a hemorrhage
that occurs antenatally in the ventricles, subdural space, sub-
arachnoid space, or brain parenchyma. This entity has been
reported to affect approximately 0.5-1.0 pregnancies per
1,000 [1,2]. Various maternal and fetal predisposing factors
are associated with fetal ICH [3,4]. However, the etiology can
be identified in only 20-45% of fetuses [5,6]. Fetal ICH most
commonly occurs in the third trimester, mainly due to germi-
nal matrix hemorrhage [7]. Fetuses with a prenatal diagnosis
of ICH are at high risk of perinatal mortality and adverse
neurodevelopmental outcomes [8]. Sileo et al. [9] reported
that perinatal death occurred in 14.6% of fetuses with ICH
and 32.0% developed cerebral palsy. Given its strong asso-
ciation with poor outcomes, prenatal detection of fetal ICH is
essential for pregnancy management.

Due to the subtle and variable characteristics of hemor-
rhage on ultrasonography, it is challenging to distinguish
fetal ICH from other intracranial lesions [8,10]. The detection
rate of fetal ICH has increased in recent years, which can
be attributed to advancements in prenatal ultrasonography
techniques and the increased utilization of fetal magnetic
resonance imaging (MRI) [3,9,11,12]. Nevertheless, several
cases of fetal ICH are still being missed, and the incidence
varies across regions and studies [8]. Furthermore, depend-
ing on the clinician’s understanding of fetal ICH, parents may
be provided with incorrect or inappropriate clinical advice.
Therefore, precise knowledge of the short- and long-term
consequences of fetal ICH in conjunction with prenatal ultra-
sonography findings is required.

This study aimed to investigate the prenatal ultrasonogra-
phy findings and postnatal outcomes of fetal ICH for preg-
nancy management and prenatal parental counseling in 27
fetuses with ICH.

Materials and methods

1. Study design and procedure

We performed a retrospective analysis of all patients prena-
tally diagnosed with fetal ICH between December 2012 and
August 2023 at the Department of Obstetrics and Gynecolo-
gy. Data from the medical records, prenatal ultrasonography
and MRI findings, postnatal treatments, and prognoses of 27
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fetuses with ICH were collected from the electronic database
and analyzed. This study was approved by the Institutional
Review Board (YUHS 4-2023-1011) and performed in ac-
cordance with the tenets of the Declaration of Helsinki. The
need for informed consent was waived due to the retrospec-
tive nature of the study.

All fetal ultrasonographic examinations were performed
and analyzed using maternal-fetal medicine (MFM) special-
ists, MFM fellows, and expert sonographers with 10 years of
advanced scanning experience in prenatal diagnosis. Ultraso-
nographic examinations were performed using a multiplanar
approach with 27 MHz transabdominal probes. When preg-
nant women were permitted, transvaginal ultrasonography
was also performed in cases of cephalic presentation using
a 5-10 MHz probe. Examinations were performed using the
ultrasonography systems WS80A or HERA W10 (Samsung
Medison, Seoul, Korea) and Voluson E10 (GE Healthcare Ul-
trasound, Milwaukee, WI, USA).

Fetal cranial examinations were performed in accordance
with the International Society of Ultrasound in Obstetrics and
Gynecology practice guidelines [13]. This examination evalu-
ated the cavum septum pellucidum, lateral ventricles, cho-
roid plexus, thalamus, cistern magna, and cerebellum in the
transventricular, transthalamic, and transcerebellar planes.
Additionally, the face, heart, great vessels, intra-abdominal
organs, spine, kidneys, bladder, umbilical cord, and extremi-
ties were examined to detect any associated lesions. Serial
two-dimensional ultrasonographic examinations were per-
formed on patients diagnosed with fetal ICH to investigate
fetal well-being and lesion progression.

Intracranial hemorrhage was diagnosed when one or more
of the following characteristics were present: increased
periventricular echogenicity, echogenic intraventricular foci
suggesting clots, ventriculomegaly, with an irregular choroid
plexus, parenchymal hyperechogenic avascular mass sugges-
tive of extraventricular extension, increased periventricular
white matter echogenicity, or porencephaly [10-14]. Extracra-
nial hemorrhage (subdural hematoma) was diagnosed when
a space-occupying lesion with curved boundaries compress-
ing the ipsilateral cerebral structures was observed [10,14].
Location, size, and appearance of all lesions were also evalu-
ated. Intraventricular hemorrhage (IVH) in this study was
classified into four categories according to the classification
system devised by Papile et al. [15]. Grade 1 was confined
to the germinal matrix and subependymal areas; grade 2
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involved intraventricular extension, but ventriculomegaly
was <15 mm; grade 3 indicated ventriculomegaly >15 mm;
and grade 4 included IVH and periventricular lesions with
parenchymal involvement. Other types of ICH not included in
IVH include cerebellar, epidural, subdural, and subarachnoid
hemorrhages.

