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Optometric Co-Management of
a Traumatic Brain
Injury Patient

Each year more than 80,000 U.S. citizens
survive traumatic brain injury (TBI) but are
discharged from the hospital with TBI-related
disabilities. According to the Centers for Dis-
ease Control and Prevention (CDC, 2000), an
estimated 5.3 million Americans are living to-
day with TBI-related disabilities. TBI truly is
an enormous public health problem. The Cen-
ters for Disease Control and Prevention (2000)
estimated the total lifetime cost of care for
those suffering TBI in 1985 to be $37.8 billion.
As a result, the CDC has committed to helping
finance TBI prevention programs and more ef-
fective treatment strategies (Centers for Dis-
ease Control and Prevention, 2000).

The disabilities caused by TBI may affect a
single function or a combination of functions.
One area frequently impaired is cognition,
which encompasses concentration, memory,
judgment, and mood. Another area often
affected is motor ability, which includes
strength, coordination, and balance. Also, im-
pairment can occur in the special senses, such
as tactile and vision (Centers for Disease Con-
trol and Prevention, 2000). An important con-
sideration in the rehabilitation of individuals
suffering TBI-related disabilities is the impact
of undiagnosed vision problems.

A poorly functioning visual system can
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have a negative impact on the patient’s cogni-
tive and motor functioning. Because the visual
system plays such an important role in cogni-
tive and motor processes, it is, therefore, im-
perative to evaluate the visual system thor-
oughly after TBI to determine whether addi-
tional intervention is indicated.!

A comprehensive functional visual evalua-
tion encompasses three aspects. First, a pri-
mary vision examination rules out reduced vi-
sual acuity, need for lens prescription, and
ocular disease conditions. Next, a visual effi-
ciency assessment evaluates monocular (one
eyed) visual skills, binocular skills (eye team-
ing), and the interrelationship of the two.
Monocular skills include accommodation (fo-
cusing) and oculomotor skills (eye movement
control). Accurate focusing allows clear vision
when looking at objects at various distances.
Eye movement skills allow efficient shifting of
gaze (for example, tracking across a printed
page). The binocularity evaluation is broken
down into two components, motor and sen-
sory. The motor component is further subdi-
vided into ocular alignment and the ability to
work toward alignment (by converging or di-
verging) when a muscle imbalance is present.
The sensory component pertains to whether
the eyes are registering information to the
brain as a team or individually, even though
the eyes may be aligned.

The final component of a comprehensive
visual evaluation is analysis of visual percep-
tion. Visual perception allows problem solving
through cognitive processing of visual input
and information from other senses.Z Examples
of visual perceptual skills include visual form
constancy (the ability to consistently identify
forms despite changes in size or orientation),
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visual figure-ground (the ability to differenti-
ate an object from its background), and visual
closure (the ability to appreciate a form de-
spite lack of certain details). Visual skills,
such as acuity and eye movement control, are
the basis for higher-level processes, such as vi-
sual perception. Disruption to the basic skills
can lead to disruption of more complex skills.?

The following case illustrates application
of the functional optometric evaluation for a
patient who was suffering from visual disabili-
ties as a result of TBI. It also demonstrates
how optometric management of basic vision
problems can have a positive impact on the
rehabilitative process.

CASE REPORT

A 24-year-old man undergoing occupa-
tional and physical therapy was seen in the
Binocular Vision Service of the Illinois Eye In-

stitute. Medical history revealed a traumatic

brain injury secondary to a motorcycle acci-
dent in which he was not wearing a helmet. In
the accident, the patient was thrown 75-100
feet; he fractured his left mandible and was in
a coma for 5 weeks. Before the accident, the
patient reported having had an unremarkable
medical/ocular history and had never worn
glasses. He had been a certified automotive
mechanic, employed full-time.

The patient’s occupational therapist was
concerned that occupational therapy was not
progressing. She wanted a visual functioning
exam to rule out visual components hindering
therapy progress. Her goal for the patient was
to develop the capability for such basic self-
maintenance skills as finding his way home,
writing checks, or shopping for groceries. The
patient complained that he was not able to
write checks because his vision was blurry and
double when reading or writing. He purposely
avoided reading and other close work. His goal
was to regain independence and return to be-
ing a full-time auto mechanic. Before the ac-
cident, he had been able to drive himself wher-
ever he chose; now he had to rely on other
people to drive him, or he would get lost.

