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Abstract

Patients with traumatic brain injury (TBI)
Srequently exhibit visual symptomology’

characterized by diplopia, intermittent
blurriness, asthenopia, photophobia, and
spatial disorientation. Clinical findings
on this patient population commonly in-
clude accommodative and binocular dys-
functions, refractive error shifts, and
oculomotor dysfunction. Resultant visual
field loss in many of these patients aiso
impacts visual performance. :

We present a case history of a TBI patient
with associated visual dysfunction, Treat-
ment modalities included lenses, prisms,
and rehabilitative vision therapy. Im-

proveinents in function dand visual proc-- -

essing were noted and clinically
documented in the visual evaluation and
visual electrodiagnostics,

Key Words

traumatic brain injury (TBI), visually
evoked cortical potential ( VECP), elec-
trovetinogram (ERG), contrast sensitivity
testing

B Journal of Behavioral Optometry

raumatic brain injury (TBD
patients show many types of
visual dysfunction, including
acconunodattve binocular and cculomotor
dysfuncnoni refractive error shift, and visual
field loss. 116 These visual problems have
great impact on everyday functioning and
daily living activities, such as reading,
driving, localizing, eye-hand coordination
activities, etc. Much of the literature re-
garding visual dysfunction in TBI concen-
trates on moderate to severe injuries. A
patient with a mild TBI, as diagnosed by

- a neurologist or neuropsychologist, can

show significant functional deficit, even
in the absence of loss of consciousness at
time of injury. 7 In fact, whiplash or cer-

.¥ical strain can cause visual dg'sfu'nctlons
e

withoiita-documented TBI."#-20 Mild TBI

encompasses a-diffuse injury which can.

disrupt the overall speed, efficiency, and
integration of mental and central nervous
system function,

Optometnsts have hxstoncally treated
functional and visual perceytual problems
in children and adults. Therefore, it
is appropriate for optometric services to
be included in the rehabilitation of the TBI
patient with visual problems,

We present a case history of a patient
with a mild TBIL This 32-year-old white
female had been evaluated by several oph-
thalmologists prior to our evaluation. She

received no vision treatment other thanthe

recommendation to "buy a pair of magni-
fiers at the drug store.”

‘OF A TRAUMATIC
BRAIN INJURY PATIENT

History

The patient presented for examina-
tion approximately two and one half years
after a fall, which resulted in a mild trau-
matic brain injury, whiplash, and cervical
strain, as diagnosed by her neurologlst
She complained of frequent frontal head-
aches which eccurred one or two times per
week, horizontal intermittent diplopia,
blurred vision, motor function «decrease,
poor balance, attention/concentration and
organizational deficits. She stated that she
experienced difficulties with performance
of daily tasks, i.e., grocery shopping, cook-
ing, and writing. General medical health
was unremarkable, with no known aller-
gies to medications. She was taking Depa-
cote (250 mg) and Ibuprofen. Family
history indicated that her father had Dia-
betes Mellitus Type II. There was no his-
tory of previous eye or head trauma and
the social history was unremarkable.

Visual Evaluation

Visual evaluation of the patient is based
upon the standard optometric primary care
exarnination, However, tests are added to
probe pertinent areas for the TBI patient.
Consequently, additional testing includes
contrast sensitivity, Goldmann visual fields,
and perceptual/motor tests, Elecirodiag-
nostic testing, which can objectively docu-
ment visual system deficit, including
visually evoked cortical potentiat (VECP),
and the focal and full-field electroreti-
nogram {ER(G) are also performed, The
VECP reflects not only the neural repre-
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sentation of retinal function, but also |
-indicates the functional integrity of
the visual pathway from the retina to
and including the visual cortex. The
full-field ERG represents an overall
score of retinal function and the focal
ERG response indicates macular re-
ceptor integtity. ‘

The initial clinical findings follow:

Ocular Health . _
External Examination: Unremarkable
for both eyes and adnexa

Pupils: Equal, round, and respond to
light and accommodation; no Marcus

B S erveore

Wakdvdod L 07483~ 3

— 10

75

ha oY s [t 4

Gunn response

Slit Lamp Biomicroscopy: Unre-| U

et

markable for both eyes

226

by applanation tonometry

Homan;
pam; _l0-ffo
Goptrmti Jeok
go-ﬁxahm

43

lzuw,aw
e

Diumstsr pupFlas

Ralebh Intens
L] 3 2 c ot
B et
r

Tala[e]e.

