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visual-field defects
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Abstract:

outcomes for different types of VF defects.
METHODS: A retrospective chart review.

of ocular misalignment.
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Introduction

B inocular diplopia occurs in patients with
strabismus due to the image projects
to a different direction of the bilateral
retina. It can be a troublesome problem in
patients with acquired motor dysfunction
such as paralytic strabismus after trauma
or an intracranial event.!"! Patients with
long-standing strabismus may experience
diplopia when they lose their previous
capacity for sensory adaptation, as may
occur with a decompensated congenital
fourth-nerve palsy. If the deviation is large
and an incomitance exists, surgery can
be helpful in reducing the incomitance
of eye movement and in restoring ocular
alignment. For those patients with small
deviation complaining of diplopia, prism
correction can be used to redirect the image
onto corresponding retina in both eyes
and thus eliminate diplopia. However,
treatment can be challenging if the patient
has simultaneous diplopia and a constricted
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PURPOSE: The management of diplopia can be challenging in patients with a concurrent
visual-field (VF) defect. We conducted a retrospective chart review to analyze and compare treatment

RESULTS: Seven patients with diplopia and VF defects were identified during the study. Four had
bitemporal hemianopia, one had homonymous hemianopia, and two had a constricted central VF.
A favorable or satisfactory outcome was achieved in all but two patients with bitemporal hemianopia.

CONCLUSIONS: The hemifield-slide diplopia may develop in patients with bitemporal hemianopia or
heteronymous altitudinal visual defects. Sensory abnormalities usually persist, even after elimination

visual-field (VF), because the VF defect
might interfere with binocular interaction.

Here, we present a case series of seven
patients who experienced diplopia after
developing a VF defect. We provide the
results of treatment and perform a literature
review.

Methods

This is a retrospective case series of seven
patients from Chang-Gung Memorial
Hospital, Taoyuan, Taiwan. All patients
were examined between 2005 and 2015. We
reviewed patient charts for their clinical
presentation and examination, imaging
findings, operative details, and postoperative
outcomes. This study was approved by
the research ethics board at Chang-Gung
Memorial Hospital and adhered to the tenets
of the Declaration of Helsinki.

Results

Seven patients with acquired diplopia after
VF defect development were identified.
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None had new-onset ocular motor dysfunction. The
demographic, ophthalmic, and operative features of
these patients are summarized in Table 1.

Patient 1

A 22-year-old male patient visited our clinic complaining
of diplopia after a traffic accident 1 year prior. There was
no abnormal eye position noted before his accident. The
trauma caused encephalomalacia and fracture of the
frontal bone and orbital bone. His best-corrected visual
acuity (BCVA) was 1.0 in both eyes. Fundus examination
revealed bilateral bow-tie shaped optic atrophy.
His VF examination showed complete bitemporal
hemianopia [Figure 1]. Traumatic optic chiasmopathy
was then diagnosed. Ocular motility testing revealed no
ophthalmoplegia, and the prism-cover test demonstrated
16 prism-diopter (PD) exotropia (XT) and 7 PD right
hypertropia (RH). To eliminate this diplopia, we
performed lateral rectus muscle (LRM) recession of
6.5 mm and superior rectus muscle (SRM) recession of
3 mm in the right eye. Three months after strabismus
surgery, the prism-cover test revealed 0.5 PD XT and 4 PD
RH at the primary position. Eye-alignment examination
with the Hess chart also showed improvement over the
preoperative findings. However, the patient complained
that his diplopia persisted and failed to fuse with any
prism.

Patient 2

A 16-year-old boy visited our clinic for diplopia after
the removal of a brain tumor. The patient described
difficulty reading: words such as “happy” would
become “happpy.” There was no prior history of
strabismus or amblyopia. Three years prior, he was

diagnosed with a suprasellar germinoma for which he
underwent craniotomy to excise the tumor, followed by
radiotherapy. His BCVA was 0.2 in the right eye and 0.05
in the left eye. Fundus examination revealed bilateral
diffuse optic atrophy, and VF examination showed
bitemporal hemianopia and an inferonasal defect in the
right eye [Figure 2]. Hirschberg testing revealed 15° of
XT in the left eye, and the prism-cover test demonstrated
approximately 30 PD XT. On the prism-adaptation test,
he reported a narrowing image with a 35-PD base in
prism while a widening image with a 25-PD base in the
prism. He noted the most normal image with a 30-PD
base in the prism. Ocular-motility testing revealed
normal duction and version. To eliminate the diplopia,
we performed LRM recession of 6.0 mm and medial
rectus muscle (MRM) resection of 4.5 mm in the left eye.
One month after surgery, prism-cover testing revealed
residual 14 PD XT. Prism adaptation for challenging with
a 14-PD base in led to image narrowing. He was free of
diplopia at both near and distant fixation without any
prism aid. The vision and eye position remained stable
at 5-year follow-up.

