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Abstract: Abusive head trauma is an important cause of morbidity and
mortality in infants and young children. Retinal hemorrhages (RHs) are
frequently seen, particularly during dilated eye examination of these chil-
dren. This review focuses on the evaluation of children with RH, with em-
phasis on the differential diagnosis, pathophysiology, and distinguishing
features of RHs due to abusive head trauma. Many causes exist for RHs
in infants and children.Most medical and accidental traumatic causes result
in a pattern of RH that is nonspecific and not typical of the pattern and dis-
tribution of RHs seen in children with abusive head trauma. In children
with intracranial hemorrhage and concerns for abuse, the finding of severe,
multilayered RHs extending to the periphery of the retina is very specific
for abuse as the cause of the findings, especially if retinoschisis is present.
There are few other accidental traumatic mechanisms associated with reti-
noschisis, and the history of such a traumatic event is readily apparent. The
indications for ophthalmologic consult, optimal timing of the eye examina-
tion, and significance of the findings are specifically discussed.
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TARGET AUDIENCE
This CME activity is intended for all practitioners who may

see children who have retinal hemorrhages that raise concern for
abusive head trauma.

LEARNING OBJECTIVES
After completion of this article, the reader should be better

able to:

1. Define the role of the primary, urgent, emergent, inpatient, or
intensive care practitioner in the recognition and workup of
retinal hemorrhages.

2. Describe the number, location, and pattern of retinal hemor-
rhages most characteristic of abusive head trauma.

3. Distinguish the differential diagnosis for retinal hemorrhages in
infants and children.

T he Centers for Disease Control defines pediatric abusive head
trauma (AHT) as an injury to the skull or intracranial contents

of an infant or young child (<5 years of age) due to inflicted
blunt force impact and/or shaking.1 The American Academy of
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Pediatrics Committee on Child Abuse and Neglect has recom-
mended that the term AHT replace other terms, such as shaken
baby syndrome, which imply a single injury mechanism. This
standardization of terminology provides needed consistency in di-
agnosis, medical communication, and documentation.2

Infants younger than 1 year of age are the highest risk group
for AHT at a rate of 30 per 100,000.1 Retinal hemorrhages (RHs)
are often found in infants with AHT but can be observed in other
conditions. This review will focus on the finding of RH in infants
with the goal of assisting the clinician in determining whether the
presence of RH is due to AHT.
ANATOMY
Transverse section through the eyeball reveals that for the

most part the eyeball is composed of 3 concentric layers, from
outer to inner: sclera, choroid, and retina.3 However, the anatomy
of the anterior portion of the eyeball has a different structure and is
not discussed here. The outermost component of the eyeball is the
sclera, which is a firm layer of connective tissue providing attach-
ment for the extraocular muscles. Moving inwards from the sclera,
the next layer is the choroid, also called the uveal tract, a very
highly vascularized organ, which supplies blood to the outer reti-
nal layers and regulates the temperature of the eyeball. The inner-
most layer of the transected eyeball is the retina. The vitreous
humor (vitreous body) occupies the interior of the eyeball, stabi-
lizing it and preventing retinal detachment.3

Most of the retina is photosensitive and therefore involved in
vision, but a smaller, nonphotosensitive, nonvisual portion extends
from the ora serrata more anteriorly and lines the interior of the eye-
ball behind the posterior surface of the iris.3 The ora serrata, involved
in vision, is the peripheral retina and the point where the visual por-
tion of the retina ends upon extension forward from the optic nerve
and posterior pole of the eyeball.3 The vitreous humor attaches most
strongly to the retina at the ora serrata, macula, and along the retinal
vessels.4 At the posterior portion of the eyeball, a small area of the
temporal retina called the macula lutea, contains a central depression
where visual acuity is the highest, the fovea centralis. As well, at the
posterior pole in an area called the optic disk, the optic nerve axons
pierce through the sclera at the lamina cribrosa.3 The retina con-
sists of 10 layers: the outermost retinal pigmented epithelium
and 9 other layers, which are called the neurosensory retina. The
inner most layer is the inner limiting membrane (ILM).5

