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Introduction

There are few areas within medicolegal practice at present that generate as much
controversy as the interpretation of findings upon which mechanisms of injury to
children, living and deceased, are based. High-profile cases within the English legal
system highlight the difficulty of diagnosing the cause of pathologic findings
“beyond reasonable doubt.” The pathologist may be faced with a panel of experts
clinging to “mainstream thinking” backed by anecdotal and personal experience
rather than considering peer-reviewed research and literature. This is one area
where evidence-based medicine is an absolute requirement, particularly when evi-
dence is being put before a court.

In recent times the question of who should be undertaking these examinations
has been raised. Should it be a forensic pathologist who may have little, if any, formal
pediatric training, or a pediatric pathologist who equally may have little, if any,
forensic training? The solution seems obvious: have both pathologists present at the
autopsy, especially when the pathologic findings may have both a natural and/or an
unnatural causation. Ultimately, the pathologist’s duty is to the court, as an unbiased
witness to present and interpret the findings within his or her limits of expertise.

This chapter addresses a single pathology from an area of contentious medico-
legal practice, that is, the subdural hematoma (SDH), which is regarded by some as
highly indicative of nonaccidental injury. Whereas most SDH in infants is caused
by trauma, many other natural and unnatural causes have been described. We
review all causes that could be identified from the world literature as possible causes
of SDH and consider the ages when they occur, the associated medical or pathologic
findings, and the hypothesized mechanisms of causation. Only by considering all
of the causes examined within this chapter can we start to plan the investigations
required to determine the causation of SDH in childhood.

Incidence

Subdural hemorrhage occurs in 10.9 per 100,000 infants aged 0 to 2 years, 20.8 per
100,000 infants younger than 1 year.' Most SDH occurs in infants aged 0 to 4
months.” The age distribution is similar for all causes of traumatic SDH, indicating
that pathogenesis is dependent on age and independent of cause.’
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Nature and Distribution of Subdural Hematoma

Subdural hemorrhage results from bleeding into the potential space just beneath
the free edge of the dura. A layer of cells the dural border cells form a loosely adher-
ent junction with the arachnoid membrane, and it is into this layer that subdural
bleeding occurs.* The cells are clearly very loosely adherent, if not a genuine space
in life, as the dura is very readily lifted from the arachnoid at autopsy without
evident attachment. Further, SDH usually is very extensive’ and, particularly in
infants, frequently forms a widespread thin film over the cerebral hemispheres.
Subdural hematomas may connect between all subdural compartments, and bilat-
eral subdural hematoma can be drained with a shunt placed on only one side of the
head.*” In older children SDH is more likely to form a thick, space-occupying uni-
lateral hematoma, similar to the pattern in adults following trauma.

Natural History

In the natural history of subdural hematoma, it resolves by formation of a granulat-
ing membrane.>® In the first days after bleeding, macrophages enter the clot, and
release of enzymes causes clot lysis. Hemoglobin is converted to hemosiderin which
stains blue with Perls reaction. This process is thought to take 48 hours from the
time of bleeding. However, neither this nor other histologic reactive processes can
be precisely timed, especially if the infant has been nursed on a ventilator for the
last hours or days of life when reactive processes are altered by impaired or absent
cerebral blood flow (respirator brain).

After 3 days the infiltrating macrophages take up red cells and contain brown
breakdown products within their cytoplasm. Fibroblasts and capillaries grow into
the clot in the first 3 days and form many large vascular channels that are particu-
larly numerous in two bands, at the junction of the healing clot with the free edge
of the dura and at the free deep border of the membrane. Although the healing adult
subdural membrane is described as granulation tissue, Friede’ has suggested that
in infants the reactive membrane can be distinguished by the very large size and
number of in-growing thin-walled sinusoidal capillary vessels that he termed mac-
rocapillaries. By 10 days the membrane becomes visible to the naked eye. It may be
extensive and thin, often no thicker than the dura, and certainly beyond the resolu-
tion of routine computed tomography and magnetic resonance imaging (MRI)
brain scans. In time the numbers of capillaries are reduced, and the membrane
becomes predominantly fibrotic, with calcification or even areas of ossification. In
very chronic cases there may be proliferation of arachnoid cells in the arachnoid
villi resulting in impaired drainage of cerebrospinal fluid (CSF)."

Chronic Subdural Hematoma

There are two forms of chronic SDH. In a few cases the original blood clot becomes
liquid and is encapsulated by a fibrous membrane. The resulting “subdural hygroma”
has a similar shape and location to the original hematoma.

In most cases there is more widespread accumulation of fluid in the subdural

space. Transition of acute infantile subdural hematoma into chronic SDH has been



Subdural Hematoma in Children 133

recognized for many years."" This is a delayed process. In the series reported by
Hwang and Kim,"” 3 of 16 acute SDH in infants younger than 1 year old became
chronic, after intervals of 68,90, and 111 days after initial trauma. The development
of chronic SDH may be recognized by clinical signs of enlarging head or raised
intracranial pressure or by the scan appearance of fluid collections in the subdural
space. Subdural hemorrhages may present clinically with rebleed after minor trauma
or even spontaneously.”
There are four pathologic mechanisms for development of chronic SDH:

1. The most important is repeated hemorrhage into the granulating membrane of
healing acute SDH."*"

2. Leakage of CSF through an opening in the subarachnoid allows CSF to enter the
subdural space. This can occur after shunt placement in hydrocephalic babies.
The CSF mixes with blood and results in a thin xanthochromic subdural fluid
collection.”

