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Clinical Update

Traumatic Brain Injury and Visual Disorders:
What Every Ophthalmologist Should Know

by elaine a. richman, phd, contributing writer 
interviewing glenn cockerham, md, col. (ret.) donald a. gagliano, md, mha,  

randy kardon, md, phd, and robert a. mazzoli, md

C
ombat operations over the 
last decade in Iraq and Af-
ghanistan have taught physi-
cians many lessons about 
traumatic brain injury; one 

of the most salient to ophthalmologists 
is the recognition that even mild TBI 
(mTBI), also known as concussion, can 
cause visual problems. 

Between 2000 and the third quarter 
of 2013, an estimated 287,861 service 
members sustained a TBI,1 most of 
which were classified as mTBI. A sub-
stantial proportion of patients—74 
percent in one study—experienced vi-
sual problems associated with TBI.2  

The topic of TBIs is relevant to 
community, as well as military, oph-
thalmologists because service mem-
bers and veterans are often treated 
by physicians outside the Military 
Health System and Veterans Health 
Administration. Beyond that, mTBI is 
a growing public health concern in the 
civilian milieu. The Centers for Dis-
ease Control and Prevention (CDC) 
estimate that in 2009 TBI was respon-
sible for at least 2.4 million emergency 
department visits, hospitalizations, 
or deaths (excluding military or non-
hospital settings). Most were mild and 
related to sports, motor vehicle acci-
dents, falls, or fights.3

Diagnosing mTBI-related visual 
impairment requires awareness of the 
problem and, sometimes, special as-
sessment protocols and tools. Here is 
some guidance from ophthalmologists 
who gained experience in military and 
VA settings.

A Tricky Diagnosis
“Diagnosis of an mTBI-related visual 
impairment is complicated,” said Col. 
(Ret.) Donald A. Gagliano, MD, MHA, 
at the Uniformed Services University 
of the Health Sciences in Bethesda, 
Md. “For one, symptoms can take 
time to manifest, creating a delay in 
diagnosis.” By the time patients see 
an eye doctor for care, they are usu-
ally frustrated and worried. “They are 
concerned about their eyesight and 
anxious to get back to their jobs and 
families and lead a normal life.” 

“Normal” exams. A routine oph-
thalmic exam typically looks normal 
in patients with TBI, said Randy Kar-
don, MD, PhD, at the University of 

Iowa and the Iowa City VA Center. Yet 
patients commonly report problems 
including blurred vision, squinting, 
light sensitivity, double vision, and 
difficulty reading, watching television, 
and using computers. Thus, “We need 
reliable tests, biomarkers if you will, to 
assess visual dysfunction within a time 
frame that’s useful to these men and 
women. Most have been told that their 
eyes look fine, but they know they are 
having trouble seeing. Visual acuity 
might be 20/20, but they’re struggling 
and want help,” he said. 

Denial or forgetfulness. A further 
impediment to diagnosis of mTBI-relat-
ed visual dysfunction is that many ser-
vice members deny that they’ve had a 
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Recent research found that veterans with TBI had a higher rate of retinal thinning 
than did a control group. Thinning was more pronounced in the ganglion cell layer 
(1A) than in the retinal nerve fiber layer (1B), as seen in this patient.

T R AU M A

1A 1B

EXTRA

CONTENT
AVAILABLE 



32      m a r c h  2 0 1 4

T r a u m a

concussive injury, even though they’ve 
been exposed to a blast or blasts. And 
their military records might not help. 
“Soldiers tend to associate concussion 
with losing consciousness,” said Dr. 
Gagliano, “so they don’t necessarily 
report it to medical personnel.”

Visual Effects of mTBI
mTBI-related visual symptoms differ 
from patient to patient. The cause of 
an injury (e.g., blunt force, blast, other 
head trauma), direction or intensity 
of force, part of the visual system af-
fected, and patient-specific conditions 
(such as earlier head injury or genetic 
predisposition) may make for a better 
or worse outcome.4 “These patients 
are a heterogeneous group,” said Dr. 
Gagliano.

Light sensitivity. “Severe photo-
phobia is especially common, some-
times with headache and migraine,” 
said Dr. Kardon. “About 60 percent 
of veterans who have had a TBI self-
report extreme sensitivity to light. In 
fact, it’s the most common visual com-
plaint. Even in the waiting room they 
wear sunglasses.”

