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Abstract
Visual loss following head trauma is common, and the diagnosis can be challenging for the
neurologist called to perform an emergency room assessment. The approach to the patient with
post-traumatic visual loss is complicated by a wide range of potential ocular and brain injuries
with varying pathophysiology. In addition to direct injuries of the eye and orbit, traumatic optic
neuropathies, carotid cavernous fistulas, and damage to the intracranial visual pathways are classic
causes of visual loss after head trauma. This review provides an update on the diagnosis and
management of these conditions.
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Visual loss is common after head trauma, but its diagnosis is often delayed. The clinical
assessment is complicated by the fact that trauma patients may be unconscious and unable to
provide a clinical history. Examination can be limited by lack of cooperation, concomitant
physical injuries, and decreased level of consciousness. Alternatively, the traumatic event
may seem minimal in relation to the visual loss, and the patient may be neurologically intact.
Obvious evidence of trauma in the form of ocular or periorbital hemorrhage, laceration, or
ecchymosis may be absent, and the injury causing the visual loss may be concealed. A wide
range of lesions can result in visual loss, and the visual system can be affected at multiple
levels (Table 1). A careful examination combined with appropriate neuroimaging should
elucidate the nature of the visual loss and guide initiation of optimal management.1-6 The
aim of this review is to help neurologists develop a rational approach to evaluating the
patient with post-traumatic visual loss.

Approach to the Patient With Post-Traumatic Visual Loss
Unless the trauma is minimal and the visual loss is isolated, priority is given to assessment
of vital functions in the emergency room. It is only once the patient is stabilized, and severe
trauma to the head, face, spine, and other essential organs is ruled out, that attention is paid
to visual function.1

A basic ophthalmologic evaluation should be performed systematically in the emergency
room. Trauma patients, especially those with decreased consciousness, or severe pain and
anxiety, may not be aware of visual changes until they are specifically questioned.
Examination should include external inspection of the eyes and periorbital region,
measurement of visual acuity, pupillary examination, testing of extraocular movements, and
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funduscopic examination. Any abnormality should prompt an emergent ophthalmologic
consultation.

In most cases, traumatic visual loss is related to direct ocular injury and occurs in the setting
of severe head trauma associated with loss of consciousness.3-6 Ocular trauma such as
hyphema or ocular penetrating injuries and foreign body may require urgent ophthalmologic
treatment (Figure 1). Less common is unilateral or bilateral visual loss with normal ocular
appearance, suggesting trauma to the optic nerve or intracranial visual pathways, for which a
neurologic or neurosurgical consultation is often requested.

Assessment of Visual Function in the Emergency Room
A simple, systematic approach allows neurologists to evaluate the visual function of trauma
patients.

External Inspection
External inspection should always be performed to detect signs of globe laceration or
intraocular foreign body. The presence of lid laceration, subconjunctival hemorrhage,
corneal laceration, collapsed globe, irregularity or displacement of the pupil, and blood in
the anterior chamber (hyphema) should prompt an emergent ophthalmologic consultation.
The eye should not be touched and should be protected by a shield (or a plastic cup) taped
over the eye.4 If the eye appears intact, palpating the orbital rim can identify fractures.
Periorbital swelling can conceal enophthalmos or proptosis. Auscultation of the head and
orbit checking for an orbital bruit (suggesting a carotid cavernous fistula) should be
performed in any trauma patient with periorbital ecchymosis, proptosis, or ophthalmoplegia.

Visual Acuity
Visual acuity can easily be checked at the bedside with a hand-held near card, newspaper, or
magazine. It should be kept in mind that injured patients often lose their glasses at the time
of trauma and may not be alert enough to mention this in the emergency room. For patients
older than 50 years, a pinhole card, reading glasses, or a +3.00 lens are useful at the bedside
to correct a refractive error.

Confrontation Visual Fields
Confrontation visual fields can be tested by checking for the ability to count fingers in all 4
quadrants. This is helpful in the emergency room; however, it can only be performed in alert
and cooperative patients. Formal visual field testing can be obtained later, once the patient is
able to sit upright.

