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Objectives: More than 50% of human cerebral acti-
vity is related to vision. Visual impairments are the-
refore common after acquired brain injury, although
they are often overlooked. In order to evaluate the
prevalence of visual deficits in our Out-patient Brain
Injury Program, a structured screening questionn-
aire, the Visual Interview, was administered.
Methods: A total of 170 patients with acquired brain
injury, mean age 47 years, who were enrolled in the
programme during 2010-12, underwent the Visual
Interview. The interview consists of 18 questions
concerning visual impairment and was performed on
admission. The different types of visual impairment
were compared with regard to sex and diagnosis.
Results: Fifty-four percent of the patients reported
visual changes, mainly reading difficulties, photo-
sensitivity, blurred vision and disorders of the visual
field. Sixteen patients who did not experience visual
changes also reported visual symptoms in 4-9 ques-
tions. Only slight differences were noted in the oc-
currence of visual symptoms when correlated with
sex or diagnosis.

Conclusion: Visual impairments are common after
acquired brain injury, but some patients do not de-
fine their problems as vision-related. A structured
questionnaire, covering the most common visual
symptoms, is helpful for the rehabilitation team to
facilitate assessment of visual changes.
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he visual system is widely distributed in the brain.

It is integrated in more than 50% of human cerebral
activity and is fundamental for interpretation of, and
interaction with, the environment (1, 2).

A pyramidal hierarchical model of visual perceptual
function was presented by Warren in 1993 (3). In this
model, visual cognition forms the top level, followed
by, in descending order: visual memory, pattern re-
cognition, scanning, attention and a base level holding
acuity, visual fields, and ocular motor control. The
model illustrates how higher visual skills evolve from

integration and interaction with lower skills and how
visual cognition depends on well-functioning lower
levels of visual perception.

Base level disturbances, such as visual field defects
(VFDs), visual acuity changes, diplopia, strabismus,
photophobia and different types of binocular disorders,
are common after acquired brain injury (ABI) (4,
5), and lead to chronic headache, fatigue, dizziness,
reading problems, and difficulties navigating the envi-
ronment (6, 7). Although a complete VFD or manifest
diplopia seldom escapes notice, disturbances of ocular
motor abilities and photophobia are likely to be over-
looked. Examinations of convergence and accommo-
dation are not customary in standard ophthalmological
assessments. Ordinary short examinations are unable
to reveal declining attention ability and fatigue. Thus,
the true problems may remain hidden.

Several reports of prevalence and quality of visual
deficits after ABI document visual dysfunctions in
approximately 50-75% of patients (8—13). The oc-
currence of different visual symptoms differs between
the studies, including reading disturbances, VFD,
diplopia, ocular motor dysfunction and photophobia.
Nevertheless, visual symptoms are often overlooked
in neurorchabilitation. The observations of Sand et
al. (14) are noteworthy, i.e. that 1 of 4 stroke patients
with VFD, 6 months after onset of stroke, considered
that their visual problems reduced quality of life and
increased their disability.

Visual disturbances after ABI are common and lead
to reduced quality of life. An important question is why
they are so often overlooked in neurorehabilitation?
A possible explanation is the difficulty for different
professionals to co-operate. Vision disturbances are
complex and many different professionals operate
in the field. An ability to co-operate is needed for a
high-quality assessment. Another explanation could be
the patients’ difficulty describing their shortcomings.
They experience decreased reading speed, fatigue
and dizziness, but do not recognize these problems as
expressions of visual deficits. A structured questionn-
aire at admission would help the clinician to obtain
informative answers.

In 1990, Kerkhoftf et al (15). compiled an “Interview
Questionnaire” in order to capture visual disorders after
ABI. This interview was used by Wilhelmsen 2003 (12).
Jacobsson & Hamelius translated it from Norwegian to
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Table I. Time after onset of injury/illness at admission

