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Abstract

Visual dysfunction after traumatic brain injury is prevalent. The determination of the presence of mild traumatic brain injury
(mTBI) and the assessment of the degree of injury in the field can be difficult and time consuming, usually requiring specialized
personnel and equipment for accuracy. A comprehensive review of visual system dysfunction following mTBI and the availability
of automated assessment therein is included in this discussion.
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Introduction

The visual pathways span the length and breadth of the brain,
making visual functions particularly susceptible to traumatic
brain injury (TBI). Although many vision symptoms are reported
following a mild traumatic brain injury (mTBI) [1,2] the majority
of standard radiologic tests yield normal findings. As a result,
there is a growing need to summarize those visual dysfunctions
that have been validated through evidence-based medicine.
Health care providers who evaluate patients suspected of
suffering mTBI need rapid, simple and reliable tests in order
to ascertain readiness of the putative mTBIpatient. Many tests
are available to assess visual dysfunction. However, they often
require administration by specialists trained in the use of a
wide array of complex equipment. These specialists would not
be expected to be available at the location where the injury
occurred. In addition, mTBI is often a transient condition where
patients may require only a week to gradually recuperate [3]. In
a combat setting, for example, the ability to re-assess a patient
for improvement rear of the lines rather than fully evacuate the
patient from the theatre of operations would greatly enhance
the efficiency of the process of returning a service person to
readiness. Another example is the need to accurately assess for
the potential presence of mTBIin sports participants to ensure
that they are removed and not exposed to further injury.
Although any visual function can be reduced after injury
to the eye or the head, the spectrum of visual changes after
mTBI is more circumscribed and these changes may be more
difficult to detect and measure. Patients often feel relatively
well. They also may have difficulty describing a visual change.
In addition, they may not show obvious clinical signs of injury,
even on the standard ophthalmic examination. In the following
review, visual dysfunctions that have been reported after TBI
will be described along with a mention of their reliability as
biomarkers of mTBI and the processes involved in detecting

the dysfunction. In addition, the author will mention whether
the testing for the visual dysfunctions has reached the point
where automation has been or could be considered. It should
be noted that detailed statistics documenting the frequency
with which the following deficits occur after mTBI are not
available for most of the problems described [4].

Afferent system defects
Ocular vision loss

Afferent visual dysfunction can cause visual loss affecting acuity,
color vision, brightness detection and contrast sensitivity.
Post-traumatic visual loss can be subtle and might not even
be noticed by the patient if the problem were monocular. The
etiology of monocular vision loss is usually limited to ocular
or orbital trauma. Ocular trauma can be assessed in the field
using standard ophthalmoscopic techniques. However, this
assessment requires a trained examiner who is experienced
diagnosing ophthalmic disorders and comfortable using
ophthalmic diagnostic tools, most of which are easily portable
but might not be readily available at the scene of injury. Retrobulbar trauma causing reduced vision is more difficult to assess.
Clinical signs that retrobulbar trauma might have occurred
include the presence of proptosis and ptosis. However, a
trained examiner can assess for the reduction of visual acuity,
loss of color discrimination, a sense of light desaturation, and
loss of contrast sensitivity, all of which frequently occur after a
traumatic optic neuropathy [5] and therefore are reliable markers
of concussion [1]. Simple, hand-held tools such as a flashlight,
a hand-held eye chart with letters, colors or contrast gratings
are available to assess loss of vision in the field. Visual acuity
can now also be assessed using handheld auto-refractors and
photo-screeners [6], although there are no reports suggesting
that they have been applied routinely to brain injury patients.
Validated tests of color vision are also readily available on
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internet sites [7,8], and therefore would easily be accessible
on a small computer or tablet.

Visual field defects

Visual field defects occur frequently after TBI. They usually
signal severe TBI, although mTBI patients who suffer only
traumatic optic neuropathy or trauma to the optic chiasm
can present with visual field defects [5,9]. Manual testing of
visual fields by confrontation should detect severe defects.
However, more accurate screening of the visual field, although
a straightforward task, usually is performed through officebased perimeter technology. It is important to recognize that
significant advances have been made in developing portable,
compact versions of traditional bowl perimeters suitable for
field use [10]. Furthermore, a fieldableperimetry system using
virtual reality glasses is now available commercially [11].

Spatial neglect

Visuo-spatial attention deficits are known to occur after mild
TBI [12] but the frequency is unknown. Visuo-spatial attention
requires alerting, orienting and executive control (including
visual discrimination and decision making). A comprehensive
and validated tool available to evaluate for visual attention
deficits is the Attention Network Test (ANT) [13]. Patients
suffering mTBI are known to respond to visual cues more
slowly and show reduction in the efficiency of resolving visual
conflicts [14]. Furthermore, they have been shown to have
difficulties specifically with disengaging visual attention from
one object of regard, thereby slowing the ability to fix gaze
at a novel object of regard [15]. The ANT is now available as
a download to a device such as a tablet [16] and therefore
should be considered a fieldable test.

