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Abstract WhenAbusive Head Trauma (AHT) is suspected in
a child, a dilated eye examination by an ophthalmologist is an
essential part of the medical workup, as the presence and
pattern of retinal hemorrhages can have a high positive pre-
dictive rate for abusive head injury. This article proposes to
review the clinical presentation, pathophysiology, natural his-
tory, sequelae, and differential diagnosis of retinal hemor-
rhages and other ocular lesions associated with AHT.
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Introduction

It has been estimated that roughly 4 % to 6 % of child abuse
victims present first to an ophthalmologist, usually because of

physical abuse. (Friendly 1971) In abusive head trauma
(AHT) there may be no external evidence of direct ocular
trauma such as periorbital ecchymosis, lid swelling, lacera-
tions, or subconjunctival hemorrhages. The anterior segment
examination of the eye is frequently unremarkable. (Vincent
and Kelly 2010) Because of this, the ophthalmologist is usu-
ally not the first physician who examines the child victim of
AHT. Instead, the ophthalmologist is more often consulted by
other medical providers to assess for intraocular findings of
abuse because of non-ocular physical findings suspicious for
abuse (e.g. bruising, fractures), or the presence of unexplained
neurologic symptoms in the child (e.g. apnea, seizures, or
brief resolved unexplained events [formerly known as
Apparent Life Threatening Event or ALTE]). (Levin 1990)

In a child with intracranial injury, retinal hemorrhages, along
with rib fractures, are the physical findings most predictive of
AHT (Maguire et al. 2009) Therefore, when AHT is suspected
in a child less than 5 years old, a prompt complete ophthalmologic
examination is an integral part of the medical evaluation. (Levin
et al. 2010) This includes full indirect ophthalmoscopic examina-
tion through a dilated pupil, with detailed documentation of the
description of any retinal hemorrhages found, preferably within
24 h of admission and no later than 72 h as hemorrhages may
worsen or resolve in this time period. (Levin 2010; Levin et al.
2010) Photodocumentation of abusive ophthalmologic findings is
often helpful, although not obligatory. Several hand-held digital
cameras are available for this purpose. A detailed descriptive note
with or without a hand-drawn picture is adequate in many cases.
Additional testingwith optical coherence tomography (Muni et al.
2010; Sturm et al. 2008) or intravenous fluorescein angiography
(Bielory et al. 2012; Goldenberg et al. 2010) may also be useful.

Although non-ophthalmologists have a high rate of accuracy
in determining whether retinal hemorrhage is present or absent,
false positive and false-negative examinations have been report-
ed. (Kivlin et al. 2000;Morad et al. 2003) Non-ophthalmologists
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also do not have the experience or tools to allow for complete
descriptions of the pattern, number, and type of hemorrhages, all
of which are important considering an appropriate differential
diagnosis. (Levin 2010) In cases of child fatality when AHT is
a possibility, removal of the eye and orbital tissue can reveal
abnormalities not suspected before death such as optic nerve
sheath hemorrhages or orbital fat hemorrhages. (Gilliland et al.
2007; Levin et al. 2010; Wygnanski-Jaffe et al. 2006)

Ocular Findings in Abusive Head Trauma

Retinal Hemorrhages In child physical abuse, the most com-
mon ophthalmologic finding is the presence of retinal hemor-
rhages. In AHT characterized by repetitive acceleration-
deceleration with or without blunt impact trauma (shaken ba-
by syndrome), the incidence of retinal hemorrhages is approx-
imately 85 %. (Kivlin et al. 2000; Morad et al. 2002) Retinal
hemorrhages tend to occur more frequently in children who
have died versus unimpaired survivors. (Levin et al. 2010)
Retinal hemorrhages are far less common in AHT character-
ized only by blunt impact, similar to the low incidence ob-
served in accidental falls. (Bhardwaj et al. 2010; Levin 2000)
In cases of child physical abuse— including patients without
AHT— hemorrhages are much more frequent (19 % to 73%)
than in cases of severe accidental head trauma (0 to 20 %).
(Bechtel et al. 2004; Pierre-Kahn et al. 2003) In the latter, the
incidence is usually 0 % to 3 % and only rises higher with
severe mechanisms such as motor vehicle accidents.

Several important factors in the evaluation of retinal hemor-
rhages include the depth, location, and extent of the hemor-
rhages. (Levin 2010) The retina is a multilayered structure ex-
tending from the internal limiting membrane (ILM) adjacent to
the vitreous, to the retinal pigmented epithelium adjacent to the
choroid. The appearance of retinal hemorrhages is somewhat
different depending on their location within those layers.
Superficial blood within the nerve fiber layer is flame or splinter
shaped, whereas lesions in the deeper layers of the retina have a
dot or blot configuration (Fig. 1). (Levin 2010) Blood in be-
tween the ILM and the vitreous (hyaloid) causes the ILM to
become elevated, thus forming a cavity into which blood enters
and may even layer with separation of the cells and serum
(Fig. 2). This cavity is a form of retinoschisis. Blood which
breaks through the ILM may enter the potential space between
the vitreous and retina where it is called preretinal (subhyaloid).
The term preretinal is often misused to include some smaller
lesions where a small focus of blood remains trapped under the
ILM without the characteristic appearance of traumatic macular
retinoschisis (see Fig. 1). Blood may also be found under the
retina (subretinal) or within the vitreous (Fig. 3).

