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Abstract

Aim: Benign external hydrocephalus (BEH), hygroma and chronic subdural haema-
toma are extra-axial fluid collections in infants. MRI studies have shown that almost
half of all new-borns have perinatal subdural blood, generally referred to as subdural
haematoma (SDH) or perinatal SDH. Epidemiologically there are striking similarities
between chronic SDH and BEH in infants.

Methods: Discussion of pathophysiological mechanisms for BEH and chronic SDH,
based on existing literature.

Results: Perinatal SDH is common, and we hypothesise that this condition in some
infants develop into extra-axial fluid collections, known as hygroma, BEH or chronic
subdural haematoma. The mechanism seems to be an intradural bleeding that creates
an obstructive layer preventing normal CSF absorption. The site where the bleeding
originates from and those areas enveloped in blood from the primary damaged area
are prone to later rebleeds, seen as ‘acute on chronic’ haematomas. With steady pro-
duction of CSF and the blockage, increased intracranial pressure drives the acceler-
ated skull growth seen in many of these children.

Conclusion: Perinatal SDH hampers CSF absorption, possibly leading to BEH and
chronic SDH, with a high risk of false accusations of abuse. Close monitoring of head
circumference could prove vital in detecting children with this condition.

KEYWORDS
subdural haematoma, infants, hygroma, child abuse, head circumference, false accusations of
abuse

subarachnoid or subdural spaces, especially over the frontal lobes,

prominent interhemispheric fissure, and normal or slightly enlarged

Benign external hydrocephalus (BEH) is the term widely used for
a neuropaediatric condition with intracranial, extra-axial fluid col-
lections. Most often the condition is defined as a combination
of a clinical macrocephaly that is increased or rapidly increasing
head circumference, and typical neuroimaging findings of enlarged

lateral ventricles.! The distinction between subarachnoid and sub-
dural spaces may be difficult, especially on CT imaging, but often
also on MRI.

Given the criterion of a clinically detected large head and/or
pathologically accelerated growth, together with the neuroimaging

Abbreviations: BEH, benign external hydrocephalus; SDH, subdural haematoma; CSF, cerebrospinal fluid; MRI, magnetic resonance imaging.
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findings, the only population-based epidemiological study indicates
an incidence of extra-axial collections of about 0.4 per 1000 live
births.? Such extra-axial fluid collections are probably more fre-
quent in infants than that, especially during the first months of life 3
however, if their head circumference does not reach defined abnor-
mal values, these infants will not fit the strict criteria above and will
probably remain undetected in spite of potential evolving pathology.
Thus, epidemiological studies with a clinically detected large head
as a prerequisite will only reveal the tip of the iceberg. Many chil-
dren whose head circumference has grown more than two standard
deviations of percentile growth may have significant hygroma that
is never studied. If the head circumference does not reach values
qualifying for macrocephaly, their condition will not even be noted
as potentially pathologic. Since the era of advanced neuroimaging
began (CT and MRI), several articles about this condition have been
published, as reviewed elsewhere.* Quite different names have
been used in the literature; a collection of the most common terms
is found in Table 1.

The word ‘benign’ reflects the traditional and possibly mis-
leading opinion that the condition is self-limiting and produces
only temporary, mild or no symptoms and is without long-last-
ing problems. Recently published long-term follow-up studies,
however, show that some patients have various developmental,
social and cognitive problems,®” including psychomotor delay.®
Additionally, much more severe conditions have been reported
in association with such subdural fluid collections, above all, ep-

918 subdural haematoma (SDH),810:12:14.16,19-28

29

ileptic seizures,
increased intracranial pressure and in others apparent life-
threatening events (ALTE).%® Seizures and SDH are quite often
described in the same patients. In addition, MRI diffusion shows
white matter changes in BEH infants,®! and an association be-
tween BEH and later development of autism spectrum disorder
has also been suggested.32 Thus, the term ‘benign’ appears to be

misleading.

TABLE 1 These different names have been used in the literature
for the same or similar conditions

Benign/idiopathic external hydrocephalus®7”®

Benign familial macrocephaly”’

Benign infantile hydrocephalus®®

Benign subdural collections®?

Benign extra-axial fluid/collections*-?

Benign extracerebral fluid collections®?