Hemorrhage can lie on the retina (preretinal), within the
layers of the retina (intraretinal), or under the neurosensory retina
(subretinal).5 Preretinal hemorrhages, also called subhyaloid hem-
orrhages, form in front of the retina, between the ILM and the vit-
reous.6 If the blood extends into the vitreous humor, the term
vitreous hemorrhage is used. Intraretinal hemorrhages in the more
superficial layers of the retina take on a linear streaking appear-
ance, following the nerve fibers; these types of hemorrhages are
often called flame or splinter hemorrhage due to their appearance.
In contrast, intraretinal hemorrhages in the deeper layers of the
retina are more round in shape, and are called dot or blot depending
on their size.5 Terms are also used to describe the distribution of the
RHs regarding the area or region of the retina where they occur:
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FIGURE 2. Nonspecific RH confined to the posterior pole. Image
credit, Laura S. Plummer, MD.
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peripapillary meaning the area immediately around the optic nerve,
posterior pole including the macula lutea and peripapillary areas,
paravascular indicating along the retinal vessel arcades,midperipheral
describing the area of the retina outside of the posterior pole to the pe-
ripheral retina, and the peripheral retina including the ora serrata.4

Retinal hemorrhages in AHT can vary in severity, from none to mild
(with few, intraretinal hemorrhages confined to posterior pole) to
moderate or severe (with too numerous to count, multilayered hemor-
rhages that extend to the ora serrata).4 (Figs. 1–4).

Retinoschisis is a term used to describe cleavage of the layers
of the retina, with or without blood accumulating in the resulting
cavity.7 Blood may either partially or completely fill the cavity.
In AHT, retinoschisis tends to be noted in the macula lutea and un-
der the ILM. Retinoschisis has also been noted in other areas of
the retina, including the peripheral retina, in cases of AHT.7 If a
major vessel supplying the retina has local bleeding, retinoschisis
may form directly over the vessel.5 In this instance, other disorders
predisposing to vessel leak should be considered, in addition to
trauma. A fold in the retina may develop as an arc at the edge of
the schisis cavity and may be hemorrhagic or hypopigmented
due to disruption of the retinal pigmented epithelium.7 These folds
are termed perimacular or paramacular folds. Pan retinal involve-
ment, perimacular folds, and macular retinoschisis have been
found to be nearly 100% specific for AHT and yield a very high
positive predictive value (Fig. 5).8 The only other published events
associated with perimacular folds and macular retinoschisis in
young children are fatal motor vehicle collisions,9 fatal falls from
a significant height,10 and fatal crush head injuries.11–13

The number, types, and distribution of RHs visualized
through a pharmacologically dilated pupil, by an ophthalmologist
using the technique of indirect ophthalmoscopy, are essential in-
formation acquired through ophthalmological consultation. Al-
though there is no standard for describing RHs, some protocols
have been suggested, and experts agree that the documentation
should include a description of the number, type, and extent of
hemorrhage, and any diagnostic pattern should be reported.5 Trau-
matic retinoschisis and retinal folds may also be visualized during
the examination. All children with intracranial hemorrhage, for
whom there is concern of AHT, should undergo ophthalmological
consultation. A detailed descriptive note with schematic drawings,
and accompanied by contact-based, wide field retinal photogra-
phy if available, should result from the consultation. Dedicated
eye examination should also be considered for childrenwith exter-
nal evidence of ocular and/or periocular injury, or in cases of un-
explained loss of vision.5
FIGURE 1. Normal fundus. Image credit, Laura S. Plummer, MD.
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PATHOPHYSIOLOGY AND
DIFFERENTIAL DIAGNOSIS