The specificity of retinal hemorrhages for AHT also de-
pends on extent and pattern of distribution. Hemorrhages that
are too numerous to count, multilayered, and extending to the
ora serrata, are highly specific for AHT. (Betz et al. 1996;

Binenbaum et al. 2009; S. A. Maguire et al. 2013; Togioka
et al. 2009) Unilateral and asymmetric retinal hemorrhages
may occur in about 3 and 20 % of cases respectively.
(Arlotti et al. 2007; Breazzano et al. 2014; Morad et al.
2002) The absence of retinal hemorrhage or a small number
of hemorrhages confined to the region just around the optic

Fig. 1 Right eye of infant victim of abusive head trauma (AHT) with a
moderate number of retinal hemorrhages. Blue circle denotes the poste-
rior pole: that part of retina which encompasses the optic nerve and,
temporal to the nerve, the macula. This region most commonly harbors
retinal hemorrhages. Small numbers of hemorrhages in the posterior pole
are less specific for AHT. Short arrows indicate flame (nerve fiber layer)
retinal hemorrhages. Long thin arrows indicate blot intraretinal hemor-
rhages. Thick arrow indicates a hemorrhage over a blood vessel which is
trapped beneath the internal limiting membrane. Asterisk (*) is the
midperipheral region which lies between the posterior pole and the pe-
ripheral retina the posterior edge of which can just be visualized at p
where a larger blot hemorrhage is seen

Fig. 2 Large area of macular retinoschisis in an infant victim of abusive
head injury. Note that blood is filling a raised cavity, the surface of which
is the internal limiting membrane. Asterisk (*) indicates area where blood
is beginning to settle within the cavity leaving serum behind. Arrows
indicate hypopigmented line at edge of the retinoschisis due to
traumatic disruption of the retinal pigment from vitreo-retinal traction
during the abusive act
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nerve (peripapillary, Fig. 4) does not rule out AHT.
Peripapillary hemorrhages may simply be a manifestation of
papilledema.

Retinal hemorrhages cannot be accurately dated. Resolution
rates depend on the type, location, and number of hemorrhages
andmay range from less than 24 h (some flame hemorrhages) to
several months (vitreous hemorrhage). (McCabe and Donahue
2000) Multilayered hemorrhages rarely persist beyond a few
days and a picture of predominantly preretinal hemorrhages
suggests an event of several days to at least a week earlier.
(Binenbaum et al. 2016) Although retinal hemorrhage severity
is correlated with severity of brain injury, no single eye finding
is correlated with poor long term vision. (Morad et al. 2002) The
most common causes of vision loss in AHT are cortical visual
impairment from the brain injury and optic nerve atrophy.

Risk Factors for Retinal Hemorrhages

There is an association between the severity of retinal hemor-
rhages (RHs) and the presence of a hypoxic-ischemic brain
injury pattern as identified in Diffusion-Weighted-MRI (DW-
MRI) in young children with both accidental and non-
accidental head trauma. (Binenbaum et al. 2013) This is likely
a proxy for the severity of brain injury rather than the true
impact of hypoxia alone, as severe extensive RH do not occur
in other disorders with cerebral hypoxia. Retinal hemorrhages
also occur in AHT victims who do not exhibit such a pattern
on DW-MRI; therefore, hypoxic-ischemic-injury is not a nec-
essary factor for the development of severe retinal hemor-
rhages from inflicted head trauma. (Binenbaum et al. 2013)

A recent case control study found that in suspected victims
of AHT, the presence of lethargy, altered mental status, sub-
dural hematoma, cerebral ischemia, or diffuse axonal injury
were strong risk factors for the presence of retinal hemor-
rhages. (Burkhart et al. 2015) Although it has been reported,
RHs are rarely found in the absence of intracranial hemor-
rhage, even when a skull fracture was present. (Burkhart
et al. 2015; Morad et al. 2004a, b; Morad et al. 2004a, b)
The presence of epidural hemorrhage or a history of occipital
impact may accentuate the chance of finding RH.

Retinal Folds and Traumatic Retinoschisis Retinal folds
present as circular hemorrhagic or hypopigmented ridges or as
lines usually around the macula (posterior retina temporal to the
optic nerve) and less commonly in the more peripheral retina.
They may be found at the edges of a traumatic retinoschisis but
may also occur in the absence of a clinically evident schisis
cavity (Fig. 5). Retinal folds occur in about 3 % of clinical cases
of AHT and may be unilateral or bilateral. (Bhardwaj et al.
2010) The incidence of retinal folds is 23–42 % in severe or
fatal AHT. (Bhardwaj et al. 2010; Breazzano et al. 2014)
Although not required for diagnosis, in Breazzano et al.‘s au-
topsy study of 30 infants with AHT, retinal folds were always
associated with a tear of the ILM. (Breazzano et al. 2014) These
authors and others have recognized the primary role of
vitreoretinal traction in causing these pleats in the retina.