At initial evaluation, examination of the
external eye structures and a dilated internal
exam revealed no abnormalities in either eye.
Media were clear, the retinas were intact, and
there was a normal cup to disc ratio of 0.25 in
each eye. The pupils were equally round, re-
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active to light/accommodation, and there were
no color vision anomalies detected in either
eye. Goldmann intraocular pressures were 15
mmHg in each eye (normal). A Goldmann pe-
rimeter detected no visual field defects in ei-
ther eye. The refraction revealed mild astig-
matism, requiring a prescription of right eye:
plano -0.75 x 180 (20/20) and left eye: plano
—-0.75 x 180 (20/20) at distance and near. How-
ever, with this prescription, the patient ex-
pressed that his vision was still intermittently
double at distance and near, and intermit-
tently blurry. Overall, the ocular health was
unremarkable, and the refractive correction
was minimal.

In contrast, the visual efficiency evalua-
tion showed decreased monocular skills. Fo
cusing ability measured 6-8 diopters in each eye
with constant fluctuation and poor control of fo-
cusing flexibility. This level of focusing is below
normal for a patient his age. Eye movement
skills were inaccurate, as shown by the Devel-
opmental Eye Movement test (DEM).2 The pa-
tient showed reduced ability to process the num-
bers on the test automatically, as well as a high
number of omission and transposition errors.

Furthermore, during assessment of bin-
ocularity, eye alignment testing showed an
eye muscle imbalance that occurred intermit-
tently and alternated between eyes. When
present, it fluctuated in size from 5-12 prism
diopters of exotropia (a relatively small mag-
nitude of outward eye deviation) at distance
and near. Convergence and divergence testing
[base-in: %/6/2 (distance), x/12/6 (near) and
base-out: 10/16/0 (distance), 6/16/0 (near)]
showed that the patient did not have the abil-
ity to keep the eyes working together to com-
pensate for the eye muscle imbalance.

Sensory testing included evaluation of
depth perception. The Randot stereopsis test
showed that at times the patient appreciated
depth perception and at other times he did
not. The Worth 4-dot found intermittent, al-
ternating suppression (sometimes the patient
ignored visual input from one eye). This result
correlated with the finding that the patient
appreciated depth perception only intermit-
tently. To appreciate fine depth perception,
both eyes have to work simultaneously so that
dual visual images are registered to the brain.

The sensory findings also were consistent
with the results of eye alignment testing.
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When the patient’s eyes were aligned, he reg-
istered information from both eyes to the
brain and appreciated depth perception. When
the patient’s eyes were misaligned, he would
attempt to compensate by one of two possible
scenarios. In one case, he ignored input from
one eye (as seen on Worth 4-Dot) and did not
transmit information to the brain from both
eyes. In the other case, he received input from
both misaligned eyes and experienced double
vision. These alternating visual situations
cause visual confusion, which leads to visual
stress, which in turn results in decreased
speed of visual processing and potentially de-
creased reading comprehension. Ultimately,
patients who experience such a stressful vi-
sual cycle end up frustrated and avoid near
tasks completely, as in the case of our patient.
The visual perceptual evaluation included
the Morrison Gardner Test of Visual-Percep-
tual Skills (nonmotor)—Revised,* which
showed severe deficits in the areas of visual
memory, visual form constancy, visual figure-
ground, and visual closure. Visual-motor
skills were tested using the Beery—Buktenica
Developmental Test of Visual-Motor Integra-
tion.® The results showed a severe deficit in
visual-motor integration. The patient was
also screened for disorders of higher cortical
functioning to rule out alexia, simultagnosia,
visual neglect, and visual agnosia. This
screening indicated that the patient was not
experiencing any of those disorders.