Abusive head trauma is the most common cause of subdural
hemorrhage in infants, and RHmay be seen in as many as 85% to
100% of fatal cases of AHT.6,14–16 Consideration of AHTas a pos-
sible cause for intracranial hemorrhage in an infant or young child
should prompt medical providers to evaluate for RH. Abusive
head trauma should be considered in situations in which there
are inconsistent histories to explain injuries, when the provided
history does not adequately explain the severity or type of injury
(such as a simple, short distance fall given as the explanation for
a critically ill child), or when the reported mechanism of injury
is inconsistent with the developmental abilities of the child.17

When there is reasonable suspicion for abuse as a possible mech-
anism, medical providers are mandated by law to report the con-
cern for abuse to Child Protective Services, law enforcement, or
other designated governmental agency for investigation. Addi-
tional medical evaluation to assess for occult injuries is also
needed, including detailed physical examination, skeletal survey,
and laboratory evaluation for occult abdominal injury.18–23 If
there is no intracranial hemorrhage, dedicated eye examination
FIGURE 3. Multilayer RH, particularly distributed along the vascular
arcades and with a large preretinal hemorrhage versus macular
retinoschisis. Image credit, Laura S. Plummer, MD.
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FIGURE 4. Too numerous to count, multilayer RHs with macular
schisis (thick arrow) and a perimacular fold (thin arrow). Image
credit, Laura S. Plummer, MD.

FIGURE 6. Retinal hemorrhages from birth. Image credit, Laura S.
Plummer, MD.
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is generally not needed, even in the setting of other extracranial
abusive injuries.24

In children with intracranial hemorrhage, consultation with
an ophthalmologist for dilated fundoscopic examination with in-
direct ophthalmoscopy is indicated.25 This consultation should
preferably be performed within the first 24 hours of presentation,
and certainly within 72 hours. Retinal hemorrhages cannot be
specifically dated, but a recent study evaluated the natural history
of RH due to accidental and abusive head injuries.26 The authors
found that intraretinal hemorrhages clear quickly, most within
days, and nearly all by 1 to 2 weeks, but preretinal hemorrhages
persistedmuch longer. Too numerous to count RHswere not seen
beyond a few days, emphasizing the importance of prompt exam-
ination. Monitoring of a child’s neurologic status should not pre-
clude retinal evaluation. If needed, use of short-acting mydriatics,
examination of 1 eye at a time, or examination through an
undilated pupil allow for continued monitoring. For children
who die from unexplained causes and children who die from abu-
sive injury, postmortem examination is recommended.24,25 A
study of RH and related findings in AHT and accidental head in-
jury (AHI) determined that when RHs are found in a child, there is
a 91% (odds ratio, 14.7) probability that they are due to AHT.27
FIGURE 5. Too numerous to count, multilayer RHs extending
beyond the posterior pole or to the peripheral limits of the retinal
camera image. Image credit, Laura S. Plummer, MD.
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Therefore, although the likelihood is high that RH in an infant
are due to AHT, a differential diagnosis that considers other pos-
sible causes of RH is prudent. Although the presence of RH in a
critically ill child is considered an important clinical indicator of
abuse, RH in general is not specific to AHT, and other causes
for RH do exist.6 The number, pattern, and severity of RH are use-
ful features that can help distinguish abusive injury from other
possible causes.15,16,28–35 The differential diagnosis for RH in
young children is broad and could include birth trauma, coagula-
tion disorders, AHI, meningitis, sepsis, leukemia, increased intra-
cranial pressure, vasculitis, some retinal disorders, and metabolic
disorders; other causes have also been theorized.6,36 The majority
of these conditions should be easily distinguished based on histor-
ical, laboratory, and clinical evaluation.
RETINAL HEMORRHAGE IN CHILD ABUSE
As many as 2/3 of infants diagnosed with AHT are found to

have severe RH that are bilateral, involve multiple layers of the
retina, are too numerous to count, and extend to the ora
serrata.6,30,35,37 Severe RH involving only one eye has also been
reported.38 Retinoschisis cavities are extremely sensitive for
AHT as they are almost exclusively associated with AHT.6,39 Ev-
idence suggests that the major factor in the development of severe
RH seen in AHT is vitreoretinal traction.6,39 In infants and young
children, the vitreous body is most securely attached to the retina
along the vascular arcades, at the posterior pole, and at the ora
serrata; these areas of attachment mirror areas commonly affected
by RH and retinoschisis (posterior pole). When acceleration-
deceleration forces are applied in a head injury event, traction is
applied to the retina at these points of attachment, and the
“pulling” forces then cause small points of tissue stress and hem-
orrhage, or physical separation of the layers of the retina leading
to retinoschisis. Similar patterns of retinal injury are not observed
in other types of traumatic injury or in medical conditions.

