
Ultrahigh resolution optical
coherence tomography of
birdshot retinochoroidopathy
Birdshot retinochoroidopathy is a rare
inflammatory eye disease with typical clinical
presentation and strong association with the
HLA-A29 allele. Characteristic appearances
on fluorescein angiogram (FA), indocyanine
green (ICG) angiography, and electroretino-
gram (ERG) have been described.1 However,
histopathology of the disease has been rare.2 3

The following case is an example of birdshot
retinochoroidopathy imaged with ultrahigh
resolution optical coherence tomography
(UHR-OCT), capable of 3 mm axial resolu-
tion.4 UHR-OCT is able to clearly delineate
individual intraretinal layers (fig 1).

Case report
A 64 year old man presented to the New
England Eye Center (NEEC) for progressive
visual deterioration despite cataract surgery
in the left eye 2 years earlier. The patient’s
major complaints were difficulty seeing at
night and difficulty driving. Best corrected
visual acuity (BCVA) was 20/50 right eye and
20/60 left eye. Anterior eye examination
revealed mild cells and flare in both eyes, a
moderate cataract in the right eye, and a
posterior chamber intraocular lens in the left.
Dilated fundus examination revealed mild

vitritis bilaterally. The optic discs appeared
slightly pale and the retinal vasculature was
narrowed. Fundus appearance was consistent
with the diagnosis of birdshot retinochoroi-
dopathy (fig 2A). FA and ICG angiography
were also consistent with this diagnosis
(fig 2B). Six mm radial macular OCT3 scans
showed bilateral epiretinal membranes
(ERM), with mild thickening in the left eye.
The patient subsequently tested positive for
the HLA-A29 antigen. Over the next
6 months, the patient was treated for macu-
lar oedema with intravitreal Kenalog injec-
tions in both eyes, and the macular oedema
subsided.
UHR-OCT images were obtained 6 months

later (fig 3), at which time BCVA remained
stable. Repeat fundus examination and OCT3
imaging revealed an ERM with no macular
oedema and normal retinal thickness in both
eyes. UHR-OCT images additionally showed
photoreceptor atrophy in several areas of
both eyes. RPE degeneration was present
underneath areas of photoreceptor involve-
ment. The inner retinal layers were difficult
to delineate, probably because of anatomical
disorganisation of these layers.

Comment
This case represents a fairly severe case of
birdshot retinochoroidopathy. In a review by
Gasch et al, epiretinal membrane was the
second most common complication of bird-
shot retinochoroidopathy next to macular
oedema,1 which our patient also had on
initial presentation. ERG findings have

shown Mueller and bipolar cell involvement
early in the disease, while photoreceptors are
affected later.1 The UHR-OCT images pre-
sented here show disorganisation of inner
retinal layers as well as photoreceptor and
RPE atrophy. Choroidal ischaemia, suggested
by ICG angiography, may be the cause of RPE
and photoreceptor degeneration.
We found two histolopathological reports

of birdshot retinochoroidopathy. One case
was a blind phthisical patient.2 The other was
a more typical yet mild case, which showed
lymphocytic infiltration around the choroidal
and retinal vasculature with minimal retinal
disturbance.3 Serial UHR-OCT imaging of
patients could help in understanding and
following progression of macular involve-
ment in this disease.
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Figure 1 Ultrahigh resolution optical coherence tomography image from a normal eye. The
intraretinal layers are labelled: NFL, nerve fibre layer, GCL, ganglion cell layer, IPL, inner plexiform
layer, INL, inner nuclear layer, OPL, outer plexiform layer, ONL, outer nuclear layer, IS/OS,
photoreceptor inner/outer segment junction, RPE, retinal pigment epithelium.

Figure 2 (A) Colour photograph of the left eye. (B) Fluorescein angiogram of the left eye,
2 minutes after injection. The image shows two small haemorrhages originating from the superior
arcade, multiple hyperfluorescent spots, and central cystoid macular oedema.

LETTERS

PostScript . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Accepted for publication 29 July 2005

Supported in part by NIH contracts RO1-EY11289-
16, R01-EY13178, and P30-EY13078, NSF contract
ECS-0119452, Air Force Office of Scientific Research
contract F49620-98-1-0139, Medical Free Electron
Laser Program contract F49620-01-1-0186 and by
Carl Zeiss Meditec.

JGF and JSS receive royalties from intellectual
property licensed by MIT to Carl Zeiss Meditec. JGF
and JSS receive research support from Carl Zeiss
Meditec.

1660 Br J Ophthalmol 2005;89:1660–1671

www.bjophthalmol.com



2 Nussenblatt RB, Mittal KK, Ryan S, et al. Birdshot
retinochoroidopathy associated with HLA-A29
antigen and immune responsiveness to retinal S-
antigen. Am J Ophthalmol 1982;94:147–58.

3 Gaudio PA, Kaye DB, Crawford JB.
Histopathology of birdshot retinochoroidopathy.
Br J Ophthalmol 2002;86:1439–41.

4 Drexler W, Morgner U, Ghanta RK, et al.
Ultrahigh-resolution ophthalmic optical coherence
tomography. Nat Med 2001;7:502–7.

Unilateral necrotising
toxoplasmic retinochoroiditis as
the main clinical manifestation of
a peptide transporter (TAP)
deficiency
Congenital HLA class I deficiency is a rare
disease frequently resulting in chronic inflam-
mation of the respiratory tract, and/or skin
granulomas.1 2 The deficiency may be unno-
ticed for decades, so pathological outcome is
relatively unpredictable.3 We here describe a
14 year old patient with a severe ocular
toxoplasmosis who is HLA class I deficient, as
a result of a homozygous mutation in the gene
encoding one of the two subunits of the
peptide transporter associated with antigen
processing (TAP). We propose that such a
defect should be investigated in patients with
severe ocular toxoplasmosis without acquired
immunodeficiency.