Patient 3

A 10-year-old boy was referred to our clinic with the
complaint of diplopia. He described a vertically displaced
image that disappeared with chin-up posturing. He noted
this vision change after cranial surgery for removing a
craniopharyngioma 4 months prior. His preoperative
ophthalmic examination was normal except for bilateral
myopia. Cycloplegic refraction revealed — 2.50 diopters
in the right eye and - 2.00 diopters in the left eye. Both
eyes had a BCVA of 1.0. Prism-cover testing showed
11 PD XT at the primary position. Ocular motility

Table 1: Summarization of the important features of the patients

Age/ BCVA Type of Cause Preoperative = Operation Postoperative Postoperative

gender oD O0s Visual-field defect deviation method deviation diplopia

22/male 1.0 1.0 Bitemporal Traumatic XT 16 PD RLR rec 6.5 mm XT 0.5 PD Yes
Hemianopia Encephalomalacia RH 7 PD RSR rec 3 mm RH 4 PD

17/male 0.2 0.05 Bitemporal Suprasellar XT 35 PD LLR rec 6 mm XT 14 PD No
Hemianopia Germinoma LMR res 4.5 mm

10/male 1.0 1.0 Bitemporal Craniopharyngioma XT 11 PD No surgery XT9PD Occasionally
Hemianopia

29/male 1.0 1.0 Bitemporal Traumatic skull XT 18 PD RLR rec 9 mm XT 10 PD Yes
Hemianopia base RH 6 PD RSR rec 2 mm RH 5 PD

Fracture

32/male 1.0 1.0 Constricted Retinitis XT 4 PD LIO myectomy XT 4 PD Occasionally
Central island pigmentosa LH 30 PD LH 16 PD

40/male 05 1.0 Constricted Advanced XT 20 PD RLR rec 7 mm RHypo 3 PD Occasionally
Central island glaucoma

37/female 1.0 1.0 Right Tentorial ET 22 PD LMR rec 7 mm ET 8 PD No
Homonymous Meningioma
hemianopia

BCVA = Best-corrected visual acuity, XT = Exotropia, ET = Esotropia, RH = Right hypertropia, LH = Left hypertropia, RHypo = Right hypotropia, PD = Prism
diopter, RLR = Right lateral rectus, RSR = Right superior rectus, LLR = Left lateral rectus, LMR = Left medial rectus, LIO = Left inferior oblique, Rec = Recession,

Res = Resection, OD = Right eye, OS = Left eye
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Figure 1: (a) Fundus examination revealed bilateral bow-tie shaped optic
atrophy. (b) Computed tomography showed multiple skull bone fracture (yellow
arrow) and encephalomalacia (green arrow). (c) Visual-field examination showed
complete bitemporal hemianopia

testing revealed normal and symmetric eye movement
bilaterally; however, the Hess chart demonstrated
mild supraduction overaction in the right eye. Fundus
examination revealed bilateral optic atrophy, and VF
examination showed bitemporal hemianopia [Figure 3].
Since the patient could eliminate the diplopia with an
adapted head posture, we proceeded with observation
only. One year later, the patient noticed diplopia only
with an upward gaze. The Worth four-dot test revealed
left-eye suppression. The last follow-up was 6 years
after the first visit, and the optic disc, VF defect, and XT
remained stable. His BCVA was 1.0 bilaterally with a
correction of — 4.75 diopters in the right eye and — 4.00
diopters in the left eye. The patient admitted that he
seldom experienced diplopia and could simply ignore
it when it occurred.

Patient 4

A 29-year-old man presented with diplopia after
a traumatic skull base and orbital bone fracture
4 years prior. He was an architect and the diplopia
considerably hindered his work. Ocular examination
revealed the BCVA to be 1.0 in both eyes. Fundus
examination revealed bilateral optic atrophy, and VF
examination showed bitemporal hemianopia [Figure 4].
The prism-cover testing revealed 18 PD XT and 6 PD
RH at the primary position. Ocular-motility testing
demonstrated normal eye movement bilaterally. The
Bagolini striated glasses test demonstrated right-eye
suppression. To eliminate the diplopia, we performed
LRM recession of 9 mm and SRM recession of 2 mm
in the right eye. One month after surgery, prism-cover
testing revealed 10 PD XT and 5 PD RH. Three months
later, synoptophore testing demonstrated an unstable
subjective angle from 1 to 3 PD XT and from 3 to 6 PD
RH. The patient still experienced diplopia and could not
tolerate prism glasses.