Prenatal data collected from electronic medical records in-
cluded maternal age, gestational age at diagnosis, prenatal
ultrasonography and MRI findings, and associated chromo-
somal anomalies. Postnatal data included gestational age
at delivery, birth weight, sex, mode of delivery, Bayley scale
scores of infant development to assess the level of func-
tioning of the child across various developmental domains
(cognitive, language, motor, social-emotional development,
and adaptive behavior), postnatal microtomography, and
brain MRI findings. We defined outcomes as neurosurgical
interventions, including ventriculoperitoneal shunt placement
or surgery, motor impairment, neurological impairment, epi-
lepsy, and developmental disabilities. Motor impairment was
defined as cerebral palsy, delayed motor milestones, abnor-
mal tone, or paresis. Neurological impairment was defined
as a sensorineural hearing loss or ophthalmological sequelae.
Epilepsy was defined as recurrent seizures, regardless of the
time of onset, including epileptic encephalopathy. Delayed
development, such as language, expression, and cognition,
which did not fit the above definition of impairment, was as-
sessed using the Bailey's test.

2. Statistical analysis

Quantitative variables are expressed as medians with ranges,
whereas categorical variables are expressed as frequencies
and percentages. All statistical analyses were conducted us-
ing Statistical Package for Social Sciences version 26.0 (IBM
Corporation, Armonk, NY, USA). Statistical significance was
considered at P<0.05.

Results

Twenty-seven fetuses with ICH were identified in our tertiary
hospital. Demographic characteristics and ultrasonographic
findings of the fetuses are summarized in Table 1. The me-
dian age of the women at the time of diagnosis in all the 27
fetuses was 32 years (range, 19-44). Median gestational age
of the women at the time of diagnosis was 29 weeks and 4
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days (range, 18 weeks 4 days to 36 weeks 6 days). Nineteen
fetuses (70.3%) were identified during the third trimester
of screening. When comparing postnatal outcomes, there
were 16 live births (59.3%), seven lost to follow-up (25.9%),
and four intrauterine fetal deaths (14.8%). There were no
postnatal deaths among the liveborn infants during postna-
tal treatment or follow-up. Fetal ICHs was graded as 3-4 in
24 fetuses, while only three fetuses were graded as 1-2. In
our study, we observed that fetal ICH occurred unilaterally
in 55.5% fetuses (n=15) and bilaterally in 44.4% (n=12).
Bilateral ventriculomegaly was present in 75% of fetuses,
especially in those with grade 3 or higher ICH. Four fetuses
had both subdural and intraventricular involvement (Fig. 1).
Representative ultrasonographic findings of fetal ICH are
presented in Figs. 2-5. Fig. 2 shows that progressive ventricu-
lomegaly accounted for most of the findings, as observed in
22 (81.5%) fetuses. Fig. 3 shows increased periventricular

Table 1. Prenatal characteristics and ultrasonography findings of

fetal ICH
Variable Value (n=27)
Maternal age (yr) 32 (19 to 44)
Gestational age at prenatal 2944 (18+4 to 36+6)
diagnosis (weeks)
Loss to follow-up 7 (25.9)
Spontaneous IUFD 4(14.8)
Classification
Grade 1-2 3(11.1)
Grade 3-4 24 (88.9)
Laterality of fetal ICH
Both 12 (44.4)
Left 5(18.5)
Right 10 (37.0)
Location of hemorrhage
Intraventricular 22 (81.5)
Intraventricular+subdural 4(14.8)
Intraventricular+subarachnoid 13.7)
Ultrasonography findings
Progressive ventriculomegaly 22 (81.5)
Increased periventricular echogenicity 21(77.8)
Echogenic intraventricular clot 11(40.7)
Irregular choroid plexus 8(29.6)

Values are presented as median (range) or number (%).
ICH, intracranial hemorrhage; IUFD, intrauterine fetal death.
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Fig. 1. Image showing subdural hemorrhage. Patient was referred
to our hospital due to a history of previous intrauterine fetal death
(IUFD). First visit at 26 weeks showed IUFD, ventriculomegaly, left
subdural space hemorrhage (arrow), right temporoparietal area
hemorrhage (arrowhead), fetal ascites, pleural effusion, scalp ede-
ma, and intracardiac hematoma. After hysterotomy, cord next gen-
eration sequencing and parental gene screening was performed,
but significant result were not found.