Case report
At the time of referral, the patient did not
have any particular medical history except an
exaggerated reaction to an intradermal tuber-
culin test 1 year earlier. His right eye dis-
played a strong reduction of acuity with
anterior and posterior inflammatory lesions

and pain. There was corneal inflammation
with flare in the anterior chamber, anterior
uveitis with cellular deposits on the corneal
endothelium (keratic precipitates) but with-
out posterior synechiae and grade B3 vitritis.
A focus of chorioretinitis was just visible
in the macular area. The blood neutrophil
count was high (14.49 white cells/6106/l

with 13.48 neutrophils/6106/l), while sero-
logy showed high levels of anti-toxoplasma
IgG (543 IU/ml) with an IgM index of 53.73.
Anti-toxoplasma therapy was attempted by
administration of sulfadiazine, pyrimetha-
mine, and folinic acid for 2 days, followed
by prednisone. Despite this treatment, the
ocular inflammation worsened and led to loss
of vision and ocular divergence. A clinical
examination revealed posterior synechiae and
aggravation of the vitritis and B echography
showed retinal detachment (fig 1A).
Surgery was performed, which comprised

pars plana vitrectomy after phacoemulsifica-
tion, with ablation of the incompletely
detached posterior hyaloid. The retina was
reattached with silicone oil. The inferior
retina appeared necrotic with a focus of
inflammatory chorioretinitis in the macular
area. Twelve months after surgery, the eye
was no longer painful but vision was limited
to perception of hand movements with ocular
divergence (fig 1B). A fundus of the right eye
revealed retraction of the inferior retina and
extended gliosis of the macula (fig 1C).
The severity of the clinical manifestations

prompted an evaluation of the patient’s
immunocompetence, which appear to be
normal, except that the amount of HLA class
I molecules expressed on the plasma mem-
brane of the lymphocytes was reduced 20-
fold (figs 2 and 3). The parents were
unrelated, but shared an identical HLA
haplotype, so the patient and his brother
were HLA homozygous (HLA-A*24; B*14;
Cw*08; DRB1*13; DQB1*06). TAP genes,
located in the HLA genetic region, were
characterised, and a stop mutation in the
TAP1 was identified at codon 522 (sequence
AAS55412.1 in GenBank), because of a C to T
substitution.
The patient did not display pulmonary

involvement, contrary to his elder brother
who displayed a bronchial obstruction unre-
sponsive to inhaled bronchodilators, a bacterial
colonisation of the lower airways associated to
asthma-like symptoms, but no bronchiectasies.

Figure 3 (A) Horizontal ultrahigh resolution OCT (UHR-OCT) image through the right macula.
Notable are an epiretinal membrane (ERM) (yellow arrows), and an area of thinning of the outer
nuclear layer (ONL) with underlying absence of the photoreceptor inner/outer segment junction
(IS/OS) (red asterisk). Retinal pigment epithelium (RPE) disruption is also seen as an increase in
choroidal signal backscattering. Other retinal layers are also labelled as in figure 1. (B) Horizontal
UHR-OCT image through the left macula. ERM is present (yellow arrows). Thinning of the ONL and
disruption of the photoreceptor IS/OS junction is present outside of the fovea (red asterisks). RPE
disruption is also present in these areas. The inner retinal layers are not clearly delineated.

Figure 1 Analysis of lesions before and after surgery. (A) B echography before operation
demonstrates total retinal detachment wit a grade D vitreoretinal proliferation. (B) 12 months after
surgery, circumferential synechiae are noted with capsule opacification and corneal opacities. (C)
Posterior pole is not easily recognisable. Nevertheless, a white scar is distinguishable.
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Comment
The presence of anti-toxoplasma IgM sug-
gests that the infection was recent and is
compatible with a primary ocular infection.
The particular titre of anti-toxoplasma IgG
suggests that these antibodies might have
had a role in the immunological defence, as
has been observed for viral infections.4

Remarkably, during the pathology, more
than 40% of the T cells of the patient were cd,
which can be explained by the infection,
known to induce the expansion of this T cell
subset.5 6 After recovery, this number
decreased twofold.
These observations suggest that TAP defi-

ciency should now be considered as a potential
cause of unexplained exacerbated pathology in
response to intracellular parasites, notably T
gondii. In our patient, special follow up includ-
ing prophylactic antibiotherapy is required, in
order to avoid infection of the other eye.
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Scleral contact lenses are not
optically inferior to corneal
lenses
In the 1950s, chronic corneal hypoxia and its
attendant complications were associated with
scleral contact lenses (ScCLs) compared to
corneal contact lenses (CCLs).1 Changes in
mechanical design to improve transfer of
oxygenated tears between the corneal-tear
film interface were partially successful, but
accompanied by increased complexity of lens
fitting and design.2 These included fenestra-
tions, slots, truncations, and channels. Apart
from being time consuming and technically
difficult to manufacture, these modifications
were almost invariably associated with trap-
ping of air bubbles behind the ScCL, resulting
in reduced vision and localised corneal
desiccation. Without a sealed tear film, the
ScCL rested progressively more on the corneal
apex and limbus—that is, settling back,
which caused corneal erosions, scarring, and
hypoxia.

The advent of fluorocarbon silicone/acrylate
co-polymer ScCLs resulted in greater utility
because of high gas permeability.3 One major
criticism of ScCLs has been the suboptimal
visual acuity achieved when compared to
CCLs.3 In this study we compared the best
corrected visual acuity (BCVA) in patients with
RGP ScCLs who failed a trial of CCLs.

Method and results
The case notes of 15 patients prescribed
ScCLs were reviewed over an 18 month
period. The reasons for discontinuing CCL
use included discomfort, excessive mobility,
poor fit, short wearing times, and subjective
lens intolerance. There were 18 eyes in 15
patients whose average age was 37 years (18–
80). There were eight males and seven
females.
The BCVA varied according to the pre-

existing pathology. These were post-penetrat-
ing keratoplasty (seven); keratoconus (six),
and herpetic scarring (two). Mean astigma-
tism was 9.7D (3.5–18D). CCL average BCVA
was 6/18, but with ScCLs was 6/9, of which
eight (44%) achieved 6/5, p=0.1; x2 test.
The greatest improvement occurred in the

keratoconus group (BCVA 6/18 with CCLs; to
6/9–6/5 with ScCLs); followed by the kerato-
plasty group (with ScCL 6/9 in five cases and
6/18 in two cases from pre-existing corneal
scarring). In all cases the scleral lenses were
well tolerated. No complications were noted.

