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Abstract
Aim: To provide a systematic overview of interventions for stroke related visual 
impairments.
Method: A systematic review of the literature was conducted including randomized 
controlled trials, controlled trials, cohort studies, observational studies, systematic re-
views, and retrospective medical note reviews. All languages were included and trans-
lation obtained. This review covers adult participants (aged 18 years or over) diagnosed 
with a visual impairment as a direct cause of a stroke. Studies which included mixed 
populations were included if over 50% of the participants had a diagnosis of stroke 
and were discussed separately. We searched scholarly online resources and hand 
searched articles and registers of published, unpublished, and ongoing trials. Search 
terms included a variety of MESH terms and alternatives in relation to stroke and vis-
ual conditions. Article selection was performed by two authors independently. Data 
were extracted by one author and verified by a second. The quality of the evidence 
and risk of bias was assessed using appropriate tools dependant on the type of 
article.
Results: Forty-nine articles (4142 subjects) were included in the review, including an 
overview of four Cochrane systematic reviews. Interventions appraised included those 
for visual field loss, ocular motility deficits, reduced central vision, and visual percep-
tual deficits.
Conclusion: Further high quality randomized controlled trials are required to deter-
mine the effectiveness of interventions for treating post-stroke visual impairments. 
For interventions which are used in practice but do not yet have an evidence base in 
the literature, it is imperative that these treatments be addressed and evaluated in 
future studies.

K E Y W O R D S
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1  | INTRODUCTION

Visual impairments following stroke may include abnormalities of cen-
tral and/or peripheral vision, eye movements and a variety of visual 

perception problems such as inattention and agnosia. The visual prob-
lems (types of visual impairment) can be complex including ocular as 
well as cortical damage (Jones & Shinton, 2006; Rowe et al., 2009a). 
Visual impairments can have wide reaching implications on daily living, 
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independence, and quality of life. Links with depression have also been 
documented in the literature (Granger, Cotter, Hamilton, & Fiedler, 
1993; Nelles et al., 2001; Ramrattan et al., 2001; Tsai et al., 2003; 
West et al., 2002). The estimation of the overall prevalence of visual 
impairment is approximately 60% at the acute stage following stroke 
(Ali et al., 2013; Barrett et al., 2007; Clisby, 1995; Freeman & Rudge, 
1987; Isaeff, Wallar, & Duncan, 1974; Rowe et al., 2009b; Rowe et al., 
2013). A review of the individual prevalence figures and the recovery 
rates for each of the possible post-stroke visual impairments has been 
reported elsewhere in the literature (Hepworth et al., 2016).

In order to treat and manage visual impairments caused by stroke 
it is important to establish the range and effectiveness of the avail-
able treatment options. The aim of this literature review is to provide 
a comprehensive synthesis of the evidence relating to treatment of 
visual problems after stroke.

2  | METHODS

We planned an integrative review, aiming to bring together all evi-
dence relating to intervention of stroke-related visual problems. A 
detailed protocol was developed prior to the review. This review was 
carried out as part of a larger synthesis of evidence relating to visual 
problems after stroke.

2.1 | Inclusion criteria for considering studies for 
this review

2.1.1 | Types of studies

The following types of studies were included: systematic reviews, 
randomized controlled trials, controlled trials, cohort studies, obser-
vational studies, and retrospective medical note reviews. Case reports 
were excluded due to the high risk of bias associated with these types 
of reports. All languages were included and translation obtained.

2.1.2 | Types of participants

We included studies of adult participants (aged 18 years or over) diag-
nosed with a visual impairment as a direct cause of a stroke. Studies 
which included mixed populations were included if over 50% of the 
participants had a diagnosis of stroke and data were available for this 
subgroup. Studies were also included if the participant group com-
prised of health care professionals who worked with and treated vis-
ual impairment problems associated with stroke.

2.2 | Search methods for identification of studies

We used systematic search strategies to search key electronic data-
bases and contacted known experts in the field.

We searched the Cochrane Stroke Group Trials Register, the 
Cochrane Eyes and Vision Group Trials Register, and the following 
electronic bibliographic databases:

1.	 The Cochrane Central Register of Controlled Trials (CENTRAL) 
(The Cochrane Library September 2015);

2.	 MEDLINE (1950 to February 2016);
3.	 EMBASE (1980 to February 2016);
4.	 CINAHL (1982 to February 2016);
5.	 AMED (1985 to February 2016);
6.	 PsycINFO (1967 to February 2016);
7.	 Dissertations & Theses (PQDT) database (1861 to February 2016);
8.	 British Nursing Index (1985 to February 2016);
9.	 PsycBITE (Psychological Database for Brain Impairment Treatment 
Efficacy, www.psycbite.com). (July 2004 to February 2016)

In an effort to identify further published, unpublished and ongoing 
trials, we:

1.	 Searched the following registers of ongoing trials: 
i.	 ClinicalTrials.gov (http://clinicaltrials.gov/);
ii.	 Current Controlled Trials (www.controlledtrials. com);
iii.	Trials Central (www.trialscentral.org);
iv.	Health Service Research Projects in Progress (wwwcf.nlm.nih.
gov/hsr_project/home_ proj.cfm);

v.	 National Eye Institute Clinical Studies Database (http://clinicals-
tudies.info.nih.gov/cgi /protinstitute.cgi?NEI.0.html)

2.	 Hand-searched the British and Irish Orthoptic Journal, Australian 
Orthoptic Journal, and proceedings of the European Strabismological 
Association (ESA), International Strabismological Association (ISA), 
International Orthoptic Association (IOA) (http://pcwww.liv.
ac.uk/~rowef/index_files/Page646.htm) and proceedings of 
Association for Research in Vision and Ophthalmology (www.arvo.
org);

3.	 Performed citation tracking using Web of Science Cited Reference 
Search for all included studies;

4.	 Searched the reference lists of included trials and review articles 
about vision after acquired brain injury;

5.	 Contacted experts in the field (including authors of included trials, 
and excluded studies identified as possible preliminary or pilot 
work).

Search terms included a variety of MESH terms and alternatives in 
relation to stroke and visual conditions (Table 1).

2.3 | Selection of studies

The titles and abstracts identified in the primary review were indepen-
dently screened by two authors (FR, LH) using the inclusion criteria 
discussed previously.

Where it was not possible to establish if a study met these criteria 
from the title or abstract, the full paper was obtained. A secondary 
review of the full papers was then undertaken independently by two 
authors (FR, LH) to determine which studies should be included. In the 
case of disagreement for inclusion of studies, an option was available 
to obtain a third author opinion (KH). In practice, this was not required 
as no disagreements occurred for inclusion of papers.

http://www.psycbite.com
http://clinicaltrials.gov/
http://www.controlledtrials
http://www.trialscentral.org
http://clinicalstudies.info.nih.gov/cgi
http://clinicalstudies.info.nih.gov/cgi
http://pcwww.liv.ac.uk/~rowef/index_files/Page646.htm
http://pcwww.liv.ac.uk/~rowef/index_files/Page646.htm
http://www.arvo.org
http://www.arvo.org
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2.4 | Data extraction

A pre-designed data extraction form was designed. Data was ex-
tracted and documented by one author (LH) and verified by another 
(FR).

2.5 | Quality assessment

Two reviewers (KH and LH) independently reviewed the quality of 
the studies included in this review using the following four check-
lists. For the evaluation of the quality of evidence in randomized 
control and control trials, an adapted version of the CONSORT 
(Consolidated Standards of Reporting Trials) statement was used. 
The CONSORT statement covers 25 items within the following do-
mains; title/abstract, introduction, methods, results, discussion, and 
other information (Moher et al., 2010). An adapted version of the 
STROBE (Strengthening the Reporting of Observational Studies in 
Epidemiology) statement was used to assess the quality of cross-
sectional, cohort, and control studies. The STROBE statement covers 

22 items from introduction, methods, results, and discussion (Elm et al., 
2007). An adapted version of the PRISMA (Preferred Reporting for 
Systematic reviews and Meta-Analyses) statement was used to assess 
quality of evidence in review articles, including the three Cochrane 
review papers used. This covers 27 items within title, abstract, intro-
duction, methods, results, discussion, and funding (Moher, Liberati, 
Tetzlaff, & Altman, 2009). Finally, an adapted version of the GRACE 
(Good Research for Comparative Effectiveness) statement was used 
for observational studies with comparative effectiveness. This state-
ment covers 11 items within the domains of data and methods. There 
is no formal scoring system used in this checklist, but it is suggested 
that if a paper addresses the majority of the checklist items, then it is 
deemed reliable (Dreyer, Velentgas, Westrich, & Dubois, 2014).

The adapted version of the STROBE statement used in this review 
included 18 items. Only the information pertinent to quality appraisal 
of the studies was included. The items excluded were not considered 
relevant information i.e. the title/abstract, background, setting, and 
funding. The adapted version of the CONSORT statement included 31 
items of relevance.

All domains covered in these checklists are important factors to 
consider when evaluating the quality of evidence and risk of bias in the 
reported articles. These domains were graded ‘high risk’, ‘low risk’, or 
‘unclear risk’. If it was clear the domain was performed then this would 
be described as “reported” and would be recorded as having a low risk 
of bias. If the domain was not included this would be described as “not 
reported” and deemed a high risk of bias. Insufficient evidence would 
be labeled as an “unclear” risk.

3  | RESULTS

Figure 1 illustrates the results of the search. Forty-nine articles (3,613 
participants and 529 health care professionals) were included. This 
number includes four Cochrane reviews relating to interventions avail-
able for visual problems following stroke. In view of the high standard 
and rigorous methods of Cochrane reviews, the findings of these four 
papers are summarized as an overview, followed by a review of trials 
and studies not included in the Cochrane reviews. Tables 2–6 display 
key characteristics of the included studies. The 49 included studies 
consisted of four Cochrane systematic reviews, seven randomized tri-
als, one randomized crossover trial, two non-randomized controlled 
trials, 27 prospective observational studies, three retrospective analy-
sis, four prospective surveys/ questionnaires and one prospective ob-
servational study with a questionnaire. One study only used a control 
group for the pre-treatment data and so was treated as a prospective 
observational study and not a controlled trial (Woodhead et al., 2013).

The included articles reported on interventions for one or a combi-
nation of two or more visual impairments. Thirty-three studies (2,233 
participants and 69 health care professionals) reported on interven-
tions for visual field loss (Table 2). Nine reported on interventions for 
visual inattention/ neglect (227 participants and 732 health care pro-
fessionals, Table 3). Seven of the studies (1,029 participants and 529 
healthcare professionals) reported on intervention for ocular motility 

TABLE  1 Search terms

Cerebrovascular disorders/
Brain ischemia/
Intracranial Arterial Disease
�Intracranial Arteriovenous 
Malformations/
Intracranial Embolism and 
Thrombosis/Stroke/

Eye Movements/
Eye/
Eye Disease/
Visually Impaired Persons/
Vision Disorders/
Blindness/
Diplopia/
Vision, Binocular/
Vision, Monocular/
Visual Acuity/
Visual Fields/
Vision, Low/
Ocular Motility Disorders/
Blindness, Cortical/
Hemianopsia/
Abducens Nerve Diseases/
Abducens Nerve/
Oculomotor Nerve/
Trochlear Nerve/
Visual Perception/
Nystagmus
strabismus
smooth pursuits
saccades
depth perception
stereopsis
gaze disorder
internuclear opthalmoplegia
Parinaud’s syndrome
Weber’s syndrome
skew deviation
conjugate deviation
oscillopsia
visual tracking
agnosia
hallucinations

OR OR

AND



4 of 26  |     HANNA et al.

or alignment defects (Table 4). Six studies (1,085 participants and 55 
healthcare professionals) reported on intervention for reduction of 
central vision (Table 5) and two (187 participants) reported on inter-
ventions for visual perceptual defects (Table 6).