Visual midline shift syndrome (VMSS)

Visual Midline Shift Syndrome (VMSS) has been reported to
occur after TBI [17]. The explanation provided for this problem
is that a dysfunction of the visuo-spatial recognition process
leads to warping (compression and expansion) of the patient’s
own sense of their body center. The patient has the perception
that the environment is compressed (i.e., seems closer) on
one side of the body (transversely or antero-posteriorly) and
expanded (i.e., seems further away) on the other side. The
result in this shift affects balance and posture which can be
measured on pressure-detecting treadmills. A simple manual
test to detect VMSS is to ask a patient to report when a vertical
rod is directly in front of them. More research is needed to
explore the utility of VMSS as a reliable biomarker for mTBI.
VMSS and other biomarkers of mTBI have been reported to be
detectable through the recording of visual evoked potentials
(VEPs) [18]. Notably, wireless recording systems for evoked
potentials have recently been developed [19]. In addition, a
mobile VEP system is currently available [20] and although this
system currently uses a desktop computer, separate imaging
screen, and a wired connection to electrodes on the patient’s
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scalp, the developers have been able to compact the system
to the level of a laptop computer (personal communication).
It seems reasonable to suggest that a compact, wireless
system could be created with the merger of the extant
technologies. Clearly, challenges to developing a smaller
fieldable VEP device would include the need to adequately
filter electromagnetic noise from the recordings because the
energy of the recorded signals is small, resulting in voltage
signals at the microvolt level.

Efferent system defects

Abnormalities of accommodation

MTBI has been associated with abnormalities in the ability
of the eyes to focus for near vision (i.e., accommodate) and
defocus for distance vision. Pseudo-myopia occurs after TBI
when the accommodation pathways become over-active and
patients may report seeing better at near than at distance. It
is unclear how many patients suffering TBI develop pseudomyopia but the condition is well documented [21]; the cause
of this spasmodic accommodation is also unknown [22,23].
However, it would appear that this refractive change could
be a useful marker for TBI. It had been difficult to measure
this condition outside the setting of an eye clinic until the
recent advent of easily portable, handheld auto-refractors.
These devices are now readily available [24-26].

Nystagmus

Nystagmus is an oscillatory movement of the globe. In can be
elicited in some normal patients in extreme horizontal gaze; if it
is noted in other circumstances, it is more likely to be abnormal.
Some patients have a latent nystagmus that becomes manifest
when one eye is occluded. This is a congenital disorder and
unlikely to preclude normal functioning. New onset nystagmus
can usually be identified by careful visual inspection and is
a clear and sensitive biomarker of significant head injury or
exposure to neurotoxins. Video-nystagmography (VNG) is a
sensitive method to qualitatively and quantitatively describe
nystagmus in TBI patients [27]. One might expect that acute
onset nystagmus will be obvious to a first responder if not the
patient, suggesting that attempts to incorporate VNG into a
fielded device would be unnecessary. However, nystagmus,
particularly torsional and/or fine nystagmus can be difficult
to detect. Portable, compact nystagmography devices have
become available and consists of a headmounted display/
detector linked to a computer for data analysis and output [28].