Comment
The relatively close apposition of the cornea
to a CCL provides a stable refractive interface.
In a normal cornea, the centre is assumed to
be spherical and regular so that a singly curved
CCL can be made based on keratometry
readings. In corneas with highly abnormal
topography such as high astigmatism, severe
flattening, apical protrusion, thinning, and
scarring, the nature of the refractive interface
between the cornea, precorneal tear film, and
contact lens is altered because the above
assumptions no longer hold true.
ScCLs vault the cornea, which eliminates

the need for close alignment to the cornea.
This compensates for very abnormal corneas
giving good BCVA that can be difficult to
achieve with CCLs.4 As the power of CCLs
increases, positional stability and accuracy of
fit decreases. High power CCLs tend to be
bulkier, thicker, and with a larger diameter
that alters the centre of gravity. These CCLs
tend to sag or droop with axis mislocation so
vision is through the peripheral lens and not
the optic zone. Induced prismatic effects
cause reduced vision, lens intolerance, and
discomfort. This is exacerbated by edge
sensation from high edge lift. Lens instability
with excessive frictional mobility on the
cornea also increases the potential for ero-
sions, scarring, and intolerance. ScCLs retain
positional stability and tend not to be
associated with the aforementioned pro-
blems.
Based on the findings of this study, we

think the use of ScCLs should not be
prejudiced because of the perception that
they are optically inferior to CCLs. The optical
and therapeutic benefit of ScCLs should not
be underestimated. They can have an impor-
tant role in management of patients where
surgery is undesirable or high risk.
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Figure 2 HLA class I deficiency of the patient
and his brother. Expression of HLA class I
molecules on the plasma membrane of
lymphocytes. Peripheral blood mononuclear
cells were isolated from the patient and his
brother (S1, S2) and their parents (M, F) and
stained with the mAb W6/32 (pan-anti-HLA
class I), or 126.39 (anti-HLA-Bw6), or a control
IgG1 mAb. Mean fluorescence intensities of the
staining were quantified in the gated
lymphocyte subpopulations.

Figure 3 HLA class I deficiency of the patient
and his brother. Identification of a mutation in
the TAP1 gene. Genomic DNA from S1 and F
was amplified using the polymerase chain
reaction technique and the amplified fragments
were sequenced. The sequence was read on the
reverse complementary non-coding strand and
showed the presence of an A in the
homozygous mutated genome, at the position
where the superposition of an A and a G,
depicted as an N on the electropherogram, was
observed in the hemizygous genome of F.
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Optometric referrals: towards a
two way flow of information?
ommunity optometrists in the United
Kingdom carry out 17.2 million primary
eyecare examinations per annum,1 which
result in at least 0.5 million referrals to the
hospital eye service.2 3 Optometrists only
infrequently receive a reply to these refer-
rals,4 5 possibly because 69% are handwritten
on GOS18 forms,6 which can lack legibility6

and details.5 Most optometrist initiated refer-
rals take place via general practitioners
(GPs), who are increasingly likely to forward
the optometrist’s letter.6 We improved our
referrals and audited the replies.

Methods
The Institute of Optometry set minimum
criteria for referrals in 2004 by typing letters
on headed notepaper, including the practi-
tioner’s name, enclosing a second copy for
the GP to forward to the ophthalmologist,
and including text which explicitly requested
a reply.
In February–April 2005 we audited refer-

rals from 2004. Handwritten emergency
referrals, which make up less than 1% of
referrals, were not included.

Results
There were 181 referrals following 7164 eye
examinations, 51% were female, and the
reasons for referral are given in figure 1.
The provisional diagnoses for the ‘‘other’’
category include a wide range of conditions,
all with a prevalence of less than 3%.
A reply was requested in 95% of letters, but

was received for only 23 (13%). There was no
relation between the likelihood of reply and
the reason for referral (p=0.37).

Comment
The institute’s referral rate (2.5%) is lower
than previously reported for optometrists.2 3

This might reflect better facilities for mon-
itoring (for example, ocular hypertension) or
managing (for example, dry eye) conditions
and an ethos that encourages management
when appropriate.
Although our results are only for one centre

it is disappointing that, despite taking steps to

encourage a reply, this is still rarely forth-
coming. The proportion of referrals that receive
replies is so low (13%) that we think it unlikely
to be attributable to patients failing to consult
the GP or ophthalmologist after referral. For
the few ophthalmologists who do reply this is
not an onerous task: they instruct their
secretary to copy the reply to the GP to the
optometrist. The NHS code of practice on
confidentiality notes that explicit consent is
not usually required for information disclo-
sures that support the delivery of the patient’s
care.7 Even if it is thought necessary to obtain
consent, there is no good reason why the
ophthalmologist should not obtain this.4 The
issue of consent does not seem to be the main
reason for lack of replies: a study found that
ophthalmologists actually replied to a higher
proportion of referrals when the optometrists
had not obtained consent thanwhen they had.4

Replying to referrals helps optometrists
provide continuing patient care and avoids
possible errors from the optometrist relying on
the patient’s recollection of the ophthalmolo-
gist’s findings. Feedback also contributes to
optometrists’ professional development and
helps to ensure that inappropriate referrals
are minimised in the future.8

Now that direct referral from primary care
optometrists to secondary care ophthalmol-
ogy units is becoming more commonplace,9

we hope that a two way flow of information
will become the norm.
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Retinal changes in juvenile X
linked retinoschisis using three
dimensional optical coherence
tomography
Juvenile X linked retinoschisis is a congenital
X linked recessive retinal disorder, the char-
acteristic funduscopic findings of which are a
silver-grey retinal reflex, foveal retinoschisis,
and peripheral retinoschisis. Electroretino-
grams (ERGs) typically record a reduced b-
wave amplitude with relative preservation of
the a-wave amplitude. Visual acuity (VA)
usually deteriorates slowly until the patient is
about 20 years of age, stabilises around
0.2,0.5, and sometimes deteriorates further
because of macular degeneration.1–4

Podoleanu and associates developed a
novel integration of scanning laser ophthal-
moscopy (SLO) and optic coherence tomo-
graphy (OCT)—three dimensional optical
coherence tomography (3-D OCT).5 Using
transverse scanning, typical for SLO, the
instrument simultaneously produces SLO
and interferometric OCT images.6 We can
obtain both cross sectional scans (B-scans) as
with conventional OCT and transverse scans
(C-scans) using 3-D OCT. This is the first
report of 3-D OCT findings in juvenile X
linked retinoschisis.

