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Abstract

Introduction
Fetal dural sinus thrombosis (DST) is a rare condition. Although numerous case
reports exist, the findings appear heterogenous and providing accurate patient

counselling remains challenging.

Methods

A systematic literature review was conducted in accordance with PRISMA guidance?.

Results

Thirty-one studies including 78 patients were included in this review. No association
with maternal or neonatal coagulopathy, infection or trauma was found. The average
gestational age at diagnosis was 25 weeks (range 17-34 weeks). Approximately half
of foetuses affected were female (48.7%); one quarter were male (25.6%) and one
guarter had no sex stated (25.6%). Termination of pregnancy was chosen in 25.6% of
cases (20/78). In continuing pregnancies,10.3% (6/58) experienced a perinatal death.
Antenatally, the majority of lesions either decreased in size (38.5%) or completely
resolved (32.7%). The neonatal or childhood outcome was normal in 88.0% of
survivors (44/50). The average age at follow up was 16.4 months, ranging from birth

to 6 years.

Conclusion
This review found that ten percent of DST cases experience in-utero or neonatal

death. In survivors, the majority of cases reduce in size or completely resolve in



pregnancy and 85% are reported to have a good outcome. However, further evidence

is needed regarding long-term neurocognitive sequelae.
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What's already known on this topic?
e Thrombosis of the dural sinus can be diagnosed in fetal life
e Several case reports exist in the literature
e Findings appear heterogenous and it remains challenging to provide accurate

patient counselling on this condition

What does this study add?
e This is the only systematic review of this subject and the largest collection of
patients published (78)
e Approximately ten percent of ongoing pregnancies experience a perinatal death
e The majority of lesions decrease in size or resolve in pregnancy
e The neonatal or childhood outcome is normal in the majority of cases

e Further evidence is needed regarding long-term neurocognitive sequelae



Introduction

Fetal dural sinus thrombosis (DST), also known as dural venous sinus ectasia or
torcula herophili, is a rare condition. Within the brain, superficial and deep veins drain
blood and empty into dural venous sinuses within the subarachnoid space. These
sinuses anastomose posteriorly at the confluence of sinuses, which is also known as
the torcular herophili (Figure 1). This area is a focal point for venous thrombosis and,
if a thrombus is occlusive, obstruction can occur with subsequent development of a
dural lake. Thrombosis within the dural venous sinuses can be diagnosed in childhood
or adult life, when there is an association with thrombophilias, infection, blood
disorders such as polycythaemia and trauma?. It affects approximately 0.67 per
100,000 children per year®. The incidence of fetal occurrence is unknown, although
several case reports exist. Antenatal findings suggestive of DST on ultrasound are the
visualisation of a hypoechogenic posterior fossa mass with or without a focal
hyperechoic area within (Figure 2 a-d). Findings from published case reports appear
heterogenous and it remains challenging to provide accurate patient counselling on
this condition. We therefore sought to systematically review the literature on this topic
and produce a comprehensive summary of current knowledge to aid clinicians and

patients facing this diagnosis.



Methods

Protocol and Registration

This systematic review was conducted in accordance with the Preferred Reporting
Items for Systematic reviews and Meta-analyses (PRISMA) guidance!. The protocol
was registered with the International Prospective Register of Systematic Reviews

(PROSPERO- CRD42019147205).

Eligibility criteria

All studies of dural sinus thrombosis in humans diagnosed antenatally were
considered eligible. Thromboses in another part of the venous circulation were
excluded. As this condition was believed to be rare, case reports (n<3) were included
as well as observational studies (cohort and case-control) and randomised trials.
Systematic and narrative reviews were excluded after checking reference lists for
primary studies. Publications from 1990 to July 2019 were considered eligible and no

language restrictions were applied.