Pupils
Pupils can easily be assessed in both responsive and unresponsive trauma patients. In cases
of unilateral visual loss, a relative afferent pupillary defect indicates an optic neuropathy or a
large retinal lesion (such as retinal detachment or retinal artery occlusion). In cases of
bilateral optic neuropathies, there is no relative afferent pupillary defect, but the pupils are
sluggish in response to light (as compared with cerebral blindness, in which the pupils are
normal). The pupils may also be asymmetric (anisocoria) as a result of a Horner syndrome
(from carotid dissection), a third nerve palsy, or from direct ocular trauma (traumatic
mydriasis or ocular perforation). Anisocoria or a relative afferent pupillary defect should
prompt an emergent ocular examination.
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Inspection of Extraocular Movements
This is part of the emergency room examination for patients with head trauma. Conscious
patients with abnormal eye movements and good vision may complain of diplopia.
Abnormal eye movements may result from brainstem or cranial nerve injuries. Fourth nerve
palsy is most common with mild to moderate closed head injury, followed by sixth nerve
palsy, and then by third nerve palsy with relatively more severe closed head injury.2 Third
nerve palsy may indicate herniation and is always of concern in the acute trauma patient
who is not awake and alert. Ophthalmoplegia is also common in carotid cavernous fistula
and with any orbital syndrome or orbital fracture. In comatose patients, inspection of eye
position may disclose ocular deviation, suggesting ophthalmoplegia. In the acute trauma
patient, the oculocephalic responses with the doll's eye maneuver should not be tested as this
requires active mobilization of the neck.

Funduscopic Examination
Funduscopic examination should be attempted in the emergency room in all trauma patients.
This should be done without pharmacologic dilation. Visualizing the optic nerve head
confirms that the eye is clear of hemorrhage and that the ocular media is clear. There is no
need to systematically perform a dilated funduscopic examination acutely unless the patient
complains of visual loss. In these cases, the pupils should be pharmacologically dilated only
by the consulted ophthalmologist, who will first verify the absence of ocular injury or globe
perforation. If there is a globe perforation, then further examination is performed in the
operating room by the ophthalmologist.

Neuroimaging
The presence of a neuroimaging abnormality, particularly intracranial hemorrhage, is
significantly associated with specific neuro-ophthalmic deficits. Neuroimaging
abnormalities may be a more reliable predictor of specific neuro-ophthalmic outcomes than
loss of consciousness.6 Brain CT without contrast is still the best imaging modality when
assessing acute head trauma. When visual loss is suspected, both axial and coronal orbital
views should be included. CT is the neuroimaging study of choice for visualizing the bony
anatomy of the optic canals and the paranasal and frontal sinuses, to rule out an intraocular
or orbital foreign body, and to look for acute orbital or intracranial hemorrhage.7 MRI is the
study of choice for visualizing soft tissue, but it is not usually performed acutely in head
trauma patients, who are often unstable and poorly cooperative. When brain ischemia is
suspected, MRI with diffusion-weighted images and magnetic resonance angiogram can be
extremely helpful.8 Some centers systematically recommend a CT angiogram of the aortic
arch, cervical vessels, and head in cases of severe head or neck trauma to investigate the
possibility of associated arterial dissection or carotid cavernous fistula.9

Clinical Syndromes of Post-Traumatic Visual Loss
Traumatic Optic Neuropathy

Traumatic optic neuropathy has traditionally been separated into direct and indirect
traumatic optic neuropathy. 1,9-30 In direct traumatic optic neuropathy, there is direct injury
of the optic nerve causing functional and anatomic disruption of the optic nerve. Indirect
traumatic optic neuropathy refers to the transmission of force distant from the optic nerve,
preserving ocular and cerebral tissue plane integrity but indirectly disrupting the functional
and anatomic integrity of the optic nerve. Clinically, traumatic injury to the orbital,
intracanalicular, or intracranial segment of the optic nerve is presumed when the neuro-
ophthalmologic examination shows unilateral decreased visual acuity and color vision, an
ipsilateral relative afferent pupillary defect, a normal appearing fundus or mild optic nerve
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edema acutely, and no apparent intraocular pathology. The affected optic nerve becomes
pale only 4 to 6 weeks after injury. Finding optic nerve pallor at the time of trauma suggests
pre-existing optic neuropathy. The diagnosis of traumatic optic neuropathy is clinical and
neuroimaging is only useful to rule out compression of the optic nerve by a bone fragment
or orbital damage such as fracture or hemorrhage.