DIAGNOSIS AND INTERPRETATION

Based on the case history and results of
the comprehensive optometric visual evalua-
tion, the patient was assessed with low myopic
astigmatism in both eyes and Post-Trauma Vi-
sion Syndrome (PTVS). This syndrome is de-
fined by the presence of eye movement, focus-
ing, and eye teaming dysfunction secondary to
head trauma.! The patient showed deficient
monocular skills characterized by decreased
focusing ability and inaccurate eye move-
ments/fixations. The binocular dysfunction in
this patient was characterized by an intermit-
tent eye muscle imbalance, without the corre-
sponding compensating ability. There also
were visual information processing deficits in
the areas of visual-motor integration, visual
memory, visual form constancy, visual figure-
ground, and visual closure. Warren® has de-
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scribed such visual perceptual deficits in pa-
tients following TBI.

The evaluation results provided insight
into the cause of the patient’s complaints and
the occupational therapist’s concerns. The pa-
tient was demonstrating many of the classic
signs reported in the literature for a patient
with PTVS.! The double vision was attributed
to the intermittent exotropia. The size of the
angle of deviation was considered to be a nor-
mal amount, for which most people are able to
compensate. However, because of the trauma
incurred by the visual system, the patient was
not able to compensate for such a small angle.

The patient’s complaints of blur and eye-
strain at nearpoint were caused by the focus-
ing and eye movement dysfunctions. The
therapist’s concerns regarding the patient’s
difficulty with check writing and grocery shop-
ping skills could be attributed to the deficient
monocular skills, binocular skills, eye-hand
coordination, and visual perceptual deficien-
cies.

Patients suffering from PTVS benefit from
a vision therapy program targeted to enhance
all of their visual deficiencies. Such a program
is most successful when the optometrist is
part of the rehabilitative management team
and therapy is integrated into the patient’s
overall plan along with the physical and occu-
pational therapies. However, this patient al
ready was undergoing physical and occupa-
tional therapy in a rehabilitation center and
adding another site for him to visit during his
already heavy weekly schedule was overwhelm-
ing. An alternative plan was put in place.

TREATMENT PLAN

The treatment plan consisted of several
steps. First, the patient was prescribed
glasses with prism to relieve the double vision.
Also, an attempt was made to prescribe bifo-
cals to help with the focusing insufficiency.
However, when educating the patient on the
benefits of bifocals, he did not like the idea of
wearing them. It was decided not to prescribe
bifocals to improve the likelihood that the pa-
tient would wear his glasses. The patient’s
glasses included a small prescription to cor-
rect the astigmatism (which improved visual
acuity) and 2 prism diopters (p.d.) of base-in
prism in the left eye to alleviate the eye
muscle imbalance. The amount of the prism
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was determined by measuring the smallest
amount of prism that provided single comfort-
able vision for far and near viewing.?

Second, the occupational therapist was in-
formed about the deficient visual skills and
given compensatory suggestions to achieve
greater success in occupational therapy. The
compensatory techniques were geared toward
the therapist’s goals of enabling the patient to
write checks and to go grocery shopping. For
example, in regard to check writing, we rec-
ommended using large size checks for less fo-
cusing demand, a large size pen to decrease
the eye—hand coordination demand, and iso-
lating written words with a typoscope (which
isolated one portion of the check at a time) to
decrease the figure—ground component as well
as the demand for accurate eye-aiming skills.

Finally, with optometric guidance, the
therapist was able to incorporate some vision
therapy for eye movement and eye—hand coor-
dination skills into the patient’s therapy regi-
men. Some of the eye movement techniques
used by the occupational therapist included
Hart Chart (letters arranged in rows and col-
umns) and prism saccades, Perceptual-Motor
Pen, and tachistoscope. These techniques em-
phasize practicing rapid and accurate eye
movements, accurate eye-hand coordination,
and precise aiming of the eyes at a particular
group of letters, which appear only briefly and
must be viewed quickly and then recalled us-
ing short-term memory.

FOLLOW-UP AND CONTINUING PLAN

The patient failed to return for a 3-month
follgw-up visit. However, follow-up consulta-
tion with the occupational therapist revealed
progress with occupational therapy after
implementation of the compensatory recom-
mendations.