3.1 | Quality of the evidence

A total of 49 articles were included in this review paper and the qual-
ity of evidence was assessed for each (Tables S1–S4). Evidence was 
deemed to be of good quality if the article reported ≥75% of the items 
on the relevant assessment checklist. Overall, nine of the reported ar-
ticles scored 100% in the quality of evidence assessment. Thirty-four 
out of the 49 articles included in this review reported between 75 and 
99% of the checklist items assessed and were deemed to have good 
quality. Five reported between 50 and 74% of the items. The remain-
ing one article failed to reach 50%, achieving 26% respectively (Zihl & 
von Cramon, 1979).

4  | INTERVENTIONS

4.1 | Visual field loss

Visual field loss can affect the peripheral and/ or central field of vision 
following stroke although, less frequently, the central visual field may 
present as an isolated defect. Visual field defects can often present 
with visual perceptual disorders, such as visual inattention and / or 

agnosia, further complicating the treatment of the visual field loss. One 
Cochrane review relating to visual field loss following stroke focused 
on three types of interventions: restitutive, compensatory and sub-
stitutive (Pollock et al., 2012a). Functional ability in performing activi-
ties of daily living was used as a primary outcome measure. Thirteen 
trials were identified as meeting the inclusion criteria (Bainbridge & 
Reding, 1994; Carter, Howard, & O’Neil, 1983; Jobke, Kasten, & Sabel, 
2009; Kasten, Bunzenthal, Muller-Oehring, Mueller, & Sabel, 2007; 
Kasten, Wurst, Behrens-Baumen, & Sabel, 1998; Plow et al., 2010; 
Poggel, Kasten, & Sabel, 2004; Rossi, Kheyfets, & Reding, 1990; Roth 
et al., 2009; Spitzyna et al., 2007; Szlyk, Seiple, Stelmack, & McMahon, 
2005; Weinberg et al., 1977, 1979). Limited meta-analyses were pos-
sible and were only completed for compensatory interventions. A 
key finding was the limited evidence for all interventions related to 
visual field loss following stroke. It was not possible to comment on 
the effectiveness of restitutive or substitutive interventions. Pollock, 
Hazleton, & Brady (2011b) reported that at least half of Orthoptists in 
Scotland provided typoscopes, Peli prisms, reading aids and scanning 
therapy to stroke patients with field loss, with advice on head postures 
and general information being the most frequently reported strategy. 
Concurrently, Rowe et al. (2013a) reported that advice and raising 
awareness of the field loss were the most common forms of treatment 
(52.7%). Advice included reading strategies, scanning eye and head 
movements, use of lighting, compensatory head posture, and registra-
tion for visual impairment. Further treatments of field loss included 
typoscopes (43.9%) and Peli prisms (28.6%) (Rowe et al., 2013a).

F IGURE  1 Flowchart of pathway to 
inclusion of articles

Full-text articles retrieved 
and assessed for eligibility 

n = 276

Excluded n = 21,914
Not relevant to the review

Excluded n = 148
Not relevant n=30

Review article n=30
General population n=20
Case study or small case 

series n=15
<50% stroke diagnosis n=26

Other non-empirical 
articles n=7

Visual defects not 
discussed n= 4

Abstract only n=3
Insufficient information n=7

Included in Cochrane 
Systematic review n=5

Duplicate n=2

Articles related to visual 
problems following stroke

n = 128

Studies identified from 
searching reference lists

n = 31

Titles identified through 
database searching 

n = 109,196

Titles and abstracts 
screened 

n = 22,159

Articles meeting inclusion 
criteria relating intervention

n = 49

Excluded n = 87,037
Duplicates

Case studies
Editorials

Letters
Not Relevant



     |  5 of 26HANNA et al.

T
A
B
LE
 2
 

Re
su

lts
 fo

r t
re

at
m

en
t o

f v
isu

al
 fi

el
d 

de
fe

ct
s

St
ud

y
St

ud
y 

de
si

gn
A

im
/ 

ob
je

ct
iv

e
Sa

m
pl

e 
si

ze
 

(n
)

Po
pu

la
tio

n
In

te
rv

en
tio

n
Ti

m
e/

 d
ur

at
io

n 
of

 
in

te
rv

en
tio

n

A
im
ol
a 
et
 a
l. 
(2
01
4)

RC
T 

Pa
ra

lle
l d

es
ig

n
Ev

al
ua

te
 th

e 
ef

fic
ac

y 
an

d 
fe

as
ib

ili
ty

 o
f a

n 
un

su
pe

rv
ise

d 
re

ad
in

g 
an

d 
ex

pl
or

at
io

n 
co

m
pu

te
r t

ra
in

in
g

52  In
te

rv
en

tio
n:

 
28  C
on
tr
ol
: 2
4

M
ix

ed
Is

ch
em

ic
 s

tr
ok

e 
n 

= 
39
, 

he
m

or
rh

ag
e 

n 
= 
6,
 T
BI
 

n 
= 
6,
 tu
m
or
 n

 =
 1

A
t l
ea
st
 3
 m
on
th
s 
po
st
 

st
ro

ke

Co
m

pe
ns

at
or

y:
 C

om
pu

te
r 

ba
se

d 
re

ad
in

g 
an

d 
vi

su
al

 
ex

pl
or

at
io

n 
tr

ai
ni

ng
 

ve
rs

us
 s

ha
m

 e
xp

lo
ra

tio
n 

ta
sk

Ex
pe

rim
en

ta
l 

gr
ou
p 
= 
14
 b
lo
ck
s 
of
 

tr
ai

ni
ng

 p
er

 d
ay

.  
 C

on
tr

ol
 g

ro
up

 =
 1

0 
bl

oc
ks

 
pe

r d
ay

. 
O

ne
 h

ou
r s

es
sio

ns
 fo

r u
p 

to
 

10
 w

ee
ks

Ba
in
br
id
ge
 a
nd
 R
ed
in
g 
(1
99
4)
 

A
rt
ic
le
 ta
ke
n 
fr
om
 c
oc
hr
an
e 
re
vi
ew
 

Po
llo
ck
 e
t a
l. 
(2
01
2a
)

RC
T

To
 a

ss
es

s 
th

e 
ef

fe
ct

 o
f f

ul
l f

ie
ld

 
pr

ism
s 

fo
r h

em
i-f

ie
ld

 v
isu

al
 

im
pa

irm
en

ts

18
St

ro
ke

Su
bs
tit
ut
iv
e:
 1
5 

Δ
 p

ris
m

 
ve

rs
us

 h
em

ifi
el

d 
pr

ism
s

Pr
ism

 w
ea

r w
hi

le
 a

w
ak

e 
fo

r 
4 
w
ee
ks

Be
rg
sm
a 
et
 a
l. 
(2
01
2)

Co
ho

rt
 s

tu
dy

D
et

er
m

in
e 

w
he

th
er

 p
er

ip
he

ra
l 

tr
ai

ni
ng

 a
lso

 c
au

se
s 

im
pr

ov
e-

m
en

t i
n 

co
lo

r a
nd

 s
ha

pe
 

pe
rc

ep
tio

n 
an

d 
re

ad
in

g 
sp

ee
d

12
Ch

ro
ni

c 
st

ro
ke

 (6
–

10
2 
m
on
th
s 
po
st
 s
tr
ok
e)

Re
st

itu
tiv

e:
 V

RT
40
× 
1 
hr
 s
es
sio
ns
 o
f t
ra
in
in
g,
 

Fo
r 1
0 
w
ee
ks
.

Bo
w
er
s 
et
 a
l. 
(2
01
4)

D
ou
bl
e 
m
as
ke
d,
 

m
ul
ti-
ce
nt
er
, 

ra
nd
om
iz
ed
 

cr
os

so
ve

r t
ria

l

Ev
al

ua
te

 e
ff

ic
ac

y 
of

 re
al

 re
la

tiv
e 

to
 s

ha
m

 p
er

ip
he

ra
l p

ris
m

 g
la

ss
es

61
St

ro
ke

 
A
t l
ea
st
 3
 m
on
th
s 
po
st
 

st
ro

ke

Su
bs
itu
tiv
e:
 5
7∆

 p
ris

m
 

pl
ac

ed
 a

bo
ve

 a
nd

 b
el

ow
 

th
e 

vi
su

al
 a

xi
s 

ve
rs

us
 

sh
am
 (5
∆
). 

H
or
iz
on
ta
l v
er
su
s 
ob
liq
ue
 

po
sit

io
ni

ng

Ea
ch

 s
et

 o
f p

ris
m

s 
w

er
e 

w
or
n 
fo
r 4
 w
ee
ks
. 

M
ea

su
re

d 
at

 6
 m

on
th

s

Ca
rt
er
 e
t a
l. 
(1
98
3)
 

A
rt
ic
le
 ta
ke
n 
fr
om
 c
oc
hr
an
e 
re
vi
ew
 

Po
llo
ck
 e
t a
l. 
(2
01
2a
)

RC
T

To
 te

st
 th

e 
ef

fe
ct

 o
f c

og
ni

tiv
e 

sk
ill

 re
m

ed
ia

tio
n 

tr
ai

ni
ng

 v
er

su
s 

co
nt

ro
l/

 s
ta

nd
ar

d 
ca

re

33
St

ro
ke

 
W

ith
 o

r w
ith

ou
t v

isu
al

 fi
el

d 
de

fe
ct

 o
r n

eg
le

ct

Co
m

pe
ns

at
or

y:
 C

og
ni

tiv
e 

sk
ill

 re
m

ed
ia

tio
n 

tr
ai

ni
ng

30
–4
0 
m
in
 3
× 
w
ee
kl
y 
fo
r 

3–
4 
w
ee
ks

Fr
ee
m
an
 a
nd
 R
ud
ge
 (1
98
7)

Pr
os

pe
ct

iv
e 

ob
se

rv
at

io
na

l 
st

ud
y

Id
en

tif
y 

th
e 

O
rt

ho
pt

ist
s’ 

ro
le

 in
 

st
ro

ke
 m

an
ag

em
en

t
76

St
ro

ke
A
dv
ic
e 
(fo
r f
ie
ld
 d
ef
ec
t 

an
d 
in
at
te
nt
io
n,
 n

 =
 4
)  

 o
cc

lu
sio

n 
(n

 =
 1
0)
, p
ris
m
s 

(n
 =
 7
), 
re
gi
st
er
ed
 b
lin
d 

(n
 =
 2
), 
ob
se
rv
at
io
n 

(n
 =
 2
0)
, g
la
ss
es
 (n

 =
 5
)

W
ith

in
 1

 w
ee

k 
po

st
 s

tr
ok

e.
 

Fo
llo
w
-u
p 
ra
ng
ed
 fr
om
 

1 
w
ee
k 
to
 4
 y
ea
rs

G
al
l a
nd
 S
ab
el
 (2
01
2)

Pr
os

pe
ct

iv
e 

no
n-

co
nt

ro
lle

d 
tr

ia
l

Ex
am

in
e 

w
he

th
er

 in
cr

ea
se

d 
vi

su
al

 
fu

nc
tio

ni
ng

 a
ft

er
 V

RT
 c

oi
nc

id
es

 
w

ith
 im

pr
ov

ed
 re

ad
in

g 
ab

ili
tie

s

11
M

ix
ed

In
fa

rc
t n

 =
 7
, h
em
or
rh
ag
e 

n 
= 
1,
 A
V
M
 n

 =
 1
, 

su
ba

ra
ch

no
id

 h
em

or
rh

ag
e 

n 
= 
1,
 e
nc
ep
ha
lit
is 

n 
= 

1

Re
st

itu
tiv

e:
 V

RT
30
 m
in
 2
× 
da
ily
, 6
 d
ay
s 
a 

w
ee
k,
 fo
r 6
 m
on
th
s (C
on
tin
ue
s)



6 of 26  |     HANNA et al.