Case report
A 7 year old boy presented with VA of 0.5 and
0.6 in the right and left eyes, respectively.
Funduscopy showed a silver-grey retinal reflex
and cartwheel-like macular degeneration bilat-
erally. Peripheral retinoschisis was absent.
ERGs were recorded and dark adaptation
testing was performed. Single flash ERG
showed decreased b-wave amplitude, which
was consistent with the diagnosis. Dark adap-
tation revealed a decreased curve overall.
The B-scan findings of 3-D OCT (fig 1)

showed the retina split into four distinct
planes. Two wide hyporeflective spaces split
the retina. Anteroposterior or oblique linear
columns were seen across the superficial
wide hyporeflective space, forming a bridge
that was not found in the fovea. These
columns are considered to be Muller cells by
OCT and histological studies.3 7 8

There was a large cystoid space in the fovea
connected to the superficial wide hyporeflec-
tive parafoveal space. A deeper wide hypore-
flective space was in the parafoveal retina but
disappeared in the fovea. Small cystoid
spaces in the superficial parafoveal retina
split the retina. Retinal cleavage involving the
fovea was found in the outer plexiform layer.
Superficial retinal cleavage was most likely in
the nerve fibre layer or the ganglion cell layer.
The deep retinal cleavage was in or just
around the outer nuclear layer. C-scan find-
ings of 3-D OCT showed the extent of the
cleavage planes and the hyporeflective spaces
(fig 2). Of particular note, the C-scans
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Figure 1 Reasons for referral.
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showed many columns in a large space
(schisis). This is in contrast with the B-scans
that showed the spaces between the columns
to be cystic spaces. The C-scans provided a
better understanding of this pathology.

Comment
Recently, conventional OCT findings of foveal
schisis were reported1 7 to be in the outer
plexiform layer and adjacent nuclear layers.
Histopathologically, foveal schisis was reported
to occur in the outer plexiform layer,2 although
peripheral retinoschisis was found in the nerve
fibre layer and ganglion cell layer.3

3-D OCT demonstrated that schisis can
occur in any retinal layers in juvenile X linked
retinoschisis. We obtained cross sectional and
transverse images of the retinoschisis with
near histological precision that showed the
details of the inner retinal structures and the
extent of the schisis. 3-D OCT is useful to
evaluate, non-invasively, the retinal pathol-
ogy and follow patients with juvenile X
linked retinoschisis.
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Linezolid induced toxic optic
neuropathy
Linezolid is a new oxazolidinone antibiotic
with activity against many important patho-
gens including methicillin resistant
Staphylococcus and penicillin resistant
Streptococcus.1 We report a case of toxic optic
neuropathy from chronic treatment with
linezolid. Correct diagnosis and discontinua-
tion of the drug resulted in significant
recovery of vision.

Case report
A 56 year old man presented with bilateral,
progressive decline in visual acuity for 6–
8 months. Medical history included chronic
diabetes mellitus, below the knee amputation
of the right leg, hypertension, sinusitis with
nasal allergies, and asthma. Several years

earlier he had fractured his left ankle and
developed osteomyelitis from methicillin
resistant Staphylococcus. He had received line-
zolid 600 mg by mouth twice a day for
12 months, then once daily for 44 months.
Other medications included rosiglitazone,
metoprolol, rifampin, furosemide, lisinopril,
amlodipine, insulin, and vitamin B complex/
folic acid for assistance with wound healing.
He was a non-smoker and consumed less
than one unit of alcohol per week.
Best corrected visual acuities were 20/400

in both eyes with eccentric fixation. Ishihara
colour plates were 1/8 right eye and 3/8 left
eye. No relative afferent pupillary defect was
present. Intraocular pressures were
16 mmHg in both eyes. 1+ nuclear sclerosis
was present in both eyes. Fundus examina-
tion revealed temporal optic nerve pallor with
a corresponding temporal nerve fibre layer
defect more evident in the right eye (fig 1)
and a normal macula in both eyes. Humphrey
visual field testing (full field 120 point
screen) revealed central scotomas in both
eyes (fig 2). Fluorescein angiography revealed
a normal macula without staining of the
peripapillary region in both eyes (not shown).
Optical coherence tomography (Stratus OCT,
Carl Zeiss Ophthalmic Systems Inc,
Humphrey Division, Dublin, CA, USA) of
the fovea revealed a central foveal thickness
of 205 (SD 5) mm right eye and 216 (4) mm
left eye and a normal macular volume
(7.28 mm3 right eye; 6.94 mm3 left eye).
Retinal nerve fibre layer thickness analysis
by OCT revealed a normal 360˚ average
measurement (79.55 mm right eye, 80.57 mm
left eye) with no significant change in
thickness detected in the temporal quadrant
(64 mm right eye and 58 mm left eye). Full
field scotopic and photopic electroretinogra-
phy demonstrated a normal amplitude and
latency in both eyes, as expected given the
small central scotoma.
The patient was diagnosed with bilateral

optic neuropathy; chronic use of linezolid
was suspected as the cause. Linezolid was
discontinued and the patient noted subjective
visual improvement within several weeks.
Three months later his vision improved to 20/
40 in both eyes with resolution of the central
scotomas (fig 2). There were 8/15 and 13/15
central fixation losses in the right and left eye
respectively initially; this improved to 4/15
right eye and 2/16 left eye 3 months after
discontinuing therapy.