Table III. Diagnoses by sex and age groups

1-3 4-6 6-12 13-18 >18 Sex Age group, years
months ~ months  months  months  months
Total Women Men  18-35 36-55 55-68
Patients, n (%) 46 (27) 64 (38) 34 (20)  13(8) 12(7) n n n n n n
Stroke 77 27 50 9 35 33
TBI 37 15 22 13 14 10
Swedish in 2010 (16). During the last 5 years we have ~ sAH 15 9 6 0 9 6
: : : . : Infection 10 7 3 3 2 5
us.efl this questionnaire, slightly modlﬁgd, termec.i the o " ; N 3 p 5
Vision Interview (TVI), as an aid to discover visual  anoxia 7 2 5 3 2 2
deficits in our Out-patient Brain Injury Program. Other* 13 12 ! 4 4 5
Total 170 79 91 35 72 63

The aim of the present study was to examine and
analyse the occurrence of self-reported visual changes
in a Swedish out-patient group with medium to severe
ABI, based on TVI.

MATERIAL AND METHODS

A total of 196 patients were admitted to the Out-patient Brain
Injury Rehabilitation Unit at the Department of Rehabilitation
Medicine, Danderyd University Hospital Stockholm, Sweden,
during the period 1 September 2010 to 30 June 2012. The unit
offers team-based assessment of brain injury and rehabilitation
of physical, cognitive and emotional deficits due to ABI. The
patients (18—68 years of age) entered the programme approx-
imately 3—12 months after the onset of injury/illness (Table
I). The severity of injury is given in Table II according to the
Glasgow Outcome Scale (GOSE) (17). The level of severity in
the study group was GOSE 47 (Table II).

Twenty-six of the 196 admitted patients had to be excluded
due to: severe aphasia (n=1); interview missed at admission
(n=14); symptoms not primarily caused by ABI (n=4); entered
the rehabilitation programme directly based on an assessment
elsewhere (n=3); and interview interrupted or refused by patient
(n=4). The remaining 170 patients, mean age 47 years, were
classified according to diagnoses, sex and age, and included in
the study (Table III).

Two diagnoses dominated: stroke and TBI (Table III). The
number of patients with diagnoses of subarachnoid haemorrhage
(SAH), infections in the brain, benign brain tumour, anoxia
caused by heart disease and a group of occasional diagnoses
(=Other) was small (Table III). Due to the difference in number
between the diagnoses, analyses of differences between all diag-
noses were not operational. The stroke group and TBI group were
the only ones analysed statistically in relation to one another.

At admission each patient underwent TVI, which took ap-
proximately 10 min and was administered by the physician. TVI
includes 18 questions dealing with visual changes after injury/
illness (Table IV). It contains a primary question: “Have you
noticed any type of vision changes?” (Q1), and 16 questions
sorted according to disturbances of function (Q2, 8—17), distur-
bance of reading ability (Q3), disturbances of activity (Q4-Q7),
and a final question; “Have you controlled your eyesight after
you fell ill?” (Q18).

Table II. Degree of difficulty of injury/iliness according to the
Glasgow Outcome Scale (GOSE)

GOSE 4 GOSE 5
Patients, n (%) 10 (6) 89 (53)

GOSE 6 GOSE 7
62 (37) 6 (4)

1=dead, 2=vegetative state, 3=Ilower severe disability, 4=upper severe
disability, 5 =lower moderate disability, 6 = upper moderate disability, 7 = lower
good recovery, 8=upper good recovery.

www.medicaljournals.se/jrm

*QOther: different surgical interventions in the brain (n=6), post-radiation
of tumour (1), epilepsy (1), multi-organ failure (1), NMDA encephalitis (1),
sinus thrombosis (1), a. vertebral dissection (1), late effects of intracerebral
haemorrhage (1; TBI: traumatic braininjury; SAH: subarachnoid haemorrhage.

Statistical methods

The subjectively experienced visual changes are presented
as individual values as well as percentages. Non-parametric
statistics were used to evaluate differences between groups:
Significance levels of p<0.05 were accepted. The statistical
package SPSS, version 22, was used.

Ethical considerations

The study was approved by the regional ethics board of Stock-
holm, Sweden, (Reg. no. 2013/157-31/3), according to the
principles of the Declaration of Helsinki 1978.

RESULTS

The TVI findings are summarized in Table I'V. In addi-
tion, all positive answers are given both for the group
of patients who did notice visual changes and for the
group who did not (Fig. 1).