3. Babies with brain atrophy may be more susceptible to development of chronic
SDH as are result of tension on the dural border layer as the arachnoid collapses
with the shrinking brain.*

4. After an infection or inflammatory process; subdural empyemas can result from
sinusitis or otitis media.'*"’

The pathogenesis and mechanisms of development of chronic subdural fluid
collections are far from well understood. Although rebleeding into subdural mem-
branes is very well recognized by pathologists,”"' the relationship between subdural
and subarachnoid spaces is complex. Vinchon et al."® performed serial imaging in
infants with accidental traumatic SDH. They noted that initial bleeding into the
subarachnoid space preceded subdural fluid collections. They proposed that this
process resulted from impaired CSF absorption at the arachnoid villi, and in one
case they noted an extending tear in the arachnoid membrane. The pathophysiology
of CSF accumulation in infantile SDH appears to be age specific. Hwang and Kim"
described the evolution of acute to chronic SDH in three cases. In these cases, small
acute subdural hematomas disappeared, followed by widening of the subarachnoid
space and then by accumulation of subdural fluid at a much later date (68,111, and
90 days). An MRI study of nine birth-related subdural hemorrhages failed to dem-
onstrate persistent SDH at 4 weeks of age."” The experience of Hwang and Kim"
suggests that early radiologic improvement does not exclude later development of
chronic SDH in infancy. A further point of note is that imaging studies only recog-
nize fluid accumulation; a thin granulating membrane would not be identified by
routine scans without contrast enhancement.

Nontraumatic Causes of Subdural Hematoma in Children
Fetal

The most common form of antenatal intracranial hemorrhage is SDH that can be
diagnosed by ultrasound or MRL* Fetal SDH carries significant morbidity and
mortality and is associated with arteriovenous malformations, tumors, disorders of
coagulation, drugs (aspirin and warfarin), cholestasis of pregnancy, fetal distress,
and hypoxic events, or it may be considered idiopathic.”»* Trauma as a cause has
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been reported from traditional massage techniques to encourage cephalic version
of breech presentations or from true maternal injury such as assault (so-called
“battered fetus”), falls, and motor vehicle incidents®.

Neonates

The incidence of birth injuries is estimated at 2 to 7 cases per 1000 live births.*
They include soft tissue and skeletal injuries as well as subdural and retinal hemor-
rhages, all of which can be misinterpreted as nonaccidental injuries. Subdural hem-
orrhage is reported in one series as the most common form of intracranial birth
related pathology, accounting for 73% these findings.” Many SDHs are clinically
silent, small, and completely resolve within 4 weeks of the delivery.”

An MRI study of asymptomatic neonates has shown a 9% incidence of SDH.”
Other studies have shown SDH in up to 50% of normal deliveries.**”

Mode of Delivery

A number of maternal and fetal factors have been implicated as the cause of SDH
related to the birth of the infant. These factors include cephalopelvic disproportion,
prematurity, both maternal primiparity and grand multiparity, and both precipitous
and prolonged labor.”»” The mode of delivery of the infant also must be considered,
as this factor affects if and where the SDH may occur. However, there does not appear
to be a higher incident of occurrence of SDH whether forceps or vacuum was used
to assist the delivery.”” Having said this, in the case of forceps delivery, the angle of
rotation may be of importance. Hankins et al.’* studied forceps rotation and found
that a single case of SDH occurred with rotation greater than 90 degrees.

Tentorial and interhemispheric SDH have been described with normal vaginal
delivery®® It is hypothesized that occipitofrontal compressive forces stretch the
internal cerebral veins, the basal veins of Rosenthal, and the mobile aspect of
the vein of Galen, resulting in tearing injuries either to the veins themselves or to
the falx or tentorium.?® Subtentorial posterior fossa SDHs have been reported in
unassisted vaginal deliveries but more frequently in forceps and vacuum assisted
deliveries.”” Although osteodiastasis associated with forceps delivery has been
considered the cause of posterior fossa SDH, others have rejected this theory. An
illustrated theory to support tearing injury of the deep veins as the cause of SDH
during vacuum extraction has been put forward by Hanigan et al.”* The operative
procedure of cesarean section itself is not reported as a cause of SDH.

When considering the location of birth-related SDH, Whitby et al."” found only
one SDH in the supratentorial compartment alone, 6 of 9 were in the posterior fossa,
and 2 of 9 were in both supratentorial and infratentorial compartments. These find-
ings correspond with other reports in which no isolated supratentorial hemor-
rhages were identified. This does not support the contention that these subdural
bleeds result from tearing of the draining veins that insert over the frontal vertex
but suggests that these bleeds are the result of tentorial tearing or bleeding from
the dural folds, which are prominent in the posterior fossa. Bleeding from dural
folds is more frequent than from less vascular dura over the convexities.

Perinatal Hypoxia

Perinatal hypoxia has been considered a risk factor for SDH during birth. However,
in a paper on risk factors for intracranial hemorrhage in full-term infants, Jhawar
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et al.”” draw attention to the earlier publication of Wigglesworth and highlight that
this relationship should be considered with caution because the hemorrhage may
be secondary to birth trauma, which in turn may precipitate a respiratory crisis and
hence the hypoxic event, rather than vice versa, that is, the hypoxic event having
been caused by the SDH. Coexisting cerebral trauma as the cause of SDH is also
proposed and supported by Chamnanvanakij et al.”

Cerebral Infarction

Subdural hemorrhage is described in association with cerebral infarction in the
neonate.””” The mechanism is unknown. It has been suggested that the blood leaks
from the infarcted brain tissue into the overlying meninges.’® An alternative hypoth-
esis is that subdural hemorrhage resulting from some other cause, such as torn
blood vessels, displaces the brain and compresses the arterial supply, leading to
infarction.”

Total Parenteral Nutrition

Intracranial complications of total parental nutrition (TPN) are rare and the under-
lying mechanisms unclear. Although subdural collections, whether they consist of
transudates or fat effusions, are reported in the literature, subdural hematomas or
blood-stained collections are not.”” Tuthill et al.”” draw attention to the hypothesis
that retrograde venous flow occurring in response to raised pulmonary vascular
resistance results in rupture of the bridging veins. The TPN fluid, which has been
infused into the superior vena cava, then can enter the subdural space via the
injured intracranial vessels. Retrograde flow is also postulated to occur as a result
of high pulmonary pressures and reduced venous return caused by mechanically
assisted ventilation.