Traumatic retinoschisis is the splitting of the retinal layers,
most often confined to the ILM, presenting as a blood filled
cavity (see Fig. 2). The lesion is also thought to arise from
vitreo-retinal traction as the child is submitted to repeated
acceleration-deceleration forces. The vitreous may still be vi-
sualized postmortem attached to the apex of the folds or retinal
cavity. Deeper splitting of the retina, and even focal retinal
detachment may occur. Later, scarring can develop, leading
to impaired vision if the macula is involved. Retinoschisis is
not necessarily associated with a poor visual outcome.

In the absence of crush head injury, fatal motor vehicle
accidents, or a fall of more than 10 m, retinal folds and trau-
matic retinoschisis remain specific for AHT. (Levin 2006) The

Fig. 3 Vitreous hemorrhage (*) in a victim of abusive head trauma. Note
that blood is in front of the retina and obscures the view of the retina,
retinal vessels and optic nerve (arrow)

Fig. 4 Peripapillary hemorrhage. Arrow indicates the optic nerve
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same is not true for sub-ILM blood directly over retinal ves-
sels, which may occur as a result of any cause of bleeding.
Lesions similar to retinoschisis, with sub-ILM blood, have
been reported after infantile ruptured aneurysm and leukemia.
These differential diagnoses are readily apparent by history,
examination and diagnostic testing.

Vitreous Hemorrhage A vitreous hemorrhage presents as
curls, streaks, or patches of blood in the vitreous, obscuring

the fundus vessels (see Fig. 3). It can occur as an extension of
pre-retinal or sub-ILM hemorrhage, but may also reflect direct
injury to retinal vessels and can be present at the first exami-
nation shortly after injury, or more commonly develops 1 to
3 days later from rupture of the ILM over a retinoschisis. A
severe vitreous hemorrhage may require surgical intervention
and is associated with a worse visual outcome.

Optic Nerve Sheath Hemorrhages Hemorrhages within the
optic nerve sheath are frequently found at autopsy in cases of
AHT (Fig. 6). The location can be subdural (78 %), intradural
(61 %, i.e. within the dural tissue itself), subarachnoid (26 %),
or a combination of these. (Wygnanski-Jaffe et al. 2006)
Subdural and subarachnoid hemorrhage are non-specific and
can be seen in fatal accidents and some medical causes of
death. In AHT however, hemorrhage within the orbital tissues
may be seen (see Fig. 6) including hemorrhage within the
extraocular muscles and cranial nerve sheaths. Orbital hemor-
rhage is rarely seen in accidental injury, and then in associa-
tion with direct orbit injury or mechanisms characterized by
repeated acceleration-deceleration. (Wygnanski-Jaffe et al.
2006) The mechanism in AHT, and high incidence, seem to
be related to translation of the globe in the orbit during the
abusive event with direct orbital tissue injury.

Papilledema Papilledema is found in less than 10 % of abu-
sive head trauma patients. (Morad et al. 2002).

Anterior Segment InjuriesAnterior segment injuries are un-
common in AHT, but when present, they are rarely isolated
and tend to be associated with severe trauma, intraocular dis-
ruption and a poor prognosis. (Levin 1990) Corneal or iris
trauma, subconjunctival hemorrhages, (DeRidder et al.

Fig. 5 Short arrow indicates a hypopigmented retinal fold in a victim of
abusive head trauma. Note how blood vessels are rising (long arrows) to
go over the fold. There is some subhyaloid hemorrhage (*) lying over the
fold that has broken out of a retinoschisis cavity

Fig. 6 Postmortem specimen
from both eyes of an infant victim
of abusive head trauma. Asterisks
(*) indicate optic nerves. Thin
arrow indicates optic nerve sheath
hemorrhage of the left eye (right
specimen). There is much less
sheath hemorrhage of the other
eye. Thick arrows indicate foci of
orbital fat hemorrhage. (Specimen
prepared and photographed byDr.
Ralph Eagle, Wills Eye Hospital)
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2013) hyphema, glaucoma, lens subluxation, cataract, and
anisocoria, have all been reported as a result of child physical
abuse. (Levin 1990, 2000).