Table IV. Answers from the Visual Interview (n=170)

Yes
Self-reported symptoms after injury/illness n (%)

1 Have you noticed any type of vision changes? 91 (54)
2 Do you suffer from double vision? 33 (19)
3 Do you have problems while reading? 90 (53)
4 Do people and objects suddenly appear before you in an

unexpected way? 41 (24)
5 Do you crash into people and objects when you are on the

move? 52 (31)
6 Do you find it difficult to estimate depths or heights in a

stairway? 19 (11)
7 Do you find it difficult to grasp a glass, a door handle or

shake hands? 33 (19)
8 Do you find it difficult to recognize faces? 19 (11)

9 Do you interpret familiar faces in a way that differs from
before? 15 (9)
10 Does light blind you more than before? 60 (35)
11 Do you need stronger light now than before in order to obtain

distinct vision? 43 (25)
12 Do you need stronger light now while reading? 63 (37)
13 Is your vision more blurred than before? 60 (35)

14 Have you experienced that colours have changed? 3(2)

15 Have you experienced any sight phenomena? 36 (21)
16 Have you had any other unexpected sight experiences? 23 (14)
17  Are there areas of reduced sight in your visual field? 46 (27)
18 Have you eyesight been examined after you fell ill?

(by an ophthalmologist, visual therapist or optometrist) 83 (49)
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Fig. 1. Number of patients answering “yes” to the Visual Interview Q2-17 divided in patients who experienced visual change, “yes-group”, and

those who did not experience visual change, “no-group”.

According to their answers to Q1, 91 patients (54%)
had experienced visual changes after injury/illness and
79 (46%) did not notice any visual changes. It should
be strongly emphasized that, in the latter group, the
patients who reported no visual changes, 53 individu-
als gave positive answers to from 1 up to 9 questions,
among those given in the interval Q2—17 (Fig. 2).

The combination of such disturbing visual symptoms
as diplopia (Q2), photophobia (Q10), blurred vision
(Q13), and VFD (Q17) with altered activity levels
(Q4-7) and reading disturbances (Q3) can be sum-
marized as follows.

Diplopia. Q2: 33 patients experienced diplopia. Of
these, 18 did not report any of the difficulties described
in the activity questions, 15 (45%) answered “yes’ to at

30

least one of the activity questions and 7 were positive
to 3 or 4. Twenty-six patients (76%) reported reading
difficulties and 20 (61%) had been examined by an
ophthalmologist. Two of the latter patients had been
referred to an orthoptist before they were admitted to
our programme.

Photophobia. Q10: 60 patients reported experiencing
photophobia. Of these, 22 did not report any of the dif-
ficulties described in the activity questions, 38 (63%)
answered “yes” to at least 1 of the activity questions
and 12 were positive to 3 or 4. Forty-six patients (77%)
reported reading difficulties and 36 (60%) had been
examined by an ophthalmologist.

Blurred vision. Q13: 60 patients experienced blurred
vision. Of these 29 did not report any of the difficulties
described in the activity questions,
31 (52%) answered “yes” to at least

25 T—

1 of the activity questions and 12
were positive to 3 or 4. Forty-three

N
5}

(72%) had reading difficulties and
25 (42%) had been examined by an

ophthalmologist.
Visual field defect. Q17: 46 patients

Number of patients
>
I

reported a VFD. Of these 16 did
not report any of the difficulties

o

described in the activity questions,
30 (65%) answered “yes” to at least

1 of the activity questions and 9
were positive to 3 or 4. Thirty-five

T o T + 1T 21 5 1 « T s

Sum of number of questions

Fig. 2. Number of patients answering “yes” to the Visual Interview Q2-17 within the No-group.

I:lm —
[ 6 | 7

Sum of the number of "yes" answers in the No-group

patients (76%) experienced reading
difficulties and 33 (72%) had been
examined by an ophthalmologist.
Eleven patients who answered
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“yes” to Q17 also answered “yes” to either Q2, Q10
or Q13, 16 patients answered “yes” to 2 of the these
questions and 4 answered “yes” to all 3 questions.
Fifteen patients did not answer “yes” to any of these
questions.

An examination by an ophthalmologist had been
performed after the onset of illness (Q18) in 54 (59%)
patients from the group that experienced visual chan-
ges and in 31(39%) from the group that denied visual
changes.