Fig. 2. Image demonstrating progressive ventriculomegaly. Ultra-
sound image (left) showing left ventriculomegaly with a hyper-
echogenic blood clot in the lateral ventricle. Magnetic resonance
imaging (right) showing the same results, indicating ventriculo-
megaly (arrow) and a hyperechogenic blood clot (arrowhead).

echogenicity, which was evident in 21 fetuses (77.8%). Fig. 4
shows the echogenic intraventricular clots elicited in 11 fe-
tuses (40.7%). Fig. 5 illustrates the irregular choroid plexus
observed in eight fetuses (29.6%). In most fetuses, the
prenatal ultrasonography and postnatal MRI findings were
consistent, except for one in which cerebral hemorrhage was
too small to be detected.

Cesarean delivery is generally indicated in cases of fetal
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Fig. 3. Image showing increased periventricular echogenicity.
Increased periventricular echogenicity accompanied by severe bi-
lateral ventriculomegaly (both sides >30 mm).

e |

-

Fig. 4. Image demonstrating echogenic intraventricular clot. Ul-
trasound image showing an echogenic space-occupying lesion. A
blood clot (1.2x0.6 cm) was noted in the ventricle with unilateral
ventriculomegaly. Postnatal magnetic resonance imaging con-
firmed the presence of an old intraventricular hemorrhage.

ICH or IVH, depending on the progression of ultrasonogra-
phy findings and etiology [7]. In this study, cesarean delivery
was performed in 14 women (87.5%), and there were two
(12.5%) vaginal deliveries. Among the women who under-
went vaginal delivery, one fetus was delivered at 38 weeks of
gestation with IVH grade 3, and the mother had a history of
three previous vaginal deliveries. The other fetus was deliv-
ered at 39 weeks of gestation with IVH grade 4 and subdural
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choroid plexus. As the blood clot lyses, the ultrasonographic
appearance becomes more heterogeneous, with the mass
developing into an internal sonolucent core and an external
echogenic rim. Blood clots often obstruct the cerebral ag-
ueduct, which is a narrow channel that allows cerebrospinal
fluid to flow between the third and fourth ventricles, result-
ing in bilateral ventriculomegaly [7,10]. Consequently, our
study demonstrated that ventriculomegaly was the most
common finding, with bilateral ventriculomegaly present in
75% of fetuses with high-grade (grade 3 and 4) ICH. Over
time, blood within the ventricles increases echogenicity along
the ventricular borders, facilitating the identification of pro-
gressive ventriculomegaly [7]. However, if the hemorrhagic
lesion is too small or too recent, identifying fetal ICH or IVH
in <4 hours may be challenging. This difficulty was evident in
the 13th case in our study, which was the only mismatched
case between prenatal ultrasonography and postnatal MRI
because of its small size.

Fetal ICH was predominantly diagnosed in the third trimes-
ter in our study, which is consistent with the findings of pre-
vious studies [1,10,11,16,25]. Consequently, even if detailed
sonography performed during the second trimester (between
18-22 weeks of gestation) is normal, clinicians should care-
fully monitor ultrasonography findings in the third trimester
to avoid potential misdiagnosis of fetal [VH. Given the critical
nature and need for long-term treatment of the neurological
sequelae of fetal IVH, it is crucial to ensure that no neuro-
logical impairment occurs in the newborn during the delivery
procedure, thereby preventing unwarranted blame on clini-
cians by parents [1].

Many researchers have attempted to introduce additional
diagnostic modalities to detect fetal ICH at an early stage
and more accurately. Magnetic resonance imaging exhibits
high accuracy in detecting minor foci of germinal matrix
hemorrhage [3,26-28] and could be beneficial in workups
and prenatal counseling [7,10,11,14,18]. The European Neu-
rosonography Working Group demonstrated that fetal MRI
exhibited 5.4% more power than multiplanar neurosonogra-
phy in identifying structural anomalies in the fetal brain [27].
However, MRI cannot serve as the primary imaging method
for all pregnant women during first-line screening radiogra-
phy, replacing ultrasonography to detect brain abnormalities,
owing to cost factors. In our study, only four mothers under-
went prenatal MRI, and the results did not differ from those
obtained using ultrasonography. Additionally, it is question-

400

able whether the outcomes would be affected, even if they
were performed to influence the decisions of pregnant wom-
en and clinicians, given that abnormalities are often found at
an advanced stage during ultrasonography.