Search strategy
A systematic review was conducted in MEDLINE, EMBASE and Cochrane databases
using free text as follows:

F(o)etal OR Prenatal OR antenatal OR neonatal OR infant
AND:

e dural venous sinus thrombosis

e dural venous sinus ectasia

e dural venous sinus malformation

e torcular herophili



None of these terms were Medical Subject Headings (MESH). Subsequently, a grey
literature (first 100 hits in Google Scholar and Pubmed) search was performed, and
reference lists of relevant review articles were manually checked. Covidence software
(Veritas Health Innovation Ltd, Melbourne, Australia) was used to eliminate duplicate

articles and manage study screening.

Study selection
Two authors (A.S. and D.P.) independently screened all studies by title and abstract
and subsequently assessed full-text articles. Disagreements were resolved by

consensus.

Data extraction
Two authors (A.S. and D.P.) independently extracted data from all studies and entered
them into a standardised Excel (Microsoft, Washington, USA) form. Data which did

not match was discussed and the study re-visited to reach a consensus.

Quality assessment of studies

Two authors (A.S. and D.P.) assessed study quality and risk of bias independently
using a standardised Excel form. An adaptation of the Murad tool* for case series and
case reports was used - specifically, domains relating to challenge/ rechallenge
phenomenon and dose-response effect were omitted as these were not relevant to

the condition studied.

Statistics

Due to the anticipated rarity of the condition, meta-analysis was not planned.



Results

Study selection

The electronic literature search identified 172 studies (Figure 3); search of the grey
literature and reference lists identified a further five studies. Following import of the
literature search results, 102 studies were removed as duplicates and the 75
remaining studies were screened by title and abstract. A further 32 were included as
irrelevant and full texts of the remaining 43 articles were reviewed. Twelve studies
were excluded for the following reasons: neonatal or paediatric population (8),
insufficient information or full text unavailable (2), thrombosis not confirmed (1) and

duplicate study (1). Eventually 31 studies were included in this systematic review.

Study characteristics
Characteristics of included studies are shown in Table 1. Case reports made up the
majority of studies (26/31, 83.9%); the remainder were case series (5/31, 16.1%). A

total of 78 patients were included in this systematic review.

Quality assessment

Quality assessment of included studies is given in Figure 4. The majority of studies
(28/31, 90.3%) were high quality for the type of study assessed (case studies and
series). The remaining studies (3/31, 9.7%) were low quality. Length of follow-up was
assessed to be low quality for the majority of studies, with 61.3% (19/31) of studies

assessing patients at <12 months of age.



Maternal and pregnancy characteristics

The average maternal age and gestational age at diagnosis was 28.7 years (Table 2).
The mean gestational age at diagnosis was 25.0 weeks’ (range 17-34) and the mode
gestational age was 24 weeks’. The indication for scan was not described in the
majority of studies. Haematological/ thrombophilia testing, TORCH testing and
karyotype or microarray were not stated in the majority of cases, but when performed
no results were positive. Approximately half of fetuses affected were female (48.7%);

one quarter were male (25.6%) and one quarter had no sex stated (25.6%).

Imaging

All patients were initially diagnosed by ultrasound scan (US) with the majority (71/78,
91.0%) also undergoing magnetic resonance imaging (MRI) (Figure 5). Identification
of a hypoechogenic/ heemorrhagic/ cystic area in the posterior fossa was present in
all cases. Visualisation of a likely thrombus within the echogenic area was present in
35 cases (44.9%). The majority of studies did not provide size of either the
hemorrhagic area or thrombus. The likely thrombus was visualised on MRI most
commonly (21 cases, 26.9%); six cases were visualised on US only (7.7%) and in
eight cases (10.3%) both MR and US visualised the likely thrombus. Compression of
other brain structures was described in 22 cases (28.2%) and ventriculomegaly was

present in 13 cases (16.7%).

Other findings included polyhydramnios in four cases!! 24 (5.1%), hydrops in two
cases?® 1 (2.6%), and one case’ (1.3%) in which a migrational disorder with

disproportion of cerebral hemisphere size, abnormal grey matter thickening and



sulcation with a schizencephaly/ polymicrogyria appearance was described on

antenatal MRI. Repeat or sequential imaging was performed in 52 patients (66.7%).

