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BACKGROUND AND PURPOSE: The evaluation and characterization of germinal matrix hemorrhages have been predominantly
described on postnatal head sonography in premature neonates. However, germinal matrix hemorrhages that are seen in premature
neonates can be also seen in fetuses of the same postconceptual age and are now more frequently encountered in the era of fetal
MR imaging. Our aim was to examine and describe the MR imaging findings of fetuses with intracranial hemorrhage.

MATERIALS AND METHODS: A retrospective review of diagnostic-quality fetal MRIs showing intracranial hemorrhage from January
2004 to May 2020 was performed. Images were reviewed by 2 radiologists, and imaging characteristics of fetal intracranial hemor-
rhages were documented. Corresponding postnatal imaging and clinical parameters were reviewed.

RESULTS: One hundred seventy-seven fetuses with a mean gestational age of 25.73 (SD, 5.01) weeks were included. Germinal matrix hem-
orrhage was identified in 60.5% (107/177) and nongerminal matrix hemorrhage in 39.5% (70/177) of patients. Significantly increased ventricu-
lar size correlated with higher germinal matrix hemorrhage grade (P <<.001). Fetal growth restriction was present in 21.3% (20/94) of our
population, and there was no significant correlation with germinal matrix grade or type of intracranial hemorrhage. An increased incidence
of neonatal death with grade Ill germinal matrix hemorrhages (P =.069) compared with other grades was identified; 23.2% (16/69) of the
neonates required ventriculoperitoneal shunts, with an increased incidence in the nongerminal matrix hemorrhage group (P=.026).

CONCLUSIONS: MR imaging has become a key tool in the diagnosis and characterization of intracranial hemorrhage in the fetus.
Appropriate characterization is important for optimizing work-up, therapeutic approach, and prenatal counseling.

ABBREVIATIONS: GA = gestational age; GMH = germinal matrix hemorrhage; ICH = intracranial hemorrhage; SSFSE = single-shot fast spin-echo; US =

sonography

Fetal MR imaging has become a valuable tool in the prenatal
evaluation of the brain and has an important role in prenatal
diagnosis and guiding prenatal/perinatal management and coun-
seling.'” MR imaging of the fetus has enabled the evaluation of
parenchymal abnormalities that are not identified on sonography
(US) and also confirms and elucidates the presence of intracranial
hemorrhage (ICH).
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Fetal ICH is rare, with an estimated incidence of 0.6-1/1000
cases.*® The most common type of ICH in the fetus involves the
germinal matrix, accounting for approximately two-thirds of cases,
with the remainder involving non-germinal matrix hemorrhage
locations.” Although the commonly used Burstein and Papile grad-
ing system was initially described on CT, the evaluation and char-
acterization of germinal matrix hemorrhages (GMHs) have been
predominantly described and classified on postnatal head US in
premature neonates.>” There is a 25%-40% reported incidence of
GMH in premature neonates younger than 32 weeks™ gestational
age (GA) and those with a birth weight of <1500 grams.'’
However, GMHs that are seen in premature neonates can be also
seen in fetuses of the same postconceptual age and are now more
frequently encountered in the era of fetal MR imaging. GMH may
result in considerable fetal and neonatal mortality and long-term
neurologic morbidity in those neonates that survive, especially in
the setting of grade I1T and IV GMHs."'

Our aim was to examine the MR imaging findings of fetuses
with intracranial hemorrhage.
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FIG1. A, Grade | GMH in a 24 -weeks’ GA fetus. Coronal T2 SSFSE of the brain demonstrates T2 hypointensity at the right caudothalamic groove
(white arrow). B, Grade Il GMH in a 24 weeks' GA fetus. Axial T2 SSFSE of the brain shows T2 hypointensity at the left caudothalamic groove
(white arrow) extending posteriorly along the margin of the lateral ventricle (black arrow). C, Grade Ill GMH in a 20 weeks' GA fetus. Axial T2
SSFSE of the brain demonstrates globular T2 hypointensity near the right caudothalamic groove (white arrow) with layering T2 hypointensity/
hemorrhage in the right greater than left posterior horns of the ventricles (black arrows). There is dilation of the bilateral ventricles, right greater
than left, measuring up to 16 mm on the right. D, Grade IV GMH in a 26 weeks’ GA fetus. Coronal T2 SSFSE of the brain shows T2 hypointensity
at the right caudothalamic groove (white arrow), with T2 signal/hemorrhage extending into the periventricular white matter (black arrow).