Comment
Toxic optic neuropathy has been associated
with numerous compounds, including expo-
sure to ethylene glycol, methanol, isoniazid,
ethambutol, and fluoroquinolone, and defi-
ciency of vitamin B12, folate, and thiamine.2 3

Linezolid was approved by the FDA, based on
studies employing 28 days of administration.1

There have been five cases of optic neuro-
pathy associated with prolonged use of line-
zolid3–6 and more than 20 cases of peripheral
neuropathy including one individual who
developed both sequelae.6–9 In previous optic
neuropathy cases the duration of treatment
ranged from 5–10 months at a dose of
600 mg once or twice per day.3–6 All cases
were bilateral with initial vision decreased
from 20/60 to counting fingers both eyes.3–6

Discontinuation of therapy resulted in
improvement of the optic neuropathy with
significant improvement in visual acuity
within 1–8 months in all patients, although

Line M

Line N
Line P

Figure 1 B-scans of 3-D OCT. Two wide
hyporeflective spaces split the retina.
Anteroposterior or oblique linear columns form
a bridge across a superficial wide
hyporeflective space. In the same layer, there is
a large cystoid space in the fovea (line N). This
layer is probably the outer plexiform layer.
Deeper cleavage is seen in the parafoveal area
but not in the fovea (line P). This layer is
probably the outer nuclear layer. Small cystoid
spaces (arrowhead) are seen in the superficial
parafoveal retina that split the retina (line M).
This layer is probably the nerve fibre layer or
the ganglion cell layer.

Figure 2 C-scans of 3-D OCT. C-scans M, N, and P correspond to the same depth of the B-scans
(fig 1) in lines M, N, and P. *The location of the fovea. (M) A large cystic space is seen in the fovea
and the retina, which includes the small cystic spaces. The small spaces found in the B-scan are
confirmed in the C-scan. (N) This space is equivalent to a superficial schisis and shows the space in
the fovea and the columns around it. In B-scan images, the spaces between the columns are
hypothesised to be cystic space; however, in C-scan images, these spaces are not cystic, and many
columns can be seen in a large space (schisis). (P) This is equivalent to the deeper schisis and shows
the hyperreflective area (no schisis) in the fovea and the large space (schisis) around the fovea.
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residual deficits in central acuity or visual
evoked response may persist.3–6

Oxazolidinones inhibit bacterial protein
synthesis by binding to the 70S ribosomal

initiation complex.10 In nutritional optic
neuropathies, paracentral scotomas develop
from disruption in mitochondrial function in
retinal ganglion cells,8 which are more

susceptible to mitochondrial disruption.2

Mitochondrial dysfunction is the cause of
Leber’s hereditary optic neuropathy, chlor-
amphenicol induced bone marrow suppres-
sion, and optic neuropathy due to ethambutol
and a variety of antibiotics.2 11 12 It is likely
that the development of linezolid associated
optic neuropathy, manifest by the develop-
ment of central scotomas and temporal optic
nerve pathology, may be the result of a
similar mechanism.
It is important for ophthalmologists to

perform a complete review of systems and
elicit a history of prescription and non-
prescription medication use. Awareness of
the potential for linezolid induced optic
neuropathy is important since drug with-
drawal can lead to visual recovery.
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Figure 1 Top, photograph suggests subtle temporal pallor to the optic nerve in the right eye with a
nerve fibre layer defect temporally (arrow, upper left); left eye appears normal (arrow, upper right)
with no evident nerve fibre layer defect. Bottom, 3 months after discontinuing linezolid there is
temporal pallor and nerve fibre layer defects in the right eye (lower left), again with no definite
changes in the left eye (lower right).

Figure 2 Humphrey full field 120. Top left and right, left eye and right eye, respectively, demonstrating
central scotomas at presentation. Bottom left and right, left eye and right eye, respectively, showing
improvement in the central scotomas 3 months after discontinuation of linezolid.
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Delayed progressive visual loss
following wrapping of bilateral
clinoidal aneurysms: recovery of
vision and improvement in
neuroimaging during
corticosteroid treatment
Reinforcement with muscle, cotton, fibrin
glue, or some other material is an alternative
to clipping in some intracranial aneurysms1;
the surgeon must balance the need to create
local inflammation (to reinforce the arterial
wall) with the risk that the inflammation will
spread and damage adjacent structures.
Wrapping of clinoidal aneurysms, in particular,
rarely may produce delayed and severe visual
loss or ocular motor dysfunction.2–7 The clinical
course and potential outcome of damage to the
visual pathway, ocular motor tracts, or both
remains controversial, as does the optimum
management when visual loss occurs. We
present the case of a patient who developed
severe bilateral visual loss and neuroimaging
evidence of inflammation in the paraclinoid
and suprasellar regions 2 months after wrap-
ping of bilateral clinoidal aneurysms with
cotton and fibrin glue, but who recovered
visual function and whose neuroimaging
appearance improved after treatment with
systemic corticosteroids.

Case report
A 61 year old woman underwent magnetic
resonance imaging (MRI) and angiography
after experiencing a minor stroke. The studies
revealed aneurysms of the clinoidal portion of
both internal carotid arteries. Endovascular
treatment was unsuccessful. Accordingly,
craniotomy was performed. As neither aneur-
ysm could be clipped, both were wrapped
with cotton gauze saturated with fibrin glue.
The patient did well postoperatively until
2 months after surgery, when she noted
blurred vision in the right eye. An incomplete
left homonymous hemianopia associated
with a mild right optic neuropathy was
found, and MRI showed a thickened, nodu-
lar, enhancing area in the paraclinoid and
suprasellar regions with involvement of both
optic nerves and the optic chiasm.
Observation was elected, but the patient
developed a severe headache with worsening
visual loss over the next 6 weeks. Repeat MRI
showed an increase in the extent of the area
of the enhancing process (fig 1A), and the
patient was admitted to hospital.
At admission, visual acuity was 1/400

temporally in the right eye and 20/40 in the
left eye. Colour vision was markedly dimin-
ished in both eyes. Kinetic perimetry showed
an incomplete, incongruous left homon-
ymous hemianopia (fig 2A). There was no
relative afferent pupillary defect. Extraocular
motility was normal, as were corneal and
facial sensation. The right optic disc was
minimally pale; the left optic disc appeared
normal. Lumbar puncture showed normal
cerebrospinal fluid glucose and protein levels;
there were 14 mononuclear white blood cells.
Complete blood count and serum chemistries
were normal. An acute infectious aetiology
was determined to be unlikely, and the
patient was treated with intravenous dexa-
methasone 10 mg every 4 hours. Within
48 hours, visual acuity had improved to 20/
200 in the right eye and 20/30 in the left eye,
and the visual field of the right eye had
expanded temporally. Intravenous dexa-
methasone was continued at 6 mg every

4 hours for 2 days, and then reduced to
4 mg every 4 hours. After 7 days of treat-
ment, the patient’s visual acuity had
improved to 20/40 in the right eye and to
20/20 in the left eye, with further expansion
of the peripheral visual field of the right eye.
Repeat MRI revealed marked reduction in the
size and enhancement of the basal process.