[H=
I8

15
0,
L]
]
L]
3
2
1

265

Intraocular Pressures: 12 mm Hg OU |. E
i

¢

i

L3
w4
Ty

¥,

Dilated Fundus Examination:

[]

Cup/Disc ration of 0.2 OU, normal

P U5
LA L) ]

macular and foveal areas, infact vas-
cular tree OU, no pathology in retinal
peripheries

Visual AcuIty

Distarice; OD 20720, 08 20/25

Near: OD 20/30, OS 20/60.at 16 inches, It
is important to note that by the end of the
examination, the visual acuity of the left
eye decreased to 20/200.

Distancé Refraction

Static Retinoscopy: OD +2.50 D and OS
+2.00D

Subjective: There was a variable accep-
tance from Plano to +1.00 D-(20/20) for
the OD, The refraction of the OS was
Plano (20/25-). Because of the variability

Figure 2a. Initial Goldmarm Visual Field, 0.D,

in refraction, the patient was given +1.00
D spheres OU to wear for five minutes and
then wasretested. Delayed subjective {gross.
findings) was OD +1.50 D (20/20), OS
+1.00 D (20/25-). Cycloplegic testing util-
izing 1% cy_c:lopentblate revealed: Reti-
noscopy: OD +2.50, OS +2.,00 D.
Subjective: OD +2.75 D (20/20), OS 42.25
D (20/25).

Sensorimotor Examination

Cover Test Distance: Orthophoria

Cover Test Near: 10 prism diopters of
intermittent alternating exotropia -
Nearpoint of Convergence: 10"/14"
Distance Vergences:

Convergence - X/6/2
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Divergence - 12/6

Near Vergences: Testing not possible
because of diplopia at.near
Accommodative Status: Positive and
negative relative accommodation--
testing not accomplished because of
diplopia

Dynamic near retmoscopy OD vari-
able reflex, +2.00 D to +3.00 D; OS
+0.75 D (dull reflex)

Flexibility: Inability to clear -+/~ 2.00
flipper, monocularly--hinocular testing
impossible because of diplopia
Cheiroscopic Tracings, Van Orden Star,
and Brock String Testing: All of these
tests revealed fragile binocular inte-
gration because of alternating central

CONTRAST THRESHOLD

Figure 1, Initial Contrast Sensitivity Findings
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to complete suppression.

Fixation Disparity (utilizing Wesson Fixa-

tion Disparity Card)™: 8.6 to'12.9 minutes of

arc, exo deviation, with instability and -

alternating suppression, While base-in

prism reduced the exo deviation, the asso-

ciate phoria could not be determined be-
cause of the instability and suppressions.

Ocular Motilities: Pursvits.and saccadic -

fixations: Concornitant with full excur- %

stons in all fields of gaze, but with frequent
loss of rapport with the target. The patient
demonstrated tearing and discomfort dur-
ing this testing and saccades could not be
performed without head movement.

Contrast Sensitivity Testing
Contrast sensitivity testing was performed
utilizing the Vistech CTS 6500 System.”
Initial contrast sensitivity function abnor-
malities was found to be subnormal in low,
middle, and high spatial frequencies for
both eyes (see Figure ).

Visual Perceptual/Motor Testing
Developmental Test of Visual Motor Inte-
gration®: The patient could adequately
copy 21 of the 24 forms. The patient took
an inordinate amqunt of time to complete
this test. Observations of patient's behav-
ior included blinking, squinting and body
readjustments to move closer and further
from the paper.

Test of Visual Perceptual Skills% Unable
to complete testing at the time due to ocu-
lar discomfort and fatigue.
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amplitude for the right. The third trial
demonstrated no consistent or organ-
ized waveform responses for the left
side and delays in P100 latency val-
ues and further decreased interwave
amplitude responses for the right (see
Figure 3), Full field ERG and focal
ERG findings were found to be unre-
markable for both eyes.