Pathophysiology of Ocular Injury in Abusive Head
Trauma

Pathophysiology of Retinal Hemorrhages The pathophysi-
ology of retinal hemorrhages has been the subject of lengthy
debates in the courtroom where mechanisms including isolat-
ed blunt trauma, short falls, increased intracranial pressure,
increased intrathoracic pressure related to cardiopulmonary
resuscitation, and hypoxia have all been implicated. The pres-
ent scientific consensus based on multiple lines of research
clearly implicates repetitive acceleration-deceleration forces
leading to vitreo-retinal traction as the primary etiologic fac-
tor. (Levin 2010) The robust medical literature does not sup-
port those courtroom theories. The severe rotational trauma
associated with shaking apparently leads to asynchronous
movements at the vitreo-retinal interface, inducing shearing
stress. The pediatric vitreous is tightly adherent to the retina,
in particular at the macula, blood vessels, and retinal periph-
ery. It is interesting to note that in woodpeckers, the vitreous
lacks attachments to the retina. This is one of several anatomic
adaptations presumably protecting them from retinal injury
during their rapid, forceful, and repetitive pecking behavior.
This finding is only one of many lines of research which
support the understanding that in AHT, retinal hemorrhages
are caused by vitreous traction. (Wygnanski-Jaffe et al. 2007).

Using a dummy doll model, Yamazaki and colleagues stud-
ied the stress exerted on the retina and posterior pole of the retina
during shaking as compared to a fall. During a single cycle of
shaking, the integral of the stress was 103 Pa•s (Pascal second)
as compared to 60–73 Pa•s during a single fall. This might
explainwhy retinal hemorrhages aremuchmore frequent during
repetitive shaking than after an accidental fall. (Yamazaki et al.
2014) Finite element analysis has also pointed to the importance
of vitreoretinal traction. (Rangarajan et al. 2009)

Another important factor may be disruption of retinal ves-
sel autoregulation either at a local level due to vitreo-retina
traction or due to intraorbital damage to the cranial nerves
carrying autonomic supply to the globe. (Levin 2010) This
may in part explain the reported potential for worsening of
retinal hemorrhages after admission, aggravated perhaps by
other systemic factors such as coagulopathy from brain injury.
(Gilles et al. 2003) This underscores the need for prompt oph-
thalmic examination.

Pathophysiology of Optic Nerve Injuries The optic nerve is
longer than the distance between its entry point at the apex of
the bony orbit and its insertion into the eyeball. This slack
allows the eyeball and orbital contents to move rhythmically
when the child is submitted to repeated acceleration-

deceleration forces. As the optic nerve is firmly attached both
to the eyeball and the apex of the orbit, injury may occur at
these tethering locations as a result of shearing forces at the
points of fixation. In woodpeckers, the optic nerve is extreme-
ly short and straight with no redundancy, and the orbital bones
encase the globe so that no translation of the globe is possible.
(Wygnanski-Jaffe et al. 2007). This finding, along with studies
of the postmortem orbital contents, support the understanding
that in AHT, optic nerve injuries are caused by the translation
of the globe within the orbit. (Wygnanski-Jaffe et al. 2006;
Wygnanski-Jaffe et al. 2007).

Visual Outcome in Cases of Abusive Head Trauma

Retinal hemorrhages do not seem to be a major cause of visual
loss unless the fovea is directly involved. (McCabe and
Donahue 2000) If the fovea is obscured for a prolonged period
of time, especially when the contralateral fovea is not in-
volved, amblyopia may result.

Visual impairment and blindness are significant in long-
term survivors of AHT. (Levin 2000) In addition to visual
loss, patients may experience visual field loss, color vision
impairment, decreased contrast sensitivity, decreased binocu-
larity, and secondary amblyopia. Retinal detachment, cataract,
and neovascular glaucoma have been reported as sequelae of
AHT. (Levin 1990) Bilateral retinal non-perfusion may also
occur in AHT survivors and may lead to optic nerve or retinal
neovascularization. (Bielory et al. 2012) Sixth nerve palsy,
nystagmus and ophthalmoplegia have been reported.
Strabismus develops in up to 30 % of AHT victims. (Levin
1990) However, the main causes of serious visual impairment
are severe vitreous hemorrhage, retinal scarring or fibrosis
secondary to retinoschisis, optic nerve atrophy, and cortical
blindness. Collectively, they occur in 25 % to 30 % of AHT
survivors. (McCabe and Donahue 2000)

Differential Diagnosis of Retinal Hemorrhages

The most common cause of retinal hemorrhages in infancy is
the normal birth process. A review of 13 clinical studies re-
vealed that 25.6 % of newborns born via spontaneous vaginal
deliveries had retinal hemorrhages. The rate is higher in in-
strument assisted delivery: 42.6 % with vacuum extraction,
and 52 % in double-instrument deliveries (forceps and vacu-
um). (Watts et al. 2013) In Cesarean deliveries, the rate is
approximately 6 %. (Watts et al. 2013) This study found that
birth hemorrhages are commonly bilateral (59 %), predomi-
nantly intraretinal, and confined to the posterior pole. (Watts
et al. 2013) The severity varies from Bmild^ (22 % to 56%) to
Bsevere^ (18 % to 37 %). (Watts et al. 2013) The majority of
RH (83 %) resolved within 10 days although isolated
intraretinal hemorrhages can persist up to 58 days. (Watts
et al. 2013) Those that persist are usually deeper intraretinal,
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in particular foveal. Although less common, subretinal,
preretinal, vitreous, and even sub-ILM bleeding can occur,
but neither the retinal folds nor typical macular retinoschisis
seen in AHT have ever been described. It is important to note
that babies with flame hemorrhages within the first month, or
deeper intraretinal hemorrhages within the first 4 to 6 weeks
after birth may otherwise be indistinguishable from AHT.
Hemorrhages of these types outside these time windows
should not be ascribed to birth. Likewise, these time windows
do not apply to calculate the timing of AHT injuries. This
underscores the need for a multidisciplinary multisystem eval-
uation to rule out abuse.