As Figure 6 shows, the majority of lesions either decreased in size (20 patients, 38.5%)
or completely resolved and were no longer visible (17 patients, 32.7%); of those that
did not decrease, nine were stable or unchanged (17.3%) and six (11.5%) increased

in size.

Pregnancy and neonatal outcomes

Three quarters of women chose to continue the pregnancy (58/78, 74.4%) and one
quarter (20/78, 25.6%) chose to end the pregnancy (Table 3). In women choosing to
end the pregnancy, the average gestational age at diagnosis was 24.3 weeks. In these
pregnancies, 25% (5/20) of fetuses had ventriculomegaly and one (5%) had hydrops.
Sixty percent of women choosing to terminate did so shortly after diagnosis and
therefore had no further imaging (12/20). Of the women who continued the pregnancy
for a period before termination, 25% (5/20) had an increase in the size of the mass on
repeat ultrasound scanning, 10% (2/20) had a stable mass and 5% (1/20) had a
decrease in the size of the mass.

In women choosing to continue the pregnancy, 52 (89.7%) experienced a livebirth and
6 (10.3%) experienced a perinatal death: an intrauterine death occurred in two cases
(3.4%) and a neonatal death in four cases (6.9%). The intrauterine deaths occurred at
23 and 26 weeks’ gestation, following initial diagnosis but prior to any follow-up
imaging. Maternal complications of pregnancy were not described in most studies.
Mode of delivery was not stated in 17/52 (32.7%) of cases. When stated, delivery by

caesarean section occurred in 60% of cases, and vaginal delivery occurred in 40% of



cases. Decision-making regarding mode of delivery was generally not discussed in
studies. Gestational age at delivery was not stated in 11 cases; in 41 cases where

stated, the average gestational age at delivery was 37.9 weeks’ (range 32-41 weeks).

In 14/52 (26.9%) neonates tested for haematological/ thrombophilia disorders, no
positive results were found. Postnatal MR imaging showed thrombus still present in
15 cases (44.1%) and complete resolution with normal imaging in 15 cases (44.1%).
Other findings on postnatal MRI were: hydrocephalus!® (2), frontal parenchymal
necrosis? (1) and schizencephaly/ polymicrogyria microencephaly of the left cerebral

hemisphere’ (1 - also noted on antenatal imaging).

The average age at follow up was 16.4 months (median age 12 months), ranging from
birth to 6 years (Figure 7). In two cases (2/52, 3.8%) the neonatal or childhood
outcome was not stated. The neonatal or childhood outcome was described as good
or “normal” in the majority of survivors (44/50, 88.0%). Abnormalities described in six
cases (12.0%) were: speech delay (2 - assessed at two years and five years), speech
delay with likely autistic spectrum disorder (1 - assessed at 18 months), developmental
delay (2 - assessed at 18 months and five years) and left spastic hemiparesis with
inability to walk at 18 months (1). In all three cases of speech delay??, the lesion had
resolved antenatally. One case of developmental delay'® was associated with
antenatal increase of the lesion size and progressive ventriculomegaly. A second case
of developmental delay’ was associated with the previously described finding of
schizencephaly/ polymicrogyria microencephaly of the left cerebral hemisphere. The
case of left spastic hemiparesis?® was associated with an “enormous heterogenic

posterior collection with important anterior displacement of the brain and brainstem”



on antenatal imaging; at birth a decompression surgery was performed on day 1 due
to concerns regarding intracranial hemorrhage (decreased haemoglobin,
disseminated intravascular coagulation, worsening neurology). At 18 months, a mild
left spastic hemiparesis and inability to walk was described; neuropsychological

testing showed normal cognitive development in the child.