St
ud

y
St

ud
y 

de
si

gn
A

im
/ 

ob
je

ct
iv

e
Sa

m
pl

e 
si

ze
 

(n
)

Po
pu

la
tio

n
In

te
rv

en
tio

n
Ti

m
e/

 d
ur

at
io

n 
of

 
in

te
rv

en
tio

n

G
io
rg
i e
t a
l. 
(2
00
9)

Co
ho

rt
 s

tu
dy

Ev
al

ua
te

 P
el

i p
ris

m
s 

as
 a

 lo
w

 
vi

sio
n 

op
tic

al
 d

ev
ic

e 
fo

r 
he

m
ia

no
pi

a 
in

 a
n 

ex
te

nd
ed

 
w

ea
rin

g 
tr

ia
l

23
M

ix
ed

 
St

ro
ke

 n
 =

 1
6,
 s
ur
ge
ry
 

n 
= 
4,
 T
BI
 n

 =
 2
, c
on
ge
ni
ta
l 

n 
= 

1

Su
bs
itu
tiv
e:
 4
0∆

 p
ris

m
 

pl
ac

ed
 a

bo
ve

 a
nd

 b
el

ow
 

th
e 

vi
su

al
 a

xi
s

Pe
li 

pr
ism

s 
w

or
n 

fo
r 

6 
w
ee
ks
, 3
 m
on
th
s 
an
d 

lo
ng

-t
er

m
. 

 “L
on
g-
te
rm
” f
ol
lo
w
-u
p 
no
t 

sp
ec

ifi
ed

H
ay
es
 e
t a
l. 
(2
01
2)

In
te

rv
en

tio
na

l 
ca

se
 s

er
ie

s
Ev

al
ua

te
 fu

nc
tio

na
l c

ha
ng

es
 

fo
llo

w
in

g 
th

e 
N

V
T 

pr
og

ra
m

 fo
r 

ho
m

on
ym

ou
s 

he
m

ia
no

pi
a 

af
te

r 
st

ro
ke

13
St

ro
ke

 
W

ith
in

 2
 w

ee
ks

 –
 6

 m
on

th
s 

po
st

 s
tr

ok
e

Co
m

pe
ns

at
or

y:
 N

V
T

O
ne
 h
ou
r p
er
 s
es
sio
n,
 3
× 
pe
r 

w
ee

k 
fo

r 7
 w

ee
ks

Ja
cq
ui
n-
Co
ur
to
is 
et
 a
l. 
(2
01
3)

Pr
os

pe
ct

iv
e 

ob
se

rv
at

io
na

l 
st

ud
y

Te
st

 th
e 

ef
fe

ct
 o

f a
 c

om
pe

ns
a-

to
ry

 e
ye

 m
ov

em
en

t t
ra

in
in

g
7

M
ix

ed
 

St
ro

ke
 n

 =
 5

 
Tu

m
or

 n
 =

 2
 

Ch
ro
ni
c 
fie
ld
 lo
ss
, a
pp
ro
x.
 

2.
9 
ye
ar
s 
po
st
 s
tr
ok
e

Co
m

pe
ns

at
or

y:
 V

isu
al

 
se

ar
ch

1×
 3
0 
m
in
 s
es
sio
n

Jo
bk
e 
et
 a
l. 
(2
00
9)
 

A
rt
ic
le
 ta
ke
n 
fr
om
 c
oc
hr
an
e 
re
vi
ew
 

Po
llo
ck
 e
t a
l. 
(2
01
2a
)

Ra
nd
om
iz
ed
, 

do
ub

le
 

bl
in
de
d,
 

cr
os

so
ve

r 
st

ud
y

To
 c

om
pa

re
 e

xt
ra

st
ria

te
 v

er
su

s 
co

nv
en

tio
na

l V
RT

 in
 p

at
ie

nt
s 

w
ith

 v
isu

al
 fi

el
d 

lo
ss

21
M

ix
ed

 
St

ro
ke

/ 
isc

he
m

ia
 n

 =
 1
0,
 

cr
an

io
-c

er
eb

ra
l i

nj
ur

y 
n 

= 
3,
 

br
ai

n 
su

rg
er

y 
n 

= 
3,
 tu
m
or
 

n 
= 
1,
 m
en
in
gi
tis
 n

 =
 1

Re
st

itu
tiv

e:
 E

xt
ra

st
ria

te
 

V
RT

 v
er

su
s 

Co
nv

en
tio

na
l 

V
RT

Ex
tr

as
tr

ia
te

 3
0 

m
in

 d
ai

ly
 fo

r 
90
 d
ay
s. 

 
 T

he
n 

cr
os

so
ve

r o
f 

co
nv

en
tio

na
l V

RT
 fo

r 
90
 d
ay
s

Ka
st
en
 e
t a
l. 
(1
99
8)
 

 A
rt
ic
le
 ta
ke
n 
fr
om
 c
oc
hr
an
e 
re
vi
ew
 

Po
llo
ck
 e
t a
l. 
(2
01
2a
)

RC
T,
 d
ou
bl
e 

bl
in

de
d

To
 a

ss
es

s 
th

e 
ef

fe
ct

 o
f c

om
pu

te
r 

ba
se

d 
tr

ai
ni

ng
 to

 tr
ea

t p
ar

tia
l 

bl
in

dn
es

s

19
M

ix
ed

 
St

ro
ke

 n
 =

 1
0,
 tr
au
m
a 

n 
= 
4,
 

ot
he

r n
 =

 5

Re
st

itu
tiv

e:
 V

RT
1 
hr
 p
er
 d
ay
, 6
 d
ay
s 
pe
r 

w
ee

k 
fo

r 6
 m

on
th

s 
(to
ta
l =
 1
50
 h
r)

Ka
st
en
 e
t a
l. 
(2
00
7)
  

A
rt
ic
le
 ta
ke
n 
fr
om
 c
oc
hr
an
e 
re
vi
ew
 

Po
llo
ck
 e
t a
l. 
(2
01
2a
)

RC
T

To
 te

st
 th

e 
hy

po
th

es
is 

th
at

 V
RT

 
do

es
 n

ot
 b

en
ef

it 
fr

om
 

co
-s

tim
ul

at
io

n

23
M

ix
ed

 
st
ro
ke
, i
sc
he
m
ia
, c
er
eb
ra
l 

he
m
or
rh
ag
e,
 v
as
cu
la
r 

di
se

as
e 

(n
 =

 1
4 
co
m
bi
ne
d)
, 

tr
au

m
a 

(n
 =

 8
), 
in
fla
m
m
a-

tio
n 

(n
 =

 1
)

Re
sit

itu
tiv

e:
 P

ar
al

le
l 

co
-s
tim
ul
at
io
n,
 m
ov
in
g 

co
-s

tim
ul

at
io

n 
or

 s
in

gl
e 

st
im

ul
us

A
ll 
gr
ou
ps
 h
ad
 3
0 
m
in
 2
× 

da
ily

 fo
r 3

 m
on

th
s

La
ne
 e
t a
l. 
(2
01
0)

N
on

-
ra
nd
om
iz
ed
 

co
nt

ro
lle

d 
tr

ia
l

Ex
pl

or
e 

th
e 

ef
fic

ac
y 

of
 a

 v
isu

al
 

ex
pl

or
at

io
n 

tr
ai

ni
ng

42
M

ix
ed

 
Is

ch
em

ic
 n

 =
 2
8,
 h
em
or

-
rh

ag
e 

n 
= 
10
, T
BI
 n

 =
 4

Co
m

pe
ns

at
or

y:
 V

isu
al

 
ex

pl
or

at
io

n 
tr

ai
ni

ng
  

V
isu

al
 a

tt
en

tio
n 

tr
ai

ni
ng

Ex
pl
or
at
io
n 
tr
ai
ni
ng
 =
 4
0 
m
in
 

se
ss
io
ns
, o
ve
r 2
–9
 w
ee
ks
. 

A
tt
en
tio
n 
ra
in
in
g 
= 
30
 m
in
 

se
ss
io
ns
, o
ve
r 2
–7
 w
ee
ks
.

M
an
na
n 
et
 a
l. 
(2
01
0)

Pr
os

pe
ct

iv
e 

ob
se

rv
at

io
na

l 
st

ud
y

Ch
ar
ac
te
riz
e 
ch
an
ge
s 
in
 e
ye
 

m
ov

em
en

ts
 re

su
lti

ng
 fr

om
 

tr
ai

ni
ng

29
M

ix
ed

 
In

fa
rc

t n
 =

 2
2,
 h
em
or
rh
ag
e 

n 
= 
6,
 s
ur
ge
ry
 n

 =
 1
, t
um
or
 

n 
= 

2 
A
t l
ea
st
 3
 m
on
th
s 
po
st
 

st
ro

ke

Co
m

pe
ns

at
or

y:
 V

isu
al

 
se

ar
ch

 tr
ai

ni
ng

20
× 
40
 m
in
 s
es
sio
ns
 fo
r 

1 
m

on
th

T
A
B
LE
 2
 
(C
on
tin
ue
d)

(C
on
tin
ue
s)



     |  7 of 26HANNA et al.

St
ud

y
St

ud
y 

de
si

gn
A

im
/ 

ob
je

ct
iv

e
Sa

m
pl

e 
si

ze
 

(n
)

Po
pu

la
tio

n
In

te
rv

en
tio

n
Ti

m
e/

 d
ur

at
io

n 
of

 
in

te
rv

en
tio

n

M
ar
sh
al
l e
t a
l. 
(2
01
0)

Lo
ng
itu
di
na
l 

co
ho

rt
D

et
er

m
in

e 
w

he
th

er
 v

isu
al

 fi
el

d 
ex

pa
ns

io
n 

oc
cu

rs
 w

ith
 V

RT
7

St
ro

ke
Re

st
itu

tiv
e:

 V
RT

 u
sin

g 
m

ic
ro

pe
rim

et
ry

20
–3
0 
m
in
 2
× 
da
ily
, 6
 d
ay
s 
a 

w
ee
k,
 fo
r 3
 m
on
th
s

M
az
er
 e
t a
l. 
(2
00
3)

RC
T

To
 c

om
pa

re
 d

riv
in

g 
pe

rf
or

m
an

ce
 

af
te

r u
se

fu
l f

ie
ld

 o
f v

ie
w

 
re
tr
ai
ni
ng
 (U
FO
V
) c
om
pa
re
d 
to
 

tr
ad

iti
on

al
 v

isu
op

er
ce

pt
ua

l 
re

tr
ai

ni
ng

84
St

ro
ke

Co
m
pe
ns
at
or
y 
U
FO
V
 

ve
rs

us
 c

om
m

er
ci

al
ly

 
av

ai
la

bl
e 

co
m

pu
te

r b
as

ed
 

vi
su

op
er

ce
pt

ua
l 

re
tr
ai
ni
ng
 (c
on
tr
ol
)