Diagnoses

1. Mild traumnatic brain injury, by his-
tory '

2.Hyperopia

3. Intermittent near exotropia -

4. Accommodative dysfunction

o [ 0 mime 5. Binocular dysfunction
2o i TeEREREReRneEnE | 6. Oculomotor dysfunction
[z o[l ARRBNNARNNR] 7. Normal retinal and macular func-
blots [3[ W + tion :
{083 [2im; 4 ,
aless [1]w 8.Homonymous, incongruous,
o100 |o] V] &4 . *
T lower right quadrantanopsia
Protg W iZa 0 oyt . s
e —— —— | 9.Abnormal conduction through the
Figure 2b. Initial Goldmann Visual Field, 0.5. anterior visnal pathwayél The ab-
Localization: The patient could not accu-  tial over the visual cortzex contralateral to normality was greater on the left
rately grasp or point to objects within  the field illuminated.”*2* The resulting side than the right,
arm’s reach, r onsistent i W ed and aver: i :
] cach, Her grasp was consistently  signal was record ave ageq using Management

several inches behind the object.
Walking/Balance: The patient needed assis-
tance in walking long distances because of
fatigug and poor balance. She could not
walk heel-toe on a straight line.

Goldmann Visual Field Testing
Initial Goldmann visual field testing re-
sults showed a generalized constriction of
the peripheral isopters for both eyes util-
izing the III/4e target. There was a ho-
monymous, incongruous lower right
quadrantanopsia with Ill/de, J/de and I/2e
target intensities. There was also baring of
the physiological blindspot on the left side
“(see Figures 2a, 2b),

Visual Electrodiagnostic Testing

Visual electrodiagnistic testing was per-
formed using pattern- reversal stimulation
from a television monitor at an intensity
of between 68 and 96 nitfseconds. Stimu-
lations were performed binocularly and to
each eye independently. The stimulus sub-
tended a visual angle of 0-14 degree radius
with a variety of check sizes from 1 degree
56 minutes to 11 minutes. The visually
evoked cortical potential (VECP) was al-
ways recorded from both hemispheres us-
ing standard bi-polar linkage 02-C4 and
01-C3 and midline recording as well as
using FpZ to Cz to Oz. This technique
allows lateralization of the evoked poten-
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computer and clinical averages.

Three trials of 100 rps were performed for
the purposes-of waveform reproducibility
and to determine processing stability and
conduction quality in this patient. In‘the
normal VECP recording, multiple trials gen-
eralty reveal reproducible and consistent
waveform responses. TBI patients can dem-
onstrate loss of conduction speed and quality
over time in multiple trials. The latency
was defined as a measure of time it takes
for visual information to be processed from

- We prescribed +1.00 D OU for dis-
tance. Equal spheres were prescribed be-
cause of variability in refraction and
because the patient was most comfortable
with this prescription, A near prescription
of 42.00 D, combined with two prism
diopters base-in OU, were given, based on
near retinoscopy and-patient acceptance.
Because of logistics and personal issues
for the patient, rehabilitative vision ther-
apy was commenced approximately one
year after initial examination. Rehabilita-

cortex. The intetwave |

amplitude repre-
sented the quality of
conduction through
the anterior visual

the eye to the visual

pathways.
Initial VECP findings
for this patient

showed normal wave-
form values for both
sides in the first trial.
The second trial

showed P100 latency aiwm

delays with decreased
interwave amplitude
responses for the left
side and normal la-
tency values and a de-

+

INITIAL VECP
FINDINGS

creased interwave

Figure 3. Initial VECP Findings
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tive vision therapy was initiated on a
one-time-per-week basis, with home
therapy activities® given. The therapy
plan progressed from equalizing mo-
nocular oculomotor skills to improv-
ing fusional vergences, increasing
accornmodative flexibility, and elimi-
nating suppression. In order to im-
prove ocular motor contro, tasks
requiring proprioceptive responses
were utilized, Spatial awareness, local-
ization and balance/movement activities
were also emphasized. Yoked prisms,
walking rails, balance beams, and mini
trampolines were used cautiously to
allow her to explore movement
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cluding tachistoscope flash and par-
quetry block series were utilized. Once
vision therapy was initiated, she was con-
sistent in attendance and worked well on
home therapy activities with her hus-
band’s guidance and support.