The patient was discharged home on a
2 week tapering oral dose of dexamethasone.
Four weeks after discharge, the patient had

visual acuity of 20/20 with slightly dimin-
ished colour vision in each eye. An incon-
gruous, left homonymous hemianopia
remained (fig 2B–C), but as this visual field
deficit was scotomatous rather than absolute,

Figure 1 T1 weighted coronal MRI of head with gadolinium contrast (A) obtained at the time of
admission to hospital. An enhancing lesion surrounds the right internal carotid artery (ICA) and is
adjacent to a smaller enhancing lesion abutting the left ICA. The process extends into the right
temporal lobe. (B) 2 months after initiation of steroid therapy. Marked reduction in both the size
and extent of the lesions as well as the degree of contrast enhancement is noted.

Figure 2 Kinetic perimetry with incongruous left homonymous hemianopia (A) at the time of
admission and (B) performed after 4 weeks of steroid therapy, with marked expansion of the
peripheral visual field of each eye. Static perimetry results (Humphrey 24-2, SITA Standard), both
eyes, demonstrate the scotomatous nature of the residual visual field defects (C) after 4 weeks of
steroid therapy and (D) 2 years after steroid treatment for vision loss.
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the patient had been able to return to driving
and was now able to perform all of the
activities of daily living. MRI 6 weeks after
discharge showed no evidence of enhance-
ment or mass effect in the paraclinoid or
suprasellar region (fig 1B). Two years after
discharge and without further treatment, the
patient remains well with stable vision and
visual fields (fig 2D).

Comment
Reinforcement of unclippable intracranial
aneurysms with autologous or alloplastic
materials was proposed over 80 years ago,
with subsequent studies showing that only a
subset of these materials produce the desired
local effect.1 Unfortunately, some patients in
whom this treatment is used develop visual
loss, occasionally several months or years
after the surgery.6–9 Although both ischaemia
and infection are thought to be inciting
factors in some cases,10 most cases appear to
result from an inflammatory reaction to the
material used to wrap the aneurysm.6 7 The
reason that the material incites such a
reaction is unknown.
High quality MRI permits recognition of

the inflammatory process that usually is
found in cases of vision loss.3 4 Unlike in
recent reports,2–4 6 our patient presented with
a markedly enhancing bilateral process that,
after corticosteroid treatment, diminished
greatly in both size and degree of contrast
enhancement, providing an anatomical cor-
relate with the functional improvement
demonstrated clinically. In our patient, ther-
apy was initiated approximately 2 months
after the visual loss ensued, as was treatment
in the other cases where no diminution of the
inflammatory mass was seen. Thus, as noted
by others,6 it seems clear that some patients
recover spontaneously, some improve with
steroid treatment, some improve with sur-
gery, and some do not improve regardless of
treatment.
To date, there has been no reported

demonstration by MRI of size reduction of
the inflammatory mass after medical therapy
alone. We demonstrate here that cotton
associated inflammation may respond dra-
matically to anti-inflammatory therapy both
clinically and by neuroimaging. Furthermore,
this case suggests that wrapping of intracra-
nial aneurysms with cotton or cotton pro-
ducts reinforced with fibrin glue is justified
when no suitable alternative exists, and that
treatment with corticosteroids should be
pursued aggressively should visual loss and
imaging evidence of postoperative inflamma-
tion result, as non-surgical treatment may
result in both anatomical and functional
improvement. Should this treatment be
unsuccessful, a neurosurgeon should be
prepared to explore the patient and attempt
debridement of the inflammatory process.
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Visual loss may be due to silicone
oil tamponade effect rather than
silicone oil removal
We read with great interest the article by
Cazabon et al.1

In all the three patients it would have been
better to compare the visual acuity just before
the silicone oil removal than immediate
visual acuity after initial vitrectomy, because
contact of the eye with the silicone oil could
also be responsible for visual loss as it was
known to cause optic nerve damage, as
described in earlier reports.2

Earlier, Newsom et al also3 reported unex-
plained sudden visual loss following silicone
oil removal in seven patients. They also
observed only electrophysiological abnormal-
ities.
Maybe the unexplained visual loss could be

the result of optic nerve damage and diffuse
gangilion cell dysfuntion caused by a silicone
oil tamponade effect on the eye rather than
the procedure of silicone oil removal itself.
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Visual loss after silicone oil
removal
We read with interest the paper by Cazabon et
al1 on the important emerging problem of
sudden visual loss after removal of silicone
oil. We have seen a similar pattern of visual loss
in our own patients, typically in the macula on
detachments associated with giant retinal
tears. We have identified 12 cases in two units
(St Thomas’s, London, and Sunderland Eye
Infirmary), but five of these clearly had onset of
visual loss before oil removal (onset between
1 month and 5 months after oil insertion).2