Neuroendocrine Syndromes

Prader-Willi syndrome is a neuroendocrine disorder with chromosomal abnormali-
ties (characterized by deletion of the proximal part of the long arm of chromosome
15 among other abnormalities) first described by Prader, Labhart,and Willi in 1956.%
The diagnostic features are those of obesity, short stature, and developmental delay,
with the child presenting with profound muscular hypotonia, swallowing difficulties,
and hypogonadism. A single case has been reported of a 10-day-old neonate with
bilateral SDH of the posterior falx with associated extradural hemorrhage, which was
hypothesized to be caused by a genetically related abnormality of homeostasis,
although the specific homeostatic abnormality was not stated.*' The infant had been
delivered by cesarean section following breech presentation, although these delivery
related mechanisms were excluded as the cause of the SDH.

Other Causes

Other causes of neonatal SDH include thrombocytopenia, vitamin K deficiency,
hemophilia, hepatic disease, infection, and disseminated intravascular coagulation
(DIC). Maternal use of aspirin may result in SDH because of placental crossing of
the drug.”
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Infants

Coagulation and Hematologic Disorders

By far the largest literature on natural causes of SDH in children relates to hemato-
logic and coagulation disorders. These disorders can affect the fetus, newborn,
infant, and juvenile but are all considered in this section. Because of the shear
number of papers, particularly in relation to hemophilia, only selected references
are given to relevant conditions.

Severe hemophilia A (factor VIII deficiency) can present with intracranial
hemorrhage in neonates. This condition can result from congenital hemophilia or
transplacental transfer of acquired factor VIII:C inhibitor from maternal circulating
immunoglobulin G class antibodies*. Despite the pressures involved in vaginal deliv-
ery, intracranial hemorrhage of all types is estimated to occur in only 1.0% to 4.0%
of infants with hemopbhilia A. It is associated with traumatic and instrument-assisted
deliveries but also has been reported to be spontaneous in nature, occurring several
days after birth*. There is no specific distribution for the SDH, although in several
reported series the bleeds were all supratentorial and unilateral in location.**® The
mortality from SDH has dropped in modern times to approximately 30%."

Hemophilia B (factor IX deficiency) also may present with SDH in the neonatal
period.*® As with hemophilia A, the most common site for infant bleeds is intracra-
nial, with SDH the most common type.*” The mean age for intracranial bleeds in
hemophilia B is younger than that for hemophilia A: 4 to 6 years as opposed to 10
to 10.5 years.”

Hemophilia, afibrinogenemia, leukemia, and thrombocytopenia (various types)
have all been reported to cause SDH in school-age children. Although minor trauma
has been put forward as a common cause, SDH may be spontaneous in nature.’>*

Four-factor deficiency is a very rare, autosomal recessive, inherited bleeding dis-
order involving the vitamin K-dependent coagulation factors. A single case of a 3-
month-old male child with the deficiency who presented with a right-sided SDH
has been reported.”

Another rare factor deficiency is factor V deficiency. A single case report of a male
with postdelivery SDH and three more SDHs in the first 10 months of life was
reported by Salooja et al.”* Factor V deficiency is also associated with other con-
genital anomalies, including cardiac failure, transient hypertension, and renal tract
and intracranial anomalies.

Congenital deficiency of factor VII, an autosomal transmitted disorder, usually is
asymptomatic. Although it has been reported to be associated with arterial and
venous thrombosis, only a single case of a homozygotic male infant 7 months old
presenting with a left occipitoparietal SDH has been reported.” The child presented
after an episode of minor head trauma.

Factor XIII deficiency is an autosomal recessive disorder in which bleeding occurs
in less than 1% of affected individuals. A single case of a 38-month-old male child
with factor XIII deficiency who had a left-sided SDH was reported by Larsen et al.*

Hermansky-Pudlak syndrome (HPS) is an autosomal recessive inherited disorder
characterized by oculocutaneous albinism, tissue accumulation of choroid pigment,
and bleeding diathesis as a result of platelet disorder. A single case of a 7-week-old
male child with HPS who presented with a left-sided occipital SDH has been
reported.”
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Disorder of the function of fibrinogen, as highlighted earlier, may result in SDH.
Autosomal dominant congenital dysfibrinogenemia has been recorded in several
hundred families. Although they may be clinically silent, severe forms may present
with bleeding, thrombosis, or abnormal wound healing. Occasional case reports,
such as the 2-year-old male child reported by Al-Fawaz and Gader,” illustrate the
complication of this disorder with SDH.

Fatal intracranial hemorrhage in sickle cell disease, although rare, is more
common in children than in adults. The site of the bleed may be subdural.”® The
mechanism behind the SDH of sickle cell disease remains unproved, although it has
been speculated to result from vascular abnormalities. In sickle cell patients, venous
capillary saccular dilatations and ectasias, which are known to occur, may rupture
and result in SDH.

Infections

A number of reports of the association of cerebral or systemic bacterial, viral, and
parasitic diseases that can affect children and be complicated by SDH appear within
the literature, but care must be taken to differentiate those diseases that cause effu-
sions rather than hematomas.

Congenital toxoplasmosis can result in neonatal central nervous system damage.
Subdural hematoma has been reported in association with this infection. Toxoplas-
mosis has been postulated to cause toxic damage to the dural blood vessels, result-
ing in increased permeability and rupture and thus formation of SDH.*

Malaria is another parasitic disease that can be listed as a cause of SDH. However,
malaria has been reported to result in subdural effusions in children aged 11 to 66
months rather than hematomas.®'

Bacterial meningitis has been reported to result in both subdural effusions and
hematomas.