Grade Il GMH is partially visualized on the left.

MATERIALS AND METHODS

Study Design

This study is a single-center retrospective chart review. The case
list was compiled using Illuminate InSight software (Softek
MMuminate) from January 2004 through May 2020 (n =219/6179).
Inclusion criteria were fetuses with diagnostic-quality fetal MR
images demonstrating intracranial hemorrhage (n =177), with 42
fetuses excluded. All studies were reviewed by a pediatric radiology
fellow and pediatric neuroradiologist to confirm the imaging find-
ings in the radiology report. Determination of diagnostic-quality
imaging was made at the discretion of the neuroradiologist and fel-
low radiologist. All images were viewed in the PACS workstation.
A chart review was performed to obtain relevant clinical data. This
study was compliant with the Health Insurance Portability and
Accountability Act and was approved by the institutional review
board. The requirement for informed consent was waived.

Scanning Parameters

All fetuses included in our study were scanned prenatally on a 1.5T
magnet at Cincinnati Children’s Hospital Medical Center using an
Ingenia 1.5T scanner (Philips Healthcare) or a 1.5T Signa HDxt
(GE Healthcare) system. The routinely implemented fetal brain
protocol included axial, sagittal, and coronal T2-single-shot fast
spin-echo (SSFSE) and balanced fast-field echo/FIESTA images. A
section thickness of 3-mm, no-gap, interleaved images at =24
weeks’ GA, and 4-mm, no-gap, interleaved images at >24 weeks’
GA were used. Axial T1, DWI, and EPI blood sequences of the fe-
tal brain were also variably obtained, routinely implemented in
July 2016. The TR and TE varied on each scanner and were
changed at times of scanner upgrades to optimize image quality.
At least 2 stacks of images in each plane were obtained to the radi-
ologists’ satisfaction. The smallest FOV possible was used.

Image Interpretation

Fetal brain MR images and postnatal neuroimaging were reviewed
by a board-eligible pediatric radiology fellow (K.N.E.) and a board-
certified radiologist (U.D.N.) with added qualifications in pediatric

radiology and neuroradiology and >5years of postfellowship
attending experience in a large academic center.

Fetuses that were determined to have ICH on diagnostic-qual-
ity fetal MR imaging were recorded. Fetal ICH imaging character-
istics that were documented included presence vs absence of
associated T2-SSFSE, T1, DWI, and EPI signal. Hemorrhages
were classified as GMH versus non-GMH, depending on loca-
tion. The non-GMH group included fetuses with a layering intra-
ventricular blood product with a normal appearance of the fetal
germinal matrix (ie, in setting of Chiari IT malformation), paren-
chymal hemorrhages in the cerebellum or cerebrum without clear
intraventricular extension, and extra-axial hemorrhages. GMHs
were subsequently graded by the Burstein and Papile Modified
Grading System as follows: grade I, subependymal hemorrhage;
grade I, intraventricular hemorrhage filling <50% of the ventri-
cle a with ventricular size of =15mm,; grade III, intraventricular
hemorrhage filling >50% of the ventricle with a ventricular
size of =15 mm; and grade IV, intraparenchymal periventricular
hemorrhage in the setting of grades I-IIl GMH (Fig 1).* The
location of the hemorrhage was documented. Fetuses with sub-
ependymal cysts, believed to be the result of prior GMH, were
also documented as grade zero (Fig 2). Cerebellar hemorrhages
were reported separate from the GMH classification if there was
not additional hemorrhage localized to the caudothalamic groove
(Fig 3). Additional imaging parameter that was recorded included
lateral ventricular size, by measuring the transverse atrial diame-
ter on an axial or coronal image.'> The presence or absence of a
2-versus-3 vessel umbilical cord, placental abnormality, and other
fetal structural abnormalities was recorded.