Results of investigations were very similar to
those reported by Cazabon et al. In four of five
pattern ERG was suggestive of macular dys-
function. The timing of onset of visual loss
obviously alters the potential aetiology, which
as stated is unknown.
In their paper, information on acuity for

cases 2 and 3, between 1 week after oil
insertion and oil removal is not provided. Did
these cases have visual loss preceding oil
removal? Developing cataract can obviously
hinder interpretation of acuity measurements.
In our cases the symptoms described did not fit
with cataract (scotoma, red desaturation) and
persisted if any cataract was removed.
We have seen a further case since this

report, a 46 year old woman with a giant
retinal tear and macula-on retinal detach-
ment affecting the right eye. Acuity reduced
during the period of tamponade from 6/6 at
2 weeks after oil insertion to 6/36+1, which
did not recover after oil removal. She reported
a central negative scotoma. Electrophysiology
suggested macular dysfunction.
We have speculated that phototoxicity may

have a role, as oil transmits light more in the
blue spectrum than aqueous.3 The fat soluble
macular pigments, lutein and zeaxanthin, are
thought to protect the macula from photo-
oxidative damage. Silicone oil has previously
been reported to dissolve fat soluble elements
from the retina.4

We measured the macular pigment optical
density (MPOD) in this case using a modified
confocal scanning laser ophthalmoscope and
two wavelength autofluorescence technique
3 weeks after oil removal. The results showed
a substantially reduced MPOD in the eye that
had silicone oil compared to the fellow eye.
Although the peak MPOD, at the foveal
centre of both eyes was similar (0.47 right
versus 0.52 left), the MPOD at K degree,
1 degree, and 2 degrees eccentricity from the
foveal centre was markedly lower in the eye
that had silicone oil (0.12, 0.06, 0.02 respec-
tively versus 0.40, 0.22, 0.07).
Although MPOD varies greatly between

individuals, there is usually high interocular
symmetry in normal eyes.5 Further work is
required to determine whether or not this
relates to the visual loss and whether
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therapeutic supplementation may reduce the
risk of visual loss.
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Visual loss following silicone oil
removal
We congratulate Cazabon et al on their recent,
well illustrated, report.1 Their cases reflect a
similar group of seven patients we recently
observed at Moorfields Eye Hospital.2 They
were relatively young, 19–57 years old, had
macula-on, or ‘‘just off’’ retinal detachments.
Five of seven had giant retinal tears and the
others multiple posterior tears with retinal
detachment. Following vitrectomy and oil
insertion, vision was good and then fell when
the silicone oil was removed. The oil was in
place for between 105–220 days; three
patients had combined cataract surgery with
oil removal.
One difference between the reports is that

vision in our group fell immediately following
oil removal, whereas in Liverpool patients
reported visual loss at 1 week. Visual loss
could be severe, some lost vision to counting
fingers with a relative afferent papillary
defect, and all lost vision without macular
signs, optical coherence tomographic, or
angiographic changes.
The interpretation of electrophysiological

changes is different from that in our paper,
where macular dysfunction was associated
with generalised retinal dysfunction in some

patients and with an optic neuropathy in one.
In this paper only the macular function is
commented on, the 30 Hz cone flicker being
presented, and it is therefore difficult to
compare data without the full ISCEV data.3 4

It is not clear how the pattern visually evoked
potential (VEP) can be ‘‘normal’’ in case 1,
with a visual acuity of 6/36 and an abnormal
pattern electroretinogram (PERG); even in
macular disease with this level of visual
acuity and an abnormal PERG, the pattern
VEP is invariably abnormal.3

A recent report of optic neuropathy
induced by silicone oil may perhaps explain
our findings in one case.5 However, all the
other cases reported so far seem to point to a
new as yet unexplained phenomenon of
sudden visual loss following silicone oil
removal. Photoreceptor apoptosis, triggered
by rapid change in vitreous potassium con-
centrations, is an attractive theory, but more
work is required to elucidate this phenom-
enon further. In the meantime we advocate a
cautious approach to silicone oil in patients
with macular-on detachments.
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of neurological disease (Br J Ophthalmol
2005:89;1120–2) has been reprinted in this
issue due to an error in the final paragraph,
which has now been corrected.

CORRECTION

NOTICES

World Ophthalmology Congress
2006 – Brazil
The World Ophthalmology Congress (which
is replacing the International Congress of
Ophthalmology) is meeting in February 2006
in Brazil.
For further information on the congress and

committees, scientific program and coordina-
tors of different areas are available at the
congress website www.ophthalmology2006.
com.br

Vision 2020
The latest issue of Community Eye Health (No
54) assesses the progress of Vision 2020 at
the district level. For further information
please contact: Journal of Community Eye
Health, International Resource Centre,
International Centre for Eye Health,
Department of Infectious and Tropical
Diseases, London School of Hygiene and
Tropical Medicine, Keppel Street, London
WC1E 7HT, UK (tel: +44 (0)20 7612 7964;
email: Anita.Shah@lshtm.ac.uk; online edi-
tion: www.jceh.co.uk). Annual subscription
(4 issues) UK £28/US$45. Free to developing
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SCIENTIFIC REPORT

Intermittent exotropia increasing with near fixation: a ‘‘soft’’
sign of neurological disease
P H Phillips, K J Fray, M C Brodsky
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Aim: To examine the association of distance-near disparity with
neurological disease in children with intermittent exotropia.
Methods: A retrospective analysis was performed of the
medical records of all children with intermittent exotropia
examined at the Arkansas Children’s Hospital between 1989
and 2002. The study group consisted of children with
intermittent exotropia who had a near deviation that
exceeded the deviation at distance by at least 10 prism
dioptres. The control group consisted of children with
intermittent exotropia who had a distance deviation greater
than or equal to the deviation at near. The main outcome
measures were the prevalence of neurological abnormalities
in the study and control groups.
Results: Among the 29 patients in the study group, 19 (66%)
had a history of concurrent neurological abnormalities.
Associated neurological conditions included developmental
delay (10 patients), attention deficit disorder (four patients),
cerebral palsy (four patients), history of intracranial hae-
morrhage (four patients), periventricular leucomalacia (three
patients), seizures (two patients), cortical visual impairment
(two patients), hydrocephalus (one patient), history of anoxic
brain damage (one patient), history of encephalitis (one
patient), and autism (one patient). Among the 37 patients in
the control group, seven (19%) had a history of concurrent
neurological abnormalities. The difference in the prevalence
of neurological disease between the study group and the
control group was significant (p = 0.0002).
Conclusion: Intermittent exotropia increasing with near
fixation is associated with neurological disease in children.