A Polish-language publication reported seven cases from a series of 97 children
with toxic diarrhea who had associated SDH.*” The SDH was reported in those cases
with central nervous system signs and symptoms. None of the cases were reported
to have hypernatremia or dehydration, although vascular manifestations and
vitamin K abnormalities were reported.”

Although there is a single case report in Japanese of herpes simplex encephalitis
(HSE) associated with SDH, Kurtz and Anslow® in their series of 13 infants with
HSE draw attention to the fact that none of their cases had SDH. In fact, they use
the presence of SDH to differentiate HSE from nonaccidental head injury.”’

Finally, a single case of SDH following chronic otitis media is reported in the
literature.*

Hemorrhagic Shock and Encephalopathy Syndrome

Hemorrhagic shock and encephalopathy syndrome (HSES) was first reported by
Levin et al.®® in 1983. This acute, frequently lethal syndrome usually occurs at about
3 to 4 months of age.”® The cause remains unknown.” There is a prodromal period
lasting on average 2 to 3 days during which the child exhibits fever, irritability,
diarrhea, or signs of an upper respiratory tract infection. It then deteriorates into
profound shock, seizures, coma, DIC, and oliguria. Cerebral edema, hypoxia, and
boundary zone infarction may be seen. Rarely, SDH and retinal hemorrhages are
seen in these cases and are attributed to the coagulation disorders present. The
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authors have seen one case mimicking nonaccidental injury that ultimately was
clinically diagnosed as consistent with HSES.

Hydrocephalus and Benign Extraaxial Collections

Hydrocephalus can be classified as internal, external, or communicating, depending
on whether the abnormal CSF accumulation is within the ventricles, over the surface
of the brain, or both.

Hydrocephalus is well recognized following SDH, and this complication repre-
sents the primary indication for surgical drainage of SDH.® The blood collections
impede drainage of CSF via the arachnoid villi, leading to CSF accumulation.

Benign extraaxial collections of infancy are a complex and incompletely under-
stood group. This is a self-limiting disorder, sometimes with a family history of
dominant inheritance. Affected children present under 1 year of age with macro-
crania (defined as an occipital frontal circumference at or greater than the 98th
percentile) or rapid head growth and can show vomiting, irritability, seizures, and
failure to thrive. Psychomotor development usually is normal.” Original reports
considered the fluid collections to be located in the subdural space.”” However,
modern neuroimaging suggests that in many cases the fluid is within the subarach-
noid space.” There seems to be no consistency, and the term benign extraaxial
collections encompasses fluid collections in either compartment. These collections
may be either protein-rich effusions (protein content >40 mg/dl) or gross blood
(red cell count >1,000,000/m!*). The cause of the collections is unknown, although
typically there is no history of previous intracranial infection or trauma (see next
paragraph). It has been hypothesized that the collection interferes with normal CSF
absorption, leading to communicating hydrocephalus.”

Piatt” updated the controversial debate on benign extraaxial collections, consid-
ering them to be a form of external hydrocephalus. He suggests that that as many
as 11% of infants with external hydrocephalus may develop SDH.”*’* It is thought
that the craniocerebral disproportion increases the distance that the bridging veins
must traverse, rendering them vulnerable to shearing forces that make the infant
susceptible to SDH either spontaneously or after otherwise “inconsequential”
trauma. Papasian and Frim” developed a mathematical model that supported the
hypothesis. Piatt describes a child with SDH and external hydrocephalus in associa-
tion with retinal hemorrhages. He warns of the potential for making the mistaken
diagnosis of child abuse in these cases, which is further discussed by Pittman.”®

Space-Occupying Lesions

Subdural hemorrhage is a recognized complication of intracranial tumors in chil-
dren. This section describes a number of intracranial space-occupying lesions asso-
ciated with SDH.

Meningioma is infrequent in the first decade of life. A single case of chronic SDH
has been reported in a 5-year-old male child with a frontal chordoid meningioma
associated with bilateral SDH.”

A single case in Japanese reports a lesion described as a “neuroepithelial cyst”
with associated SDH overlying the left temporal tip on histology in an 8-year-old
male child.”®

Two cases of SDH and intracranial sarcoma of childhood have been identified.”**
In each case, a separate mechanism for SDH is proposed. In the first, SDH is attrib-
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uted to bleeding from tumor vessels within the subdural space. The second suggests
that SDH is the primary pathology, possibly of traumatic origin, with the sarcoma
developing several years later at the site of the previous SDH cavity. It is hypothe-
sized that a chronic inflammatory reaction to SDH with proliferative membrane
formation ultimately leads to the development of sarcoma. This parallels the occur-
rence of chronic pleural inflammation with the ultimate development of pleural
malignancy. It is also hypothesized that surgical intervention or repeated intracra-
nial taps amplify the risk.

A single case of an 8-month-old child with juvenile xanthogranuloma was
reported by Labalette et al.* On presentation the infant had a chronic subdural
hematoma attributed to spontaneous hemorrhage.

A 2-year-old male child with extramedullary hematopoiesis (EMH) of the cranial
dura with associated SDH has been reported.* The EMH had formed a space-
occupying lesion within the cranium and was attributed as the cause of the SDH.

