CASE REPORT

J N S PEDIATRICS

Blunt prenatal trauma resulting in fetal epidural or
subdural hematoma: case report and systematic review of
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Jacob R. Joseph, MD, Brandon W. Smith, MD, and Hugh J. L. Garton, MD
Department of Neurosurgery, University of Michigan, Ann Arbor, Michigan

Blunt prenatal trauma is known to have consequences to the developing brain, and can result in subdural hematoma
(SDH) or epidural hematoma (EDH). The authors present a case of blunt prenatal trauma resulting in a fetal SDH,
intraparenchymal hematoma, and intraventricular hemorrhage, and perform a systematic review of the literature. This
systematic review was conducted according to the PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines. Relevant studies (up to April 2016) that reported on cases of fetal SDH or EDH after blunt
prenatal trauma were identified from the PubMed database. The primary outcome was fetal mortality, and the secondary
outcome was neurological outcome. Fourteen studies were included in the analysis, comprising a total of 14 patients in-
cluding the present case. The average gestational age at discovery of hemorrhage was 30.1 weeks. Nine mothers were
in a motor vehicle collision and 3 were assaulted; the mechanism of injury for 2 mothers was not defined. Twelve patients
had SDH, 1 had EDH, and 1 had conflicting reports. Three patients had intrauterine fetal demise, and 3 died in the neo-
natal period after birth. Three patients had persistent neurological deficit, and 5 were neurologically intact. Fetal SDH or
EDH after blunt trauma to the mother trauma is rare and is associated with mortality. However, a significant number of
patients can have good neurological outcomes.
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death among pregnant women, and complicates as

many as 1 in 12 pregnancies.'®* Damage to the de-
veloping brain is a known consequence of maternal trau-
ma, regardless of severity.® Most potential damage to the
brain is indirect, as a result of stroke, periventricular leu-
komalacia, or intraventricular hemorrhage (IVH).>'* How-
ever, the risk of direct damage resulting in skull fractures,
epidural hematoma (EDH), or subdural hematoma (SDH)
is also present. We present a case of trauma occurring in
a mother that resulted in fetal SDH, intraparenchymal he-
matoma, and IVH. We also perform a systematic review
to evaluate all reported patients who had blunt prenatal
trauma resulting in fetal EDH or SDH.

T RAUMA is the leading nonobstetric cause of maternal

Case Report

A 28-year-old pregnant woman in her 35th week of ges-
tation was involved in a motor vehicle collision (MVC)
during which the driver’s side was “T-boned” at approxi-

mately 45 miles per hour. She was immediately transported
to a trauma center where she was noted to have a “seat belt
sign,” with abdominal bruising noted along her abdomen.
She was also found to have several soft-tissue contusions
and nonoperative orthopedic injuries. She complained of
abdominal tenderness and contractions. Due to both ma-
ternal and fetal tachycardia, indicative of fetal distress, an
emergent cesarean section was performed. The patient’s
Apgar scores were 4,6, and 8 at 1,5, and 10 minutes of life,
respectively. At 12 hours of life, the infant was noted to
have several episodes of posturing, consisting of extension
and internal rotation of her arms and legs, with bradycar-
dia and oxygen desaturation. On Day 1 of life, she had a
10-minute seizure with eye deviation and clonic jerking of
bilateral lower extremities. The seizure was successfully
treated with lorazepam and phenobarbital.

A cranial ultrasound image showed a bithalamic echo-
genicity that was more prominent on the left side and mea-
sured 1.7 cm in greatest dimension (Fig. 1). Subsequent
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FIG. 1. Coronal cranial ultrasound showing bithalamic echogenicity con-
sistent with hemorrhage.

MRI demonstrated bilateral SDHs, subarachnoid and sub-
pial hemorrhages consistent with contusions in the bilater-
al temporal lobes and the left parietooccipital region, and
IVH. The previously seen bithalamic echogenicities were
also confirmed to be intraparenchymal hemorrhages (Fig.
2). Mild ventriculomegaly was also noted.
Electroencephalography was performed for 3 days fol-
lowing the initial event and did not reveal any further sei-
zure activity. Results of the physical examination were un-

FIG. 2. Axial T2-weighted MR image demonstrating bithalamic hemor-
rhage, bilateral SDH, and left parietooccipital subarachnoid/subpial
hemorrhage.
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remarkable, with full strength noted in all extremities and
a soft, sunken fontanelle. The patient was discharged to
home on Day 8 of life in stable condition. She was main-
tained on phenobarbital, with plans to be weaned off the
medication at 3—4 months. Repeat MRI performed at 2
weeks of age showed an interval decrease in the subdural,
intraparenchymal, and subpial hemorrhages (Fig. 3). At
last follow-up (3 months of age), the patient demonstrated
no known neurological deficits or developmental delay.