BIRTH
Birth is the most common cause of RH in infants with the

majority resolving within the first few weeks of life. A system-
atic review found that RH in newborns correlated with the mode
of delivery; occurring in 7% of cesarean deliveries, 25% of spon-
taneous vaginal deliveries, and 42% of vacuum extractions.40 The
mechanism for the development of RH during birth is not defini-
tively known, but may be related to hemodynamic changes,
www.pec-online.com 667
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prostaglandin release, or compression and decompression forces
on the head and chest, or to some combination of these.36 Birth-
related hemorrhages are characteristically bilateral, located pri-
marily in the posterior pole, intraretinal, and range from mild to
severe40; retinoschisis has not been reported.6 In the systematic re-
view by Watts et al, the majority of birth-related RH resolved
within 2 weeks, with only severe RH persisting longer, and 97%
of RH resolved completely within 42 days.40 Based on the avail-
able evidence, it is generally concluded that RH observed after
6 weeks of age should not be attributed to birth.6,26,40,41 (Fig. 6).

ACCIDENTAL HEAD INJURY
Retinal hemorrhages are seen in 3% to 5% of children with

AHI.4,27,41 In distinguishing between AHI and AHT as the cause
of RH, the clinician must consider the history and the mechanism
of injury in conjunction with the appearance of the hemorrhages
and the available research evidence. When RHs occur with AHI,
the mechanism is usually a single blunt force impact, as in a sim-
ple short fall. The RHs of AHI are usually confined to the poste-
rior pole, few in number and unilateral.4,30,41,42 (Fig. 3) More
severe RH, including retinoschisis, have been described only in
severe, high-energy injury mechanisms, such as fatal high speed
motor vehicle crashes, especially with roll-overs, fatal crushing
head injury, or major falls (>10 ft); the history in these cases is
clear and other injuries sustained are consistent with the severity
of trauma.9,11–13,35,43 The postulated mechanism for development
of RH inAHI includes increased intracranial pressure as a contrib-
utor, which is described in more detail below. However, even in
children with AHI who experienced increased intracranial pres-
sure, RH is exceedingly rare, and, when present, is nonspecific
with few hemorrhages confined to posterior pole.39,42 (Fig. 2).

INTRACRANIAL PRESSURE
Courtroom arguments in AHT cases have raised the question

of whether increased intracranial pressure (ICP) is a mechanism of
RH in children. Terson syndrome is the association of intraocular
blood with intracranial blood and increased ICP. It is seen in
adults who experience rapid elevations of pressure, typically
due to subarachnoid hemorrhage or ruptured cerebral aneurysm.
The proposed mechanism by which elevated ICP can lead to RH
is via increased resistance and/or obstruction of venous outflow
from the eye due to elevated pressures in the head and optic nerve
sheath, whereas arterial inflow continues unrestricted. Retinal
hemorrhage patterns consistent with retinal vein occlusion are
very specific and should be easily recognized by an ophthalmol-
ogist; this pattern of RH is not typical of AHT cases.6,36,39 In ad-
dition, causes of increased ICP unrelated to trauma are not
associated with significant RH in children. Binenbaum et al stud-
ied the patterns of RH in children 3 to 17 years (mean age, 12
years) with increased ICP from etiologies other than trauma.44