Direct traumatic optic neuropathy—Pathologic mechanisms of direct injury include
optic nerve avulsion, stretch injury, shearing, contusion, laceration, and disruption. Orbital
hemorrhages can create an immediate compressive optic neuropathy with a compartment
syndrome. Hemorrhages within the dural sheath and interstitial optic nerve hemorrhages are
often observed in autopsy studies following closed head injury.5 The optic nerve is tightly
tethered in the optic canal and is subject to stretch injury, shearing, and ischemic necrosis
during brain shifts. Brain shifting can also result in upward displacement of the intracranial
segment of the optic nerve against the falciform dural fold, which lies above the optic nerve
adjacent to the optic canal.6 The optic chiasm can also be directly injured by compression
from hematomas and other direct pathologic mechanisms.

Although spontaneous visual recovery can rarely occur after direct traumatic optic
neuropathy, surgical decompression of the optic nerve is usually performed when imaging
confirms an orbital fracture and compression of the optic nerve by a bone fragment. Orbital
hemorrhages with compartment syndrome presenting with acute proptosis, chemosis, and
elevated intraocular pressure may require emergent orbital decompression, which is usually
performed by doing a canthotomy and cantholysis (surgical opening of the lateral canthus) at
bedside in the emergency room. Rarely, surgical orbital decompression, optic nerve sheath
fenestration for intrasheath hematoma, or evacuation of subperiosteal orbital hematoma is
performed.21

Indirect traumatic optic neuropathy—Indirect optic nerve injury typically arises from
energy absorbed by the optic nerve within the confines of the bony optic nerve canal at the
moment of impact, usually from blunt trauma to the forehead.14 The nature of the bony
architecture of the orbit tends to directly transfer forces from frontal blows to the
superolateral orbital rim to the intracanalicular portion of the optic nerve canal. Indirect
traumatic optic neuropathy may occur even with very mild trauma. Visual loss is immediate
or may be delayed over a few days, presumably because optic nerve edema may lead to
progressive ischemia from compression within the confines of the bony optic canal.15

Trauma and ischemia can precipitate a destructive cascade of interrelated events that are
well known to cause secondary damage within the central nervous system. These include
oxidative stress, release of inflammatory mediators, breakdown of the blood-brain barrier
with increased macrophage activity, and intracellular calcium influx leading to excitotoxic
damage and apoptosis.31

Because of progression of vision loss, which is often delayed, some authors have suggested
that a window of opportunity exists for early surgical intervention (such as optic canal
decompression), or for medical intervention (steroid therapy or neuroprotection). However,
no randomized study has shown that surgical decompression of the optic nerve or treatment
with steroids improves the visual outcome of patients with head trauma.12,18 The
International Optic Nerve Trauma study20 was a large prospective study that compared the
visual outcomes of traumatic optic neuropathy treated with variable uncontrolled doses of
corticosteroids, optic canal decompression, or observation alone, within 7 days of injury. No
significant difference between any of the treatment options was found. The study concluded
that neither corticosteroids nor optic canal decompression surgery benefited patients with
traumatic optic neuropathy,20 confirming other studies.16,27
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Very high-dose steroids, such as those given for the treatment of spinal cord injury, should
not be prescribed for the treatment of traumatic optic neuropathy.17 Very high-dose
corticosteroids (intravenous loading dose of 30 mg/kg followed by a continuous infusion of
5.4 mg/kg/h for 24 or 48 h) have been used for the treatment of acute spinal cord injury
since the publication of the second and third National Acute Spinal Cord Studies (NASCIS
II and III).22,23 NASCIS II22 was a multicenter, randomized, double-blinded, placebo-
controlled study of acute spinal cord injury. Patients were randomized to placebo, naloxone,
or high-dose methylprednisolone within 12 hours of injury. A small but significant
improvement in the methylprednisolone treatment arm compared with the placebo arm was
reported, but only for those treated within 8 hours after injury. Post-hoc analysis revealed
that treatment past the 8-hour mark had deleterious effects.24,25 This therapeutic regimen
was subsequently adopted for the treatment of traumatic optic neuropathy, although no
randomized study has yet shown benefit.