With regard to postnatal outcomes (Table 2), all cases of
neurosurgical intervention, motor impairment, neurological
impairment, developmental delay, and epilepsy were ob-
served in high-grade fetal ICH. Previous studies have reported
a significant association between the grade and location of
the hemorrhage and occurrence of severe neurologic compli-
cations [8,9,11,16,29,30]. Gupta et al. [25] showed that nor-
mal neurodevelopmental outcomes decreased in infants with
higher grades of both unilateral and bilateral IVH, particularly
in those with parenchymal involvement. Moreover, they
demonstrated a better postnatal prognosis than our results,
as their cases were evenly distributed across grades 1-4 in 37
liveborn infants [25]. Eldad et al. [31] revealed that groups
with parenchymal hemorrhages exhibited a significantly
higher incidence of severe neurological outcomes or neona-
tal death than those with non-parenchymal hemorrhages.
However, our study did not observe a significant difference,
owing to its small sample size.

Regarding the timing of diagnosis, the likelihood of requir-
ing a ventriculoperitoneal shunt increased after 32 weeks of
gestation, coinciding with the disappearance of the germinal
matrix, as post-hemorrhagic dilatation persisted even after
delivery [16]. Our study showed similar results: six of nine
patients (66.7%) who required a ventriculoperitoneal shunt
were diagnosed after 32 weeks of gestation. To improve our
ability to prenatally predict postnatal neurological outcomes,
we need to study various clinical prognostic factors and ul-
trasound findings and develop predictive markers.

Hemorrhagic lesions can undergo intrauterine progression
or regression. Ghi et al. [8] reported that 72% of grade 1
and 2 hemorrhages were neurologically normal, whereas
only 41% of grade 3 and 4 hemorrhages were considered
normal. They asserted that complete regression of grade 1
and 2 hemorrhages in fetuses is possible, citing two cases of
grade 2, where normal neonatal neurosonography was ob-
served in 11 liveborn infants [8]. Conversely, previous studies
have shown that intrauterine progression of hemorrhage
from a lower to a higher grade is associated with worse neu-
rodevelopmental outcomes [2,8,32]. Our findings revealed
that only one of the 16 infants showed normal development
(6.2%). Most liveborn infants exhibit high-grade IVH with
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intrauterine progression. We did not observe intrauterine
regression in high-grade ICH cases; however, it was more
common in low-grade ICH. Therefore, small transient hemor-
rhage cases in which regression might not be detected dur-
ing antenatal ultrasonography are difficult to identify in our
data.

Currently, in the context of low-grade fetal IVH, it has been
reported that Cesarean section does not improve prognosis,
and vaginal delivery does not worsen hemorrhage [6]. How-
ever, in high-grade cases, most pregnant women prefer Ce-
sarean delivery because of the fear of worsening fetal brain
damage during labor. Furthermore, in cases where delivery
is necessitated by findings, such as progressive ventriculo-
megaly, a Cesarean section can be safely performed with the
involvement of a pediatric neurosurgeon and neonatologist.

This study has several strengths. First, we compared pre-
natal and postnatal images and analyzed long-term follow-
up outcomes (an average of 40.1 months) at a large single
center in South Korea. Other studies reported an average in-
fant/child developmental assessment age of 11.6 months [8]
and 21.6 months [25]. Second, we used an extensive clini-
cal database of all patients, including detailed genetic and
hematological evaluations. Third, neurodevelopmental delay
was quantitatively assessed using the Bayley scale along with
clinical follow-ups at pediatric neurology and rehabilitation
clinics. However, this study had a few limitations that should
be considered. Low-grade cases have a low detection rate
on ultrasonography; therefore, recruiting more low-grade
samples is necessary. There may have been data collection
bias, as only high grades were included. As this was a single-
center study with a limited sample size of 27 participants, it
is necessary to conduct further investigations to determine
whether the results are significant after collecting data from
additional patient groups. Furthermore, among the live
births, preterm births accounted for more than half of the in-
fants (10 [62.5%]), and preterm birth itself was a confound-
ing factor for poor prognosis. However, most of the fetuses
were delivered at late preterm, and given that brain maturity
was almost complete at this time, the effect was considered
small. Additionally, the rate of induced abortions could not
be accurately estimated; therefore, the results may differ
from those of other countries. Therefore, multicenter studies
with larger sample sizes are warranted.

In conclusion, fetal ICH is a rare complication diagnosed
during pregnancy, with subsequent fetal neurological se-

www.ogscience.org

quelae or perinatal death. Fetal ICH is mainly diagnosed
based on the findings of progressive ventriculomegaly on
prenatal ultrasonography, and it tends to be identified as a
higher grade. In most fetal ICH cases, the underlying etiology
is unknown and the prognosis is usually poor, especially for
fetuses with higher grades. Our study showed that fetuses
diagnosed with prenatal ICH, especially those affected by
a higher grade, may be at an increased risk of long-term
neurodevelopmental sequelae. Comprehensive counseling
should be provided to parents with fetal ICH to ensure that
they receive appropriate antenatal counseling to make in-
formed decisions and optimal postnatal care.
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