Benign communicating hydrocephalus®®

Benign enlargement of the subarachnoid spaces®*

Subarachnoid fluid collections®
Chronic subdural hygromas®
Pericerebral fluid collection®”
Idiopathic macrocephaly’
Chronic subdural haematomas®

Subdural effusion®’

Key notes

e A perinatal haemorrhage is very common, especially if
birth is complicated.

e We hypothesise that some infants with perinatal subdural
haematoma (SDH) will develop benign external hydro-
cephalus (BEH) or chronic SDH.

e Lack of attention to this development will likely result in
false accusations of abusive head trauma.

BEH is already considered to be a risk factor for developing SDH
102023, the larger the subdural fluid collections, the more likely it
is that it will be associated with or even cause an SDH.*® BEH and
SDH have both been considered a form of subdural collection, and as
shown in Table 1, the terms have sometimes been used interchange-
ably. When apparent prior BEH is complicated with acute haemor-
rhage into the collections, this complex of findings is in radiology
reports often referred to as ‘acute on chronic SDH’; a term that may
more accurately reflect the aetiology of the hygroma as related to
chronic SDH.

A subdural collection containing blood elements in an infant
is in itself enough to raise suspicion of child abuse, especially if
the carers cannot provide what is regarded an acceptable and
plausible trauma history.34 If the subdural blood is caused by a
spontaneous leakage of blood, see below, there is no trauma his-
tory to tell. Several authors have pointed to the risk of a sponta-
neously occurring SDH in an infant with BEH being misdiagnosed
as abusive head trauma (AHT).12163% A recent article describes
the legal and social consequences of such diagnostic mistakes in
detail 3¢

SDH in infants without an acceptable history of trauma is likely
to be associated with AHT/NAT (nonaccidental trauma, formerly
known as shaken baby syndrome—SBS). However, without a valid
scientific basis for assuming such a causal relation,” other possible
causes and associations are important to explore. The aim of this
article is to examine more closely the possible connection between
birth-related SDH (perinatal SDH) during infancy and the develop-
ment of extra-axial fluid collections, not as ‘benign’ collections, but

£,38 on the basis of several

as chronic SDH, as discussed by Gabaef
observations.3?*° In the following, different aspects of this will be

presented.

2 | SDH AT BIRTH—PERINATAL SDH

SDH following difficult births have been recognised for a long
time.**3 For the last decade, it has been known that subdural blood
is common in about half of ‘normal’ vaginally delivered or unsched-
uled caesarean sections, preceded by labour, in new-borns.*’

The first hint of birth-related SDH or perinatal SDH came from
Looney et al in 2007 using early MRI technology.** A follow-up
MRI study in 2008 by Rooks et al,®? using more up to date MRI
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technology, unpredictably, astonishingly and reliably showed that
46% of 101 asymptomatic term neonates had a perinatal SDH
after ‘normal’ deliveries. In 18% of the 101 infants, a follow-up
MRI was performed at 3 months of age. All but one showed reso-
lution of the haematomas. One of these infants had a large rebleed
after 26 days in a nonabuse context, with another MRl at 5 months
showing resolution of the SDH, however, with a remaining prom-
inent subarachnoid space.®’ While this case cannot predict the
frequency of perinatal SDH leading to chronic SDH, it does re-
fute what we believe is the false assumption: that all birth-related
bleeding (at least 1 million in 4 million births annually in the United
States) resolves without complications.

Abnormal or complicated labour increases the risk of intracra-

nial haemorrhage,“s'46

with SDH being the most common type of
bleeding.47’48 Many new-borns with subdural haemorrhages are
asymptomatic 42 or insufficiently symptomatic to arouse medical
attention.

Supporting data in another study showed 53 cases of nontrau-
matic death in children with mean age 9 weeks, 70% had blood or
hemosiderin in orbit tissues and subdural compartments; according
to the authors, it was “...likely a consequence of the birth process"5°
Vinchon et al reported 16 infants with spontaneous SDH, 9 of them
had a history of complicated labour and 12 children had macrocra-
nia. In still another report, intradural haemorrhage and SDH were
found in nontraumatic cases of child death, most commonly in in-
fants under 1 month of corrected age.! In a large, population-based
study of infants with SDH, perinatal SDH (diagnosed the first week
of life) was associated with obstructed labour, emergency caesar-
ean section, assisted vaginal delivery, asphyxia, and preterm birth,
amongst others.>?