Bo
th
 re
ce
iv
ed
 2
0 
se
ss
io
ns
 

(e
ac

h 
se

ss
io

n 
30

–6
0 

m
in

 
lo
ng
) a
t a
 ra
te
 o
f 2
–4
 

se
ss

io
ns

 p
er

 w
ee

k

M
ue
lle
r e
t a
l. 
(2
00
7)

Pr
os

pe
ct

iv
e 

ob
se

rv
at

io
na

l 
st

ud
y

Ev
al

ua
te

 th
e 

ou
tc

om
e 

of
 V

RT
 in

 a
 

la
rg

er
 s

am
pl

e
30

2
M

ix
ed

 
St

ro
ke

 n
 =

 2
14
, t
ra
um
a 

n 
= 
43
, t
um
or
 n

 =
 3
4,
 A
IO
N
 

n 
= 
5

Re
st

itu
tiv

e:
 V

RT
1 
hr
 o
f t
ra
in
in
g,
 6
 d
ay
s 
a 

w
ee
k,
 fo
r 6
 m
on
th
s

N
el
le
s 
et
 a
l. 
(2
00
1)

Pr
os

pe
ct

iv
e 

ob
se

rv
at

io
na

l 
st

ud
y

In
ve

st
ig

at
e 

w
he

th
er

 tr
ai

ni
ng

 e
ye

 
m

ov
em

en
ts

 w
ou

ld
 in

du
ce

 
ch

an
ge

 in
 th

e 
ne

ur
al

 a
ct

iv
ity

 o
f 

co
rt

ic
al

 v
isu

al
 a

re
as

21
 Co

nt
ro

ls:
 2

3 
he

al
th

 
su

bj
ec

ts

St
ro

ke
  

In
fa

rc
t n

 =
 1

6 
H

em
or

rh
ag

e 
n 

= 
5

Co
m

pe
ns

at
or

y:
 E

ye
s 

fix
at

in
g 

ve
rs

us
 e

xp
lo

ra
-

to
ry

 e
ye

 m
ov

em
en

ts

30
 m
in
 p
er
 s
es
sio
n,
 2
× 
da
ily
, 

fo
r 4
 w
ee
ks

N
el
le
s 
et
 a
l. 
(2
01
0)

Pr
os

pe
ct

iv
e 

ob
se

rv
at

io
na

l 
st

ud
y

Ca
n 

th
e 

in
te

rn
et

 b
e 

us
ed

 a
s 

a 
re

so
ur

ce
 s

o 
th

at
 s

ui
ta

bl
e 

pa
tie

nt
s 

ca
n 

bu
ild

-u
p 

pr
ac

tic
e 

to
 

im
pr

ov
e

8
Is

ch
em

ic
 s

tr
ok

e
Co

m
pe

ns
at

or
y:

 E
ye

 
m

ov
em

en
t t

ra
in

in
g

30
 m
in
 s
es
sio
n 
1×
 d
ai
ly
 fo
r 

4 
w
ee
ks

O
ng
 e
t a
l. 
(2
01
2)

Lo
ng
itu
di
na
l 

co
ho

rt
 s

tu
dy

To
 s

ee
 if

 E
ye

-s
ea

rc
h 

w
eb

 b
as

ed
 

he
m

ifi
el

d 
se

ar
ch

 tr
ai

ni
ng

 
im

pr
ov

es
 p

at
ie

nt
s 

se
ar

ch
 ti

m
e 

an
d 

“r
ea

l w
or

ld
” o

ut
co

m
es

33
St

ro
ke

 p
ar

tic
ip

an
ts

 w
ith

 ri
gh

t 
ho

m
on

ym
ou

s 
he

m
ia

no
pi

a 
In

fa
rc

t n
 =

 1
4,
 h
em
or
rh
ag
e 

n 
= 
3,
 A
V
M
 n

 =
 1
, u
nk
no
w
n 

n 
= 
15

Co
m
pe
ns
at
or
y:
 O
KN
 

th
er

ap
y 

- “
Re

ad
 ri

gh
t”

20
 m

in
 o

f t
he

ra
py

 p
er

 d
ay

 
(s
ug
ge
st
ed
). 
Pa
tie
nt
s 

pr
om

pt
ed

 to
 te

st
 re

ad
in

g 
sp
ee
d 
af
te
r 5
 h
r o
f t
he
ra
py
 

ac
cr

ue
d.

O
ng
 e
t a
l. 
(2
01
5)

Pr
os

pe
ct

iv
e 

ob
se

rv
at

io
na

l 
st

ud
y

Ev
al

ua
te

 e
ff

ic
ie

nc
y 

of
 e

ye
 

m
ov

em
en

ts
 fo

llo
w

in
g 

vi
su

al
 

se
ar

ch
 tr

ai
ni

ng

78
H

em
ia

no
pi

c 
pa

tie
nt

s 
w

ith
 n

o 
ne

gl
ec

t
77
%
 =
 s
tr
ok
e 
pa
tie
nt
s 

(8
%
 =
 tu
m
or
, 3
%
 T
BI
, 

13
%
 =
 o
th
er
)

Co
m

pe
ns

at
or

y:
 E

ye
-s

ea
rc

h 
sc

an
ni

ng
 e

xe
rc

ise
s 

on
lin

e
11

 d
ay

s 
of

 th
er

ap
y 

(le
ng

th
 o

f 
ea
ch
 s
es
sio
n 
no
t s
pe
ci
fie
d)

Pa
m
ba
ki
an
 e
t a
l. 
(2
00
4)

Pr
os

pe
ct

iv
e 

ob
se

rv
at

io
na

l 
st

ud
y

Ex
am

in
e 

w
he

th
er

 d
ire

ct
in

g 
at
te
nt
io
n 
to
 A
RV
 u
sin
g 
a 

vi
su

os
pa

tia
l c

ue
 a

lso
 in

cr
ea

se
s 

lo
ng

-t
er

m
 n

eu
ra

l p
la

st
ic

ity

31
 (2
9 

co
m

pl
et

ed
 

tr
ai
ni
ng
)

M
ix

ed
 

In
fa

rc
t n

 =
 2
2,
 h
em
or
rh
ag
e 

n 
= 
6,
 s
ur
ge
ry
 n

 =
 1
, t
um
or
 

n 
= 

2 
A
t l
ea
st
 3
 m
on
th
s 
po
st
 

st
ro

ke
.

Co
m

pe
ns

at
or

y:
 V

isu
al

 
se

ar
ch

 tr
ai

ni
ng

20
× 
40
 m
in
 s
es
sio
ns
, i
n 

1 
m

on
th

T
A
B
LE
 2
 
(C
on
tin
ue
d)

(C
on
tin
ue
s)



8 of 26  |     HANNA et al.

St
ud

y
St

ud
y 

de
si

gn
A

im
/ 

ob
je

ct
iv

e
Sa

m
pl

e 
si

ze
 

(n
)

Po
pu

la
tio

n
In

te
rv

en
tio

n
Ti

m
e/

 d
ur

at
io

n 
of

 
in

te
rv

en
tio

n

Pl
ow
 e
t a
l. 
(2
01
0)
  

A
rt
ic
le
 ta
ke
n 
fr
om
 c
oc
hr
an
e 
re
vi
ew
 

Po
llo
ck
 e
t a
l. 
(2
01
2a
)

RC
T

To
 te

st
 th

e 
ef

fe
ct

 o
f t

ra
ns

cr
an

ia
l 

di
re

ct
 c

ur
re

nt
 s

tim
ul

at
io

n 
to

 
en

ha
nc

e 
V

RT

8
St

ro
ke

Re
st

itu
tiv

e:
 V

RT
 w

ith
 

ac
tiv

e 
tD

CS
 v

er
su

s 
V

RT
 

w
ith

 s
ha

m
 tD

CS

V
RT
 =
 3
0 
m
in
 2
× 
da
ily
 fo
r 

3 
m

on
th

s 
A
ct
iv
e 
tD
CS
 =
 2
 m
A
/ 
m
in
 

al
on

g 
w

ith
 V

RT
 

sh
am

 tD
CS

 =
 3

0 
se

co
nd

s 
ra

m
pe

d 
do

w
n 

to
 0

 th
en

 
tu
rn
ed
 o
ff
, a
lo
ng
 w
ith
 V
RT

Pl
ow
 e
t a
l. 
(2
01
2)

Pi
lo
t, 
do
ub
le
 

bl
in

de
d 

RC
T

In
ve

st
ig

at
e 

w
he

th
er

 tr
ai

ni
ng

 e
ye

 
m

ov
em

en
ts

 w
ou

ld
 in

du
ce

 
ch

an
ge

 in
 th

e 
ne

ur
al

 a
ct

iv
ity

 o
f 

co
rt

ic
al

 v
isu

al
 a

re
as

12
 (8

 in
cl

ud
ed

 
in

 fi
na

l 
an
al
ys
is)

M
ix

ed
St

ro
ke

 n
 =

 1
0,
 s
ur
gi
ca
l 

tr
au

m
a 

n 
= 

2
A
t l
ea
st
 3
 m
on
th
s 
po
st
 

st
ro

ke

Re
st

itu
tiv

e:
 V

RT
 c

om
pa

re
d 

w
ith

 a
ct

iv
e 

tD
CS

 (c
on

tr
ol

 
gr

ou
p 

re
ce

iv
ed

 s
ha

m
 

tD
CS
)

30
 m
in
 o
f t
ra
in
in
g,
 3
× 
a 

w
ee
k,
 fo
r 3
 m
on
th
s.

Po
gg
el
 e
t a
l. 
(2
00
4)
  

A
rt
ic
le
 ta
ke
n 
fr
om
 c
oc
hr
an
e 
re
vi
ew
 

Po
llo
ck
 e
t a
l. 
(2
01
2a
)

RC
T

To
 a

ss
es

s 
w

he
th

er
 o

r n
ot

 
at

te
nt

io
na

l c
ue

in
g 

im
pr

ov
es

 V
RT

20
M

ix
ed

 
po

st
-g

en
ic

ul
ar

 le
sio

ns
Re

st
itu

tiv
e:

 V
RT

 w
ith

 
at

te
nt

io
na

l c
ue

in
g 

ve
rs

us
 

V
RT

 w
ith

 n
o 

at
te

nt
io

na
l 

cu
ei

ng

30
–3
5 
m
in
 2
× 
da
ily
, f
or
 5
6 

se
ss

io
ns

 la
st

in
g 

ap
pr

ox
. 

1 
m

on
th

Po
gg
el
 e
t a
l. 
(2
00
7)

Re
tr

os
pe

ct
iv

e 
an

al
ys

is 
of

 a
 

pr
os

pe
ct

iv
e 

cl
in

ic
al

 tr
ia

l. 
Re

tr
os

pe
ct

iv
e 

an
al

ys
is 

of
 

qu
es

tio
nn

ai
re

A
ss
es
s 
th
e 
po
ss
ib
le
 e
ff
ic
ac
y 
of
 

tD
CS

 c
om

bi
ne

d 
w

ith
 V

RT
Tr
ia
l =
 1
9 

qu
es

tio
n-

na
ire

 =
 1

21

M
ix

ed
 

In
fa

rc
t n

 =
 1
5,
 v
as
cu
la
r 

n 
= 
3,
 T
BI
 n

 =
 1

Re
st

itu
tiv

e:
 V

RT
30
–3
5 
m
in
 o
f t
ra
in
in
g,
 2
× 

da
ily
, f
or
 6
 m
on
th
s.

