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Abstract: Background: Intracranial hemorrhage (ICH) in pregnancy, estimated at 1 in 10,000 cases, presents
significant diagnostic challenges prenatally despite advanced imaging techniques such as ultrasound (US) and
MRI. Detecting ICH is crucial for pregnancy management and future treatment decisions aimed at improving
fetal survival and reducing brain damage. This report presents the diagnosis and outcomes of two cases of
prenatal ICH. Cases presentation: The first case involves a 30-year-old pregnant woman with irregular
prenatal care diagnosed with ICH at 32 weeks of gestation via US and MRI. She chose to continue the
pregnancy, delivering a 3160g male infant at 36 weeks via cesarean section. Following NICU care including
resuscitation and ventriculoperitoneal shunt placement, the infant was discharged. Subsequent examinations
showed a reduction in ventricle size. In the second case, a 27-year-old woman taking acenocoumarol for a
mechanical heart valve developed fetal subdural hemorrhage detected by US and MRI. She opted to terminate
the pregnancy, resulting in a stillborn male infant weighing 1530g. Conclusion: Fetal ICH presents with
varying severity and prognostic implications, diagnosed and graded using US. Fetal cranial MRI may help
clarify the etiology. Management remains controversial, with termination of pregnancy potentially warranted
in severe cases due to poor prognosis. Further research is needed to refine management and improve outcomes
in fetal ICH.
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1. Introduction

Intracranial hemorrhage (ICH) involves bleeding within different areas of the brain, including
the ventricles, parenchyma, or surrounding meningeal spaces and can occur before birth [1].
Although estimates indicate that ICH affects 1 in 10,000 pregnancies, the precise prevalence remains
uncertain [2]. Despite advancements in prenatal imaging techniques like ultrasound (US) and
magnetic resonance imaging (MRI) that assist in detecting ICH, challenges persist in accurately
diagnosing this condition prenatally. Fetal ICH is often unexpectedly identified during later stages
of pregnancy through US scans conducted following a routine second-trimester examination [3].

The primary risk factors associated with fetal ICH include maternal trauma and the use of
anticoagulant medications. Additional risk factors encompass fetal coagulation disorders,
thrombocytopenia, severe fetal hypoxia, and fetal infections [4]. However, in many instances, the
specific cause of fetal ICH remains unidentified. Identifying fetal ICH during pregnancy is essential
as it influences pregnancy management, informs decisions for future pregnancies, and predicts the
likelihood of recurrence [5]. These factors collectively contribute to optimizing treatment strategies,
improving fetal survival, and reducing brain damage. This report presents two cases of prenatal
diagnosis of fetal ICH and their postnatal outcomes.

2. Cases Presentation

2.1. Case 1

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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A 30-year-old pregnant woman (gravida 2, para 1) was referred for a detailed examination
following an abnormal routine fetal ultrasonography. She had no significant medical history, surgical
interventions, medication use, or reported trauma. Prenatal care was irregular with infrequent check-
ups. However, she did report one prior uncomplicated vaginal delivery two years ago with no
documented fetal abnormalities.

Transabdominal US at 32 weeks gestation revealed concerning features suggestive of ICH with
ventricular dilatation. Findings included bilateral ventriculomegaly with dilation of both frontal and
occipital horns, irregular ventricular walls, and multiple hyperechoic regions with indistinct margins
within the ventricular lumens. Additionally, the choroid plexus exhibited a roughened appearance
(Figures 1 and 2). To confirm the diagnosis, an MRI was performed confirming ICH with bilateral
ventricular enlargement (Figure 3).

D2 2.77 em
D1/2 48.70 %
Avg(D1,2) 2.06 cm
Avg(All) 2.06 cm

Figure 1. Cross-sectional view on US demonstrating enlarged occipital and frontal ventricular
horns.

Figure 2. A. Cross-sectional views on US illustrating non-dilated third ventricle (big arrow) and fourth

ventricle (small arrow) (A) and Doppler US showed normal middle cerebral artery perfusion with
PSV=42.72 cm/s (B).
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Figure 3. MRI shows hemorrhage area (circled areas) with high signal on TIWI (A), low signal on
T2WI (B).

A comprehensive workup for potential underlying causes was conducted, including evaluation
for infectious diseases (using the TORCH panel), platelet count, coagulation abnormalities
(prothrombin time and partial thromboplastin time), fibrinolysis (plasminogen levels), platelet
function (von Willebrand factor, factor V Leiden, protein S, protein C), and antiplatelet antibodies.
All tests returned within normal ranges. After discussions with specialists in neonatology and
pediatric neurology regarding potential neurological consequences, the patient and her family
decided to proceed with the pregnancy. Follow-up US showed no progression of ventricle dilation.