Even if perinatal SDH seems to resolve in some cases, the restor-
ing rate and grade is unknown. Evidently, in many infants a haema-
toma will persist for weeks and months, and some, if large enough,
may become permanent retracted clots infused with scar tissue and
fragile with respect to rebleeding. We believe that extra-axial blood
in these subdural collections and the dural capillary bed can obstruct
CSF reabsorption, thereby maintaining the subdural collections.
Once obstructed, the fluid exerts a pressure on the skull, resulting in
an increasing head circumference. Both the origin of the intradural
bleeding and, in extreme cases, the stretching of bridging veins be-
yond their tensile capacities, caused by the chronic SDH, can result
in rebleeds into this persistent subdural collection (see below).

3 | EPIDEMIOLOGY OF SDH AND BEH

In a population-based study, the incidence of BEH was around 0.4
per 1000 live births, with a male preponderance of 86.4%.% Median
age at symptom debut (usually increasing head circumference) was
3.4 months.>3

Another study had similar findings with an incidence of SDH
during infancy of around 0.17 per 1000 live births, and a male
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preponderance of 64.7%.%? Median age in this Swedish register
study was 3.5 months for infants older than 1 week.

Yet another study found a similar annual incidence of 0.24 for
SDH.>* The gender distribution for this whole study group (0-2-year-
olds) was 65% boys, and the average age at diagnosis was 17 weeks
(approx. 4 months). Zaben et al performed a review of infants diag-
nosed with SDH following forceps-assisted delivery in that study;
where gender was specified, 11 out of 14 patients were boys.*

It is clear that there is a discrepancy in incidences of SDH and

BEH, compared with for example Rooks et al.%?

We believe it may
be explained by Rooks et al describing only asymptomatic subdural
blood in new-borns, whereas the other studies look at only symp-
tomatic infants that come to medical attention because they have
developed a clinical condition.

According to these population-based studies of BEH and SDH,
there are striking similarities between these two conditions, both in
age and gender distribution. The male preponderance was evident
even in the earliest publications on SDH, as was the age distribution
with a peak incidence during the first 6 months of life.*>>° The simi-
lar gender distribution of BEH and SDH with a marked male prepon-
derance has been noted before.?%°¢ In general, boys, presumably
with larger heads than girls, have a higher risk of neonatal morbidity
and mortality.”” A large foetal head circumference in itself is asso-
ciated with complicated labour.>® Historically, a thorough article by
Ingraham and Matson from 1944 also contains other interesting
observations, for example that SDH should be suspected in infants
with an earlier ‘triad’, totally different from the content of the pres-
ent version of the term: failure to thrive, increasing head circumfer-

ence and a history of difficult labour.*®

4 | NEUROIMAGING AND FLUID
CHARACTERISTICS

As shown in Table 1, the terms BEH and SDH are sometimes used
interchangeably, also in recent publications.” Some articles include
fluid analyses from these subdural collections, reporting both CSF-
like fluid and ‘mixed density’ fluid with variable protein concentra-
tion (Table 2).

With mixed density fluid, the neuroimaging appearance is often
described as BEH initially. However, with similar findings in the con-
text of acute blood, the space is then referred to as chronic SDH. In
these cases, the term ‘acute on chronic’ appears to replace BEH and
is common in radiology reports.

Furthermore, the presence of hygroma, mixed density fluid
and inflammatory membranes (neomembranes) is diagnostic cri-
teria for chronic SDH. The layering of blood and the appearance
of blood on CT and during drainage can be used to estimate the
frequency of rebleeding and the age of blood. This remains an on-
going issue, with researchers still trying to find a common termi-
nology, as these age estimates remain important due to the legal

aspects of suspected AHT.6C
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TABLE 2 Published subdural fluid analyses. The list is not necessarily exhaustive

Haemorrhagic fluid with elevated proteins (2.6 g/dL) and predominant lymphocytic pleocytosis (200

Patient 1: Dark yellow fluid with a protein content of 2 g/dL. RBC count 7000/cu mm. Patient 2:
Straw-coloured fluid, with protein content 0.4 g/dL. RBC count 700/cu mm

Patient 1: Protein concentration 1.2 g/dL. Markedly decreased prealbumin level (0.9%). Patient 2:

Resembled CSF on biochemical and cytological examination except for cell counts. The cell counts

1 negative. Normal CSF in small amount in 2 patients. Xanthochromic fluid in small amount in 1

CSF was normal (whether this was spinal CSF or from the enlarged SAS is unknown)

‘No subdural fluid was demonstrated in any of the three patients in whom the subdural space was

Authors No of patients Fluid appearance/characteristics
Kasinathan et al®’ 1

cells/dL)
Briner & 2

Bodensteiner?®

Chazal et al® 2

Protein 1.0 g/dL
Alvarez et al' Normal CSF values
Kumar®? 4

on tap ranged from 2 to 15 per mmS®
Nogueira & Zaglul®? 4
Neveling & Truex”® 4 Results were ‘negative’, probably considered similar to CSF
Roshan et al ™ 4
Wilms et al?® 6 Mean protein content was 1.4 + 0.8 g/dL
Barlow?®? 1 ‘Subdural tap through the fontanelle was dry’
Ment et al 84 3

examined’
Palmer & Albert” 6 1 patient with ‘motor oil’ appearance

5 patients with xanthochromic and/or CSF-like fluid

Zouros et al®’ 5 ‘Haemorrhagic fluid’ was found in all patients
Aoki et al’® 3

5 | PATHOPHYSIOLOGY

The pathophysiology behind BEH might roughly be summarised in
the following assorted hypotheses.

The most common hypothesis is that the accumulation of fluid is
caused by immature arachnoid granulations during the first months
of life not being able to absorb CSF.¢* Why the arachnoid granula-
tions mature so late remains unknown, but this seems to be a normal
biological event.

Another hypothesis, presented by Robertson and colleagues in
1979, is that subdural fluid somehow obstructs CSF reabsorption.62
They suggested that the subdural fluid, although primarily CSF,
often with particulate matter seen in the fluid, acts like a mechani-
cal block, preventing CSF from reaching the arachnoid granulations.
This condition subsequently dilates the adjacent subarachnoid chan-
nels, which would be seen on CT as wide cerebral sulci and promi-
nent interhemispheric fissures.

Prior to the maturation of the arachnoid granulations, the intra-
dural capillary bed appears to carry the load of reabsorbing CSF.%%-6
Channels pass through the dural border layer and conduct CSF to
venules they are in contact with in the capillary bed. As arachnoid
granulations mature late, the dura appears to be more important in
CSF absorption during this period, as discussed by Oi et al.®

A common hypothesis on the association between BEH and SDH
is that bridging veins traversing the subdural/subarachnoid space/
hygroma are stretched with enlarged extra-axial collections, increas-
ing the risk of venous rupture, either spontaneously or following
minor trauma.?’ Images of actual bridging veins in autopsy photos,

however, call this into question (Figure 1). The phenomenon of blood

Protein concentrations of 984 mg/dL; 2800 mg/dL; and 2610 mg/dL

oozing from the veins’ entry points is commonly observed during any
craniotomy (eg by the second author); just manipulating the bridging
veins at their dural entry points with a blunt instrument is enough to
cause oozing of blood without the vein being torn. This blood could
be leaking from the adjacent dural capillary bed.

With perinatal SDH, blood envelopes the structures within the
dural capillary bed, obstructing its absorption capability. The reab-
sorption, which is constant and must occur to complete the CSF
‘circulation’, then has to operate at higher pressure. This increased
pressure causes the skull bones to be pushed out and the hygroma
forms as the virtually noncompressible brain continues to grow at
a normal, steady rate. When the arachnoid granulations mature at
8-12 months of age, the dural capillary bed no longer performs this
function, ICP decreases and accelerated head circumference growth
stops. Thereafter, brain growth drives skull growth.®”

Recent research further indicates that SDH can be initiated by a
minor intradural bleeding, possibly originating from venous plexuses
in the capillary bed. This creates a thin film of blood in the subdural
space,68 which, if sufficient, then overflows internally through the
dural border cell layer and separates the arachnoid from the dura
forming SDH between them.

