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Vitreoretinal
traction is a major
factor in causing
the haemorrhagic
retinopathy of
abusive head
Injury? — Yes
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Retinal haemorrhage is a cardinal manifestation of
abusive head injury characterized by repetitive
acceleration—deceleration forces with or without
blunt head impact (Shaken Baby syndrome). That
shaking alone, in the absence of head impact, can
result in severe, if not fatal, manifestations of this
syndrome has been well demonstrated."” The
unique nature of repetitive acceleration—
deceleration forces in accumulating forces
experienced by the eyes has been supported by
finite element analysis and corresponds to the
areas of the eye where there is a predilection for
retinal haemorrhage to appear in abusive injury:
the peripheral and macular retina.>* Isolated
accidental blunt head impact injury is rarely
associated with retinal haemorrhage,>® and when
retinal haemorrhage does occur, the
haemorrhages are few in number and largely
confined to the posterior pole, with the exception
perhaps of fatal head crush injury”® and severe
fatal motor vehicle accidents.’

Over the last 35 years much research has been
conducted to aid us in understanding the
pathophysiology of retinal haemorrhage in
abusive head injury. Multiple research lenses
have been used to examine this issue and each
continues to indicate the important role of
vitreoretinal traction. In part, this realization
comes from the absence of viable alternative
theory. There appears to be no correlation
between retinal haemorrhage in abusive head
injury and intracranial haemorrhage, increased
intracranial pressure, or increased intrathoracic
pressure.'® Although intracranial haemorrhage
is commonly associated with retinal
haemorrhage (Terson’s syndrome) in adults,

it appears to be rare in childhood'" and not
associated with the severe haemorrhagic
retinopathy seen in approximately two-thirds of
abusive head injury characterized by repetitive
acceleration—deceleration forces.'® Theories of
increased intracranial or intrathoracic pressure
leading to a restriction of venous outflow from
the eye do not explain the absence of a clinical
pattern of retinal haemorrhage consistent with
venous obstruction in abused children and the
very low incidence of papilledema.'”'> Models
of increased intrathoracic pressure, which
would theoretically result in retinal
haemorrhage through a restriction of venous
outflow, if not retrograde flow, such as
coughing,'® vomiting,'* and seizures'® also

fail to demonstrate retinal haemorrhage.

The distribution of retinal haemorrhage in
abusive head injury parallels the vitreoretinal
anatomy of infants, whereby the greatest
adhesive forces are found in the peripheral and
macular retina. These adhesive forces are
particularly strong in infants. It was perhaps
Greenwald et al'® who first recognized the
importance of vitreoretinal traction when they
described traumatic retinoschisis, a physical
splitting of the retinal layers from this tension.
Multiple studies have recognized the
importance of this lesion, which may be
accompanied by surrounding folds in the retina,
which on postmortem specimens may still have
vitreous attached at their apices. In a cat model,
vitreoretinal shear has been shown to disrupt
retinal vascular autoregulation, leading to
patulous vessels that would be more likely to
bleed."” In humans, the unique damage to
orbital tissues in settings of abusive repetitive
acceleration—deceleration forces may also
contribute to autonomic vascular
dysregulation.'®
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Unfortunately, some researchers have tried to generate
hypotheses based on impure data. A typical error is the
mixing of various types of abuse to draw conclusions
about the specific form of abusive head injury in which
repetitive acceleration—deceleration forces have the major
function. One large study examined 43 years of
pathologic specimens, dating well before Shaken Baby
syndrome was even recognized and including a
multitude of fatal abusive injuries ranging up to 9 years
old (an age well beyond the usual range for Shaken Baby
syndrome), to suggest theories of retinal haemorrhage
causation other than vitreoretinal traction.'” The
researchers found retinal haemorrhage in only 46% of
children at autopsy, far below the near 100% found in
most postmortem studies, and a high incidence of
papilledema, both confirming that indeed they were
looking at a heterogeneous sample that included abusive
injury from other causes such as pure blunt impact. Yet
when one tries to dissect their results to isolate those
children who were victims of the specific form of abusive
head injury that interests us here, once again the findings
of injury that characterizes the results of repetitive
acceleration—deceleration forces and vitreoretinal
traction-induced injury appear vitreous attached to
retinoschisis lesions, intrascleral haemorrhage at the
optic nerve-sclera junction, optic atrophy that can be
unilateral, and six of the seven children with confessed
‘shaking’ who had severe haemorrhagic retinopathy.

Research examining the ocular manifestations of
abusive head injury using a variety of strategies,
including analysis of affected children both pre- and
postmortem, examination of nonaffected children with
clinical conditions, which in some way recapitulate
aspects of the syndrome, animal models, mechanical
models, and computer models, has independently
directed us to the understanding of the critical role of
vitreoretinal traction in this severe and unique form of
injury resulting in retinal haemorrhage. The forces that
perpetrators use on these children are far beyond that
which occurs in the normal (and even surgical) ‘life of an
eyeball” and lead to a characteristic pattern of
haemorrhagic retinopathy observed only very rarely in
this age group from other causes. Perhaps the only
frequent situation in which such severity of retinal
haemorrhage can be observed, interestingly always in the
absence of retinoschisis, is normal birth, in which the
pathogenesis of the haemorrhage has been ascribed to
the effect of prostaglandins,®® which have a function in
vascular autoregulation, thus providing a possible link to
the biochemical pathway of retinal haemorrhage
generation in abuse. The roles of other factors, such as
increased intracranial pressure, increased intrathoracic
pressure, hypoxia, serum sodium imbalance,
thrombophilia, and coagulopathy, seem to be secondary,
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if at all involved, but may be important in perhaps
modulating the degree of retinal haemorrhage in any
given child.
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