The reports of fetal sonographic studies performed at Cincinnati
Children’s Hospital Medical Center or outside institutions were
reviewed when available. The presence or absence of fetal growth
restriction (estimated fetal weight less than the 10th percentile), large
for gestational age (estimated fetal weight greater than the 90th per-
centile for GA), abnormal findings on fetal Doppler, and twin-twin
transfusion syndrome was recorded.">'* For the purposes of this
study, abnormal findings on fetal Doppler included the following:
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FIG 2. Grade 0 GMH in a 29 weeks’ GA fetus. Coronal T2 SSFSE of
the brain shows T2-hyperintense cystic lesions at the bilateral caudo-
thalamic grooves (white arrows) and abnormal T2 hyperintense signal
in the bilateral basal ganglia.

FIG 3. Coronal T2 SSFSE (A) and axial EPI (B) of the brain in a 31 weeks’
GA fetus. Note T2 hypointensity at the margin of the inferior aspect
of the deficient right cerebellar hemisphere (arrow, A) and an associ-
ated magnetic susceptibility signal at the right cerebellar hemisphere
(dashed arrow, B) and vermis.

absent or reversal of diastolic flow in the umbilical artery; pulsatile
umbilical vein; decreased, absent, or reversal of the a-wave in the
ductus venosus; and/or elevated peak systolic velocity in the middle
cerebral artery of >1.5 multiple of the mean.'*'> Available postnatal
neuroimaging was reviewed, including neonatal head US, brain MR
imaging, and head CT. Imaging findings of ICH, neonatal brain pa-
renchyma, and ventricular size were compared with the fetal MR
imaging to assess whether there was interval worsening, stability, or
improvement. Clinical parameters included the following: age of the
mother, GA of the fetus at fetal MR imaging, sex of the fetus, single-
ton-versus-twin pregnancy, delivery outcome (death versus live
birth), neonatal outcome (died versus alive after a live birth in the
neonatal period), age at postnatal imaging, and the need for CSF
diversion (shunting).

Statistical Analysis
Descriptive analyses were performed to demonstrate the distribu-
tion of the imaging findings. Continuous variables were presented
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Table 1: Summary of cohort

Characteristics

Data (n = 177)

Sex

Male

Female

Unknown
Singleton
Multiple gestation
Average GA at fetal MR imaging (wk)
GMH

Grade 0

Grade |

Grade Il

Grade Il

Grade IV
Non-GMH
Cerebellar hemorrhages
Fetal growth restriction
Other imaging abnormalities
Postnatal imaging

48.0% (85/177)
401% (71/177)
1.9% (21/177)
70.1% (124/177)
29.9% (53/177)
25.73 (SD, 5.01)
60.5% (107/177)
121% (13/107)
28.9% (31/107)
28.0% (30/107)
6.5% (7/107)
24.3% (26/107)
39.5% (70/177)
9% (16/177)
213% (20/94)
79.1% (140/177)
22.6% (40/177)

Head US (No.)
MR imaging (No.)
CT (No)
Average maternal age at fetal MR imaging (yr)

72.5% (29/40)
87.% (35/40)

52.5% (21/40)
28.02 (SD, 6.02)

as means (SDs), and categoric variables were presented as number
(percentage). A 2-sample ¢ test or 1-way ANOVA was used to
detect the differences in continuous variables among different
groups. The correlation among categoric variables was assessed by
the x? or Fisher exact test when appropriate. All analyses were per-
formed using SAS, Version 9.4 (SAS Institute). A P value < .05
was considered statistically significant.

RESULTS

Description of Cohort

A total of 177 fetuses (85 males, 71 females, 21 unknown) met the
criteria and were included in the analysis, with an incidence of
2.9% (177/6179) in our patient population. The average gesta-
tional age of 25.73 weeks (range, 16.57-37 weeks) at fetal MR
imaging was characteristic of the cohort as a whole. Seventy-one
percent (124/177) were singleton pregnancies, and 29.9% (53/
177) were multiple gestation (50 twins and 3 triplets). The aver-
age maternal age at the time of fetal MR imaging was 28.02 (SD,
6.02) years. The most common clinical indications for fetal MR
imaging included suspected brain anomaly (23.7%, 42/177),
twin-twin transfusion syndrome (22.6%, 40/177), and ventriculo-
megaly (15.3%, 27/177). These and other descriptors of the
cohort are summarized in Table 1.