Pursuits

The abilities of the two eyes to smoothly pursue a moving
target and to focus quickly at the anticipated future location
a moving target are critical functions of the oculo-motor
pathways. The eyes must be able to move conjugately (in
the same direction, eg., left, right, etc.) and disconjugately
(in opposite directions, eg., toward or away from the midline)
without the patient perceiving double vision and without
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degradation of visual clarity. Deficiency of these types of in patients suffering mTBI [41]. Tests of stereo-acuity are
smooth pursuits are common after mild TBI [29]. Further, quantifiable, sensitive and can now be measured in the field
testing for pursuit disorders may be one of the most sensitive with handheld, portable automated equipment [38,39].
methods to screen for concussion [30,31]. Pursuits can be
measured grossly in the field and if markedly abnormal, Convergence amplitude
patients should be evacuated for further evaluation. Subtle Convergence is the bilateral rotation of the eyes inward. This
deficits in pursuits are more easily detected with automated disconjugate motion is required when patients gaze at an
eye tracking devices and portable versions of these are now object closer than 6 meters away. Deficits in convergence
available [32].
(i.e., convergence insufficiency) are among the most common
visual disorders demonstrated by patients with mTBI [42].
Saccades
Convergence amplitudes are fairly simple to quantify with
Saccades are extremely rapid eye movements that are used a set of graded prisms, but this equipment is usually not
when a patient changes attention to a novel visual target. part of the first responder’s gear. Reliability of convergence
They are critically important for both distance viewing and amplitude measurements is dependent upon the level of
for reading at near. Patients suffering mTBI often demonstrate interest and fatigue of the patient. Therefore, examining
deficits in the saccadic systems. They are less able to inhibit patients who are not alert or very fatigued would tend
saccades [33], and they generate saccades variably [34]; these to cause elevated false positive responses. Computerized
data suggest that mTBI patients may be more easily subject orthoptics programs are currently available for testing and
to visual distractions. In addition, patients suffering TBI even treating convergence insufficiency and can easily be
generate hypometric saccades (i.e., they visually undershoot loaded onto a tablet computer [43].
a novel object of regard) [35]. Abnormal saccades during
reading can already be measured using portable automated Pupillary reaction
equipment [31].
Pupillometry, the quantitative measure of the degree and
speed of pupillary responses can now be performed by a
Extra-ocular motility
handheld, automated device that is simple to use [44]. However,
The ocular motility system is very sensitive to TBI and the utility of measuring pupil responses in patients with mTBI
heterophorias (latent strabismus that becomes manifest is unclear at present. Patients with severebrain injury and
when fusion is disrupted) have been shown to be extremely markedly elevated intracranial pressures have been found
common after concussion [36]. Patients with significant to demonstrate slowed pupillary responses and anisocoria
manifest strabismus (i.e., heterotropias) will often report frank [45]. However, it is likely that these patients would also have
diplopia. However, mild derangements of ocular motility other, more obvious signs of head injury. More research is
might be missed if a patient suppresses the information needed for patients suffering acute, mild TBI to determine
from one eye or if the vision in one eye were reduced. Further, whether pupillometry should be incorporated into a validated
patients might report blurred rather than doubled vision if screening protocol. It should be noted that pupil responses
the strabismus were mild or torsional rather than vertical or may be abnormal in patients suffering mTBI associated with
horizontal. Gross ocular motility can easily be measured by a traumatic optic neuropathy. It is likely but not assured that
trained first-responder in the field. Subtle derangements have these patients will report unilateral vision loss. A first-responder
required specialized equipment such as the synoptophore, equipped with a pupillometer could evaluate a patient for
which, although relatively simple to operate, is neither the presence of an afferent pupillary defect with precision
portable nor generally available outside the eye clinic. and sensitivity equal to that of a trained physician and use
Advances in automated evaluation of heterophorias have the information to help triage the patient.
been successful [37] and portable devices for testing phorias
are now available [38,39].
Higher order deficits
The higher order visual responses described below all depend
Stereo-acuity
upon efferent pathways extending from within the visual
Stereopsis is the ability of the brain to meld the two dispar- system to non-visual portions of the brain.
ate images from the eyes into a single image that has an
appearance of visual depth. It is believed that normal func- Reading speed
tioning of the midbrain, specifically the superior colliculus, Reading problems are frequent after TBI. Patients lose their
plays a critical role in stereopsis [40]. TBI is known to impair place, skip lines of text and have difficulty moving to the next
the ability of the eyes to work together through a number of line of print [46]. In addition, a patient’s reading speed can be
mechanisms, including damage to the nerves that control the slowed secondary to impaired information processing after
eye muscles and to the processing centers that coordinate mild TBI [47]. The King-Devick Test, in which subjects read aloud
eye movements. Reduction in stereopsis is a frequent finding numbers from cards is now automated and downloadable to
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a portable computer [48]. This test has been validated as an
accurate screening method for identifying athletes suffering
concussion [49].