Methods

Literature Search and Inclusion Criteria

This systematic review was conducted according to
PRISMA (Preferred Reporting Items for Systematic Re-
views and Meta-Analyses) guidelines."”

We identified relevant articles published up to April
2016 through a search of the PubMed database. The ini-
tial search strategy for publications was performed using
the search terms fetal AND intracranial AND trauma.
Subsequently, several search strategies were performed to
identify any further relevant studies. These included feral
AND (subdural OR extradural OR epidural) AND he-
matoma (epidural OR subdural OR subarachnoid OR in-
traventricular OR intracranial) AND hemorrhage AND
(intrauterine OR fetus) AND trauma. In addition, manual
checks of the reference lists were performed. Only articles
written in the English language were included. After the
initial search, all titles and abstracts were reviewed. Final-
ly, each article that met criteria underwent full-text review.
Articles that did not have full text were excluded. Reports

FIG. 3. Axial T2-weighted MR image demonstrating interval decrease in
bithalamic hemorrhage and in size of SDH.
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Records identified through database
searching
{n=376)

Records screened
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Full-text articles assessed
for eligibility
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'
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from cited references
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-unavailable full-text

FIG. 4. Flow diagram showing selection of the studies for this systematic review of blunt prenatal trauma resulting in fetal SDH or

EDH.

that did not involve trauma or extraaxial hemorrhages
were excluded. Penetrating trauma was also excluded. De-
scriptions of combined extraaxial and intraparenchymal
hemorrhages were not excluded.

Data Extraction and Outcome Measures

We extracted the following data from each report:
first author name, last author name, date of publication,
gestational age at discovery of intracranial hemorrhage,
mechanism of trauma, seat belt use, air bag deployment,
other traumatic injuries to the fetus, traumatic injuries to
the mother, maternal surgery, method of birth, hemor-
rhage type, intervention for intracranial hemorrhage, and
outcome. Risk of bias was evaluated for each study at the
time of data extraction, and it was noted that there was
a risk for publication bias in the present study. Mortality
was the primary outcome of the study, and secondary out-
come was neurological disability. It was noted that follow-
up time was variable between studies, as were details in
reports of neurological outcome.

Results
Study Selection

A total of 376 studies were identified through database
searches and underwent review of titles and abstracts. An
additional 15 studies were found manually through review
of reference lists. Three hundred sixty studies were ex-
cluded after title and abstract review. Reasons for exclu-
sion included irrelevance to the present study. Thirty-one
studies were deemed to be eligible for full-text review.
After full-text review, 17 studies were excluded. Reasons
for exclusion included lack of EDH or SDH, nontraumatic
hemorrhage, and full-text availability. A total of 14 studies
were included in the final analysis.3#7-10:13.15-17.21.22.24.26 Of
note, 2 studies described the same case and were com-
bined for the purposes of this study.”?! The search flow
diagram is shown in Fig. 4.

Study Characteristics and Outcomes
A total of 14 patients were identified, including the
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present case. The data are summarized in Table 1. The
average gestational age at discovery of intracranial hemor-
rhage was 30.1 weeks (range 24-39 weeks). The mothers
of 9 patients had an MVC as the mechanism of trauma, 3
mothers had been assaulted, and 2 mothers did not have
a mechanism of trauma defined. Of the mothers involved
in an MVC, 6 were wearing seat belts and 1 was not; in-
formation for 2 mothers was not available. Three moth-
ers had air bags deploy and 1 did not; information for 5
mothers was not available. Five patients were delivered by
emergent cesarean section, 2 by elective cesarean section,
2 by spontaneous vaginal delivery, 1 by induced vaginal
delivery, and 1 birth was not specified. One patient was
delivered using outlet forceps.

There were 12 patients with SDH, 1 with EDH, and 1
with conflicting reports on location of hemorrhage (epi-
dural or subdural). Two patients had predominantly pos-
terior fossa SDH. One patient had an unusual supratento-
rial interhemispheric EDH. Three patients had associated
skull fractures. Two patients had to undergo intervention
for the intracranial hematoma.