Fetal MR Imaging Findings

The fetuses with ICH were broadly categorized into 2 groups:
associated with the GMH and unassociated with the GMH (non-
GMH). GMH was identified in 60.5% (107/177) of patients. The
107 GMHs were graded into 5 categories: grade 0 =13, grade
I =31, grade II = 30, grade III =7, grade IV = 26. Sixty-four per-
cent (69/107) of GMHs were unilateral (35 right and 34 left), and
35.5% (38/107) were bilateral. However, 39.5% (70/177) of
patients had non-GMH, and of those, 15.7% (11/70) had cerebel-
lar hemorrhages. Isolated cerebellar hemorrhages were seen in



54.5% (6/11) of fetuses; the other 5 patients had additional hem-
orrhagic insults in the supratentorial brain. Other imaging abnor-
malities were seen in 79.1% (140/177) of fetuses: aqueductal
stenosis (n=7), Chiari II malformation (n=14), twin-twin
transfusion (n=34), and extracranial congenital anomalies. T2
and EPI were positive for hemorrhage in 84.7% and 96.3% of all
cases with positive findings, respectively (Table 2). However, T1
and DWI demonstrated 46% and 57.8% positivity, respectively.
The mean ventricular size was 12.76 (SD, 7.54) mm, with 59.3%
(105/177) of fetuses with ventriculomegaly (>10 mm). The mean
ventricular size significantly correlated with GMH grade (P =
.001) (Fig 4). There was no significant difference in mean ventri-
cle size between GMH-versus-non-GMH groups (11.9 [SD, 6.4]
mm versus 14.1 [SD, 8.8] mm, P=.085).

Prenatal Clinical Findings

There was no significant difference in fetal sex or maternal age
between the GMH-versus-non-GMH groups (P=.116 and
P=.068, respectively). The presence of fetal growth restriction
and fetal Doppler abnormalities was reviewed for those fetuses
that had undergone sonography at our institution or had avail-
able outside examinations for review. Fetal growth restriction was
identified in 21.3% (20/94) of cases. There was no significant

Table 2: Fetal MR imaging findings

ICH Imaging Characteristics Data (n = 177)

T2 (+),n=177 84.7% (150/177)
1 (+), n =150 46% (69/150)
DWI (+), n =135 57.8% (78/135)
EPI (+), n =81 96.3% (78/81)

Ventriculomegaly (=10 mm) 59.3% (105/177)

Ventricular size (mm) 12.76 (SD, 7.54)

Note:— + indicates positive imaging finding on fetal MR in those fetuses with ICH.

Distribution of ventricular size
40

30

Ventricle size (mm)

10 o3 o
s e i
1 2 3

GMH grade

FIG 4. Linear regression model shows the ventricle size increased by 2.4 mm when the GMH

grade increased by 1(P <.001).

difference in the rate of fetal growth restriction between the
GMH-versus-non-GMH groups or among the GMH grades.
Fetal Doppler abnormalities were present in 43% (40/93) of
fetuses with ICH, and 35% (14/40) of those were seen in the set-
ting of twin-twin transfusion.

Postnatal Imaging Findings

A total of 40 neonates, 65% with GMH (26/40) and 35% with
non-GMH (14/40), had postnatal imaging, including neonatal
head US, brain MR imaging, and/or head CT examinations. Most
neonates underwent >1 different imaging modality in the post-
natal period. The postnatal imaging examinations overall demon-
strated improvement of the prenatal ICH in most neonates, with
overall decreased volume of hemorrhage (Fig 5 and Table 3).
However, 3.4% (1/29) of head US, 11.4% (4/35) of brain MR
imaging, and 4.8% (1/21) of head CT of neonates showed wors-
ened findings of ICH. Postnatal head US and MR imaging
showed a significant difference in brain parenchyma as correlated
with GMH grade. Brain parenchymal findings were stable on
head US and MR imaging, with a less severe GMH (grades 0-1II)
versus more severe GMH (grade III-IV); the latter demonstrated
significant worsening of brain parenchymal findings, including
cerebral or cerebellar white matter volume loss and/or injury
Data).
However, the GMH grade did not significantly correlate with

and/or porencephalic cysts (Online Supplemental
postnatal brain parenchymal findings on head CT. Evaluation of
the brain parenchyma postnatally also showed no significant cor-

relation between GMH-versus-non-GMH groups.