Hypernatremia

Whether hypernatremia (defined as serum or vitreous sodium in excess of 150 mEq/
L) is the cause or the result of a subdural hematoma has been discussed in the lit-
erature since the 1950s. Prior to Kempe’s article on “The Battered Child Syndrome,”
it had been theorized that the dehydration associated with hypernatremia resulted
in brain shrinkage, which in turn stretched the bridging veins, predisposing to
rupture and SDH.**** However, others have considered that it is the cause of the
dehydration (e.g., severe intracranial disease, surgical procedures, or encephalopa-
thy leading to central diabetes insipidus) and not the primary hypernatremia that
results in SDH.* Handy et al.* review several series of cases where children died of
nontraumatic deaths with evidence of hypernatremia, although SDH was not found
at autopsy. In their own series, single cases were identified where hypernatremia
and SDH coexisted; however, clinical documentation indicated that hypernatremia
followed the onset of SDH. Finberg et al.*® demonstrated that peritoneal administra-
tion of hypertonic sodium chloride solution to kittens could result in SDH, but the
methodology and model have been criticized. One mechanism that could be con-
sidered from the observations of Finberg et al. in relation to infant accidental salt
poisoning is that venous sinus thrombosis, a recognized complication of hyperna-
tremia, is itself associated with subdural haemorrhage.”* However, other papers
reporting both accidental or intentional salt administration to children do not
report the presence of SDH.*%

Although the overwhelming evidence reported in the medical literature indicates
isolated hypernatremia does not cause SDH, in extremely rare cases hypernatremia
has been reported to be the cause of SDH."*

Connective Tissue Disease

Two connective tissue diseases have been reported to present with SDH in child-
hood: Ehlers-Danlos syndrome (EDS) and osteogenesis imperfecta (OI).
Ehlers-Danlos syndrome is a heterogeneous group of inheritable connective
tissue disorders characterized by skin laxity, joint hypermobility, and tissue fragility.
There are six types classified according to their signs and symptoms. The vascular
type (type IV) has an associated shortened life expectancy because of rupture of
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vessels and organs. A single case of EDS has been reported as simulating nonacci-
dental injury of child abuse.®”” In a similar manner, a single case of recurrent SDH
in a 15-year-old child with EDS type IV was reported by Ortiz Remacha et al.”

Osteogenesis imperfecta is an inherited connective disuse disorder where the
basic defect is the abnormal synthesis of the o, and o, chains of type I collagen.
There are four types (with subclasses), with each type defined by its genetic abnor-
mality or clinical features.” Osteogenesis imperfecta is a recognized diagnostic
pitfall in the investigation of apparent nonaccidental injury, especially when con-
sidering the interpretation of recurrent skeletal fractures.”” Scanty publications
report a number of cranial pathologies, including intracranial bleeds, which have
been associated with OL.” Tokoro et al.” reported a single nonfatal case of chronic
SDH in a baby girl, which they attributed to rupture of the bridging veins during
normal molding of the skull bones during delivery. They hypothesize that the chro-
nicity of their cases may have been associated with other factors associated with
Ol including coagulopathies and increased vascular fragility. This vascular fragility
is caused by abnormal collagen support around the vessels and can be demonstrated
by a positive Rumpel-Leede capillary fragility test. In a series of 79 patients with OI
presented by McAllion, vascular fragility was also considered a significant factor in
the causation of intracranial hemorrhage of all types, at all ages.” Osipenkova and
Trakhtenberg™ presented a single fatality in a 6-month-old infant with OI, SDH, and
subarachnoid hemorrhage that was attributed to the trauma from bumping of the
child’s head against a wall.”

Minor trauma as a cause of SDH and retinal hemorrhages in individuals with OI
was presented in a series of three children by Ganesh et al.”® All three children had
type I OI and, following through investigation, all three cases were considered acci-
dental in nature. The principle author (G.R.) has encountered a fatal case of type I
OI that presented with recurrent rib and long bone fractures, skin bruising, SDH,
and retinal hemorrhages. Following full police investigation, this case ultimately
was considered nonsuspicious in nature. These cases illustrate the diagnostic
dilemma facing the investigating authorities as to whether these cases are patients
with spontaneous or accidental pathologies in association with OI or cases of abuse
of patients with OL

Vitamin Deficiencies

Subdural hematomas may occur in childhood with vitamin C, and K abnormalities.
No reports exist of SDH with vitamin A, B, or E abnormalities. A single case related
to vitamin D deficiency is discussed in the following.

The majority of papers on the association of SDH and vitamin deficiency/abnor-
malities relate to vitamin K. This finding may be the result of either maternal
vitamin K deficiency with SDH arising in the developing fetus” or postdelivery
neonatal vitamin K deficiency known as hemorrhagic disease of the newborn (HDN).
As reported by Rutty et al.,”” HDN may be delayed beyond the immediate postnatal
period and may present with both SDH and retinal hemorrhages, mimicking nonac-
cidental injury.

Only one paper related to vitamin C deficiency could be identified to date. In this
report, both SDH and retinal hemorrhages are hypothesized to result from a com-
bination of ascorbate depletion and injection of foreign protein (from vaccinations)
leading to exceptionally high blood histamine level. This situation in turn was
hypothesized to result in capillary fragility and venous bleeding.'®
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To date no definite cases of subdural hematomas occurring in children in associa-
tion with vitamin D deficiency have been reported. However, a single case of a 2.5-
year-old Bengali male child with rickets who underwent bilateral exploratory burr
holes to both the frontal and parietal bones because of clinical suspicion of SDH
has been reported, although only 15ml of clear fluid to the left frontal burr hole
was found."”!

Therapeutic Drugs

A case of an 8-month-old male infant who had severe hepatotoxicity from pheno-
barbital toxicity was reported by Roberts et al.'” This child presented with a severe
seizure-like episode and collapse, the cause of which was attributed to bilateral
chronic SDH. Unfortunately this paper does not enlighten the reader as to the clini-
cal cause of the SDH but rather concentrates on the complications related to phe-
nobarbital treatment.'”

Vascular Disease, Malformations, and Flow Abnormalities

Subdural hematomas may occur in children as a presenting symptom of vascular
disease or vascular malformations.

Kawasaki disease is a multisystem disorder characterized by vasculitis of small
and medium arteries. Neurologic complications, including meningoencephalitis,
monocyte-predominant pleocytosis in the CSE, facial nerve palsy, seizures, hemiple-
gia, and sensorineural hearing loss have been reported to occur in 1.1% to 3.7% of
affected children.'”'” Two papers detailing seven cases of SDH in children as young
as 6 months have been reported.'”'”” The SDH in these cases was hypothesized to
be caused by vasculitis of dural vessels. All cases reported to date have been in living
subjects with no fatalities or for whom postmortem findings had been reported.