Throughout the therapy, yoked prisms
were investigated and found to be useful,
especially in aiding localization ability
and spatial awareness, The yoked prisms
-are based on a number of factors, espe-
cially centralfperipheral processing, and
are worn during visual motor Jaerfonnances
to determine effectiveness. 2>+ Both dis-
tance and near prescriptions were changed
to inctude two prism diopters of base-up
yoked prisms.

'?igure 5a. Follow-up Goldmann Visnal Field, O.D.

Diagnostic reevaluation approxi-
mately eight months after therapy re-
vealed the following: Improvement in
subjective symptomology; less visual
confusion and blurriness, less diplopia,
and a decrease in headache frequency and
severity. Clinical findings at that time re-
vealed the following:

Visual Acuity

Distance and Near: 20/20 consistently with
either eye or binocularly '
Sensorimotor Examination

Cover Test Distance: Orthophoria

Cover Test Near: 8-10 prism diopters exo-
phoria

Nearpoint of Convergence: 5/8

Bhe - oo o, | inches
ol FEL= 08 pOLIOLUP FDDNS LT Distance Vergences:
vt ®
mY . | Convergence - 16/20/6
2y Divergence - 10/6
sed e Near Vergences:
E b1 e g Convergence - 1413
§ ‘e g Divergence - 24/17
00 ® et o Yo Accommodative Status:
5 ;-——/—:'*“:/k :N: E Positive relative accommeodation -
& . : \ & | 1,00 diopter
Rt o ® o "-.\‘l. o2 Negative relative accommodation -
°o 2.00 diopter
. s |, Contrast Sensitivity Testing
® s 0 0 ® Follow-up contrast sensitivity find-

15 3 H 12 )

SPATIAL FREQUENGY
{CYCLES PERDEDBREE)

ings showed normal low spatial
frequency response, subnormal
middle spatial frequency responses

Figure 4. Follow-up Contiast Sensitivity Findings
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and-a high spatial frequency re-

sponse which was found to be with normal
limits for both eyes (see Figure 4,

Goldmann Visual Field Testing

_ Subsequent Goldmann visual field results
demonsirated negligible. peripheral field -
constriction using the II/4¢ target inten- ~

sity. The homoriymous, incongruous,

lower, right quadrantanopsia was still -
found with all target intepsities (ILl4/e, ™

1/4e, If3e, and If2¢) but no baring of the
physiological blindspot was found for the
left eye (see Figures 5a and 3b). '

Visual Electrodiagnostic Testing
VECP follow-up evaluation demonstrated
first and second trials to be within normal
limits for both sides. Third trials showed
loss of P100 conduction with decreased
interwave amplitude responses for both
sides. Findings showed waveform im-
provement when compared to the initial
VECP evaluation for this patient (see Fig-
ure 6). Retinal function was found to be
unchanged and still within normal limnits
for both eyes.

Rehabilitative vision therapy was con-
tinued for another 18 months with sporadic
interruptions due fo patient compliance prob-
lems. At the last optometric progess evalu-
ation, the patient reported being able to read
comfortably for approximately 45 minutes.
She can drive and perform most daily tasks.
She sfated that she is still unable to woik
cutside the home, mainly due to her fatigue.
Shé reports that her visual complaints have
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Figure 5b. Follow-up Goldmann Visual Field, 0.8,

drastically decreased, but are more notice-
able when she is fatigued. The patient still
utilizes her distance and near prescrip-
tions. ‘

Conclusion ' :
¥ Ithas been well-documented that visual
system dysfunction is frequently found in
patients with TBI.!" 1 In-depth vision evalu-
ation and examination are critical when as-
sessing the injury extent to the visual
system in this population. In patients with
mild to moderate TBI the probability of
chiasmal compressions or damage is Iow,
but the possibility of post-chiasmal and,
more usually, cortical damage is higher.
By recording from right and left occiputs
independently, it is 7possible, to identify post-
chiasmal damage.2 8 We found an initial
breakdown in visual processing in this
“patient over three trials for each side with
subsequent improvement in follow-up
electrophysiological evaluation. This pa-
tient’s subjective visual complaints had a
correlate in documented and verified VECP
pathway abnormalities. VECP findings
- demonstrated waveform improvement on
baoth sides after approximately eight months
of rehabilitative vision therapy. VECP as-
sessment of this patient with TBI was of
significant clinical use in determination of

visual pathway processing integrity.