The pathophysiology of retinal hemorrhages in the new-
born is not completely understood. The higher frequency in
instrument assisted deliveries suggests that head compression
may play a role, as it does in the retinal hemorrhages of infant
head crush injury. The surge in prostaglandins associated with
the normal labor process is also implicated, as evidenced by a
higher rate of retinal hemorrhages when labor is induced with
prostaglandin versus oxytocin. (Schoenfeld et al. 1985)

There are multiple other causes of retinal hemorrhages in
infants (See Table 1). Note that almost all of these

circumstances can be diagnosed by a thorough history and
attention to the presence or absence of other clinical, labora-
tory, and radiological findings. Extensive retinal hemorrhages
have been reported infrequently in the literature in the absence
of AHT. In a review of 159 non-abused, critically ill children,
retinal hemorrhages were identified in 24 children (15 %), but
higher numbers and extent of retinal hemorrhages were only
observed after severe high-impact head trauma — such as
from motor vehicle accidents or crush head injuries — or in
the presence of severe coagulopathy, leukemia, or sepsis, all
circumstances that would be readily distinguished by history
and laboratory testing from AHT. (Adams et al. 2013) Several
excellent studies have independently shown the high correla-
tion between retinal hemorrhage and AHT as opposed to ac-
cidental injury. (Bhardwaj et al. 2010; Binenbaum et al. 2009;
S. A. Maguire et al. 2013; Togioka et al. 2009)

Conclusion

When a child is evaluated for head trauma of unknown cause,
ophthalmological consultation should be sought as soon as

Table 1 Differential Diagnosis for Retinal Hemorrhages*

Injury or Condition Discussion

Accidental trauma — Few in number except in very severe trauma (see below)
— Usually limited to posterior pole
— Predominantly intraretinal and pre-retinal
— Extremely rare (most studies <3 % incidence) after short

falls except if there has been an epidural hemorrhage 16,50

or occipital impact
Motor vehicle crash or severe crush injury — Easily determined by history47

Intraocular surgery — Easily determined by history
Cardiopulmonary Resuscitation (CPR) — Extremely rare,48 few in number, posterior pole
Extracorporeal Membrane Oxygenation (ECMO) — 5 out of 37 (13 %) of ECMO patients had retinal hemorrhage.49

Birth — Between 19.2 % and 37.3 % incidence in vaginal birth
— 6 % incidence after C-section
— see text regarding timing

Prematurity — Retinal hemorrhage occur at the peripheral circumferential
demarcation between the vascularized and avascular retina

Intracranial hypertension or Papilledema — Small number of retinal hemorrhage on or around the optic disc51

Cancer — Leukemia -usually with white retinal infiltrates
Coagulopathy/anemia — Uncommon, few in number, posterior pole severe anemia

and usually thrombocytopenia required, often with cotton wool spots
Meningitis — More often if coagulopathy or sepsis is present — Only severe

retinal hemorrhage if purulent meningitis52 otherwise
ew in number, posterior pole

Cytomegalovirus — Necrotic retinitis
Ruptures aneurysm/arteriovenous malfomation — May have severe extensive RH easily recognized on neuroimaging
Cyanotic congenital heart disease Few in number, posterior pole with tortuous retinal veins
Endocarditis Few in number, usually with white centers (Roth spots)
Hypoxia — Few in posterior pole
Menkes disease Causes blue sclera
Galactosemia Vitreous hemorrhages reported
Glutaric aciduria Rarely occurs and is confined to posterior pole
Carbon monoxide poisoning Few in posterior pole
Other retinal disorders (e.g. juvenile X-linked retinoschisis,

subretinal neovascular membrane retinal hemangioma)
Recognized by other characteristic features

*This list is incomplete
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possible because the presence of retinal hemorrhages and oth-
er retinal findings beyond the neonatal period may be highly
suggestive of AHT, and some of these lesions may resolve
quickly. The pattern of retinal hemorrhages carries important
diagnostic information, and the specificity of their association
with AHT increases with the severity of the ophthalmologic
findings. Ocular findings should always be interpreted in the
context of the clinical presentation as assessed by a multidis-
ciplinary multisystem evaluation.

References

Adams, G. G., Agrawal, S., Sekhri, R., Peters, M. J., & Pierce, C. M.
(2013). Appearance and location of retinal haemorrhages in critical-
ly ill children. The British Journal of Ophthalmology, 97(9), 1138–
1142. doi:10.1136/bjophthalmol-2012-302429.