Two symptoms differed between sex: women suf-
fered more often from photophobia (»p <0.002 Fisher’s
Exact Test), and experienced more sight phenomena,
(»<0.001 Fisher’s Exact Test.)

Two symptoms differed between the Stroke and
the TBI groups: TBI patients suffered more often
from photophobia (p <0.004, Pearson ¥?), and Stroke
patients had fewer problems with sudden appearance
of objects (»p<0.012, Pearson y?).

DISCUSSION

In agreement with previous studies (8—13) approxima-
tely half of our ABI patients had noticed changes in
their visual capabilities after injury/illness (“yes” in
Q1). Diplopia, visual field defects, photophobia, other
light-dependent changes and blurred vision were com-
monly reported disturbances and recognized as vision
related. On the other hand, there were many patients in
the study group who denied visual changes (“no” in Q1),
but who reported the symptoms listed above (Figs 1 and
2). These patients did not recognize their experiences
as vision related per se. This strongly supports the need
for a screening method applied to all patients after ABI
and that the question “Have you noticed any visual
change?” is too blunt and should be followed by more
detailed questions concerning different visual changes.
This also indicates that the estimate that half of ABI
patients experience visual changes is probably too low.

There were only a few differences in the frequencies
of symptoms between women and men and between
patients with diagnoses of stroke and those with TBI,
underlining the fact that visual networks are widely
distributed in the brain and easily damaged, indepen-
dent of the type of injury.

The following comments can be made about the
more frequently reported symptoms.

Diplopia (Q2)

The difference between the number of patients with
experienced diplopia who were examined by an
ophthalmologist (61%; 20/33), and those referred to
an orthoptist was notable in 2 patients of these 20. In

www.medicaljournals.se/jrm

Sweden only an ophthalmologist is allowed to refer a
patient to an orthoptist. This highlights the need for
better referrals and better communication with ophthal-
mologists and for the possibility for the rehabilitation
team to refer patients to an orthoptist.

Reading disturbances (Q3)

Approximately half of the patients reported reading
disturbances. In combination with diplopia, photop-
hobia, blurred vision or VFD, the frequency was even
higher (72—79%). Reading is a basic requirement for
work and social communication. Impaired reading
ability may lead to reduced social interaction and
unemployment. Reading disturbances can be caused
by visual dysfunction, but also by higher cognitive and/
or linguistic defects. A weakness of the TVI is the lack
of discrimination between different aspects of reading
dysfunction. This could explain why 23 patients ex-
perienced reading difficulties but no visual changes.

In a study with a cross-over design Schuett et al.
(18) compared the therapeutic effects of compensatory
oculomotor reading and visual-exploration training in
36 patients with homonymous visual field loss. The
aim was to evaluate whether training of reading skills
could increase visual exploration or vice versa. The
study showed that the training after VFDs had to be
highly specific for each type of exercise, and reading
must therefore be practised by reading.

There are several rehabilitation methods dealing
with reading problems in patients with VFD or bi-
nocular difficulties (19, 20). The high occurrence of
reported reading disturbances, both in our study and
others, is alarming. The high priority of reading skills
in rehabilitation after ABI must be emphasized.

Activity levels (Q4-7)

The positive answers to the 4 questions about visual
difficulties correlated with movements, ranged from
11% to 31%. Of the patients who experienced diplopia,
photophobia, blurred vision or VFD, 45-65% answe-
red “yes” to at least one of these questions.

Vision is highly integrated in movement. This rather
low frequency of positive answers probably shows that
these questions do not cover the movement disturban-
ces as carefully as they should.

Photophobia (Q10)

More than one-third of the patients experienced
photophobia, which is a painful reaction to light and
interferes with daily life. Photophobia interferes with
reading, watching television and makes work in front
of a computer screen tiresome and demanding (21).
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The results of this study confirm a connection between
reading problems and photophobia.