The presented case history is consistent

with symptomology encountered in this.

population. The term "mild TBI" is very
misleading and does not necessarily trans-
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fate to "mild functional loss," as these
injuries can have a devastating impact on
function, It is also interesting to note that
treatment was initiated approximately
two-and-one-half years afler injury and
elimninates "spontaneous recovery” as an
explanation for improvement in this pa-
tient’s visual system deficits. The treat-
ment was found to yield improvement in
visual and overall functioning for this pa-
tient. The improvements were not only
documented in optometric clinical find-
ings but also in the electrodiagnostic and
contrast sensitivity test results as well,
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EDITORIAL continued from page 142

out ali of the source material a few
months ago, having had no reason to dig
into it for more than two years.

So I called Dr. Friedel. Yes, he re-
membered the appendix but not the spe-
cific patient involved. Dave teaches in -
the University of Arizona School of Edu-
cation and knows that the technique in
question (NIM) still enjoyed some de-
gree of acceptance among educators.
Perhaps the university could provide a
copy of the article or other references.

" The next day an 11-page fax was re-
ceived from Tucson. That did it! As it
turns out, not only did the book carry a '
misspelling of the author’s name buit did
not list-the title of the publication cor-
rectly. The article was by R, G. Heckel-
man and had been published in -
Academic Therapy Quarterly, Summer,
1969. The Academic Therapy Publica-

tions (ATP) journals that are in the

Skeffington Library date back to 1973
and are entitled "Academic Therapy.”
They were published five times per year,
not quarterly. I called Betty Lou Kra-
toville at ATP to see if their joumal had
once been called Academic Therapy-
Qudrterly, did she know a Heckelman or
had she ever heard of the NIM tech-
nique. Affirmative on all points! She
faked a copy of the article.

- Finding the arlicle was a great re-
lief, A letter to the mother explained the
typographical érrors, A fax to the author
pointed out the error for correction in
possible future editions, Thanks were

" faxed to Dr. Friedel for his efforts. I am

now eternally bound to ATP and grateful
to Ms. Kratoville for her prompt re-
sponse. '

I don’t know if the child ever went
into vision therapy. The mother indi-
cated that it would take six months to re-
search and write the article, so it has not
appeared yet and may never. So what is
the point of all this? Several issues are
raised that we in behavioral optometry
must be aware of:
¢ Fax machines are wonderful.

e Most of the consuming public stili do
not know about behavioral optometry.

¢ Because vision therapy may not be
covered under health care reform,
we'd better be prepared to "market” it
in a completely. different way than we
have over the past 20 years.

o The consuming public will not neces-
sarily accept without question what is
presented to them by health caré pro-
fessionals,

e References are important and must be
accurae,

o At least some in the consuming pub-
lic are concerned with the science of
behavioral optometry; at least some
other professionals who work with
the same patients are concerned with
the science and do not necessarily en-

dorse vision therapy. '

o Support for behavioral optometry can
come from almast anyone who walks
into your practice--sometimes in unex-
pected ways, L

e The professional organizations-(AOA,
COVD, OEP) must put togethera
"package” for the consumer that gives
him/her the answers he/she wants.

OEP made a correct decision in

1990 to update the "Bibliography of Re-

search in Visual Training and Stress-Re-

lieving Lenses,” with over 1,200

references, but it has taken too long to

get it in print (look for it as part of Cur-
riculum II in the next 12 months). - -
- T think we made this mother happy.

We taiked three times in ong day and she

received two packets of documentation
from OEP. She has the information she
sought, She may yet create a significant
consumer demand for behavioral vision
care through a consumer- oriented arti-
cle. The experience has taught me that
OEP and behavioral optometry are not
adequately prepared for a massive con-
sumer movement. If it ever happens,
documentation beyond what is now
available will be required. The material
must be in a format that can be under-
stood by consumers, not written for op-
tometrists. And, it had better be accurate
and have a scientific basis.
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