Arlotti, S. A., Forbes, B. J., Dias, M. S., & Bonsall, D. J. (2007).
Unilateral retinal hemorrhages in shaken baby syndrome. Journal
of AAPOS, 11(2), 175–178. doi:10.1016/j.jaapos.2006.09.023.

Bechtel, K., Stoessel, K., Leventhal, J. M., Ogle, E., Teague, B., Lavietes,
S., & Duncan, C. (2004). Characteristics that distinguish accidental
from abusive injury in hospitalized young children with head trau-
ma. Pediatrics, 114(1), 165–168.

Betz, P., Puschel, K., Miltner, E., Lignitz, E., & Eisenmenger, W. (1996).
Morphometrical analysis of retinal hemorrhages in the shaken baby
syndrome. Forensic Science International, 78(1), 71–80.

Bhardwaj, G., Chowdhury, V., Jacobs, M. B., Moran, K. T., Martin, F. J.,
& Coroneo, M. T. (2010). A systematic review of the diagnostic
accuracy of ocular signs in pediatric abusive head trauma.
Ophthalmology, 117(5), 983–992 e917. doi:10.1016/j.
ophtha.2009.09.040.

Bielory, B. P., Dubovy, S. R., Olmos, L. C., Hess, D. J., & Berrocal, A.M.
(2012). Fluorescein angiographic and histopathologic findings of
bilateral peripheral retinal nonperfusion in nonaccidental injury: A
case series. Archives of Ophthalmology, 130(3), 383–387.
doi:10.1001/archopthalmol.2011.1674.

Binenbaum, G., Mirza-George, N., Christian, C. W., & Forbes, B. J.
(2009). Odds of abuse associated with retinal hemorrhages in chil-
dren suspected of child abuse. Journal of AAPOS, 13(3), 268–272.
doi:10.1016/j.jaapos.2009.03.005.

Binenbaum, G., Christian, C. W., Ichord, R. N., Ying, G. S., Simon, M.
A., Romero, K., & Forbes, B. J. (2013). Retinal hemorrhage and
brain injury patterns on diffusion-weighted magnetic resonance im-
aging in children with head trauma. Journal of AAPOS, 17(6), 603–
608. doi:10.1016/j.jaapos.2013.09.002.

Binenbaum, G., Chen, W., Huang, J., Ying, G. S., & Forbes, B. J. (2016).
The natural history of retinal hemorrhage in pediatric head trauma.
Journa l o f AAPOS, 20 (2 ) , 131–135. do i :10 .1016 / j .
jaapos.2015.12.008.

Breazzano, M. P., Unkrich, K. H., & Barker-Griffith, A. E. (2014).
Clinicopathological findings in abusive head trauma: Analysis of
110 infant autopsy eyes. American Journal of Ophthalmology,
158(6), 1146–1154 e1142. doi:10.1016/j.ajo.2014.08.011.

Burkhart, Z. N., Thurber, C. J., Chuang, A. Z., Kumar, K. S., Davis, G.
H., & Kellaway, J. (2015). Risk factors associated with retinal hem-
orrhage in suspected abusive head trauma. Journal of AAPOS,
19(2), 119–123. doi:10.1016/j.jaapos.2014.12.007.

DeRidder, C. A., Berkowitz, C. D., Hicks, R. A., & Laskey, A. L. (2013).
Subconjunctival hemorrhages in infants and children: A sign of

nonaccidental trauma. Pediatric Emergency Care, 29(2), 222–226.
doi:10.1097/PEC.0b013e318280d663.

Friendly, D. S. (1971). Ocular manifestations of physical child abuse.
Trans Am Acad Ophthalmol Otolaryngol, 75(2), 318–332.

Gilles, E. E., McGregor, M. L., & Levy-Clarke, G. (2003). Retinal hem-
orrhage asymmetry in inflicted head injury: A clue to pathogenesis?
The Journal of Pediatrics, 143(4), 494–499. doi:10.1067/S0022-
3476(03)00416-5.

Gilliland, M. G., Levin, A. V., Enzenauer, R. W., Smith, C., Parsons, M. A.,
Rorke-Adams, L. B., The Brody School of Medicine at East Carolina,
U. (2007). Guidelines for postmortem protocol for ocular investigation
of sudden unexplained infant death and suspected physical child abuse.
The American Journal of Forensic Medicine and Pathology, 28(4),
323–329. doi:10.1097/PAF.0b013e31815b4c00.

Goldenberg, D. T., Wu, D., Capone Jr., A., Drenser, K. A., & Trese, M. T.
(2010). Nonaccidental trauma and peripheral retinal nonperfusion.
Oph t ha lmo l o g y, 117 ( 3 ) , 5 61–566 . d o i : 1 0 . 1 016 / j .
ophtha.2009.08.013.