Photophobia due to ABI is probably the effect of
a cortical hypersensitivity. Noseda et al. (22) found
that exacerbation of migraine headaches by light is
driven by photic signals transmitted from the retina
to posterior thalamic nuclei. These nuclei process
nociceptive signals from the meninges. Noseda et
al. (22) identified dura-sensitive neurones in the
posterior thalamus, which activity was distinctly
modulated by light. Posterior thalamic nuclei project
to somatosensory, visual and associative parts of the
cortex. These findings suggest a connection between
photophobia and injury to the meninges. In the present
study the patients in the TBI group suffered more from
photophobia than did the stroke patients. An ischaemic
stroke involves focal damage to the brain tissue and
more seldom interferes with the meninges. TBI, on the
other hand, as well as SAH and encephalitis, commonly
involve the meninges. This may be an explanation for
the development of photophobia in patients with TBI.

Blurred vision (Q13)

One-third of patients experienced blurred vision, which
can be caused by defect acuity, unstable fixation, and
dysfunction of accommodation and convergence. Op-
tometry offers several methods for binocular therapy
(23, 24). Ciuffreda et al. (25) showed complete or
marked reduction in oculomotor-based symptoms, and
improvement in related clinical signs due to optometric
visual therapy for 40 patients with mild TBI. The ef-
fect of the treatment was stable during the 2—-3-month
follow-up.

Visual field disorder (Q17)

One-third of the patients reported VFD. There are se-
veral methods for visual field rehabilitation: restitution,
compensation and substitution. A Cochrane review in
2011 (26) concluded that there was no grade 1 evidence
for any form of rehabilitation of VFD. However, there
were indications that compensatory treatment helped
the patients to deal with their environment.

Rowe et al. examined 479 patients with VFD. In
almost half of the patients the VFD coincided with
other visual disturbances. Our study showed that 67%
(31/46) of the patients experiencing VFD had also no-
ticed diplopia, blurred vision or photophobia. In VFD
rehabilitation one should be aware of the risk for this
combination of symptoms and, if needed, direct the
rehabilitation not only to compensation techniques.

Today, computer programs are used in many diffe-
rent brain rehabilitation settings, including home-based
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visual exploration training. In a review of evidence-
based methods in cognitive rehabilitation Cicerone
et al. (28) pointed out that computerized training of
cognitive deficits without contact with a therapist is
not recommended. It is possible that this conclusion
is also relevant to computerized home-based visual
exploration training. Feedback methodology is central
in evidence-based neurorehabilitation. In future the
problem of therapeutic guidance may be solved by
interactive programmes. After all, the world is three-
dimensional and eye movements have to be trained
in reality.

Ophthalmologist assessment (Q18)

Half of the patients had had an ophthalmological as-
sessment before entering the brain injury programme,
particularly those with VFD (72%). Otherwise it is
difficult to see a pattern in the referrals; at least it is
difficult to connect patients’ symptoms with a referral.
Sand et al. (29) showed in a Norwegian study only 9%
of their patients with VFD were referred to perimetry,
and 8% to vision rehabilitation. These results indicate a
lack of connection between the eye specialists, neuro-
rehabilitation and acute care units.

Conclusion

The aim of this study was to highlight the vision sys-
tem and its vulnerability to injury after ABI, and to
find a structured and easy method for scanning visual
deficits within the speciality of neuro-rehabilitation.
A weakness of the present study is that it is limited to
self-reported symptoms of visual impairments. The
true relationship between subjective reports, as col-
lected by TVI, and objective findings are not known.
A new study relating TVI to objective measurements
of visual and binocular function is in progress.

Rowe et al. (30), after interviewing personnel wor-
king in different units for integrated care of vision/
stroke patients, listed key elements in order to obtain
high-quality stroke/vision services. Among these key
elements were standardized screening/referral forms,
an orthoptist as a core member of the team, formal sup-
port from stroke physician and a vision care pathway.
A screening instrument, such as the TVI, could be the
first step in this chain and a tool that is easy to use. The
visual aspects of ABI are now frequently discussed in
our team and integrated into rehabilitation plans. TVI
has made it easier to provide specific information
during referrals and thereby facilitates the necessary
cooperation with the ophthalmologist. An important
step was to integrate a person with visual-therapy
competence into our rehabilitation team (30). As a

J Rehabil Med 49, 2017
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result, the rehabilitation assessments and vision-related
rehabilitation have improved, although much work re-
mains to be done to fulfil the goal of high-quality vision
care for patients with ABI. In order to achieve this, a
creative link is required between neurorehabilitation,
optometry and ophthalmology.
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