Other visual problems. In a recent 
article, neuro-ophthalmologist Eric L. 
Singman, MD, PhD, reported on visual 
dysfunctions in TBI and methods for 
assessing them.5 In addition to glare 
and photophobia, he listed the follow-
ing problems: 
•	 Loss of visual acuity, color dis-
crimination, brightness detection, and 
contrast sensitivity  
•	 Visual field defects
•	 Visuospatial attention deficits; 
slower response to visual cues 
•	 Visual midline shift syndrome, af-
fecting balance and posture
•	 Impaired accommodation and con-
vergence
•	 Nystagmus 
•	 Visual pursuit disorders
•	 Deficits in the saccadic system
•	 Extraocular motility problems 
resulting in strabismus, diplopia, or 
blurred vision
•	 Reduction in stereopsis
•	 Reading problems, including losing 
one’s place, skipping lines, and slow 
reading speed

Assessing the TBI Patient’s Vision
When working with veterans in par-
ticular, Dr. Kardon emphasizes the 
importance of taking time with them, 
thanking them for their service, and 
listening carefully to their symptoms 
and for clues about their exposure to 
blasts. “Some of these patients have 
posttraumatic stress disorder. Most are 
stoic. All are looking for a solution.”

Guidelines for screening. Vision 
experts at the VA recently published 
mTBI vision-screening guidelines for 
eye care providers to use as an adjunct 
to a conventional eye exam.6

Important tests and questions for 
all TBI patients. The guidelines iden-
tify the following exams as being im-
portant for every TBI patient: distance 
cover test, near cover test, versions 
(extraocular motility) and pursuit, ac-
commodation, saccades, near point of 
convergence, and repeated near point 
of convergence.

In addition, the guidelines present a 
list of questions to ask the patient; they 
are designed to elicit information in six 
categories related to history of the TBI 
event, sensory effects, eye injury/pain, 
vision, and reading.

Red flag/yellow flag symptoms. 
Similarly, the Military Health System’s 
Defense Centers of Excellence has de-
veloped recommendations for mTBI 
vision screening, based on expert 
opinion from Air Force, Army, Marine 
Corps, and Navy representatives.4 

These recommendations, including 
an assessment algorithm, are intended 
for use by primary care physicians in 
the theater of war and elsewhere as a 
guide to identifying eye problems that 
require urgent referral to a special-
ist (red flags) versus common visual 
symptoms following concussion (yel-
low flags). The algorithm includes 
procedural recommendations for 
screening and referral processes to help 
determine whether to refer a particular 
patient to ophthalmology, neuro-oph-
thalmology, optometry, neurology, or 
maxillofacial surgery. (For a list of the 
red and yellow flags, as well as suggest-
ed assessment questions and tests, see 
the Web Extra with the online version 
of this article at www.eyenet.org.)

Helping the TBI Patient
Just as every case of mTBI is differ-
ent, so, too, is the course of the visual 

Because light sensitivity is commonly associated with mTBI, Dr. Kardon and col-
leagues are researching objective measures to characterize photophobia in these 
patients. The researchers are using the pupil light reflex to study photoreceptor- and 
melanopsin-mediated pupil responses and electromyogram recordings from orbicu-
laris and procerus muscles to study the nervous system’s response to light. 

In other research, Glenn Cockerham, MD, at the VA Palo Alto Health Care Sys-
tem, and Dr. Kardon are using optical coherence tomography to track anatomic 
changes in the visual system following blast injury. “We’re seeing a thinning over 
time of the inner retinal layer and in the optic nerve,” said Dr. Cockerham.1 Thinning 
is most pronounced in the ganglion cell layer (Fig. 1). “As in multiple sclerosis, we 
might be able to use the retina to monitor TBI progression.” 

 “Further, by studying the pathophysiology of TBI and related vision problems,” 
added Robert A. Mazzoli, MD, of Tacoma, Wash., a specialist in blast injuries to the 
eye, “we hope to find ways to prevent them. Researchers are looking at possible 
neuroprotective approaches to TBI.” He referred to recently published research in ro-
dents showing that acute brain injury induces an inflammatory response in the brain 
that is modified by the administration of the antioxidant glutathione.2

1 Kardon R et al. Prevalence of structural abnormalities of the retinal nerve fiber layer (RNFL) 

and ganglion cell layer complex (GCLC) by OCT in veterans with traumatic brain injury (TBI). 

Invest Ophthalmol Vis Sci 2013;54: E-Abstract 2360. 

2 Roth TL et al. Nature. 2013. doi: 10.1038/nature12808.  
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symptoms. They can be as brief as 
minutes or persist for days, weeks, 
months, or more. With proper diag-
nosis and management, most patients 
with mTBI recover fully,7,8 often within 
three months.4 But in a minority of 
cases, symptoms are persistent, and 
patients may need help managing a re-
turn to their maximum capacity. 

Photophobia is sometimes helped 
by special sunglasses or contact lenses 
that limit the amount of light entering 
the eye. Optical aids can help resolve 
double vision or accommodative 
focusing problems. Headaches that 
persist might need the intervention 
of a neurologist. “You’ll find the vi-
sion specialists in the VA facilities 
especially prepared to work with these 
patients,” said Dr. Kardon.