_The patient returned to the eye clinic 1
year later. At this visit, he reported wearing
the previously prescribed glasses full time and
admitted having returned because the double
vision had reappeared, and the glasses no
longer relieved it. Pertinent findings at this
visit were an intermittent, alternating exotro-
pia (outward deviation) at distance of 2—4 p.d.
and a constant alternating exotropia at near of
10-12 p.d. There also was a vertical deviation
of 3 p.d. left hyper. By means of the Maddox rod
technique® the axis for oblique prism was de-
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termined, and the smallest power that provided
subjectively single, comfortable vision was pre-
scribed at that axis. After trying on the oblique
prism on two separate visits to check reliabil-
ity, the patient was prescribed 1.5 p.d. base-in
and down at 1940 left eye for full-time wear
and was to return in 3 months for follow-up.

At his most recent visit, the patient dem-
onstrated increased self-confidence and less
frustration with himself. He had been able to
resume driving and had returned to school to
study auto mechanics while maintaining a
part-time position in the field. He had com-
pleted his occupational therapy; activities of
daily living were much easier for him now. His
vision was clear at all distances. He did, how-
ever, report double vision again, but it was at
nearpoint only, occurred approximately 5% of
the time, and his prism glasses did not relieve
the double vision as before. Pertinent findings
at this visit included orthophoria (no devia-
tion) at distance, and 6 p.d. intermittent, al-
ternating exotropia with 2 p.d. left hypertro-
pia at near (slight outward and upward devia-
tion). The patient had no depth perception
without prism but appreciated depth with 2
p.d. base-down prism before the left eye. Abil-
ity to turn the eyes inward was still reduced,
but it improved when tested with this prism
power. Subjectively, the patient did not prefer
any horizontal prism, but noticed improved
comfort for near work with 2 p.d. base-down
left eye. Thus, this prism power was pre-
scribed in glasses to be used for near tasks
only. '

DISCUSSION

This patient demonstrated classic PTVS,
as seen in many survivors of traumatic brain
injury.! These patients commonly experience
inaccurate eye movement and focusing con-
trol, strabismus, poor motor fusion, reduced
depth perception,! and visual information pro-
cessing dysfunction.?'® Also common are vi-
sual field defects,'™'2 dry eyes secondary to
incomplete eyelid closure'® and decreased
blinking rate,''1* cranial nerve involvement,'3
refractive error changes,'? and decreased con-
trast sensitivity.? Common ocular symptoms
noted by patients with traumatic brain inju-
ries include: blurred and/or double vision, eye-
strain, problems with focusing, spatial orien-
tation, balance, posture, and visual memory.}
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These patients also frequently report prob-
lems with daily activities such as reading.’® A
thorough optometric evaluation for these pa-
tients is essential to rule out the possibility of
multiple visual functioning deficits. Our work-
up was similar to those recommended in the
optometric literature.®*7

This case demonstrates that there are
more critical aspects to visual functioning
than 20/20 vision. These include accurate and
efficient eye movement, focusing, binocular co-
ordination, and visual perception. Vision
therapy has been shown to improve these
skills in many patients.”1®-2° In this particu-
lar case, due to geographical issues, the pa-
tient was unable to participate in a vision
therapy program. Ideally, he would have re-
ceived vision therapy in an optometric office
setting for a minimum of three—five times a
week for at least 12—18 weeks. The use of vari-
ous prism prescriptions during our patient’s
rehabilitation was important in improving
teaming of the two eyes and overall function-
ing. The changes in angle of eye deviation and
compensating ability shown by this patient
over the course of his rehabilitation are com-
monly found with patients who have had simi-
lar injuries. These changes in visual function-
ing illustrate the importance of close monitor-
ing by the optometrist, to alter the treatment
plan as the patient progresses.

CONCLUSION

The optometrist can provide valuable in-
formation regarding a patient’s visual func-
tioning, which can aid the rehabilitation pro-
cess if it is addressed appropriately. If these
visual problems are not addressed, patients
may not reach their full rehabilitative poten-
tial. Thus, we recommend that TBI patients
undergo a thorough functional optometric
evaluation as early in their rehabilitation pro-
gram as possible.
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