Experimental studies have investigated the effects of high-dose steroid therapy in traumatic
optic neuropathy and suggested no benefit and potentially harmful effects in induced optic
nerve crush injuries.32-34 It is therefore not surprising that the “no treatment” option has
been recently suggested for patients with indirect traumatic optic neuropathy. The rationale
for withholding steroid treatment in indirect traumatic optic neuropathy is further supported
by the results of the Corticosteroid Randomization After Significant Head Injury (CRASH)
trial.35 This multicenter, randomized, placebo-controlled study randomized patients to
placebo or high-dose methylprednisolone for 48 hours, within 8 hours of head injury. The
study was stopped prematurely based on safety monitoring data showing a higher risk of
death from all causes at 2 weeks in the methylprednisolone-treated arm.35 It was then
suggested that not only were high-dose steroids not helpful after head trauma, but were
potentially harmful. The same conclusions likely apply to patients with traumatic optic
neuropathy who often have associated brain injuries.

The drive to treat indirect traumatic optic neuropathy may be fueled by a sense of
helplessness, but there is currently no good evidence to support treatment over no treatment;
therefore, no treatment is rationally and medicolegally defensible, especially when keeping
in mind the ethical principle of doing no harm. Conversely, it is frustrating to offer patients
no treatment when they are faced with visual loss. Experts in the field now agree that neither
current medical nor surgical treatments are the standard of care in traumatic optic
neuropathy.1,17 Although some authors have suggested the administration of moderate-dose
methylprednisolone (250 mg intravenously 4 times daily for 24-48 h), believing that this
dose might decrease intracanalicular swelling without being neurotoxic,9 there is currently
no evidence that this treatment may be better than no treatment.16

Although it may be some time before a randomized controlled trial of traumatic optic
neuropathy is organized, the pace of research in neuroprotection is not slow.31 There is
recent experimental evidence supporting the neuroprotective and neuroregenerative effects
of erythropoietin,36 minocycline,37 and progesterone38 in patients with head trauma.
Transcorneal electrical stimulation for neuroprotection in the acute phase may also hold
some promise.39

Carotid Cavernous Fistulas
Carotid cavernous fistulas consist of abnormally communicating blood flow from the
internal carotid arterial system to the cavernous sinus venous system. Carotid cavernous
fistulas can be classified etiologically as traumatic or spontaneous, hemodynamically as high
flow or low flow, and anatomically as direct or dural.40-42 The classification system
described by Barrow and colleagues41 includes Type A fistulas (direct shunts between the
internal carotid artery and the surrounding cavernous sinus), and Types B, C, and D fistulas.
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The latter are low-flow, indirect dural shunts that are believed to be congenital or
spontaneous arteriovenous connections; they are mostly seen in older women with
hypertension, diabetes, and atherosclerosis, and rarely result from trauma. Conversely, high-
flow, direct Type A carotid cavernous fistulas are a classic complication of head trauma, and
they represent 70% to 90% of all carotid cavernous fistulas. They often present dramatically
days or weeks after head injury with a triad of pulsating exophthalmos, conjunctival
chemosis, and orbital bruit. If not treated, progressive visual loss may ensue.40

Visual loss associated with direct carotid cavernous fistula may be either immediate (most
often from coincident ocular or optic nerve damage) or delayed. The threat of irreversible
secondary visual loss with carotid cavernous fistula usually arises from the increased
intraocular pressure that can be severe enough to damage the optic nerve or retina. There
should be no delay in diagnosis because permanent visual loss may progressively develop if
intraocular pressure is not reduced, and cranial nerve palsies may become permanent. Other
causes of secondary delayed visual loss in carotid cavernous fistula include exposure
keratopathy (secondary to proptosis), venous stasis retinopathy, central retinal vein
occlusion, serous choroidal detachment, and anterior or posterior ischemic optic neuropathy.
Visual loss occurs in up to 90% of patients with direct carotid cavernous fistula and is the
major cause of morbidity in those whose fistulas are not complicated by intracranial
bleeding.40