They found that RHwere rare and, when present, were associated
with markedly elevated opening pressures, were intraretinal, and
invariably located adjacent to a swollen optic disc. Shiau and
Levin45 explored the arguments for and against RH caused by
increased ICP. They noted that extensive RH in the well-
described pattern of AHT had not been observed in children with
increased ICP from nonabusive causes. In addition, children with
elevated ICP from hydrocephalus and/or shunt malfunction do not
have RH.45–47

CARDIOPULMONARY RESUSCITATION
WITH CHEST COMPRESSIONS

Chest compressions (CCs) have been proposed as a risk fac-
tor for RH, but multiple studies have shown that receiving
668 www.pec-online.com

Copyright © 2018 Wolters Kluwer H
cardiopulmonary resuscitation (CPR) does not increase the preva-
lence or cause RH.35,48 Rather, current evidence consistently limits
the finding of bilateral, multilayered RH post CPR CCs to children
who have other known causes of RH, including major trauma, sep-
sis, or severe coagulopathy alone or in combination.35,48–51 Two
mechanisms have been proposed to explain the presence of RH af-
ter CPR. The first is reperfusion injury of the retina due to hypoxia-
related tissue damage after prolonged CPR, but multiple clinical
and animal model studies have not found this association.36,39

The second proposed mechanism is that increased intrathoracic
pressure caused by repeated CC can result in RH in young chil-
dren. Purtscher syndrome is hemorrhagic retinopathy sometimes
seen in adults who sustain severe crush injury to the chest; this re-
sults in a specific pattern of RH and hexagonal white retinal
patches, which are only very rarely seen in children, and are char-
acteristic and easily recognized by an ophthalmologist. Finally,
multiple studies have evaluated the association between RH in in-
fants and other medical conditions associated with increased in-
trathoracic pressure, including severe cough, respiratory distress,
forceful vomiting, and seizures, and have found no association
with significant RH.6,36

HEMATOLOGICAL DISORDERS
AND ABNORMALITIES

Mild RHs occur as a nonspecific finding in 5% of children
with leukemia, usually resulting from secondary complications
such as thrombocytopenia or coagulopathy.52 Severe RH have
not been described in the setting of coagulopathy alone.6,35,36 A
prospective study of critically ill children without AHT found
RH to be rare, occurring in 15% of children, with the majority
of these having mild, nonspecific RH.35 Severe, multilayer RH
were only seen in critically ill children with severe coagulopathy
and other significant conditions, including late-onset hemorrhagic
disease of the newborn and trauma, leukemia and severe sepsis,
and fatal accidental trauma.35

HYPOXIA
Hypoxia is a common reason for hospitalization in the pedi-

atric population and has also been proposed as a possible cause of
RH. It has been theorized that hypoxia leading to brain injury and
swelling can lead to increased ICP, which was discussed previ-
ously, and that hypoxic damage to the endothelium of blood ves-
sels can result in leaking of blood and subsequent hemorrhage
formation.6,36,53 There is no evidence to suggest any association
between RH and other clinical presentations of hypoxia including
acute life-threatening events, now referred to a brief resolved un-
explained events, sudden unexplained infant death, congenital
heart disease, or vascular fistulas. Hypoxia has not been credibly
shown to be a cause of RH.6,36,54

The complete differential diagnosis for RH in infants is exten-
sive and detailed reviews of the literature have been published.41

The differential can be narrowed in the majority of cases, however,
by a thorough history and physical examination: the extent, loca-
tion, and appearance of the RH (Table 1) and on the results of ac-
companying laboratory testing and radiological imaging.