Po
llo
ck
, H
az
el
to
n,
 &
 B
ra
dy
 (2
01
1a
)

Su
rv

ey
To

 e
xp

lo
re

 th
e 

cu
rr

en
t a

ss
es

s-
m
en
ts
, p
ro
to
co
ls,
 re
fe
rr
al
s, 
an
d 

tr
ea

tm
en

ts
 o

f v
isu

al
 p

ro
bl

em
s 

af
te

r s
tr

ok
e 

by
 O

Ts

55
O

cc
up

at
io

na
l t

he
ra

pi
st

s
V
isu
al
 fi
el
d,
 e
ye
 m
ov
em
en
t 

di
so

rd
er

s 
an

d 
vi

su
al

 
ne

gl
ec

t (
sc

an
ni

ng
 

tr
ai
ni
ng
, p
at
ch
in
g/
 

pr
ism
s, 
A
D
L 
tr
ai
ni
ng
, 

re
ad
in
g 
ai
ds
/ 
m
ag
ni
fie
rs
, 

in
fo
rm
at
io
n,
 e
nv
iro
nm
en
t 

m
od
ifi
ca
tio
n)

45
%
 o
f O
Ts
 s
ai
d 
th
ey
 w
ou
ld
 

tr
ea

t w
ith

in
 2

 w
ee

ks
 o

f 
st

ro
ke

. 
75
%
 s
ai
d 
th
ey
 w
ou
ld
 tr
ea
t 

pa
tie

nt
s 

w
ith

in
 6

 w
ee

ks
 o

f 
st

ro
ke

. 
38
%
 s
ai
d 
th
ey
 w
ou
ld
 

co
nt

in
ue

 tr
ea

tm
en

t u
p 

to
 

3 
m

on
th

s

Po
llo
ck
, H
az
le
to
n,
 &
 B
ra
dy
 (2
01
1b
)

Su
rv

ey
To

 e
xp

lo
re

 th
e 

cu
rr

en
t a

ss
es

s-
m
en
ts
, p
ro
to
co
ls,
 re
fe
rr
al
s, 
an
d 

tr
ea

tm
en

ts
 o

f v
isu

al
 p

ro
bl

em
s 

af
te

r s
tr

ok
e 

by
 O

rt
ho

pt
ist

s

14
O

rt
ho

pt
ist

s
V
isu
al
 fi
el
d,
 e
ye
 m
ov
em
en
t 

di
so

rd
er

s 
an

d 
vi

su
al

 
ne

gl
ec

t (
sc

an
ni

ng
 

tr
ai
ni
ng
, p
at
ch
in
g/
 

pr
ism
s, 
A
D
L 
tr
ai
ni
ng
, 

re
ad
in
g 
ai
ds
/ 
m
ag
ni
fie
rs
, 

in
fo
rm
at
io
n,
 e
nv
iro
nm
en
t 

m
od
ifi
ca
tio
n)

Ti
m

e 
of

 in
te

rv
en

tio
n 

no
t 

st
at

ed
.  

 8
6%
 d
id
 n
ot
 h
av
e 
a 

pr
ot

oc
ol

/ 
m

an
ag

em
en

t p
la

n 
fo

r v
isu

al
 tr

ea
tm

en
t o

f 
st

ro
ke

 p
at

ie
nt

s

T
A
B
LE
 2
 
(C
on
tin
ue
d)

(C
on
tin
ue
s)



     |  9 of 26HANNA et al.

T
A
B
LE
 2
 
(C
on
tin
ue
d)

St
ud

y
St

ud
y 

de
si

gn
A

im
/ 

ob
je

ct
iv

e
Sa

m
pl

e 
si

ze
 

(n
)

Po
pu

la
tio

n
In

te
rv

en
tio

n
Ti

m
e/

 d
ur

at
io

n 
of

 
in

te
rv

en
tio

n

Po
llo
ck
 e
t a
l. 
(2
01
2a
)

Co
ch

ra
ne

 
sy

st
em

at
ic

 
re

vi
ew

To
 d

et
er

m
in

e 
th

e 
ef

fe
ct

s 
of

 
in

te
rv

en
tio

ns
 fo

r v
isu

al
 fi

el
d 

de
fe

ct
s 

af
te

r s
tr

ok
e

13
 s

tu
di

es
  

n 
= 
34
4

M
ix

ed
 

St
ro

ke
 n

 =
 2
85

V
ar

io
us

 (s
tu

di
es

 li
st

ed
 

in
di
vi
du
al
ly
)

Re
sis

tu
tiv

e 
n 
= 
5,
 c
om
pe
ns
a-

to
ry

 n
 =
 5
, s
ub
st
itu
tiv
e 

n 
= 

3.

Re
in
ha
rd
 e
t a
l. 
(2
00
5)

Pr
os

pe
ct

iv
e 

ob
se

rv
at

io
na

l 
st

ud
y

Ex
am

in
e 

if 
V

RT
 is

 a
bl

e 
to

 c
ha

ng
e 

ab
so

lu
te

 h
om

on
ym

ou
s 

fie
ld

 
de

fe
ct

s

17
M

ix
ed

  
Is

ch
em

ia
 n

 =
 1
1,
 tr
au
m
a/

su
rg

er
y 

n 
= 
4,
 h
em
or
rh
ag
e 

n 
= 

2

Re
st

itu
tiv

e:
 V

RT
 u

sin
g 

sc
an

ni
ng

 la
se

r 
op

ht
ha

lm
os

co
pe

1 
hr
 o
f t
ra
in
in
g,
 6
× 
pe
r w
ee
k,
 

fo
r 6

 m
on

th
s.

Ro
m
an
o 
et
 a
l. 
(2
00
8)

Re
tr

os
pe

ct
iv

e 
an

al
ys

is
D

et
er

m
in

e 
th

e 
ef

fe
ct

 o
f a

 v
isu

al
 

re
ha

bi
lit

at
io

n 
in

te
rv

en
tio

n 
on

 
vi

su
al

 fi
el

d 
de

fe
ct

s

16
1

M
ix

ed
  

st
ro
ke
 8
4%
, T
BI
 9
%
, 

su
rg
er
y 
3%
, o
th
er
/

un
kn
ow
n 
4%

Re
st

itu
tiv

e:
 V

RT
30
 m
in
 o
f t
ra
in
in
g,
 6
 d
ay
s 

pe
r w
ee
k,
 fo
r 2
6–
30
 w
ee
ks
.

Ro
ss
i e
t a
l. 
(1
99
0)
  

A
rt
ic
le
 ta
ke
n 
fr
om
 c
oc
hr
an
e 
re
vi
ew
 

Po
llo
ck
 e
t a
l. 
(2
01
2a
)

RC
T

To
 s
ee
 if
 F
re
sn
el
 p
ris
m
s 
im
pr
ov
e 

vi
su

al
 p

er
ce

pt
io

n
30

St
ro

ke
Su
bs
tit
ut
iv
e:
 1
5 
di
op
tr
e 

he
m
i-c
irc
ul
ar
 F
re
sn
el
 

pr
ism

s 
ap

pl
ie

d 
to

 g
la

ss
es

 
al

on
g 

w
ith

 s
ta

nd
ar

d 
re

ha
bi

lit
at

io
n

W
or
n 
al
l d
ay
 fo
r 4
 w
ee
ks

Ro
th
 e
t a
l. 
(2
00
9)
  

A
rt
ic
le
 ta
ke
n 
fr
om
 c
oc
hr
an
e 
re
vi
ew
 

Po
llo
ck
 e
t a
l. 
(2
01
2a
)

RC
T

Co
m

pa
rin

g 
ex

pl
or

at
iv

e 
sa

cc
ad

e 
an

d 
fli

ck
er

 tr
ai

ni
ng

30
M

ix
ed

  
st

ro
ke

/ 
he

m
or

rh
ag

e 
n 

= 
26
, 

ot
he

r n
 =

 4

Co
m

pe
ns

at
or

y:
 e

xp
lo

ra
-

to
ry

 e
ye

 s
ca

nn
in

g 
tr

ai
ni

ng
 

Re
st

itu
tiv

e:
 fl

ic
ke

r-


st
im

ul
at

io
n 

tr
ai

ni
ng

Bo
th
 =
 3
0 
m
in
 2
× 
da
ily
, 

5 
da
ys
 a
 w
ee
k 
fo
r 6
 w
ee
ks

Ro
w
e 
et
 a
l. 
(2
00
9a
)

Pr
os

pe
ct

iv
e 

m
ul

tic
en

te
r 

co
ho

rt
 tr

ia
l

To
 p
ro
fil
e 
th
e 
sit
e 
of
 s
tr
ok
e,
 ty
pe
 

an
d 
ex
te
nt
 o
f f
ie
ld
 lo
ss
, 

tr
ea

tm
en

t a
nd

 o
ut

co
m

e

91
5 n 
= 
47
9 
w
ith
 

fie
ld

 lo
ss

 
n 

= 
15
1 
w
ith
 

fie
ld

 lo
ss

 a
s 

on
ly

 
co

m
pl

ai
nt

St
ro

ke
Co
m
pe
ns
at
or
y:
 ty
po
sc
op
e,
 

or
th
op
tic
 e
xe
rc
ise
s, 

ad
vi

ce
 (a

w
ar

en
es

s 
of

 
vi
su
al
 fi
el
d 
lo
ss
, r
ea
di
ng
 

st
ra
te
gi
es
, s
ca
nn
in
g 
ey
e 

an
d 
he
ad
 m
ov
em
en
ts
, 

us
e 
of
 li
gh
tin
g,
 c
om
pe
n-

sa
to
ry
 h
ea
d 
po
st
ur
e,
 a
nd
 

re
gi

st
ra

tio
n 

fo
r v

isu
al

 
im
pa
irm
en
t) 

Su
bs
tit
ut
iv
e:
 P
el
i p
ris
m
s, 

di
pl
op
ia
 p
ris
m
s, 

oc
cl
us
io
n,
 lo
w
 v
isi
on
 a
id
s

Fo
llo
w
-u
p 
be
tw
ee
n 
2 
w
ee
ks
 

an
d 

3 
m

on
th

s
D

ur
at

io
n 

of
 in

di
vi

du
al

 
tr

ea
tm

en
ts

 n
ot

 s
pe

ci
fie

d

Sa
be
l e
t a
l. 
(2
00
4)

Pr
os

pe
ct

iv
e 

ob
se

rv
at

io
na

l 
st

ud
y

Ev
al

ua
te

 th
e 

ef
fic

ac
y 

of
 V

RT
 

us
in

g 
di

ff
er

en
t p

er
im

et
ry

 
m

et
ho

ds

16
M

ix
ed

 
Is

ch
em

ia
 n

 =
 1

1 
Su

rg
er

y 
n 

= 
3 

H
em

or
rh

ag
e 

n 
= 

2 
A
t l
ea
st
 1
5 
m
on
th
s 
po
st
 

st
ro

ke

Re
st

itu
tiv

e:
 V

RT
 m

ea
su

re
d 

w
ith

 d
iff

er
en

t m
et

ho
ds

 o
f 

pe
rim
et
ry
: T
ub
in
ge
r, 

au
to

m
at

ed
 a

nd
 s

ca
nn

er
 

la
se

r o
ph

th
al

m
os

co
pe

Be
tw
ee
n 
30
 –
 6
0 
m
in
 p
er
 

se
ss
io
n,
 a
nd
 p
er
fo
rm
ed
 

be
tw

ee
n 

da
ily

 –
 6

 w
ee

ks

(C
on
tin
ue
s)



10 of 26  |     HANNA et al.