Discussion

The differential diagnosis of a hypoechogenic mass in the posterior fossa of a fetus
includes tumour, cyst, megacisterna magna and hemorrhage. Fetal intracranial
hemorrhage most commonly occurs in the intraventricular space and hemorrhage in
the posterior fossa is rare®. The incidence of fetal DST is unknown; this systematic
review has found 78 cases in the medical literature although, given the average
gestation of diagnosis and tendency towards resolution in pregnancy, it seems likely
that some cases may occur without antenatal detection. In published case series of
neonatal DST diagnosed following investigations for neurological symptoms (most
commonly seizures), symptoms and imaging confirming DST often occurs close to
birth - in one study®” at an average of 4.4 days of life (range one hour to 19 days) and
in another study® at an average of 1.5 days of life (range 0-28 days). The diagnosis
of neonatal DST at such an early age could, in fact, represent undetected fetal DST.
In the neonatal and paediatric population, associations with trauma, asphyxia,
coagulopathy, polycythaemia and infection have been suggested?. However, in the
fetal population, we could find no evidence that maternal or neonatal coagulopathy,
infection or trauma played a role. It has been suggested that anatomical malformations
of the dural sinus may occur embryologically?, leading to disturbance of blood flow and
modification of the vascular endothelium. Although a male predominance has been
reported in the neonatal and paediatric population®, we found a female predominance
- where fetal sex was stated, approximately two thirds (38/58, 65.5%) were female and

one third (20/58, 34.5%) were male.

This systematic review found that the majority of hypoechogenic lesions either

decreased in size or completely resolved antenatally (together 37/52, 71.2%) and



almost half of postnatal MRIs performed (15/34, 44.1%) showed no remaining lesion.
Neonatal and paediatric outcomes - usually assessed by neurological examination -
were described as “normal” in 85% of surviving cases. The three cases with worst
outcomes described (developmental delay, spastic hemiparesis) all had non-
reassuring antenatal imaging: worsening ventriculomegaly'®, schizencephaly/
polymicrogyria’ and an extremely large lesion with compression of the whole brain
and brainstem?°. It therefore seems logical that if these findings are detected

antenatally the prognosis may be more guarded.

Although several case reports of this condition discussed other published case reports
known to the authors, this is the first systematic review of this topic. It therefore is the
most comprehensive attempt to date of summarising the literature in this condition.
However, there still may be missing data and a publication bias may exist whereby
only cases with particular characteristics are chosen for publication. As shown in
Figure 7, the length of follow-up within included studies was highly variable, from birth
to six years. As Table 3 shows, the average age at follow up was 14.6 months for
children with normal outcomes, compared to 30 months for those with abnormal
outcomes. It is possible that neurological sequalae, particularly cognitive and
behavioural outcomes, could be underestimated by the majority of studies included in

this review.



Conclusion

Fetal dural sinus thrombosis is a rare condition which can be detected antenatally

by visualisation of an echogenic posterior fossa mass (hemorrhage) containing a focal
hyperechoic area within (thrombosis). Prenatal MRI may be beneficial in visualising
the thrombus and confirming the diagnosis. No association with maternal or neonatal
coagulopathy, infection or trauma is seen. Ten percent of cases experience in-utero
or neonatal death. In survivors, the majority of cases reduce in size or completely
resolve in pregnancy and 85% are reported to have a good outcome. However, further

evidence is needed regarding long-term neurocognitive sequelae.
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Figure 2: Case of dural sinus thrombosis detected at 20 weeks’ gestation

Posterior fossa completely filled by echogenic fluid seen in transverse (A) and sagittal (B)
planes with displacement of the corpus callosum. (C): Small solid area within echogenic fluid
suggestive of thrombus. (D): Colour Doppler demonstrates absence of blood flow within the

dilated dural sinuses.

(Reproduced with permission of from UCLH, University College London Hospitals).
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Figure 3: Flow diagram of study selection adapted from PRISMA 2009*
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Figure 4: Quality assessment of studies using the Murad tool* for case series and

case reports
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Figure 5: MRI imaging of fetal DS, fast T2-weighted. (A) 25+2 weeks’ gestation, low-
intensity signal of thrombosis with intermediate signal intensity of giant dural lake,
mass effect on posterior fossa. (B) 32+3 weeks’ gestation, decrease of size and
mass effect with visualisation of thrombosis forward in the straight sinus (arrow ). (C)

36+2 weeks’ gestation, further decrease in size, now no mass effect. (D) Postnatal
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imaging at day 13, high-intensity signalling corresponding to thrombosis of torcular

herophili and straight sinus

(Reproduced with permission from Rayssiguier et al 201428).