Patient 5
A 32-year-old male patient with retinitis pigmentosa
complained of intermittent diplopia for the past few
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Figure 2: (a) Head magnetic resonance imaging before operation showed a
sellar mass with suprasellar extension. (b) Both discs are pale. (c) Visual-field
examination showed bitemporal hemianopia along with inferonasal defect in the
right eye

years, with recent progression. His corrected vision
was 0.8 in both eyes. Fundus examination revealed
retinal pigmentory changes, narrowing vessels, and
relatively pale discs bilaterally, and VF examination
showed that only the central island remained
bilaterally [Figure 5]. Prism-cover testing revealed 30
PD left hypertropia (LH) and 4 PD XT. Ocular-motility
testing demonstrated slight overaction of the inferior
oblique muscle and slight underaction of the superior
oblique muscle in the left eye. On prism-adaptation
testing, the patient reported no diplopia with a 16
PD prism. However, he did not like prism glasses
and asked for surgical correction. We performed an
inferior oblique myectomy in the left eye. One month
after surgery, cover testing revealed 18 PD LH and 4
PD XT at the primary position. The patient experienced
occasional diplopia only with right-up gazing, but
there was no diplopia at the primary position or with
near work. At the last follow-up visit 3 months later,
prism-cover testing measurements were unchanged.
The patient was satisfied with being free of diplopia
in daily life.
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Figure 3: (a) Patient’s draw about what he saw. (b) Hess chart showed supraduction overaction on right eye. (c) Visual-field showed bitemporal hemianopsia. (d) Fundus
examination demonstrated bilateral optic atrophy

Figure 4: Visual- field examination showed bitemporal hemianopia in patient 4

Patient 6

A 40-year-old man complained of diplopia 4 days after
trabeculectomy of the right eye 4 months before visiting
our clinic. His corrected vision was 0.5 with — 5.50-diopter
correction in the right eye and 1.0 with - 3.50-diopter
correction in the left eye. Fundus examination revealed
enlarged disc cupping in the right eye and a normal left
eye. His VF examination showed an extremely constricted
VEF in the right eye, with only 7.5° x 5° remaining in the
central island [Figure 6]. Prism-cover testing revealed 20
PD XT at the primary position. Ocular motility testing
demonstrated no ophthalmoplegia. To eliminate the
diplopia, we performed a right LRM recession of 7.0 mm.
One month postoperatively, prism-cover testing revealed
3 PDright hypotropia. The patient described alleviation
in diplopia, although it did occur sometimes. He also
reported improved stereoacuity.

Patient 7

A 37-year-old woman developed diplopia after a
second brain surgery 2 months prior, with left occipital
craniotomy for recurrent tentorial meningioma removal.
She had good vision and no strabismus before the
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Figure 5: (a) Fundus pictures revealed retina pigmentory changes, narrowing

vessels, and relative pale discs bilaterally. (b) Visual-field examination showed
bilateral central island remained

“

first surgery for removing her brain tumor, 18 months
previously. Diplopia and esotropia (ET) developed after
her first brain surgery, although 10 PD prism glasses
eliminated the diplopia in daily life. However, after her
second surgery, she experienced diplopia even with the
prism glasses. Ocular examination revealed a BCVA
of 0.8 in the right eye with — 1.75-diopter correction
and 1.0 in the left eye with — 1.75-diopter correction.
Fundus examination revealed no optic atrophy, and
VF examination showed new-onset right homonymous
hemianopia [Figure 7]. Prism-cover testing revealed 25
PD ET at the primary position, with both near and distant
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Figure 6: (a) Fundus examination revealed extended disc cupping in right eye. (b)
Visual-field examination showed extremely constricted visual-field on right eye

fixation. Her eye movement was free and the range of
eye movement was normal bilaterally. To eliminate the
diplopia, we performed MRM recession of 7 mm in the
left eye. One month after surgery, prism-cover testing
revealed 8 PD ET. The patient was satisfied with new
prism glasses.

Discussion

Our review shows that two of seven patients (29%)
with VF defects successfully eliminated diplopia after
surgery and prism-glasses correction. Another two
patients (29%) were satisfied, because diplopia occurred
only occasionally. Diplopia spontaneously improved
in one patient (14%). The other two patients with
bitemporal hemianopia still experienced diplopia after
surgery.

The normal monocular VF expands to approximately
40°-50° above and 60°-70° below the horizontal
meridian, and 90°-100° temporally and 50°-60° nasally
from the vertical meridian. The horizontal expansion
of the binocular VF reaches 180°-200°. The area of
overlap of the monocular VFs of the right and left eyes,
on average, has a cross-sectional diameter of 120°;
this area is crucial for stereopsis and fusion.”! If the
VF is too diminished to maintain stereopsis or fusion,
then diplopia can occur, known as “hemifield-slide
diplopia.”