Kivlin, J. D., Simons, K. B., Lazoritz, S., & Ruttum,M. S. (2000). Shaken
baby syndrome. Ophthalmology, 107(7), 1246–1254.

Levin, A. V. (1990). Ocular manifestations of child abuse.
Ophthalmology Clin N AM, 3, 249–264.

Levin, A. V. (2000). Retinal haemorrhages and child abuse. Recent
Advances in Paediatrics, 18, 151–219.

Levin, A. V. (2006). Retinal hemorrhages of crush head injury: Learning
from outliers. Archives of Ophthalmology, 124(12), 1773–1774.
doi:10.1001/archopht.124.12.1773.

Levin, A. V. (2010). Retinal hemorrhage in abusive head trauma.
Pediatrics, 126(5), 961–970. doi:10.1542/peds.2010-1220.

Levin, A. V., Christian, C. W., Committee on Child, A.,, & Neglect, S. o.
O. (2010). The eye examination in the evaluation of child abuse.
Pediatrics, 126(2), 376–380. doi:10.1542/peds.2010-1397.

Maguire, S., Pickerd, N., Farewell, D., Mann, M., Tempest, V., & Kemp,
A.M. (2009).Which clinical features distinguish inflicted from non-
inflicted brain injury? A systematic review. Archives of Disease in
Childhood, 94(11), 860–867. doi:10.1136/adc.2008.150110.

Maguire, S. A., Watts, P. O., Shaw, A. D., Holden, S., Taylor, R. H.,
Watkins, W. J., & Kemp, A. M. (2013). Retinal haemorrhages and
related findings in abusive and non-abusive head trauma: A system-
atic review. Eye (London, England), 27(1), 28–36. doi:10.1038
/eye.2012.213.

McCabe, C. F., & Donahue, S. P. (2000). Prognostic indicators for vision
and mortal i ty in shaken baby syndrome. Archives of
Ophthalmology, 118(3), 373–377.

Morad, Y., Kim, Y. M., Armstrong, D. C., Huyer, D., Mian, M., & Levin,
A. V. (2002). Correlation between retinal abnormalities and intracra-
nial abnormalities in the shaken baby syndrome. American Journal
of Ophthalmology, 134(3), 354–359.

Morad, Y., Kim, Y. M., Mian, M., Huyer, D., Capra, L., & Levin, A. V.
(2003). Nonophthalmologist accuracy in diagnosing retinal hemor-
rhages in the shaken baby syndrome. The Journal of Pediatrics,
142(4), 431–434. doi:10.1067/mpd.2003.161.

Morad, Y., Avni, I., Benton, S. A., Berger, R. P., Byerley, J. S., Coffman,
K., & Levin, A. V. (2004a). Normal computerized tomography of
brain in children with shaken baby syndrome. Journal of AAPOS,
8(5), 445–450. doi:10.1016/S1091853104001284.

Morad, Y., Avni, I., Capra, L., Case, M. E., Feldman, K., Kodsi, S. R., &
Levin, A. V. (2004b). Shaken baby syndrome without intracranial
hemorrhage on initial computed tomography. Journal of AAPOS,
8(6), 521–527. doi:10.1016/j.jaapos.2004.07.009.

Muni, R. H., Kohly, R. P., Charonis, A. C., & Lee, T. C. (2010).
Retinoschisis detected with handheld spectral-domain optical coher-
ence tomography in neonates with advanced retinopathy of prema-
turity. Archives of Ophthalmology, 128(1), 57–62. doi:10.1001
/archophthalmol.2009.361.

J Fam Viol (2016) 31:797–804 803

http://dx.doi.org/10.1136/bjophthalmol-2012-302429
http://dx.doi.org/10.1016/j.jaapos.2006.09.023
http://dx.doi.org/10.1016/j.ophtha.2009.09.040
http://dx.doi.org/10.1016/j.ophtha.2009.09.040
http://dx.doi.org/10.1001/archopthalmol.2011.1674
http://dx.doi.org/10.1016/j.jaapos.2009.03.005
http://dx.doi.org/10.1016/j.jaapos.2013.09.002
http://dx.doi.org/10.1016/j.jaapos.2015.12.008
http://dx.doi.org/10.1016/j.jaapos.2015.12.008
http://dx.doi.org/10.1016/j.ajo.2014.08.011
http://dx.doi.org/10.1016/j.jaapos.2014.12.007
http://dx.doi.org/10.1097/PEC.0b013e318280d663
http://dx.doi.org/10.1067/S0022-3476(03)00416-5
http://dx.doi.org/10.1067/S0022-3476(03)00416-5
http://dx.doi.org/10.1097/PAF.0b013e31815b4c00
http://dx.doi.org/10.1016/j.ophtha.2009.08.013
http://dx.doi.org/10.1016/j.ophtha.2009.08.013
http://dx.doi.org/10.1001/archopht.124.12.1773
http://dx.doi.org/10.1542/peds.2010-1220
http://dx.doi.org/10.1542/peds.2010-1397
http://dx.doi.org/10.1136/adc.2008.150110
http://dx.doi.org/10.1038/eye.2012.213
http://dx.doi.org/10.1038/eye.2012.213
http://dx.doi.org/10.1067/mpd.2003.161
http://dx.doi.org/10.1016/S1091853104001284
http://dx.doi.org/10.1016/j.jaapos.2004.07.009
http://dx.doi.org/10.1001/archophthalmol.2009.361
http://dx.doi.org/10.1001/archophthalmol.2009.361