8

= Decrease in size = Complete resolution = Stable/ unchanged = Increase in size

Figure 6: Change in size of echogenic lesion over serial scans for 52 patients (%)
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Figure 7: Length of follow up of patients
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First author and year of publication Study design Number of patients
Asai 2014° Case report 1
Breysem 2006° Case report 1
Byrd 2012’ Case reports 3
Cho 2018° Case reports 2
Clode 2005’ Case report 1
Corral 2014" Case series 8
Delmas 2008™ Case series 6
Ebert 2012% Case report 1
Fanou 2013" Case series 8
Gao 2012" Case report 1
Gicquel 2000™ Case report 1
Gorkem 2013™ Case reports 2
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Grangé 2007 Case report 1
Grigoriadis 2008™ Case report 1
Has 2013" Case reports 2
Jenny 2010°° Case report 1
Jung 2006°" Case report 1
Legendre 2009% Case report 1
Mclnnes 2009%° Case report 1
Merzoug 2008 Case series 13
Ochiai 2016~ Case report 1
Ozkan 2016°° Case report 1
Pandey 2012°" Case report 1
Rayssiguier 2014°° Case series 8
Schwartz 2008’ Case report 1
Simsek 2012% Case report 1
Spampinato 2008>* Case report 1
VanKeirshilck 2007% Case report 1
Visentin 2001% Case reports 3
Wilson 2018** Case report 1
Xia 2018% Case reports 3
TOTAL 78

Table 1: Included studies
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Mean Range Not stated
Maternal age (years) 28.7 19-40 25
Gestational age at diagnosis | 25.0 18-34 0
(weeks)

Positive Negative Not stated
Health concerns n (%) 1* (1.3) 8 (10.3) 69 (88.5)
Haematological/ thrombophilia | 0 (0) 32 (41.0) 46 (59.0)
testing n (%)
TORCH testing n (%) 0 (0) 9 (11.5) 69 (88.5)
Karyotype/ microarray n (%) 0(0) 6 (7.7%) 72 (92.3)

Male Female Not stated
Fetal sex n (%) 20 (25.6) 38 (48.7) 20 (25.6)

Table 2: Maternal and pregnancy characteristics of 78 cases of fetal DST
*Maternal health concerns in one case: previous DVT and possible PE five years prior to

pregnancy associated with COCP use; haematological/ thrombophilia testing negative

COCP: combined oral contraceptive pill, DVT: deep vein thrombosis, PE: pulmonary embolism,

TORCH: toxoplasmosis, rubella, cytomegalovirus, herpes simplex, and HIV (+/- parvovirus)
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Pregnancy/ neonatal details n (%)

Parental choice Continuing pregnancy 58 (74.4)
Termination of pregnancy 20 (25.6)

For continuing pregnancies:

Pregnancy outcome Livebirth 52 (89.7)
Perinatal death 6* (10.3)

Mode of delivery Vaginal 14 (24.1)
Caesarean 21 (36.2)
Not stated 23 (39.6)

Neonatal haematological/ thrombophilia testing | Normal 14 (100)
Abnormal 0 (0)

® Neonatal MRI Thrombus visible 15 (44.1)

Normal imaging 15 (44.1)
Other 4% (11.8)

Neonatal/paediatric outcome Good outcome 44 (84.6)
Abnormalities 6' (11.5)
Not stated 2 (3.8%)

For non-continuing pregnancies

(termination or perinatal death):

Post-mortem confirmation of diagnosis Yes 17 (65.4)
No 0
Not performed 9 (34.6)

Table 3: Pregnancy and neonatal outcomes
* Perinatal death: intrauterine death (2), neonatal death (4)
* Other MRI findings: hydrocephalus (2), schizencephaly and/or polymicrogyria (1), frontal

parenchymal necrosis (1)

Accepted

T Abnormalities: speech delay (3), developmental delay (2), autism (1- also had speech

delay), left spastic hemiparesis with inability to walk (1).
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