T
A
B
LE
 2
 
(C
on
tin
ue
d)

St
ud

y
St

ud
y 

de
si

gn
A

im
/ 

ob
je

ct
iv

e
Sa

m
pl

e 
si

ze
 

(n
)

Po
pu

la
tio

n
In

te
rv

en
tio

n
Ti

m
e/

 d
ur

at
io

n 
of

 
in

te
rv

en
tio

n

Sa
be
l e
t a
l. 
(2
01
3)

Pr
os

pe
ct

iv
e 

ob
se

rv
at

io
na

l 
st

ud
y

In
ve

st
ig

at
e 

th
e 

ro
le

 o
f r

es
id

ua
l 

vi
sio

n 
in

 re
co

ve
ry

23
St

ro
ke

 - 
at

 le
as

t 1
 m

on
th

 
po

st
 s

tr
ok

e
Re

st
itu

tiv
e:

 V
RT

6 
m

on
th

s 
of

 tr
ai

ni
ng

 (l
en

gt
h 

an
d 

du
ra

tio
n 

of
 tr

ai
ni

ng
 

se
ss
io
ns
 n
ot
 e
xp
la
in
ed
)

Sc
hm
ie
la
u 
an
d 
W
on
g 
(2
00
7)

Co
ho

rt
 s

tu
dy

To
 e

va
lu

at
e 

w
he

th
er

 re
st

or
at

io
n 

of
 V
F 
in
 p
at
ie
nt
s 
w
ith
 h
om
on
y-

m
ou

s 
he

m
ia

no
pi

a 
is 

po
ss

ib
le

 
us
in
g 
th
e 
LR
P

20
M

ix
ed

 
In

fa
rc

tio
n 

n 
= 
11
, 

he
m

or
rh

ag
e 

n 
= 
7,
 tr
au
m
a 

n 
= 

2

Re
st

itu
tiv

e:
 V

RT
 u

sin
g 

th
e 

Lu
be
ck
 re
ac
tio
n 

pe
rim

et
er

45
 m
in
 o
f t
ra
in
in
g,
 2
× 
a 

w
ee

k.
  

A
ve
ra
ge
 le
ng
th
 o
f 

tr
ai

ni
ng

 =
 8

.2
 m

on
th

s 
(ra
ng
e 
= 
2–
27
 m
on
th
s)

Sp
itz
yn
a 
et
 a
l. 
(2
00
7)
  

A
rt
ic
le
 ta
ke
n 
fr
om
 c
oc
hr
an
e 
re
vi
ew
 

Po
llo
ck
 e
t a
l. 
(2
01
2a
)

RC
T

To
 s

ee
 if

 o
pt

ok
in

et
ic

 th
er

ap
y 

im
pr

ov
es

 te
st

 re
ad

in
g 

fo
r 

he
m

ia
no

pi
c 

dy
sle

xi
a

22
M

ix
ed

Co
m

pe
ns

at
or

y:
 o

pt
ok

i-
ne

tic
 n

ys
ta

gm
us

 in
du

ci
ng

 
re

ad
in

g 
th

er
ap

y

4 
w
ee
ks
 o
f t
ra
in
in
g 

(m
in
im
um
 o
f 4
00
 m
in
 o
f 

re
ha
bi
lit
at
io
n)
 2
0×
 2
0 
m
in
 

se
ss

io
ns

Sz
ly
k 
et
 a
l. 
(2
00
5)
  

A
rt
ic
le
 ta
ke
n 
fr
om
 c
oc
hr
an
e 
re
vi
ew
 

Po
llo
ck
 e
t a
l. 
(2
01
2a
)

Ra
nd
om
iz
ed
 

cr
os

so
ve

r 
de

sig
n

To
 a

ss
es

s 
th

e 
us

e 
of

 p
ris

m
s 

fo
r 

na
vi

ga
tio

n 
an

d 
dr

iv
in

g 
fo

r 
pa

tie
nt

s 
w

ith
 h

em
an

op
ia

10
M

ix
ed

 p
op

ul
at

io
n 

in
ju

ry
 

in
vo

lv
in

g 
oc

ci
pi

ta
l l

ob
e 

on
ly

Su
st

itu
tiv

e:
 G

ot
tli

eb
 v

isu
al

 
fie

ld
 a

w
ar

en
es

s 
sy

st
em

 
18
.5
 d
io
pt
re
 le
ns
 v
er
su
s 

20
 Δ
 F
re
sn
el
 p
ris
m
s

V
FA
S 
= 
tr
ai
ni
ng
 o
f 4
× 
2–
3 
hr
 

in
do
or
 s
es
sio
ns
 w
ith
 L
V
A
 

sp
ec
ia
lis
t a
nd
 8
× 
2 
hr
 

ou
td

oo
r s

es
sio

ns
 b

eh
in

d 
th

e 
w

he
el

 
Pr

ism
s 

w
er

e 
w

or
n 

fo
r 

3 
m

on
th

s

W
ei
nb
er
g 
et
 a
l. 
(1
97
7)
  

A
rt
ic
le
 ta
ke
n 
fr
om
 c
oc
hr
an
e 
re
vi
ew
 

Po
llo
ck
 e
t a
l. 
(2
01
2a
)

RC
T

To
 te

st
 th

e 
ef

fe
ct

 o
f v

isu
al

 
sc

an
ni

ng
 tr

ai
ni

ng
 o

n 
re

ad
in

g 
re

la
te

d 
ta

sk
s

57
St

ro
ke

Co
m

pe
ns

at
or

y:
 v

isu
al

 
sc

an
ni

ng
 tr

ai
ni

ng
1 
hr
 a
 d
ay
 fo
r 4
 w
ee
ks
 (2
0 
hr
 

of
 tr
ai
ni
ng
)

W
ei
nb
er
g 
et
 a
l. 
(1
97
9)

 
A
rt
ic
le
 ta
ke
n 
fr
om
 c
oc
hr
an
e 
re
vi
ew
 

Po
llo
ck
 e
t a
l. 
(2
01
2a
)

RC
T

To
 te

st
 th

e 
ef

fe
ct

 o
f v

isu
al

 
sc

an
ni

ng
 tr

ai
ni

ng
 o

n 
re

ad
in

g 
re

la
te

d 
ta

sk
s

53
St

ro
ke

Co
m

pe
ns

at
or

y:
 v

isu
al

 
sc

an
ni

ng
 tr

ai
ni

ng
1 
hr
 a
 d
ay
 fo
r 4
 w
ee
ks
 (2
0 
hr
 

of
 tr
ai
ni
ng
)

Zi
hl
 a
nd
 v
on
 C
ra
m
on
 (1
97
9)

Pr
os

pe
ct

iv
e 

ob
se

rv
at

io
na

l 
st

ud
y

Pr
es

en
t e

vi
de

nc
e 

th
at

 d
im

in
ish

ed
 

vi
su

al
 fu

nc
tio

n 
ca

n 
be

 im
pr

ov
ed

 
by

 s
ys

te
m

at
ic

 s
tim

ul
at

io
n 

of
 

im
pa

ire
d 

ar
ea

s 
of

 th
e 

vi
su

al
 

fie
ld

.

12
M

ix
ed

  
In

fa
rc

t n
 =

 6
, h
em
or
rh
ag
e 

n 
= 
2,
 tu
m
or
 n

 =
 3
, h
yp
ox
ia
 

n 
= 

1

Re
st

itu
tiv

e:
 V

RT
1 

hr
 o

f t
ra

in
in

g 
pe

r d
ay

.  
 T

ot
al

 le
ng

th
 o

f t
re

at
m

en
t 

no
t s

pe
ci

fie
d

Zi
hl
 a
nd
 v
on
 C
ra
m
on
 (1
98
2)

Pr
os

pe
ct

iv
e 

ob
se

rv
at

io
na

l 
st

ud
y

To
 te
st
 th
e 
hy
po
th
es
iz
e 
th
at
 

re
co

ve
ry

 ta
ke

s 
pl

ac
e 

at
 th

e 
le

ve
l 

of
 th

e 
st

ria
te

 c
or

te
x

30
M

ix
ed

 
V

as
cu

la
r n

 =
 2
4,
 s
ur
ge
ry
 

n 
= 

6

Co
m

pa
rin

g 
re

st
itu

tiv
e 

V
RT

 
an

d 
co

m
pe

ns
at

or
y 

ey
e 

m
ov
em
en
t t
ra
in
in
g:
 L
ig
ht
 

de
te

ct
io

n 
ve

rs
us

 S
ac

ca
di

c 
lo
ca
liz
at
io
n

Tr
ea

tm
en

t s
ta

rt
ed

 b
et

w
ee

n 
1–

6 
m

on
th

s 
of

 o
ns

et
 o

f 
fie

ld
 d

ef
ec

t. 
 

 T
ot

al
 le

ng
th

 o
f t

re
at

m
en

t 
no

t s
pe

ci
fie

d.

(C
on
tin
ue
s)



     |  11 of 26HANNA et al.

4.1.1 | Compensatory treatment

A variety of different visual scanning and search training methods 
have been reported in the literature. These include computer and 
paper-based search and scanning training programmes and use of 
word search games. They aim to facilitate the patient in learning to 
compensate for difficulties by improving the speed and accuracy of 
eye movements made into the visual field defect side. A number of 
studies have explored the effect of scanning eye movements into the 
affected visual field. In a study attempting to regain driving ability in 
hemianopic stroke survivors (Mazer et al., 2003), there were no sig-
nificant differences in improved driving performance between those 
undertaking the useful field of view attention retraining programme 
(UFOV) and those receiving general computer-based training. In the 
Cochrane review on interventions for visual field loss (Pollock et al., 
2012a), a recommendation was reached that compensatory interven-
tions were more favorable than a placebo or control at improving spe-
cific tasks but not at aiding recovery of the visual field.

Expansion of the field by 1–48 degrees has been reported (Zihl 
& von Cramon, 1985), however, expansion of the visual field due to 
natural recovery early after stroke onset cannot be ruled out. Specific 
improvements, however, relate more to speed and accuracy of eye 
movements into the affected visual field after training with increased 
reaction times (Aimola et al., 2014; Jacquin-Courtois, Bays, Salemme, 
Leff, & Husain, 2013; Lane, Smith, Ellison, & Schenk, 2010; Ong et al., 
2012, 2015; Pambakian, Mannan, Hodgson, & Kennard, 2004) and in-
creased number of saccades into the blind field (Mannan, Pambakian, 
& Kennard, 2010) with some training available freely e.g. Eye-search 
(www.eyesearch.ucl.ac.uk) and Read-right (www.readright.ucl.ac.uk) 
(Ong et al., 2015). Subjective improvements in ADL, such as reading 
speed and accuracy, have also been reported by participants (Aimola 
et al., 2014; Hayes, Chen, Clarke, & Thompson, 2012; Jacquin-Courtois 
et al., 2013; Nelles et al., 2001; Ong et al., 2015).

Nelles et al. (2010) reported that such training was associated with 
increased activity in the ipsilateral cortex to the insult after training 
with reports that training is task specific. Eye search training improves 
eye scanning into the affected side with little objective improvement 
in reading, whilst reading training improves reading ability with little 
objective improvement on visual search (Ong et al., 2012; Zihl, 1995). 
In a recent trial, combined training resulted in an improvement in both 
eye search and reading (Aimola et al., 2014).

Other compensatory interventions listed in the literature are the 
use of typoscopes, rulers, and vertical reading. Vertical reading was 
initially mentioned in the literature as an anecdotal report by a patient 
describing this as helpful with their hemianopia (Wang, 2003). It has 
since been stated as a rehabilitation option in review articles but no 
empirical evidence has been published (Sabel & Trauzettel-Klosinski, 
2005; Schuett, 2009; Trauzettel-Klosinski, 2010).