Pierre-Kahn, V., Roche, O., Dureau, P., Uteza, Y., Renier, D., Pierre-
Kahn, A., & Dufier, J. L. (2003). Ophthalmologic findings in
suspected child abuse victims with subdural hematomas.
Ophthalmology, 110(9), 1718–1723. doi:10.1016/S0161-6420(03
)00581-5.

Rangarajan, N., Kamalakkannan, S. B., Hasija, V., Shams, T., Jenny, C.,
Serbanescu, I., & Levin, A. V. (2009). Finite element model of
ocular injury in abusive head trauma. Journal of AAPOS, 13(4),
364–369. doi:10.1016/j.jaapos.2008.11.006.

Schoenfeld, A., Buckman, G., Nissenkorn, I., Cohen, S., Ben-Sira, I., &
Ovadia, J. (1985). Retinal hemorrhages in the newborn following
labor induced by oxytocin or dinoprostone. Archives of
Ophthalmology, 103(7), 932–934.

Sturm, V., Landau, K., & Menke, M. N. (2008). Optical coherence to-
mography findings in shaken baby syndrome. American Journal of
Ophthalmology, 146(3), 363–368. doi:10.1016/j.ajo.2008.04.023.

Togioka, B. M., Arnold, M. A., Bathurst, M. A., Ziegfeld, S. M.,
Nabaweesi, R., Colombani, P. M., & Abdullah, F. (2009). Retinal
hemorrhages and shaken baby syndrome: An evidence-based re-
view. The Journal of Emergency Medicine, 37(1), 98–106.
doi:10.1016/j.jemermed.2008.06.022.

Vincent, A. L., & Kelly, P. (2010). Retinal haemorrhages in inflicted
traumatic brain injury: The ophthalmologist in court. Clinical &
Experimental Ophthalmology, 38(5), 521–532. doi:10.1111/j.1442-
9071.2010.02324.x.

Watts, P., Maguire, S., Kwok, T., Talabani, B., Mann, M., Wiener, J., &
Kemp, A. (2013). Newborn retinal hemorrhages: A systematic re-
view. Journal of AAPOS, 17(1), 70–78. doi:10.1016/j.
jaapos.2012.07.012.

Wygnanski-Jaffe, T., Levin, A. V., Shafiq, A., Smith, C., Enzenauer, R.
W., Elder, J. E., & Atenafu, E. (2006). Postmortem orbital findings
in shaken baby syndrome. American Journal of Ophthalmology,
142(2), 233–240. doi:10.1016/j.ajo.2006.03.038.

Wygnanski-Jaffe, T., Murphy, C. J., Smith, C., Kubai, M.,
Christopherson, P., Ethier, C. R., & Levin, A. V. (2007). Protective
ocular mechanisms in woodpeckers. Eye (London, England), 21(1),
83–89. doi:10.1038/sj.eye.6702163.

Yamazaki, J., Yoshida, M., & Mizunuma, H. (2014). Experimental anal-
yses of the retinal and subretinal haemorrhages accompanied by
shaken baby syndrome/abusive head trauma using a dummy doll.
Injury, 45(8), 1196–1206. doi:10.1016/j.injury.2014.04.014.

804 J Fam Viol (2016) 31:797–804

http://dx.doi.org/10.1016/S0161-6420(03)00581-5
http://dx.doi.org/10.1016/S0161-6420(03)00581-5
http://dx.doi.org/10.1016/j.jaapos.2008.11.006
http://dx.doi.org/10.1016/j.ajo.2008.04.023
http://dx.doi.org/10.1016/j.jemermed.2008.06.022
http://dx.doi.org/10.1111/j.1442-9071.2010.02324.x
http://dx.doi.org/10.1111/j.1442-9071.2010.02324.x
http://dx.doi.org/10.1016/j.jaapos.2012.07.012
http://dx.doi.org/10.1016/j.jaapos.2012.07.012
http://dx.doi.org/10.1016/j.ajo.2006.03.038
http://dx.doi.org/10.1038/sj.eye.6702163
http://dx.doi.org/10.1016/j.injury.2014.04.014

	Ophthalmologic Concerns in Abusive Head Trauma
	Abstract
	Introduction
	Ocular Findings in Abusive Head Trauma
	Risk Factors for Retinal Hemorrhages
	Pathophysiology of Ocular Injury in Abusive Head Trauma
	Visual Outcome in Cases of Abusive Head Trauma
	Differential Diagnosis of Retinal Hemorrhages

	Conclusion
	References