Intracranial arteriovenous malformations (AVM) and cavernous hemangioma
are rare causes of neonatal intracranial haemorrhage.'® Neonatal subdural hemor-
rhage in association with AVM appears to have been reported only four times in
the literature, although the principal author (G.R.) has dealt with a nonreported
fatal case of SDH associated with a subtentorial meningeal AVM that initially was
suspected to be a nonaccidental injury.

Cerebral aneurysms have a distinct male predominance (12:1), occurring most
frequently in the distal middle cerebral artery distribution or the posterior circula-
tion.'” They also have a higher incidence of large/giant aneurysms compared to
adults. They are associated with head and birth trauma, infection (mycotic), fibro-
muscular dysplasia, moyamoya disease, coarctation of the aorta, subacute bacterial
endocarditis, collagen vascular disease, EDS, Marfan syndrome, syphilis, sickle cell
anemia, and tuberous sclerosis. Rupture of the aneurysm may occur, resulting in
intracranial hemorrhage. The case of a 7-month-old boy with SDH in association
with a cluster of six basilar artery aneurysms was reported by Plunkett.'’

Congenital Heart Disease

Despite technical advances, neurologic complications of open heart surgery are
estimated to occur in up to 24% of cases.'"' The association between SDH and con-
genital heart disease (CHD) in infants is related to surgery and the postoperative
period rather than a complication of untreated CHD. Humphreys et al.'? drew
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attention to intracranial hemorrhage occurring in children following open heart
surgery for CHD, most frequently valve or congenital cyanotic heart operations. In
their series of 16 cases, 11 had SDH. Bleeds varied from “small localised area of
haemorrhage” to “a clot occupying an entire hemicranium.” They then postulated
that the SDH resulted from low arterial perfusion pressure and brain shrinkage with
tearing of the surface bridging veins. Other authors have favored preoperative
coagulopathies as the cause of SDH.

Complications of Medical/Surgical Treatment

The best-known association between SDH and medical/surgical treatment is
noted with shunting for hydrocephalus. This complication was first reported by
Anderson'” in 1952. It occurs more frequently in children with normal-pressure
hydrocephalus (20%-46%) than in those with hypertensive hydrocephalus (0.4%-
5%). Those with hydrocephalus secondary to vein of Galen malformations have an
incidence up to 10%.'*

The cause of the SDH has been related to excessive drainage of CSF resulting in
a combination of collapse of the brain and opening of the subdural space'” and
tearing of the bridging veins. Fifty-eight percent of all cases are asymptomatic.

There is a single report of SDH complicating endoscopic III ventriculoscopy in
a 2-year old-male child. In this case report, Maeda et al.''"® hypothesize that the blood
arose from the wound site or from bridging vein injury resulting from acute decom-
pression of the hydrocephalus.

Finally, a case of a 2.5-year-old female child who developed SDH following
encephalo-myo-synangiosis (EMS) was reported by Sonobe et al.'’” The girl had
right hemiparesis as a result of a very narrow left carotid artery bifurcation and
small vessels as a result of moyamoya. EMS led to improvement of her hemiparesis,
but she subsequently represented with ipsilateral SDH attributed to a complication
of the EMS.

Metabolic Disease

Garrod''® was the first in 1909 to use the term inborn errors of metabolism to
describe a spectrum of genetically inherited disorders characterized by deficient
activity of an enzyme in a metabolic pathway. The subject was visited by Olpin and
Evans'” in Essentials of Autopsy Practice (Volume 2), in which neurologic complica-
tions of a number of metabolic disorders were described. Of these disorders, glu-
taric aciduria type 1 (GA1) is the most commonly misinterpreted as nonaccidental
injury because one of its presenting features may be SDH.

GA1l is an autosomal recessive inborn error of metabolism that can produce
mild-to-moderate macrocephalus.'® In the presence of frontotemporal atrophy the
bridging veins are abnormally elongated and vulnerable to damage during minor
injury, leading to both SDH and retinal hemorrhages (via subarachnoid effu-
sion).””""'* The most common presenting age group consists of those 7 to 18 months
old, but presentation in the immediate postnatal period has also been reported.
Examination reveals multiple SDH of differing ages'** that may be unilateral or
bilateral, with the latter being more common.'?

Another neurometabolic condition that has been reported in association with
SDH is D-2-hydroxyglutaric aciduria (D-2-HG). The genetic transmission and
pathway abnormality for this disorder remain poorly defined.”™ In a single case
report,a 7-month-old male child with macrocephaly and cerebral atrophy presented
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with a unilateral right SDH with normal retinas. Again, the cause of the SDH is
attributed to stretching of the bridging veins because of the increase in head size
with associated cerebral atrophy.

A single case of a 5-week-old female child who had SDH and retinal hemorrhages
in association with methylmalonic aciduria and homocystinuria has been reported.
The cause of this abnormality is cobalamin C deficiency. These cases suffer from
microcephaly and not macrocephaly, so the authors rejected a traumatic bridging
vein abnormality. Rather they hypothesized that the raised levels of homocysteine
cause direct vascular endothelial damage resulting in spontaneous haemorrhage.'”’

In 1962 Menkes'”® described a lethal neurodegenerative disorder. Menkes disease
is an X-linked recessive disorder located on chromosome X13.3, which encodes for
a copper-transporting POtype ATPase. The resulting abnormality of copper absorp-
tion results in a number of systemic abnormalities and is associated with SDH.

Vaccines

In recent years, particularly in the United States, vaccinations, specifically the diph-
theria, tetanus, and pertussis (DTP) combined vaccination, have been postulated as
a mimic of shaken baby syndrome. An autoimmune mechanism for cerebral injury
has been speculated but, unlike pathology that may occur with rabies vaccination,
no such mechanism has been demonstrated or proved with the DTP vaccine.'”