An ongoing randomized controlled trial acknowledged in the 
above Cochrane review is currently comparing compensatory inter-
vention (visual search training), substitutive intervention (Peli prisms) 
and standard care in the form of verbal and written advice, for the 
treatment of hemianopia following stroke (Rowe, Barton, et al., 2014). St
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The results are yet to be reported but intend to provide a comparison 
of the above treatments with regard to effectiveness.

4.1.2 | Substitutive treatment

Peli prisms use one or two high strength prisms, placed above and/or 
below the pupil, with the prism base out on the spectacle lens to the 
side of visual field loss (Peli, 2000). These prisms create a shift of im-
ages on the side of the visual field loss so they move to overlay on the 
seeing field. This in turn acts as a cue for the patient to look toward 
the affected side.

In a study of Peli prisms, Giorgi, Woods, and Peli (2009) found that 
the majority (74%) of participants wearing Peli prisms reported a pos-
itive difference over six weeks. Of these, 93% continued to wear the 
prisms for up to three months and 42% at an unspecified ‘long-term 
follow-up’. However, there were no changes to participant responses 
in the quality of life questionnaire (NEI VFQ-25) completed over the 
initial six week period. In a subsequent trial Bowers, Keeney, and Peli 
(2014) investigated the efficacy of real Peli prisms (57∆) versus sham 
Peli prisms (5∆), and further compared horizontal versus oblique posi-
tioning of the prisms. Sixty one percent continued prism wear with an 
equal number from the oblique and horizontal position groups. A sig-
nificantly higher proportion wished to continue wearing the real prisms 
with the most common reason being that prisms helped when walking 
(92%). However, the analysis of this study demonstrated a possible 
period effect as the participants were aware they would switch to a 
second prism. As a result, only 12% reported that they would continue 
to wear the first prism until they had made a comparison with the sec-
ond, rather than a comparison against no prisms. Forty-four percent 
continued wear after trialling the second prism (Bowers et al., 2014).

4.1.3 | Visual restoration treatment

Visual restoration therapy (VRT) involves presenting light stimuli at 
the border area of visual field loss (Pollock et al., 2012a). One key 
difference between reported studies is the amount of training pre-
scribed. Some studies (n = 7) prescribed a set amount of training for 
the whole cohort and others had allowed a range in the amount of 
training completed by their participants (n = 6). Not one of the studies 
prescribed exactly the same amount of training, rendering it difficult 
to make direct comparisons.

Three studies prescribed specific session length and number per 
week but did not specify the total length of treatment (Schmielau & 
Wong, 2007; Zihl & von Cramon, 1979, 1982). Across these studies, 
the mean reported expansion of the visual field border ranged from 1 
to 11.3 degrees. Eye movement recordings were not undertaken and 
thus improvement in the visual field due to eye movements could not 
be excluded.

The majority of studies (n = 7) prescribed variable session lengths 
and numbers. The length of session varied from 30 min to 1 hr for 
around six months of training (Gall & Sabel, 2012; Mueller, Mast, 
& Sabel, 2007; Poggel et al., 2007; Reinhard et al., 2005; Romano, 
Schulz, Kenkel, & Todd, 2008; Sabel, Kenkel, & Kasten, 2004; Sabel, St

ud
y
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Kruse, Wolf, & Guenther, 2013). The shorter sessions were repeated 
more than once per day, adding up to a possible maximum per day 
commitment of 70 min. The frequency of training varied between six 
times per week and daily.

A number of studies reported expansion of the visual field fol-
lowing treatment (Bergsma, Elshout, van der Wildt, & van den Berg, 
2012; Mueller et al., 2007; Romano et al., 2008). However, for studies 
in which fixation was controlled and assessed using the scanning laser 
ophthalmoscope, little or no change in the visual field area was noted 
(Marshall, Chmayssani, O’Brien, Handy, & Greenstein, 2010; Reinhard 
et al., 2005; Sabel et al., 2004). Despite little or no improvement in the 
visual field area, patients reported an improvement in quality of life 
and ADL, such as mobility and reading (Bergsma et al., 2012; Gall & 
Sabel, 2012; Mueller et al., 2007; Plow, Obretenova, Fregni, Pascual-
Leone, & Merabet, 2012; Sabel et al., 2004). Although not statistically 
significant, reports of visual hallucination or less dense areas of visual 
field loss were also more likely to show improvement (Poggel et al., 
2007; Sabel et al., 2013). The majority of studies recruited patients 
with chronic homonymous hemianopia (longer than six months post 
onset). Recruitment within three to six months post-stroke could not 
rule out natural recovery (Mueller et al., 2007). Thus, subjective im-
provements noted by patients are more likely to represent adaptation 
to the visual field defect.

Although a variety of interventions exist for the treatment of visual 
field loss, not enough high quality research exists to decipher the true 
efficiency of a number of these treatment options. The current recom-
mendation would be for compensatory strategies to treat post-stroke 
visual field loss. Future, longitudinal studies would need to control for 
spontaneous recovery of visual field loss when determining the valid-
ity of restitutive treatments.

4.2 | Strabismus and ocular motility

Strabismus pertains to misalignment of the two eyes such that one 
eye does not point in the same direction as the fellow eye. Ocular 
motility abnormalities can relate to ocular cranial nerve palsies, gaze 
palsies, nystagmus, and vergence disorders. There are several exten-
sively used interventions for the treatment of various ocular motility 
problems in mixed etiology populations such as prisms and occlusion/
patching. Many interventions have been tested on non-stroke popula-
tions, as the ocular motility defects that arise as a result of stroke can 
also be caused by other neurological conditions.

4.2.1 | Pharmacology treatment

A Cochrane review relating to eye movement defects following stroke 
focused solely on pharmacologic interventions for nystagmus, as no 
trials relating to restitutive, compensatory or substitutive treatments 
were found specifically for stroke populations with other ocular mo-
tility disorders (Pollock et al., 2011). Functional ability in performing 
activities of daily living was used as a primary outcome measure. Two 
trials were identified as meeting the inclusion criteria, which included 
a limited number of stroke patients (n = 5) (Leigh, Burnstine, Ruff, & 

Kasmer, 1991; Strupp et al., 2003). In view of the limited number of 
trials identified and the limited number of stroke patients included, 
the authors recommended a wider review of interventions in acquired 
brain injury (ABI) populations. This Cochrane review is now on-going 
(Rowe, Noonan, et al., 2014).

Further temporary intervention for ocular misalignment is botuli-
num toxin (BT) which has been reported widely in the literature for its 
use with strabismus (Rowe & Noonan, 2012). Its effects are reported 
to last for around three months. BT can also be helpful when plan-
ning a more permanent intervention such as ocular muscle surgery. 
Choudhuri, Sarvananthan, and Gottlob (2007) conducted a survey of 
neurologists and ophthalmologists across the UK regarding treatment 
preferences for nystagmus. The response rate could be viewed as low 
with 34% of neurologists and 37% of ophthalmologists returning the 
survey. Neurologists (60.8%) more commonly prescribed pharmaceu-
tical agents as management options: Gabapentin and Baclofen were 
used most often.

4.2.2 | Substitutive treatment

Prisms are commonly used in clinical practice for the treatment and 
amelioration of the symptom of diplopia. Prisms may take the form of 
a temporary Fresnel prism or with a permanent prism ground into a 
spectacle lens. The theory of prisms is that the image of the object is 
shifted by a magnitude proportional to the strength of the prism, thus 
compensating for the eye misalignment (Firth & Whittle, 1994). The 
images are moved such that they overlap and allow the brain to fuse 
the images back to one image, in cases where the patient has potential 
for binocular single vision. Alternatively, the images are moved so they 
are separated to place the second image into a pre-existing visual sup-
pression area or, separated to an extent so that the second image can 
be ignored and/or is less troublesome for the patient.

In surveys of treatment provision for stroke survivors Pollock, 
Hazleton, & Brady (2011b) reported prisms to be the most common 
management provided (93%) followed by advice on head postures 
(64%) and convergence exercises (50%). Concurrently, Rowe, et al. 
(2013b) reported prisms and/or occlusion to be the most commonly 
prescribed intervention with the purpose to alleviate diplopia. A 
number of observational studies report the positive benefit of prisms 
and occlusion for relief of diplopia in stroke survivors (Rowe et al., 
2011a). Furthermore, advice is frequently provided, primarily con-
sisting of adaptive alternative head postures (AHPs) to avoid the di-
rection of gaze associated with diplopia (Rowe et al., 2011a; Rowe 
et al., 2013b).

4.2.3 | Compensatory treatment

There are occasions when the use of prisms is not suitable, such as the 
deviation being too large and the presence of torsion or variable de-
viations (Firth & Whittle, 1994). In these circumstances occlusion can 
be used, which is frequently in the form of an opaque patch to eradi-
cate the second image. Other options for occlusion include Bangerter 
foils or frosted tape which aim to blur the second image so it may be 
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ignored (Hadid, Wride, Griffiths, Strong, & Clarke, 2008). It is also pos-
sible to provide partial sector occlusion for patients where diplopia is 
only bothersome in one direction of gaze (Routt, 2011). Furthermore, 
advice on compensatory strategies include adaptive head postures, 
reading options and the use of appropriate task lighting to optimize 
visual function (Rowe, et al., 2013b).

4.2.4 | Restitutive treatment

Conservative treatment options for specific ocular motility problems, 
such as convergence insufficiency, include vergence exercises (Rowe 
et al., 2011b). Improving ocular convergence with orthoptic vergence 
exercises can eliminate the symptom of diplopia and asthenopia in the 
near position (Adler, 2002). Rowe et al. (2009a) found reduced conver-
gence of <10 cm was present in one third of stroke survivors which 
frequently contributed to reading difficulty.

Once recovery has ceased and if a deviation persists, a more per-
manent intervention may be considered, such as ocular muscle sur-
gery. There are a variety of procedures for the many types of ocular 
motility conditions, which are detailed in the literature but are not 
specific to stroke populations. For example, one trial (Carruthers, 
Kennedy, & Bagaric, 1990) reported surgical success in 92.7% of adult 
participants receiving surgery for horizontal strabismus compared to 
50.6% of those receiving BT after 6 months.

For cases of acquired nystagmus, relatively few ophthalmologists 
reported the use of surgical management (Choudhuri et al., 2007). For 
an overview of management options for nystagmus, including pharma-
cological, optical, surgical, and botulinum toxin, see Thurtell and Leigh 
(2010).

Although many of the treatment options for eye movement dis-
orders have not been established within a stroke population specif-
ically, the benefit would be much the same as with other cohorts. 
Furthermore, the lack of high quality clinical trials to determine the 
efficacy of treatments such as prisms and occlusion may not necessar-
ily be required. It is well-established that these treatments will alleviate 
the symptoms of diplopia without the need of clinical trials to prove so.