“I usually recommend to patients 
that they take it easy for a while. I 
mean cognitively and physically,” said 
Dr. Cockerham. “Most need help un-
derstanding their visual problem and 
the limits the changes might impose 

in the long and short term. This al-
lows them to plan their return to work, 
school, sports, and family responsibili-
ties. They’re not the only ones who are 
affected. So are their families, employ-
ers, and friends. Our help goes a long 
way to reducing anxiety and improv-
ing overall quality of life.”  n

1 DoD worldwide numbers for TBI. Defense 

and Veterans Brain Injury Center. http://

dvbic.dcoe.mil/dod-worldwide-numbers-tbi.  

2 Goodrich GL et al. J Rehabil Res Dev. 2007; 

44(7):929-936.  

3 CDC Grand Rounds: Reducing severe 

traumatic brain injury in the United States. 

July 12, 2013. www.cdc.gov/mmwr/preview/

mmwrhtml/mm6227a2.htm.  

4 Defense Centers of Excellence. Assessment 

and management of visual dysfunction associ-

ated with mild traumatic brain injury. DCoE 

Clinical Recommendation. January 2013. 

5 Singman EL. Med Instrum. 2013. doi: 

10.7243/2052-6962-1-3. 

6 Goodrich GL et al. J Rehabil Res Dev. 2013; 

50(6):757-768. 

7 Kushner DS. Arch Intern Med. 1998;158(15): 

1617-1624. 

8 Alexander MP. Neurology. 1995;45:1253-

1260.
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IMPORTANT SAFETY INFORMATION FOR THE VERION™ REFERENCE UNIT AND VERION™ DIGITAL MARKER

CAUTION: Federal (USA) law restricts this device to sale by, or on the order of, a physician.  

INTENDED USES: The VERION™ Reference Unit is a preoperative measurement device that captures and utilizes a high-resolution 
reference image of a patient’s eye in order to determine the radii and corneal curvature of steep and flat axes, limbal position and 
diameter, pupil position and diameter, and corneal reflex position. In addition, the VERION™ Reference Unit provides preoperative 
surgical planning functions that utilize the reference image and preoperative measurements to assist with planning cataract 
surgical procedures, including the number and location of incisions and the appropriate intraocular lens using existing formulas. 
The VERION™ Reference Unit also supports the export of the high-resolution reference image, preoperative measurement data, 
and surgical plans for use with the VERION™ Digital Marker and other compatible devices through the use of a USB memory stick.  

The VERION™ Digital Marker links to compatible surgical microscopes to display concurrently the reference and microscope images, 
allowing the surgeon to account for lateral and rotational eye movements. In addition, the planned capsulorhexis position and 
radius, IOL positioning, and implantation axis from the VERION™ Reference Unit surgical plan can be overlaid on a computer screen 
or the physician’s microscope view. 

CONTRAINDICATIONS: The following conditions may affect the accuracy of surgical plans prepared with the VERION™ Reference 
Unit: a pseudophakic eye, eye fixation problems, a non-intact cornea, or an irregular cornea. In addition, patients should refrain 
from wearing contact lenses during the reference measurement as this may interfere with the accuracy of the measurements.

Only trained personnel familiar with the process of IOL power calculation and astigmatism correction planning should use the 
VERION™ Reference Unit. Poor quality or inadequate biometer measurements will affect the accuracy of surgical plans prepared 
with the VERION™ Reference Unit.  

The following contraindications may affect the proper functioning of the VERION™ Digital Marker: changes in a patient’s eye 
between preoperative measurement and surgery, an irregular elliptic limbus (e.g., due to eye fixation during surgery, and 
bleeding or bloated conjunctiva due to anesthesia). In addition, the use of eye drops that constrict sclera vessels before or during 
surgery should be avoided. 

WARNINGS: Only properly trained personnel should operate the VERION™ Reference Unit and VERION™ Digital Marker. 

Only use the provided medical power supplies and data communication cable. The power supplies for the VERION™ Reference Unit 
and the VERION™ Digital Marker must be uninterruptible. Do not use these devices in combination with an extension cord. Do not 
cover any of the component devices while turned on.

Only use a VERION™ USB stick to transfer data. The VERION™ USB stick should only be connected to the VERION™ Reference 
Unit, the VERION™ Digital Marker, and other compatible devices. Do not disconnect the VERION™ USB stick from the VERION™ 
Reference Unit during shutdown of the system.  

The VERION™ Reference Unit uses infrared light. Unless necessary, medical personnel and patients should avoid direct eye 
exposure to the emitted or reflected beam.  

PRECAUTIONS: To ensure the accuracy of VERION™ Reference Unit measurements, device calibration and the reference 
measurement should be conducted in dimmed ambient light conditions. Only use the VERION™ Digital Marker in conjunction 
with compatible surgical microscopes.  

ATTENTION: Refer to the user manuals for the VERION™ Reference Unit and the VERION™ Digital Marker for a complete 
description of proper use and maintenance of these devices, as well as a complete list of contraindications, warnings and 
precautions. 
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