Neomembranes are often seen on imaging and autopsies as a
result of an inflammatory response from leaked blood.® These
neomembranes are loose collections of scar tissue and capillar-
ies that encase the prior haematoma. The SDH complications are
then more susceptible to rebleeding either episodically or in small
amounts, as Ito et al showed.®’ Clinically, we have noticed anaemia
to be present, months after birth, during abuse workups and this
raises suspicion about daily rebleeds of 1-2 mL/d. This may support
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FIGURE 1 Two autopsy photos
showing bridging veins. In A there is some
visible blood at the dural entrance. In B
one may observe three bridging veins
stretched extensively

perinatal SDH as the primary bleeding event, especially without a
prior history or evidence of major postnatal trauma.

A unifying pathophysiologic theory may in our opinion be a
birth-related bleeding that disrupts the CSF absorption in the dural
capillary bed by hampering absorption of the continuously produced
CSF, and that together with blood products and inflammatory de-
bris in the hygroma, creates a subdural collection, prone to cause
rebleeding. There are growth factors in old haematomas that have
been shown to induce neovascularisation in the parietal haematoma

70-73

membrane; these pathological vessels bleed easily, and there are

other factors that disturb normal coagulation or cause fibrinolysis in
subdural haematomas.®%747¢

This dysfunction exists as long as the subdural capillary bed is
the main absorbing route. As the arachnoid granulations gradually
mature during the latter half of the first year, subdural collections
and hence the head circumference gradually normalise. There is
reason to believe that infants prone to a particularly difficult labour
and/or instrumentation are susceptible to larger perinatal SDHs, and
probably also a more complicated perinatal period. In a study of mac-
rocephalic neonatal care survivors, hygroma evolved in about 40%,
and presence of extra-axial fluid was associated with an increased

risk of developmental delay.*°

6 | SUMMARY

Perinatal SDH is a common condition in new-borns, creating a tem-
porary dysfunction in CSF absorption in the dural capillary bed dur-
ing infancy. The five main consequences of this are as follows: (a)
an obstructing layer of fluid/blood creating a subdural collection; (b)
neovascularisation and rebleeds from the original bleeding site intra-
durally and subdurally in the previously damaged area; (c) in extreme
cases with wide hygromas, stretching of bridging veins that may
bleed spontaneously or after minor trauma; (d) a subtle increase in
ICP resulting in increased HC and temporary developmental delay;
(e) a variety of apparent life-threatening events that precipitate med-
ical intervention.

This theory on the formation of subdural collections, combined
with the similar demographics of BEH/hygroma and SDH, leads us
to theorise that these conditions in fact are the same. Perinatal SDH
creates a subdural collection with or without visible blood (hence
the terms BEH, hygroma, chronic SDH, or with acute blood, ‘acute

on chronic’, etc). A complicated labour clearly increases the risk of
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this development. Rebleeds from damaged areas that are neovas-
cularised or new bleeds from bridging veins insertion points create
acute SDHs, often seen as acute blood or mixed density collections
within the hygroma.

Firstly, we propose that BEH is a form of chronic SDH. Secondly,
the cascade of events following the perinatal SDH can lead to both
chronic and recurrent acute SDH (often both). In infants, the finding
of acute SDH leads to suspicion and accusation of child abuse. The
implications of our theory may have huge legal consequences. We
fear that many cases of infant SDH, with any amount of acute blood,
in the context of extra-axial dural collections or not, have been mis-
diagnosed as abuse.

A possible first step in avoiding this could be to follow otherwise
healthy children with rapidly/exceedingly increasing head circumfer-
ence closely. Both incremental increases in head circumference that
surpass two standard deviations after birth, and/or an absolute head
circumference above the 95th percentile should be used to identify
this form of neuropathology.77 Especially, infants with a history of birth
problems including meconium staining, latching problems, positional
discomfort, instrumented deliveries, prematurity, multiple births or a
significant decrease in head circumference in the week after birth fol-
lowed by accelerated growth should be imaged and monitored closely
by a paediatric neurologist. Clinically, vomiting, transient change in
feeding or sleeping patterns, intermittent fussiness and changes in
behaviour are neurologic symptoms in infants that are often misdiag-
nosed as gastrointestinal problems. The identification of potentially
problematic, and progressive, perinatal SDH involves a high index of
suspicion, facilitating early neurosurgical intervention when necessary.

Most importantly, an increased awareness about the magnitude
of babies with perinatal SDH and the high risk of false accusations of
abuse is the essential first step.
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