AREAS FOR RESEARCH
Retinal hemorrhages can be detected on magnetic resonance

imaging (MRI), particularly well using gradient recalled echo im-
aging, which is an MRI sequence that uses the magnetic suscepti-
bility of iron in red blood cells. An area of signal void larger on
gradient recalled echo than the expected true signal abnormality
in the orbit can help increase the detection of RH.55 Correlation
of RH described by ophthalmological examination or captured
© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Differential Diagnosis for Retinal Hemorrhages and
Typical Appearance14

Etiology of RH Appearance of RH

Birth trauma • Usually intraretinal, confined to
posterior pole, but can be numerous
and extend to the periphery
resembling the pattern seen with AHT

• Most resolve within 2 weeks,
essentially all gone by 6 weeks of age

• Retinoschisis is not reported

AHI • Usually unilateral, confined to the
posterior pole, few in number, with
nonspecific pattern

• Retinoschisis only reported in severe,
fatal AHI

AHT • Severe, multilayer, too numerous
to count, extending to periphery

• Usually bilateral, but may be unilateral
• With or without retinoschisis

Terson syndrome • Pattern of central retinal vein
obstruction: RH (intraretinal
and preretinal) radiating
centripetally from the optic nerve

• Dilated and tortuous retinal veins
• Exceedingly rare in children
• Retinoschisis is not reported

Purtscher retinopathy • Few RH, with numerous polygonal
white patches on the retina

• Rarely seen in children
• Retinoschisis is not reported

RH associated with
coagulopathy and/or
critically ill children

• Few, nonspecific pattern,
typically limited to posterior pole

• Retinoschisis is not reported

Increased ICP • Few, on or adjacent to a swollen
optic disc

• Retinoschisis is not reported

Pediatric Emergency Care • Volume 34, Number 9, September 2018 Retinal Hemorrhages
by retinal camera imaging to visualization of RH on MRI in 77
children, aged 1 month to 2 years, demonstrated a specificity of
61% and sensitivity of 100%.55 High-grade RH, per the classifica-
tion scheme derived by Binenbaum et al,56 were identified more
often on MRI compared with low-grade RH in this retrospective
study.55 Magnetic resonance imaging may be advantageous over
clinical examination in terms of examination of the peripheral ret-
ina as indirect ophthalmoscopy has limitations in visualization of
the peripheral retina. Also, MRI demonstrative of RH may in-
crease diagnosis of AHT in cases where young infants present
with nonspecific symptoms.

Ophthalmic point-of-care ultrasonography (POCUS) has
been used in children to detect increased ICP and in adults for sev-
eral different retinal pathologies. Ophthalmic POCUS was used in
the pediatric intensive care unit over a closed eyelid for a series of
11 critically ill infants, aged 6 weeks to 3 years and diagnosed
with AHT, to identify traumatic retinoschisis when dilated eye
examination was delayed.57 In 7 of the 11 infants, both RH and
retinoschisis was identified. Ophthalmic POCUSmay be a prom-
ising tool to identify RH and retinoschisis, particularly when
© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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dilated eye examination must be delayed. Limitations may include
the use of POCUS on awake, active young children, as well as
cases of RH without accompanying retinoschisis.

OUTCOMES
Fortunately, visual outcome is good for nearly half of the sur-

viving infants and young children who sustain ophthalmological
injury as a result of AHT.4 Severe RH and retinoschisis can re-
solve without long-term sequelae.5 Visual potential can be limited
by retinal scarring resulting from RH and retinoschisis, optic
nerve atrophy, and most commonly by cortical visual impairment
associated with brain injury involving the visual cortex.4,5 Vitre-
ous hemorrhage, if large, can cause amblyopia, and in some cases
vitrectomy is required. Treatment of amblyopia and correction of
refractive errors can improve visual function. Close follow-up by
an ophthalmologist, after initial eye examination, is essential
though to ensure best outcome.

SUMMARY
Many causes exist for RH in infants and children. However,

most medical and accidental traumatic causes result in a pattern of
RH that is nonspecific and not typical of that seen in AHT, and as
such can be easily distinguished from the pattern and distribution
of RH seen in AHT. In children with intracranial hemorrhage and
concerns for abuse, the finding of severe, multilayered RHs ex-
tending to the periphery of the retina is very highly specific for
abuse as the cause of the findings, especially if retinoschisis is
present. Dilated eye examination by an ophthalmologist, prefera-
bly within 24 hours of presentation, is highly recommended for
all children with intracranial hemorrhage and concern for AHT.
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