At 36 weeks of gestation, the patient underwent an elective cesarean section due to signs of fetal
distress, resulting in the delivery of a male infant weighing 3160 grams. The newborn had low Apgar
scores of 1, 5, and 7 at 1, 5, and 10 minutes, respectively, prompting immediate intubation and
positive-pressure ventilation, followed by transfer to the neonatal intensive care unit (NICU). Three
days after birth, the infant underwent successful placement of a ventriculoperitoneal shunt (VPS) and
showed subsequent clinical improvement. Extubation was conducted five days later, and the infant
was discharged home after three weeks. The follow-up examination at three months postnatally by
US showed a reduction in ventricle diameter. However, ongoing assessments revealed clinical signs
of epilepsy and hemiparesis. The infant is currently receiving regular outpatient monitoring and care
from pediatric specialists..

2.2. Case 2

A 27-year-old woman (gravida 1, para 0) with a history of mitral valve stenosis requiring
mechanical valve replacement 10 years ago attended our clinic for a routine follow-up at 20 weeks of
pregnancy. In the first trimester, she received subcutaneous low-molecular-weight heparin as
anticoagulation due to the contraindication of warfarin during pregnancy. By the 12th week, she
transitioned back to acenocoumarol aiming for a target Prothrombin Time by International
Normalized Ratio (INR) of 2.3-3.0.

Transabdominal US identified a significant hyperechoic area adjacent to the brain parenchyma,
exerting pressure towards the center and raising suspicion of subdural hemorrhage (Figures 4 and
5). To confirm the diagnosis, MRI was indicated and validated the initial concern by revealing both
subdural hemorrhage and blood clots within the brain's ventricles (Figure 6).
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Figure 4. Longitudinal view on US of fetal head shows hyperechoic area surrounding brain above
tentorium with compressed brain parenchyma (white arrows).

[Mid Cereb A)
PSV 20.83 cm/s
PGmax 0.17 mmMg

Figure 5. Cross-sectional view on US show compression the brain with normal cerebellum and
posterior fossa (A) with mild decrease in middle cerebral artery perfusion with PSV=20.83 cm/s on
Doppler US (B).

Figure 6. Subdural hemorrhage exhibiting slight hyperintensity on TIWI (A) and heterogeneous
signal on T2WI (B). Intraventricular blood clot presenting as low-signal intensity on T2WI (white

arrow).

The maternal TORCH panel test showed negative results, and the patient reported no history of
injury during pregnancy. At the time of diagnosis, the INR was 2.7. Following consultations with
neonatology and pediatric neurology specialists regarding potential neurological complications, the
patient opted to terminate the pregnancy. Labor was induced, resulting in the delivery of a stillborn
male infant weighing 1530 grams. Postmortem autopsy of the fetus was not performed based on the
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mother's and her family's wishes. The mother was discharged from the hospital on postpartum day
5.

In both cases, the US was performed using a high-resolution transabdominal probe (WSS80A
Samsung) by a radiologist with over 5 years of experience in fetal imaging. To confirm the diagnosis,
MRI was indicated and performed using a 1.5 Tesla MRI scanner (Philips Ingenia) with sequences
including T1-weighted imaging (T1WI), T2-weighted imaging (T2WI), and susceptibility-weighted
imaging (SWI). The MRI images were interpreted by a neuroradiologist with 10 years of experience
in fetal neuroimaging.

3. Discussion

Intracranial hemorrhage (ICH) is a significant cause of morbidity and mortality in newborns,
with approximately 40% of cases resulting in fetal or neonatal death [6]. The clinical outcome of ICH
primarily depends on the severity of bleeding and the presence of associated factors such as white
matter injury, parenchymal infarction, ventriculomegaly, and posthemorrhagic syndrome. ICH
categorized as grade III or grade IV tends to have a worse prognosis compared to grade I or grade II
hemorrhage [7].

In our cases, prenatal ultrasound (US) and magnetic resonance imaging (MRI) were essential
tools for diagnosing and assessing the severity of fetal ICH. The first case revealed bilateral
ventricular dilatation, irregular edges of the choroid plexus, hyperechoic nodes, and areas in the
occipital horn of the lateral ventricle, and a thickened hyperechoic wall of the lateral ventricle,
consistent with grade 3 hemorrhage. The second case showed poorly echogenic areas outside the
brain parenchyma with compression of the brain parenchyma, no dilation of the lateral ventricles, or
disruption of the midline, indicating a subdural hemorrhage causing brain parenchymal
compression. The MRI results confirmed the US findings and provided additional information on the
extent and stage of the hemorrhage.