Postnatal Clinical Findings

There was a significant difference in neonatal outcome between
GMH versus non-GMH (P =.022) when comparing those neo-
nates who died within the first year of life with those who survived
beyond the neonatal period after a live
birth in the 48 fetuses who had avail-
able postnatal clinical data. Neonatal
death occurred in 23% (9/40) of
patients with GMH versus 50% (14/28)
of those with non-GMH. However,
there was not a significant difference in
the delivery outcome (P =.947). There
was also not a significant difference in
the delivery or neonatal outcome
GMH grades (P=.069,
P = 253). However, there was a higher

among

incidence of death at delivery in those
fetuses with grade III GMH at 57% (4/
7) (grade 0= 8%, grade I =13%, grade
II=17%, and grade IV =15%); 23.2%
(16/69) of the neonates with available
clinical data required a ventriculoperi-

= toneal shunt. The y” test revealed a

4 statistically significant increased risk of
shunt requirement in the non-GMH
group compared with the GMH group
(P=.026). Chiari II malformation was
present in 40% (4/10) of the neonates
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FIG 5. Left, grade IV GMH in a 35 weeks’ GA fetus. Axial TI(A), DWI (B), and T2 SSFSE (C) images of the brain demonstrate blood products cen-
tered in the left caudothalamic groove, extending posteriorly along the left lateral ventricle with associated T1 hyperintensity, restricted diffu-
sion, and T2 hypointensity (arrows). D, Postnatal axial T2 of the brain at day 6 of life shows decreased T2 hypointensity centered at the left
caudothalamic groove (dashed arrow, D) compared with prenatal image (C), consistent with decreased volume of hemorrhage.

Table 3: Postnatal intracranial hemorrhage findings

Imaging Modality Findings Data

us Same 27.6% (8/29)
Better 69.0% (20/29)
Worse 3.4% (1/29)

MR Same 14.3% (5/35)
Better 74.3% (26/35)
Worse 1.4% (4/35)

cT Same 0% (0/21)
Better 95.2% (20/21)
Worse 4.8% (1/21)

in the non-GMH group that required a ventriculoperitoneal shunt.
In the GMH group, there was a significant correlation between the
GMH grades and the need for shunt placement (P=.029). Of
those neonates that required a shunt, the mean ventricle size was
significantly larger than in those who did not need shunt place-
ment (35.5 [SD, 17.2] mm versus 17.8 [SD, 15.8] mm, P=.013).

DISCUSSION

We examined and described imaging findings of ICH on fetal
MR imaging and studied the pre- and postnatal clinical data
and postnatal imaging findings in relation to the prenatal MR
imaging. We made several observations: 60.5% (107/177) of fe-
tal ICHs involved the germinal matrix and were presumed to be
germinal matrix in origin. MRI sequences that were important
in the identification of hemorrhage on prenatal imaging
included T2 and EPI blood sequences because they were posi-
tive for hemorrhage in 84.7% (150/177) and 96.3% (78/81) of
cases, respectively. There was a significant increase in the mean
ventricular size as the GMH grade increased (P = .001). The
neonates that had postnatal MR imaging demonstrated
improved findings of ICH (74.3%, 26/35), though 51.4% (18/35)
showed worsened brain parenchymal changes. Neonatal death
was significantly increased in fetuses in the non-GMH com-
pared with the GMH group (P=.022). However, within the
GMH group, an increased incidence of neonatal death was seen
in the grade III GMHs compared with the others (P =.069),
though there was not a significant difference among the remain-
ing grades.
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Fetal ICH has been predominantly described and classified on
US in the literature, with intraventricular hemorrhage the most
common subtype of fetal ICH.>>'®!” There are limited data of
non-GMH forms of fetal ICH, including intraparenchymal hem-
orrhages in the cerebrum or cerebellum and subdural and subar-
achnoid hemorrhages. These data are further complicated by
inconsistent descriptions in the literature because the true nature
of parenchymal hemorrhages in the fetus and neonate is not
always clear. Some report that the terms “periventricular hemor-
rhagic infarction” or “venous infarction” are preferred over grade
IV intraventricular hemorrhage.'® Previous studies of fetal ICH
detected on US report an incidence of 0.5-0.9 of 1000 cases.>* In
a more recent study of fetal ICH detected on MR imaging, the
incidence was higher and occurred in 1% of cases, a finding more
comparable with those in our study in which fetal ICH occurred
in 2.9% of our referral population.'® The increased incidence may
be the result of the increased sensitivity of MR imaging in the
evaluation of ICH and/or the population of patients referred to
our center.