The hemifield-slide phenomenon is a rare visual
disturbance usually associated with bitemporal
hemianopia or heteronymous altitudinal field defects,
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Figure 7: (a) Visual-field after the first brain surgery. (b) Right homonymous
hemianopia developed after the second brain surgery

and preexisting heterophoria. VF defects can be caused
by injuries of the optic chiasm that result in bitemporal
hemianopia,*® or of the prechiasmal region that result
in heteronymous, altitudinal VF defects.l’! Patients
complain of various sensory disturbances: blurred
central vision or double vision, intermittent difficulty
with reading, and gaps or splitting in vision while
looking at an object in front of them.”! Diplopia occurs
because of overlap of the binocular VFs that is inadequate
to maintain fusion; thus, the images from each eye slide
apart. Exodeviations cause overlap of the nasal parts
of the binocular VFs, whereas esodeviations lead to a
separation or “gap” between the nasal hemifields. If the
patient has a preexisting vertical phoria, the images are
vertically split relative to each other, possibly reported
as diplopia, because parts of the same objects are seen in
two vertical directions. For diplopia treatment outcomes
in patients with VF defects, the residual VF matters. In
our patient with right homonymous hemianopia with
ET (patient 7), normal fusion could regain after treatment
for ET because the retinal location of the temporal VF of
the left eye and the nasal field of the right eye overlapped
and corresponded to each other. The binocular field was
stable, and the patient’s diplopia resolved. For patients
with extreme narrowing VF, the size of the VF necessary
to maintain central stereopsis is approximately 5°—6°.1¥/ In
our patient with advanced glaucoma (patient 6), although
the central field survived, trabeculectomy could further
dampen the visual function and the development of XT
rendered the patient unable to fuse normally. After XT

Taiwan J Ophthalmol - Volume 7, Issue 1, January-March 2017



correction, the diplopia improved and some stereopsis
returned. Most patients with early-stage retinitis
pigmentosa can maintain efficient vision with 10° of
the central VF intact. Binocular vision is reduced with
decreased visual acuity and loss of VE.’I Our patient
with retinitis pigmentosa (patient 5) acquired diplopia
after developing a decreased VF and possible congenital
fourth-nerve palsy decompensation. We noted abnormal
retina correspondence (ARC), and we, therefore, targeted
surgical treatment on the amount of prism adaptation.
After surgery, the patient noted diplopia when he looked
right and upward; he was happy with this result for
the purposes of work and daily life. By contrast, the
treatment result can be unfavorable in patients with
bitemporal hemianopia. In two of our four patients with
bitemporal hemianopia with XT, diplopia at the central
area persisted even after treatment for XT. This occurred
because there was no physiologic linkage between
the two remaining nasal half fields from the temporal
projection of each eye. When the eyes are moving, the
loss of overlap results in difficulty maintaining the
juxtaposition of the two half fields. However, there were
another two patients with bitemporal hemianopia that
became almost diplopia-free. We have two hypotheses
for explaining this difference. First, the existence of
a midline retinal nasotemporal overlap that sends its
projection to both hemispheres has been demonstrated
innonhuman primates and other mammals.!""I Studies
have shown that the retinal midline nasotemporal
overlap exists at 1°, and a complete lateralization at 6°,
in humans with normal vision.!"? Most clinical evidence
of the nasotemporal overlap concerns the phenomenon
of macular sparing in hemianopic patients. However, it
is controversial because macular sparing is not present
in all patients, and when present, it appears in varying
degrees.['*'* Conventional perimetric tests do not test the
VF accurately within 3° of the fixation point. This means
that if a patient has a relative satisfactory visual acuity
and the conventional perimetric tests show a complete
loss of VF, the patient may still have an intact VF of 3°
around the fixation point.'5'! However, we did not
perform microperimetry testing in our patients. Second,
the two patients with bitemporal hemianopia in our study
that had more favorite outcomes were both younger than
the two that had worse outcomes. The development of
a new adaptation process such as suppression or ARC
might be possible and helpful in these younger patients.
The management of hemifield slide diplopia is difficult
due to its rarity and complexity of disease entity. Before
performing surgery, it is important to consider the extent
and type of the VF defects and strabismus, the presence
of ARC or suppression, and to undertake the prism
adaption test to imitate the postoperative functional
result and risk of diplopia.
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Conclusion

We present seven patients with diplopia and VF
defects without new-onset motor dysfunction. This
hemifield-slide phenomenon results from heteronymous
hemianopia or altitudinal visual defects is difficult to
correct. Sensory abnormalities usually persist even after
elimination of ocular misalignment.
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