clinics. It is not known whether glare-acuity measurements
can translate into glare sensitivity. Therefore, research is
needed to determine normal comfort limits for glare and to
validate quantitatively whether mTBI patients fall outside these
Reaction time
limits. Automated glare acuity measurements and devices
Visual (as well as auditory and tactile) reaction time is signi- that can alter brightness to qualitatively assess a patient’s
ficantly reduced after TBI [50] and is a sensitive assessment for response to glare are already available. However, until there
TBI. Simple, low-technology, validated measures of reaction is a quantitative way of assessing glare, it would be difficult
time are available for use in the field and are currently in use to use this as a biomarker for mTBI.
by sporting teams. The testing device is a lined ruler stick with
a weight on one end which is released near the patient’s hand Conclusion
in order to measure how quickly the patient can catch the There is a need for rapid, simple, validated methods to ascerstick; the long stick is somewhat unwieldy and might not be tain whether an injured patient sustained TBI. This review
standard equipment provided to first-responders. Interestingly, highlights many of the tests available. Presently, the
automated, computer-presented tests of visual reaction time administration of these tests usually requires experienced
were among the earliest biophysical evaluations studied; they examiners and specialized equipment. However, for almost
were critical in demonstrating the effects of lead poisoning all of the biomarkers of mTBI reviewed, an automated,
on brain function in children [51]. The necessary software portable device capable of tele-medically reporting clinical
should easily be incorporable into a handheld computer.
information is already available. Many of these devices require
no more than a handheld unit or computer. Some require a
Memory impairment
remote sensing or presentation device, such as the tests for
Patients with mTBI have been shown to do less well in episodic nystagmus, visual field, pursuits and saccades, in addition
memory tasks [52]. There are many methods for testing visual to a computer for data acquisition, analysis and output.
and auditory memory and some automated systems have While there is no single biomarker with perfect sensitivity
already been applied to the study of brain injury patients and specificity for detecting mTBI, it has been reported that
[53]. Sensitive tests of mild memory impairment could easily batteries of neuropsychological tests can reliable perform this
be made available to first-responders; indeed, some online function [59]. It should be mentioned that helmet-mounted
memory games could likely be validated to serve in this devices are already being evaluated to measure impact, and
capacity [54].
efforts are underway to determine the threshold energy and
direction of forces required to cause mTBI [60]. Regardless of
Orientation to person/time/place
the degree or direction of force sustained, testing a seemingly
Patients suffering mTBI frequently demonstrate deficiencies healthy person with a history of head trauma for evidence
in orientation. This can be assessed by examiners employing of mTBI is still vital to determining whether that person can
the Rapid Screen of Concussion (RSC). The RSC can be admini- continue to participate in their required activities after the
stered by a trained first-responder and has been shown to be acute trauma. In addition, the ability to evaluate a confirmed
sensitive [55] and effective not only for diagnosis but also for patient is crucial to track the success of therapy. For this reason,
differentiating between mild and more severe TBI [56]. The neuropsychological testing remains important. In addition, it
RSC is administered through a series of verbal and visual seems logical that the testing would be facilitated if available
questions to the patient. Depending upon the battery of tests through a single multicapable, portable, automated device.
included, the patient responds verbally, by finger tapping or Such a device would not only assist in the diagnosis of patients
pointing. It would seem certain that with current levels of but also in monitoring of ongoing care. Further, an automated
computer speech technology, touch screens, etc., we are at system would enable remote evaluation, permitting testing
the point where the questions employed by the RSC could and even therapy to occur regardless of the proximity to
be presented automatically and the responses provided advanced brain injury treatment and rehabilitation facilities.
by the patient could registered, scored and presented on a It is encouraging to see efforts in this regard, such as the
smartphone or tablet.
DETECTTM system, a project of Emory University and the
Georgia Institute of Technology [61]. Another system capable
Sensitivity to glare
of performing many aspects of the ophthalmic examination is
Patients suffering mTBI very frequently complain of glare or the i2i,TM being developed by Alexander Walsh of the Doheny
increased sensitivity to light [57]. The cause of this subjective Eye Institute [62]. Although this device is not specifically aimed
complaint is unclear although some research suggests at detecting brain injury, it has the potential for incorporating
abnormal dark adaptation in these patients [58]. Although applications necessaryfor this function.
sensitivity to glare has not yet been quantified, reduction in
Notably, normal values garnered from large populations for
acuity under glare conditions is a metric available in many eye many of the parameters described above are not yet available.
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However, for people employed in high risk fields, such as
athletes, police, firefighters or military service personnel,
currently available automated testing should be sufficiently
convenient to use so that each service person can be tested in
the field multiple times before and during deployment. This
means that each person would provide their own individual
normative data which would likely be preferred to normative
data from even a large population when assessing a particular
individual for mTBI. At present, all service members of the
United States Department of Defense have been required to
undergo baseline pre-deployment neurocognitive assessments
using a computer-based system called ANAM (Automated
Neuropsychological Assessment Metrics) administered by
the Neurocognitive Assessment Branch of the Rehabilitation
and Reintegration Division [63].
It seems reasonable to also gather as much useful data
on validated visual system biomarkers of mTBI prior to
deployment. These data would create an excellent baseline for
the Traumatic Brain Injury and Vision Injury Registries, such as
those being developed by the United States Defense Centers
of Excellence for Traumatic Brain Injury and Psychological
Health (DCoE) and the United States Department of Defense/
Veterans’ Affairs Vision Center of Excellence (DoD/VA VCE),
respectively. With appropriate automation, adding this type
of data collection to a pre-deployment physical should not
add unwieldy amounts of time.
In conclusion, the author strongly supports initiatives to
develop an automated, portable, user-friendly, tele-medical
and multi-capable device for the visual evaluation of patients
suspected of suffering mTBI and believes the technology may
be currently available to succeed in this endeavor.
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