A combined vaccine that has been reported to have a causal relationship with
idiopathic thrombocytopenic purpura (ITP) is the mumps, measles, rubella (MMR)
vaccine. Miller et al."” estimate that the absolute risk of developing ITP within 6
weeks of receiving the MMR vaccine is 1 in 22,300 doses. However, none of the cases
presented in their paper had evidence of SDH."*

Thus, to date no peer-reviewed papers have demonstrated a categorical causal
link between vaccinations and SDH. In the paper by Clementson (discussed in the
section on vitamin deficiencies), the author hypothesizes a link between vaccina-
tions, vitamin C deficiency, abnormal histamine levels, and SDH but presents no
research-based evidence supporting the theory. A second theoretical paper on the
subject, also authored by Clementson," again postulates that inoculations cause a
variant of infantile scurvy (Barlow disease). Although he again argues that vascular
fragility may led to SDH and retinal hemorrhages during the normal handling of a
child following inoculations, he presents no raw data or peer-reviewed research
supporting his theory.

(alcified Subdural Hematoma

Calcified SDH has been reported in association with postmeningitic SDH effusion
and as a long-term complication of ventriculoperitoneal shunts. It can be unilateral
or bilateral and may undergo ossification. It may produce the so-called armored
brain appearance. It rarely is symptomatic and more usually is asymptomatic.'*

Alagille Syndrome
Alagille syndrome is a congenital absence of bile ducts in the liver. It is quoted as

a cause of SDH, and yet no peer-reviewed paper could be identified to associate the
two conditions.
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School Age and Juveniles

Arachnoid Cysts

Arachnoid cysts are congenital lesions resulting from meningeal maldevelopment.'**

They occur most frequently within the middle fossa, usually unilaterally, with
left-sided predominance (left to right 1.8:1) and male predominance (3:1). They are
associated with SDH, subdural hygroma, and intracystic hemorrhage in teenage
children, although cases in children as young as 5 years have been reported. Although
the exact source of the SDH remains unknown, attention has centered on the unsup-
ported bridging veins that traverse the cyst and fragile leptomeningeal vessels
found within the cyst wall."”* Two mechanisms have been hypothesized for the SDH:
traumatic and spontaneous. The majority of SDH follows minor head trauma, when
either traumatic cyst rupture or bridging vein injury is hypothesized to occur.”*>'*
During the recovery phase, formation of unstable internal capillaries and sinusoids
within the cyst wall may lead to chronic SDH as the result of repeated bleeds from
these fragile vessels."”’” Spontaneous cyst rupture with associated SDH has been
hypothesized to be caused by two mechanisms:

® Raised intracranial pressure, as may occur with a Valsalva maneuver

® Raised intracystic pressure resulting from increased flow of CSF into the cyst
because of traumatic valve flap communication with the subarachnoid space
such that it distends and ruptures'*®

Bone Marrow Transplant

There is a recognized significant risk of morbidity and mortality from neurologic
complications following bone marrow transplant (BMT). Subdural hematoma has
been reported to occur in up to 12% of patients (all ages), with 75% diagnosed at
autopsy without antemortem clinical symptoms.”” Although more commonly
occurring in adult BMT patients, SDH has been reported in children as young as 4
years.'"” They usually are unilateral in nature, randomly distributed, and variable
in size.'' Although the mechanism underlying the cause of the SDH remains
unknown, there is an association with pretransplant thrombocytopenia and/or
coagulopathy.

Traumatic Causes of Subdural Hematoma in Children

Several studies have shown that the majority of SDH in infants is the result of
trauma.">'? Within this group, more cases result from inflicted than accidental
trauma. Feldman et al.'"* identified inflicted trauma in 59% and accidental trauma
in 23% of their series. Figures in a report from the Royal College of Paediatrics and
Child Health estimated that 51% of infantile SDH results from inflicted trauma.'
The association of SDH and abuse in infants has been known for a long time, first
recorded by Tardieu in 1860.

The distinction of accidental from nonaccidental traumatic causes is of great
importance in forensic work and frequently is demanded of forensic pathologists.
This distinction depends on a number of factors, including social investigations. It
is impossible for the pathologist to make this distinction, particularly when only



Subdural Hematoma in Children 145

intracranial injury is present. In other words, no pathologist or neuroradiologist
can diagnose “intent.”

Pathogenesis of Traumatic Acute Subdural Hemorrhage

There are four possible origins of subdural hemorrhage:

1. Traumatic subdural hemorrhage usually results from tearing of the draining
veins as they cross the subarachnoid and subdural spaces to enter the sagittal
sinus.” These veins are large, and traumatic rupture leads to a thick subdural
blood clot. This pattern is typical of infants older than 9 months and adults."**'*
The majority of SDH in young infants is thin fluid, which is readily tapped, rather
than dense clot."

2. Subdural hemorrhage may result from tentorial tearing, which is associated with
molding of the head and movement of the skull bones, usually during delivery.

3. Thin-film subdural hemorrhage may result from oozing of blood from dural and
arachnoid vessels in conditions where there is hypoxic endothelial damage
together with raised intracranial vascular pressure. This is consistent with the
recognized vascularity of the dura and the frequency of intradural bleeding in
infants following asphyxia.’

4. Bleeding may into the subdural space from a bleed in another intracerebral com-
partment, after rupture of an aneurysm,>"* or following arachnoid tear."*'*

Causes of Traumatic Subdural Hematoma

As noted at the beginning of the chapter, the majority of infant SDH is the result of
trauma, of which inflicted injury is the most frequent cause. Proposed mechanisms
of such injury are highly contentious. Although severe high-velocity impact, such
as motor vehicle accidents and falls from great heights, undoubtedly can cause SDH,
very little is known about the effects of much lesser forces.