In terms of the primary outcome of mortality, 3 pa-
tients had intrauterine fetal demise, and 3 died postpar-
tum. The secondary outcome or neurological outcome
showed that 3 patients had persistent neurological deficits
(2 with hemiparesis and 1 with quadriparesis and corti-
cal blindness), while 5 patients had no known neurological
deficit at last follow-up.

Discussion

Blunt prenatal trauma resulting in fetal EDH or SDH
is rarely reported in the literature. Ghi et al. previously
investigated 109 cases of antenatally diagnosed intra-
cranial hemorrhage, including 16 of their own cases.” Of
these cases, 89 were subependymal or intraventricular
hemorrhages, while only 20 involved the subdural space.
Antecedent maternal trauma was noted in 10 of the 109
cases (including 2 with SDH). A mortality rate of 40%
was noted, including elective termination of pregnancy,
intrauterine fetal demise, and death in the neonatal period.
Of 48 patients with follow-up data, 52% were noted to be
neurologically intact. Akman and Cracco investigated 32
reported cases of intrauterine SDH.! They did not report
any cases with clear antecedent trauma, although they did
make note of 18 cases in which abdominal massage was
performed prior to discovery of SDH.!" Sherer et al. eval-
uated predisposing risk factors for antepartum fetal intra-
cranial hemorrhage.® They noted that severe maternal ab-
dominal trauma, in addition to coagulopathies, seizures,
cocaine abuse, amniocentesis, cholestasis of pregnancy,
and febrile disease, accounted for known risk factors. The
prognosis based on available literature for antenatally di-
agnosed intracranial hemorrhage has been poor.?

This systematic review of the literature revealed 13
previously published cases of fetal EDH or SDH that had
clear antecedent maternal trauma. Interestingly, as was the
case in our patient, most of the trauma described was mild.
Most maternal injuries consisted of orthopedic fractures
or soft-tissue bruising, and only 3 mothers (21%) required
operative intervention for trauma. It should be noted that

Blunt prenatal trauma

there may be an inherent publication bias suggesting that
fetal demise as a result of severe trauma is expected, and
thus investigation into the incidence of intracranial hem-
orrhage in this population is not performed. The majority
of patients in the present study had MVC as the method
of trauma, but assault is a significant factor related to fetal
EDH or SDH. The impact of seat belt use and air bag de-
ployment on fetal health is poorly understood.'®

As suggested by earlier reports, there was an overall
poor prognosis with fetal EDH or SDH. There was a to-
tal mortality rate of 43%, including intrauterine fetal de-
mise and death in the neonatal period. It should be noted,
however, that 7 children (50%) had good neurological out-
comes, with only 1 child noted to have a neurologically
devastated outcome. This would suggest that discovery of
fetal SDH or EDH may not lead to poor outcome by de-
fault. Green-Thompson and Moodley presented an inter-
esting case in which literature review at that time caused
the authors to offer a termination of pregnancy to a patient
with fetal SDH due to poor prognosis.'® However, the pa-
tient went into spontaneous labor, and the infant had no
neurological deficits noted at last follow-up.

Management of fetal SDH or EDH is varied among the
cases presented here. Five mothers underwent emergent
cesarean section, and 4 mothers had elective or planned
deliveries. Of the elective deliveries, 2 were vaginal and 2
were via cesarean section. Currently, there is insufficient
evidence to suggest the appropriate method of delivery.
In the case of abnormal cardiotocography results, likely
indicative of fetal distress after trauma, an urgent cesar-
ean section is likely the best option. Maternal tachycar-
dia and abnormal fetal heart rates are known risk factors
for fetal demise after trauma.’ However, in the absence of
these signs, a multidisciplinary approach with input from
the mother to decide on timing and method of delivery is
ideal. Only 2 patients had operative intervention for the in-
tracranial hemorrhage. We suggest that these hemorrhages
be managed by routine standard of care for other postnatal
or neonatal SDH. In our presented case, we are electing to
carefully monitor the patient with serial imaging, as the
child has no known neurological deficits and does not have
evidence of intracranial hypertension.

There are several limitations to this study. As men-
tioned previously, there is an inherent publication bias in
the available literature. In addition, all of the included re-
ports were retrospective case reports or small case series,
with no higher level data available. Finally, there was in-
consistent follow-up, potentially limiting the value of neu-
rological outcome data. In the case presented here, the last
follow-up was only at 3 months of age.

Conclusions

Fetal EDH or SDH is a rare outcome of maternal trau-
ma with high mortality. However, good neurological out-
comes are possible after the neonatal period.
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