The ocular manifestations of carotid cavernous fistula reflect the underlying
pathophysiology of overload and retrograde filling of the venous system. Arterial blood
flows anteriorly into the superior or inferior ophthalmic veins, and arterial and venous stasis
causes increased episcleral venous pressure, along with decreased arterial blood flow to the
cranial nerves within the cavernous sinus. This situation leads to the hallmarks of carotid
cavernous fistula, including arterialization of the conjunctival vessels, conjunctival chemosis
(Figure 2), and the classic fundus findings of ipsilateral optic disc swelling, dilated retinal
veins, and intraretinal hemorrhages. Proptosis, from congestion of orbital tissues, is often
among the earliest findings, developing acutely or progressively within a few days after
trauma. Pulsating exophthalmos is present in most patients with direct carotid cavernous
fistula. Increased intraocular pressure from increased episcleral venous pressure and orbital
congestion develops in up to half of patients with untreated direct carotid cavernous fistula.
Diplopia is usually present with direct carotid cavernous fistula. Mechanisms of diplopia
include the initial trauma, mechanical restriction of the extraocular muscles, cranial nerve
ischemia from the fistula, and direct compression of the cranial nerves by dilated petrosal
venous sinuses. The sixth cranial nerve is most commonly affected due to its free-floating
location within the cavernous sinus.40

The diagnosis of direct carotid cavernous fistula is usually made with noninvasive imaging
such as CT and MRI. Findings of a distended superior or inferior orbital vein and diffuse
enlargement of the extraocular muscles are highly suspicious for carotid cavernous fistula in
the context of trauma (Figures 3, 4, and 5). Catheter angiography showing filling of the
cavernous sinus during the arterial phase is still the gold standard to visualize the complex
anatomy of the cavernous sinus and the exact localization or nature of a fistula, and is
usually performed at the time of treatment.

Urgent treatment is usually required for high-flow Type A fistulas, especially when visual
loss is present. The intraocular pressure can be reduced medically, but only treatment of the
fistula (most often with intravascular approaches using selective embolization and
detachable balloon occlusion) prevents visual loss.42
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Optic Pathway Trauma
Optic pathway trauma consisting of damage to the chiasm or the retrochiasmal visual
pathways is common in head trauma.43-49 Chiasmal damage is second to intracanalicular
optic nerve segment damage in frequency,11 and may be a result of indirect or penetrating
injury. Visual field testing demonstrating bitemporal hemianopia, in combination with brain
MRI, is usually diagnostic; however, little is known about optimal management, and most
patients are treated empirically with corticosteroids or observation.

Patients with head trauma often have multiple and extensive intracranial lesions that may
involve the optic pathways and result in various homonymous visual field defects or
bilateral visual loss (cerebral blindness).3,44 Disruption of tissue integrity secondary to
trauma is the underlying etiology in most cases, but vascular causes are also common. Post-
traumatic cerebral edema can cause uncal herniation to compress the ipsilateral posterior
cerebral artery, resulting in unilateral or bilateral occipital lobe infarctions.45,46

Intraparenchymal hemorrhages, epidural or subdural hematoma with mass effect, and
subarachnoid hemorrhage with vasospasm and resultant cerebral infarction may also
produce homonymous hemianopic visual field defects. Cervical artery dissections with
subsequent cerebral infarction and homonymous hemianopia are a classic cause of visual
loss after trauma.47,48 Post-traumatic cerebral venous thrombosis may not only result in
venous infarctions involving the occipital lobes, but may also produce visual loss from
bilateral papilledema and secondary optic atrophy.49,50

Because visual loss may interfere with rehabilitation, and because many trauma patients are
unaware of or unable to complain of visual loss, it is important that formal evaluation of
visual function, including visual field testing, be obtained in head trauma patients during
rehabilitation. Indeed, documentation of visual function is essential for proper evaluation of
the ability to return to school or work, and to drive a vehicle.