4.3 | Central vision

Impaired central vision includes reduced visual acuity and contrast sen-
sitivity. Pollock et al. (2012b) completed a Cochrane review investigat-
ing whether interventions used to treat other visual problems which 
are age related, also improved the functional outcome following stroke. 
In addition to stroke related visual problems, the authors also included 
patients with cataracts, glaucoma, age-related macular degeneration, 
or diabetic retinopathy. They used functional ability as the primary out-
come measure. Twenty four potential trials were found. However, it 
was not clear if these trials included stroke as a sub-group. In view of 
this, the authors took the decision to exclude these trials as age-related 
visual problems are already well-covered by other Cochrane system-
atic reviews: age-related macular degeneration (Casparis, Lindsley, 
Kuo, Sikder, & Bressler, 2012; Eandi, Giansanti, & Virgili, 2008; Evans, 
2013; Evans & Lawrenson, 2012; Evans, Sivagnanaval, & Chong, 2010; St
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Gehlbach, Li, & Hatel, 2012; Geltzer, Turalba, & Vedula, 2013; Giansanti, 
Eandi, & Virgili, 2009; Lawrenson & Evans, 2012; Parodi, Virgili, & Evans, 
2009; Reddy & Krzystolik, 2006; Vedula & Krzystolik, 2008; Virgili & 
Bini, 2007; Williams, McKay, & Chakravarthy, 2014; Wormald, Evans, 
Smeeth, & Henshaw, 2007), cataracts (Alhassan, Kyari, & Ejere, 2008; 
Ang, Evans, & Metha, 2012; Calladine, Evans, Shah, & Leyland, 2012; 
Davison, Padroni, Bunce, & Rüschen, 2007; De Silva, Riaz, & Evans, 
2014; Do, Gichuci, Vedula, & Hawkins, 2013; Fedorowicz, Lawrence, 
Gutierrez, & van Zuuren, 2011; Keay, Lindsley, Tielsch, Katz, & Schein, 
2012; Mathew, Ervin, Tao, & Davis, 2012; Ong, Evans, & Allan, 2014; 
Riaz, de Silva, & Evans, 2013; Riaz, Mehta, Wormald, Evans, & Foster, 
2006; Sivaprasad, Bunce, & Crosby-Nwaobi, 2012), diabetic retinopa-
thy (Grover, Li, & Chong, 2008; Lopes de Jesus, Atallah, Valente, & Moça 
Trevisani, 2008a; Lopes de Jesus, Atallah, Valente, & Moça Trevisani, 
2008b; Smith & Steel, 2011; Virgili, Parravano, Menchini, & Brunetti, 
2012), and glaucoma (Burr, Azuara-Bianco, Avenell, & Tuulonen, 2012; 
Eldaly, Bunce, El Sheikha, & Wormald, 2014; Friedman & Vedula, 2006; 
Green, Wilkins, Bunce, & Wormald, 2014; Hatt, Wormald, & Burr, 
2006; Kirwan, Rennie, & Evans, 2012; Law & Li, 2013; Minckler et al., 
2006; Rolim de Moura, Paranhos, & Wormald, 2007; Sena & Lindsley, 
2013; Simha, Braganza, Abraham, Samuel, & Lindsley, 2013; Vass et al., 
2007; Waterman, Evans, Gray, Henson, & Harper, 2013; Wilkins, Indar, 
& Wormald, 2005). They recommended signposting readers to these 
Cochrane reviews covering different aspects of the specific conditions.

It is well-recognized that many stroke survivors wore glasses prior 
to their stroke and it is important that they have access to their glasses, 
or receive a retest for glasses after their stroke (Lotery et al., 2000). For 
those patients who still have reduced central vision even with glasses 
correction, low visual aids (LVAs) such as magnifiers may be helpful 
(Rowe et al., 2011b). LVAs have been shown to be effective amongst 
patients suffering visual impairment for a variety of reasons, such as 
cataracts and macular degeneration. Information on reading aids such 
as electronic and non-electronic optical aids, magnifiers and colored fil-
ters is available (Beasley & Davies, 2013; Virgili, Acosta, Grover, Bentley, 
& Giacomelli, 2013). A further systematic review addresses the use of 
low vision services, such as standard hospital-based services, multidis-
ciplinary services and services with an emphasis on the psychological 
needs of the patient (Binns et al., 2012). Further modifications to light 
and environment to aid visually impaired people at home include the use 
of color and contrast, avoiding clutter and using accessible appliances 
(Cooper, 2013; Joule, Levenson, & Brown, 2014). However, these have 
yet to be validated in the literature for their use in a stroke population.

Overall, advice and visual aids may be of benefit to stroke survi-
vors with central visual impairment, however, these have not yet been 
evaluated within a specific stroke population. Further research is re-
quired to determine the benefit of these therapies following stroke.

4.4 | Visual inattention / neglect

Unilateral visual inattention is the difficulty attending to one side of 
space (Bowen, Hazelton, Pollock, & Lincoln, 2013). A Cochrane re-
view relating to spatial neglect following stroke focused on cognitive 
rehabilitation programs, encompassing a variety of bottom-up and T
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top-down interventions (Bowen et al., 2013). Measures of functional 
ability / disability as a primary outcome measure were used. Twenty-
three trials were identified as meeting the inclusion criteria, eleven 
of which were new to this update (Cherney, Halper, & Papachronis, 
2002; Cottam, 1987; Edmans, Webster, & Lincoln, 2000; Fanthome, 
Lincoln, Drummond, & Walker, 1995; Ferreira, Leite Lopes, Luiz, 
Cardoso, & André, 2011; Fong et al., 2007; Kalra, Perez, Gupta, & 
Wittink, 1997; Kerkhoff et al., 2012; Luukkainen-Markkula, Tarkka, 
Pitkanen, Sivenius, & Hamalainen, 2009; Mizuno et al., 2011; Nys, 
Seurinck, & Dijkerman, 2008; Polanowska, Seniow, Paprot, Leniak, & 
Czonkowska, 2009; Robertson, 1990; Robertson, McMillan, MacLeod, 
Edgeworth, & Brock, 2002; Rossi et al., 1990; Rusconi, Meinecke, 
Sbrissa, & Bernardini, 2002; Schroder, Wist, & Homberg, 2008; Tsang, 
Sze, & Fong, 2009; Turton, O’Leary, Gabb, Woodward, & Gilchrist, 
2010; Weinberg et al., 1977; Welfringer, Leifert-Fiebach, Babinsky, 
& Brandt, 2011; Wiart et al., 1997; Zeloni, Farne, & Baccini, 2002). 
Meta-analyses showed no significant persistent effect either on 
standardized assessments or for functional ability.

4.4.1 | Substitutive treatment

Menon-Nair, Korner-Bitensky, & Ogourtsova (2007) conducted a sur-
vey of Occupational Therapists in Canada asking what rehabilitation 
they perform for unilateral spatial neglect. The most commonly used 
interventions were perceptual retraining (33.2%) and visual scanning 
training (16.2%). No details were collected on how these interventions 
were performed. A subsequent survey engaged Orthoptists working 
in stroke care in Scotland and reported a high proportion would pro-
vide advice or explanation of neglect (72%). Other methods included 
typoscopes, reading aids, non-computerized scanning therapy and 
onward referral to other professionals, although these methods were 
issued less frequently (21%) (Pollock, Hazleton, & Brady (2011b).

A subsequent trial (Machner et al., 2012) examined the effect of 
hemifield eye patching and optokinetic stimulation (OKS). This treat-
ment was described as a “forced-use” therapy comprising of sector 
occlusion over the non-neglecting side of plano lenses and removed 
when completing the OKS. The results showed that both the control 
group and those receiving treatment had an equal improvement in 
neglect-related functional disability over time.

4.4.2 | Compensatory treatment

A survey of Occupational Therapists (Pollock, Hazelton, & Brady, 2011a) 
reported a high proportion delivered treatment for visual neglect (89%) 
and visual field defects (69%), most commonly non-computerized scan-
ning training, activities of daily living training and provision of aids and 
modifications. Other compensatory methods of rehabilitation of visual 
neglect / inattention include occlusion and prism adaptation (Beis, 
André, Baumgarten, & Challier, 1999; Datié et al., 2006).

A Cochrane review meta-analysis initially showed cognitive reha-
bilitation to have a significant immediate effect on standardized as-
sessments (Bowen et al., 2013). The analysis was repeated with only 
high quality trials included. This significant effect was not maintained. 

In addition, trials which compared cognitive rehabilitation with visual 
scanning therapies were too heterogeneous to enable the authors 
to draw conclusions. In view of these findings the authors could not 
support or refute the interventions covered by the review. The rec-
ommendations were that clinicians should continue to follow national 
guidelines until further high quality evidence is available.

A further trial aimed to investigate whether or not smooth pur-
suit therapy is superior to standard scanning therapy (Kerkhoff et al., 
2013). The authors reported more improvement following smooth 
pursuit training in both auditory and visual outcomes. These improve-
ments were also seen for both mild and severe degrees of neglect with 
stability of improvement up to two weeks following training.

A variety of treatments have been described for visual neglect/ 
inattention after stroke, with compensatory scanning therapies appear-
ing most favorable. However, due to lack of high quality evidence, these 
treatments cannot be recommended in clinical guidelines at present.

4.5 | Visual perceptual deficits

Visual neglect/inattention is the most frequently occurring visual per-
ceptual disorder following stroke (Hepworth et al., 2016). Additional 
deficits include visual hallucinations, object agnosia, color detec-
tion problems, and difficulty judging depth (Rowe et al., 2009b). 
Spontaneous recovery may occur for perceptual deficits. However, 
patients reported a benefit from verbal advice and coping strate-
gies, as well as the relief associated with diagnosis and recognition 
of the impairment which can cause significant distress to the patient. 
A Cochrane review reported on the interventions for perceptual dis-
orders following stroke (Bowen, Knapp, Gillespie, & Nicolson, 2011), 
however, the relevant papers for this review have been extracted and 
discussed elsewhere (Edmans et al., 2000; Mazer et al., 2003).

Interventions for perceptual deficits are often reported as case 
studies or small retrospective cohorts. One prospective observational 
study used cross-modal word recognition training with a group of pa-
tients with pure alexia, which involved single words presented visually 
and via audio simultaneously. The group of patients were reported to 
read words from the training program quicker than untrained words, 
especially for the longer words. There was no transfer following train-
ing to letter or sentence reading. The improvement seen with words 
in the training program was not maintained at the follow-up visit at 
two to four weeks after training had finished (Woodhead et al., 2013).

A range of visual perceptual disorders can occur following stroke 
however, very few treatments for these have been discussed in the 
current literature. It is possible that a number of treatments including 
advice are being used in practice with no clear evidence base and as 
such, further research is required to establish these treatments.

5  | CONCLUSION

Overall, the findings from this review highlight implications for further 
research. There is a strong requirement for further high quality rand-
omized controlled trials to determine the effectiveness of interventions 
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when treating post-stroke visual impairments. Furthermore, the ma-
jority of studies included in this review used a small number of pa-
tients in their study populations. Future research must address these 
issues and should consider the impact of interventions.

It is important to note that some interventions have been tested 
on broader populations and not an isolated stroke survivor population. 
However, in many visual conditions, the evidence can be applied to stroke 
survivors; for example, prisms have been shown to be effective in a gen-
eral diplopia population and are an accepted and effective treatment.

The focus of future research should be relevant to activities of 
daily living, visual function, and vision-related quality of life. Studies 
should aim to include long-term follow-up of the stroke survivors 
being offered visual treatment in order to accurately capture the ef-
fectiveness of these interventions and the transferability of these skills 
to activities of daily living. The current reported research has touched 
on recently developed, free web-based treatments for visual search 
training and improving reading speeds. However, there is limited liter-
ature on these treatments and more research, preferably with control 
groups and larger population sizes, are required to investigate the ef-
fectiveness of these treatments further. Moreover, there are various 
treatment options currently used in clinical and social care to aid post-
stroke visual impairments such as environmental and lighting modifi-
cations, vertical reading, line guides, and typoscopes. These have yet 
to be thoroughly investigated. It is imperative that these treatments 
be addressed and evaluated in future studies to establish their effec-
tiveness and provide an evidence-base to inform clinicians and health 
professionals of all treatment options available.
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