Direct trauma or impact causes deformation of the skull, with or without frac-
tures, contusion, and epidural and subdural hemorrhage. Angular or rotational
acceleration or deceleration of the head on the neck occurs in whiplash and shaking
injuries, although there also is a rotational element in most falls as a result of
hinging of the head on the neck. These forces are more likely to cause shearing
injuries of the intracranial structures.'**'*” However, all mechanisms - translational,
rotational, and angular - can cause subdural hematoma.

Shaking

More than 30 years ago a hypothesis was proposed to explain subdural hemorrhages
in infants thought to have been abused.” This hypothesis proposed that shaking
could cause brain damage and tearing of the draining veins of the brain leading to
subdural hemorrhage. However, biomechanical studies using animals and models
have indicated that the forces required are enormous, about 20 times those attain-
able by fit young adult volunteers.”” Further, and more recently, model studies
indicate that impact generates far more force than shaking alone'* and that impact
is required to produce SDH.'"” The degree of force (or violence) required to damage
an infant is unknown, but it is noteworthy that healthy adult volunteers fatigued
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after shaking an infant model for 10 seconds.””® These authors suggested that
impacting of the infant head/chin against the chest or the upper back during shaking
might produce a contributory impact. In any infant who may have been violently
shaken, injury to the ligaments, muscles, and nerves of the neck and of the cervical
spinal cord would be expected.'*!*>!>*

However, there is one further suggested mechanism by which a baby’s brain may
be damaged by shaking or whiplash. The pathologic studies of Geddes et al.'**'*
showed that most infants with inflicted traumatic brain injury had suffered lack of
blood or oxygen supply to the brain. One third had torn nerve fibers in the part of
the brainstem (craniocervical junction) where the respiratory control centers are
found. The authors suggested that damage here would cause a baby to stop breath-
ing, which would lead to a cascade of events resulting in brain swelling and retinal
and possibly subdural hemorrhages. However, this mechanism depends on produc-
ing apnea (cessation of breathing) and subsequent severe brain swelling. This
hypothesis has been rejected by some'* and further emphasizes the importance of
careful examination of the spinal cord and craniocervical junction in all infants
with SDH. Readers are drawn to the Court of Appeal transcripts related to R v
Harris, Rock, Cherry and Faulder where consideration is given to the controversies
surrounding the pathology and causation of SDH in so-called shaken baby
syndrome."®

Low-Level Falls

Low-level falls can, albeit extremely rarely, cause SDH in infants and young children.
Absolute height is not as important a criterion for injury as the following:

® Exact nature of the fall (What was the fall distance? Was it a free fall?)

® For a particular infant (What was the weight? Was the infant standing at the start
of the fall? Which part of the body hit the surface?)

® [n a particular circumstance (What was the nature of the landing surface? Did
the body roll and dissipate the force?)

The effects of twisting, rotation, or crushing of the structures of the neck are
crucial to outcome. It is well recognized that infants frequently tumble and fall, and
fortunately in the majority of cases they suffer little ill effect. However, many studies
show that low-level falls can cause serious intracranial injury, so they cannot be
dismissed out of hand.

Biomechanical studies show that falls even from low levels of 3 to 4 feet can
generate far greater forces in the head than impulsive action (or shaking)."*
Plunkett"*® and Kim et al."”” have reported series demonstrating that children may
suffer considerable intracranial damage after falls from levels as low as 6 feet.
Patients in Plunkett’s series were all older than 1 year. However, other papers have
recorded intracranial bleeding in infants younger than 5 months who fell from less
than 5 feet.”*® Schloff et al." included four babies older than 6 weeks who fell less than
8 feet and developed intracranial hemorrhage. Single cases also have been reported.
Aly-Hamdy et al.'” described a baby who fell 3 feet onto a carpeted floor and
developed subdural and retinal hemorrhages. Thus, although most children and
infants may suffer little from an apparently trivial fall, it is clearly well recognized that
minor low-level falls can cause intracranial bleeding, including subdural and retinal
hemorrhages.
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Localization of Subdural Hematoma

Most traumatic SDH is found in the parafalcine region close to the sites of insertion
of draining veins. Localization depends on age and, as noted earlier, in infants the
hemorrhage often is widespread over the convexities and thin. Postnatal SDH is
seen far more commonly in the posterior fossa. Ewings-Cobbs et al.'®' found inter-
hemispheric hemorrhage in most of their cases and always in association with
convexity hemorrhage, never in isolation. Vinchon et al.’ found a similar high inci-
dence of parafalcine bleeding, especially in infants with signs of brain swelling. The
falx is commonly hemorrhagic in asphyxiated infants,” indicating that, in some
cases at least, imaging may be showing intrafalcine congestion and bleeding rather
than parafalcine subdural hemorrhage.

Neuroradiologic studies have further suggested that localization of SDH can
distinguish between inflicted and accidental SDH."*'¥ These studies state that
posterior interhemispheric parasagittal and posterior fossa SDH are more likely to
result from inflicted injury. However, the figures reported by Ewings-Cobbs et al.'*'
demonstrate that the location of SDH is related to age. In infants younger than 1
year, there is no difference in localization of intracranial hemorrhage between
infants with inflicted or accidental trauma. Vinchon et al." reinforced this finding
and stated that only the presence of retinal hemorrhages was of any assistance in
distinguishing inflicted from accidental trauma.

It is hard to explain posterior fossa hemorrhage by shaking. The draining veins
of the cerebellum would not likely be torn by rotational forces given their anatomy,
as they run deep at the base of the cerebellum, close to the fulcrum of the cranio-
cervical junction, not at its distal most equator. Nor would the close confinement
of the cerebellum within the posterior fossa permit much movement to generate
great stresses on its draining veins.

Summary

Although abusive head trauma remains the most common cause of SDH in children,
the mechanisms remain under investigation and the subject of debate within the
medical literature. When investigating a child with SDH, remember that trauma is
not the only cause of SDH, and an extensive, often time-consuming, exhaustive
investigation into all the causes considered in this chapter must be undertaken if
the real cause is to discovered at the end of the day.
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