Conclusions
Post-traumatic visual loss is common and can arise from a number of mechanisms.
Identification of direct ocular trauma is done in the emergency room at the time of
presentation. Topographic diagnosis of optic nerve lesions or lesions of the intracranial
visual pathways combined with appropriate neuroimaging can help to identify neuro-
ophthalmic causes of post-traumatic visual loss. Appreciation of visual field defects from
intracranial lesions is often delayed; therefore, visual fields should be systematically
obtained when the patient is in rehabilitation prior to returning to school, work, or driving.

Main Points

• Visual loss is common after head trauma, but its diagnosis is often delayed due
to the complication that trauma patients may be unconscious and unable to
provide a clinical history. Examination can be limited by lack of cooperation,
concomitant physical injuries, and decreased level of consciousness.

• A systematic approach allows neurologists to evaluate the visual function of
trauma patients in the emergency room, and should include external inspection
of the eyes and periorbital region, measurement of visual acuity, pupillary
examination, testing of extraocular movements, and funduscopic examination.

• CT is the neuroimaging study of choice for visualizing the bony anatomy of the
optic canals and the paranasal and frontal sinuses, to rule out an intraocular or
orbital foreign body, and to look for acute orbital or intracranial hemorrhage.
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MRI is the study of choice for visualizing soft tissue, but it is not usually
performed acutely in head trauma patients, who are often unstable and poorly
cooperative.

• Neither corticosteroids nor optic canal decompression surgery benefited patients
with indirect traumatic optic neuropathy.

• Catheter angiography showing filling of the cavernous sinus during the arterial
phase is still the gold standard to visualize the complex anatomy of the
cavernous sinus and the exact localization or nature of a fistula, and is usually
performed at the time of treatment. There should be no delay in diagnosis
because permanent visual loss may progressively develop if intraocular pressure
is not reduced, and cranial nerve palsies may become permanent.
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Figure 1.
Blood in the anterior chamber (hyphema) after blunt trauma to the eye and face.
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Figure 2.
Conjunctival chemosis secondary to orbital congestion in a patient with a direct traumatic
carotid cavernous fistula.
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Figure 3.
Axial CT with contrast showing a dilated right superior ophthalmic vein (arrow) secondary
to a direct traumatic carotid cavernous fistula.
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Figure 4.
Coronal CT showing the dilated right superior ophthalmic vein (arrow), along with diffuse
enlargement of the extraocular muscles.
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Figure 5.
Catheter angiography (lateral view) showing a very dilated superior ophthalmic vein
(arrow).
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Table 1
Causes of Post-Traumatic Acute Visual Loss

Refractive Error

Glasses or contact lenses are lost or damaged at the time of trauma

Ocular Injury

Ruptured globe (anterior with corneal laceration or posterior with scleral laceration)

Intraocular foreign body

Exposure keratopathy (secondary to proptosis, lid laceration, or 7th nerve dysfunction)

Corneal edema (from airbag injury)

Corneal abrasion

Hyphema (blood in anterior chamber)

Traumatic iritis (often delayed by approximately 24 h)

Traumatic mydriasis (and decreased accommodation)

Lens subluxation or luxation

Vitreous hemorrhage

Commotio retinae

Retinal detachment

Retinal ischemia from carotid dissection

Retinal fat emboli

Choroidal rupture

Optic Nerve

Direct traumatic optic neuropathy

Indirect traumatic optic neuropathy

Intrasheath hematoma

Avulsion of the optic nerve head

Penetrating injuries of the orbit with direct optic nerve injury

Intraorbital foreign body

Optic nerve ischemia from carotid dissection

Orbit

Orbital fracture

Orbital hemorrhage

Orbital emphysema

Carotid cavernous fistula

Subperiosteal hemorrhage

Intracranial Optic Pathways

Chiasmal or retrochiasmal direct injury

Chiasmal or retrochiasmal indirect injury

Hemorrhage or hematoma compressing the chiasm

Cerebral diffuse axonal injury with homonymous hemianopia

Intraparenchymal hemorrhage with homonymous hemianopia

Cerebral infarction (posterior cerebral artery) secondary to increased intracranial pressure/herniation with homonymous hemianopia or cerebral
blindness

Cerebral infarction secondary to cervical artery dissection with homonymous hemianopia or cerebral blindness
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