Our results are similar to those in the study performed by
Sanapo et al,'” in which they discovered that ICH was confined to
the GMH in 67% of fetuses versus a non-GMH location in the re-
mainder (33%). Those hemorrhages that occurred in the cerebel-
lum were classified in the non-GMH group in both studies. It is
believed by some authors that cerebellar hemorrhages occur within
the germinal matrix located in the subependymal layer of the roof
of the fourth ventricle and in the subpial external granule cell
layer.”*' Previously, most cerebellar hemorrhages were thought to
be the result of significant birth-related trauma or associated with
extensive supratentorial hemorrhage.”>** Given the uncertain clas-
sification of prenatal/neonatal cerebellar hemorrhages, we decided
to classify those hemorrhages as non-GMH for this study.

The study of Sanapo et al'® described ventriculomegaly in
most of their cases (80%), compared with 59.3% in our study.
The frequency of intrauterine fetal death was higher in the non-
GMH-versus-GMH groups (58% versus 4%) in their study, and
we, too, found a significant increase in neonatal death in the non-
GMH group (50% versus 23%). The incidence of death in the
GMH group was higher in our study, which is more comparable
with the results of another study by Ghi et al,'” in which the



authors observed a 16% incidence in death in fetuses with in-
traventricular hemorrhage. The etiology of the higher inci-
dence of intrauterine fetal and neonatal death in the GMH
group is unclear. However, the incidence in our study may be
overestimated because a relatively large proportion of fetuses
with less severe GMH (grades 0, I, and II) were lost to follow-
up; therefore, the true incidence is likely much lower. Prior
studies have demonstrated worse neurologic outcomes in the
setting of grade IIT and IV GMHs.>'”"® Although we did not
assess the long-term neurodevelopmental status of our
patients, we found that more severe GMHs (grade III-IV)
demonstrated worsened parenchymal findings in the postnatal
setting, including cerebral or cerebellar white matter volume
loss or porencephalic cysts, likely contributing to poorer neu-
rologic outcomes.

Our study has several limitations, including the retrospec-
tive design of the study limiting its internal validity. Even
though our fetal study population was relatively large, the
postnatal follow-up imaging and clinical data were a much
smaller sample size. Another limitation of our study was that
the neurosonographic findings were not evaluated in detail.
The study was also subject to some degree of selection bias
because the imaging data were collected from a large tertiary
care pediatric hospital, limiting the external validity of our
findings. Also, the EPI blood sequence was not performed in
all fetal MR imaging examinations in our study because it only
became part of our routine protocol in 2016; therefore, some
grade I GMHs and subtle non-GMHs could have been missed.
The authors also acknowledge that the modified Burstein and
Papile grading system used to classify GMHs in the fetus has
its limitations because parenchymal hemorrhages and cerebel-
lar hemorrhages may be of germinal matrix origin. However,
in the absence of another widely published grading system in
the fetus, we chose to use this classification system for this
study. Finally, all of our examinations were performed on a
1.5T magnet, and it is plausible that use of a 3T magnet would
have increased the sensitivity of the detection of ICH from
increased signal-to-noise.**

CONCLUSIONS

Given that this is the largest single-center cohort of fetal ICH
examined on MR imaging, we add several important findings to
the existing literature. First, the EPI blood sequence is the most
sensitive in the identification of fetal ICH, which, in conjunction
with T2-SSFSE images, can allow optimizing classification and
subsequent grading of GMHs in the fetus. Second, we reported a
significant increase in neonatal death in the non-GMH-versus-
GMH group and worsened brain parenchymal findings in more
severe GMH grades (III-IV) on postnatal MR imaging. Last, we
discovered a significant increased risk of shunt requirement in
the non-GMH-versus-GMH group; and in those neonates that
required a shunt, the mean ventricle size was significantly larger.
All our findings demonstrate the importance of accurate classifi-
cation of fetal ICH because it may have an impact on the thera-
peutic approach, prenatal/perinatal counseling, and neurologic
outcomes.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.
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