In the diagnosis of ICH, MRI is recommended in cases when US findings are inconclusive, as it
provides detailed information on the location, size, stage of bleeding, extent of spread, and
compression of surrounding structures, facilitating a more accurate determination of the underlying
cause of bleeding. Additionally, MRI is superior to US for evaluating the posterior fossa area [8]. The
optimal timing for MRI to assess brain structure is typically around 32 weeks of gestation and beyond.
MRI sequences utilized in diagnosing ICH include T1-weighted (T1W), T2-weighted (T2W), T2*-
weighted (T2%), and diffusion-weighted imaging (DWI) [9].

A case by Gao et al. reported an unexplained fetal ICH diagnosed at 31 weeks of gestation,
similar to our cases where prenatal diagnosis was crucial for management decisions [10]. Gao's study
emphasized the use of both US and MRI for detecting extensive and multifocal hemorrhagic lesions,
corroborating our approach of utilizing both imaging modalities for comprehensive assessment.
Additionally, Shan et al described a warfarin-associated fetal ICH in a woman with a mechanical
heart valve, illustrating the challenges of managing anticoagulation therapy during pregnancy [11].
This case underscores the necessity of individualized anticoagulation strategies and intensive fetal
monitoring, paralleling our management of a patient on anticoagulants for a mechanical heart valve
. These comparative cases reinforce the critical role of early detection and tailored management in
improving outcomes for fetal ICH.

Management of fetal ICH poses significant challenges. While termination of pregnancy is often
considered due to the high risk of severe neurological deficits, counseling should highlight the
limitations of predicting neonatal outcomes solely based on prenatal US findings. For cases where
continuing the pregnancy is chosen, regular ultrasounds are essential to monitor hemorrhage
progression. If an underlying cause for the ICH is identified, targeted prenatal treatments such as
maternal vitamin K supplementation for deficiency [12], switching maternal anticoagulation from
warfarin to heparin or intravenous immunoglobulin for fetal alloimmune thrombocytopenia may be
options [13]. The potential benefits of fetal interventions like platelet or red blood cell transfusions
for ICH with fetal anemia or thrombocytopenia are uncertain and must be carefully considered
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against risks such as preterm delivery, stillbirth, and exacerbation of fetal hemorrhage, particularly
in cases with suspected coagulopathy [14].

The optimal timing and method of delivery for fetal ICH remain uncertain, aiming to balance
the risks of premature birth, fetal loss, and worsening bleeding. Cesarean section is frequently chosen
due to concerns about prematurity, fetal distress, and potential exacerbation of intracranial bleeding
during vaginal delivery [15]. However, it should be noted that this approach lacks supporting solid
evidence. Therefore, after comprehensive parental counseling, both vaginal delivery and Caesarean
section should be considered as viable options. Following delivery, neonatal blood testing is crucial
to evaluate complications associated with fetal ICH, including anemia, thrombocytopenia, or
disseminated intravascular coagulation [5].

Study limitations

There are some limitations that should be acknowledged in our study. First, the study is based
on a small sample size of only two cases, which may not fully represent the broader population
experiencing prenatal ICH. Second, the study reflected outcomes and management strategies specific
to a single healthcare center, potentially limiting the applicability of findings to other settings with
different resources and expertise. Additionally, the report lacks long-term follow-up data on
neurodevelopmental outcomes for the infants following prenatal ICH diagnosis and management.

4. Conclusions

The clinical presentation of fetal ICH encompasses a range of severity with diverse prognostic
implications. Diagnosis and grading can be reliably accomplished using US, although the underlying
cause often remains unidentified. Fetal cranial MRI holds promise for elucidating the etiology of fetal
ICH. Management strategies for ICH remain controversial; however, termination of pregnancy may
be considered appropriate in severe cases due to the unfavorable prognosis associated with
significant hemorrhage. Further research and clinical guidelines are warranted to refine management
approaches and optimize outcomes in cases of fetal ICH.

Abbreviations

(@ cesarean section NICU neonatal intensive care unit

DWI Diffusion-weighted images. | TIW T1-weighted signal

ICH intracranial hemorrhage 2W T2-weighted signal

INR international normalized | US ultrasonography
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MRI magnetic resonance imaging | VPS ventriculoperitoneal shunt
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