C
hildren with intermittent exotropia often have an
exodeviation that increases with distance fixation.1 2

However, some children exhibit an exodeviation that
increases during near fixation. It has been our impression
that the latter group frequently has associated neurological or
neurodevelopmental disorders. To test this hypothesis, we
retrospectively reviewed the medical records of our patients
with intermittent exotropia.

METHODS
Retrospective analysis of the medical records of all children
with intermittent exotropia examined at the Arkansas
Children’s Hospital between 1989 and 2002. The study group
consisted of children with intermittent exotropia whose near
deviation was at least 10 prism dioptres greater than their
distance deviation. The control group consisted of children
with intermittent exotropia who had a distance deviation
greater than or equal to the deviation at near. Children who

had strabismus surgery were categorised by ocular motility
measurements obtained before their strabismus surgery.
Children who had undergone strabismus surgery before
examination by one of the investigators were excluded from
the analysis. In addition, children who had a near deviation
that was less than 10 prism dioptres greater than the distance
deviation, who had an inconsistent distance/near disparity, or
who were uncooperative for distance and near measurements
were excluded from the analysis. None of the patients had
amblyopia, ptosis, anisocoria, nystagmus, limited ductions or
any other associated ocular disease. The absence of amblyo-
pia was confirmed in preverbal children by the ability to
maintain central steady fixation with each eye and among
literate children, by the presence of visual acuity equal to or
greater than 20/30 in each eye and equal visual acuity in both
eyes.
All patients were examined by at least two investigators.

Cover/uncover testing was used to diagnosis intermittent
exotropia. Prism and alternate cover testing was performed
with distance (6 metres) and near (33 cm) fixation targets in
order to determine the magnitude of the exodeviation.
Accurate fixation and accommodation were assured by
having the patient identify different fixation targets as
measurements were being obtained. Depending on the age
and development of the patient, Snellen letters or Allen
symbols were used as fixation targets. Ocular occlusion was
not performed before obtaining the measurements noted
above. When possible, confrontation visual field testing was
performed to rule out hemianopic visual field deficits.
The charts were reviewed for the presence of associated

ocular, neurological and systemic diseases. All patients and
parents in the study and control groups were routinely
questioned at each visit regarding the presence of neurolo-
gical diseases including developmental delay, attention
deficit disorder, and seizures. Most of the patients diagnosed
with neurological disease were evaluated by a paediatric
neurologist or a child development specialist before their
ophthalmologic evaluation.

Statistical analysis
The prevalence of neurological disease and the sex distribu-
tion in the study and control groups were compared with a
two tailed x2 test. The age distribution in each group was
compared with a two sample t test.

RESULTS
A total of 94 children had intermittent exotropia. Twenty
eight children were excluded from the analysis. Reasons for
exclusion included insufficient cooperation for accurate
distance measurements (18 patients), an exodeviation at
near that exceeded the deviation at distance by less than
10 prism dioptres (eight patients), strabismus surgery that
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was performed before evaluation by one of the investigators
(one patient), and ocular motility measurements that were
inconsistent (one patient).
The characteristics of the study and control groups are

shown in table 1. The study and control groups did not differ
significantly with respect to sex and age at evaluation. The 29
patients in the study group had intermittent exotropia that
increased with near fixation with a mean deviation of
19 prism dioptres at distance and 35 prism dioptres at near.
Seventeen of these 29 patients had an intermittent near
deviation greater than or equal to 35 prism dioptres indicat-
ing robust fusional convergence amplitudes; 19 of these 29
patients (66%) had a history of concurrent neurological
abnormalities as listed in table 2.
The control group consisted of 37 patients with a mean

exodeviation of 30 prism dioptres at distance and 13 prism
dioptres at near. Seven of these 37 patients (19%) had a
history of concurrent neurological abnormalities as listed in
table 2. The prevalence of neurological abnormalities was
significantly higher in the patients who had an intermittent
exotropia that increased with near fixation compared with
the control group (p=0.0002). Despite the significant
difference in prevalence, the spectrum of neurological
abnormalities was qualitatively similar between both groups.

DISCUSSION
We found a high prevalence of neurological disease in
children with intermittent exotropia increasing at near
fixation. Exodeviations that increase during near fixation
have been associated with several neurological disorders
including head trauma, dyslexia, Parkinson’s disease, con-
genital central hypoventilation syndrome, subdural haema-
toma, and stroke.3–14 The term ‘‘convergence insufficiency’’
has been loosely applied to this heterogeneous group of
patients with exodeviations that become problematic
during near fixation. In this context, apparent convergence

insufficiency may arise from multiple mechanisms ranging
from decreased fusional convergence amplitudes, a low
accommodative convergence/accommodation ratio, accom-
modative insufficiency, poor convergence effort, poor accom-
modative effort, poor concentration, and pharmacological
effects of medications.3–14 We are unable to assign a specific
neurophysiological substrate to our study patients with
intermittent exotropia that increases with near fixation.
However, many of our study patients were able intermittently
to fuse large exodeviations, demonstrating that their con-
vergence amplitudes were greater than normal.
The magnitude of exodeviations at near is affected by

accommodative and convergence effort. We encouraged
accommodative and convergence effort by requiring our
children to identify fixation targets as measurements were
being obtained. However, we cannot exclude the possibility
that reduced accommodative or convergence effort may have
contributed to the high prevalence of exodeviations that
increase with near fixation in children with neurological
disease.
This study should be viewed in light of its inherent

limitations. Firstly, because our cohort was gleaned from a
children’s hospital population, our findings do not necessa-
rily reflect the prevalence of neurological dysfunction in the
general population. However, the increased prevalence of
neurological disease in our children with intermittent
exotropia that increases with near fixation compared with
our control group of patients suggests that this association is
real. Secondly, the prevalence of neurological disease was
determined from a retrospective chart review. Not every
patient was examined by a paediatric neurologist. However,
patients and parents were routinely questioned regarding the
presence of neurological disease at each visit. It is unlikely
that a more detailed paediatric neurological evaluation would
have disclosed clinically significant undiagnosed neurological
disease in a significant number of our apparently healthy
patients. Finally, we did not formally measure accommodative

Table 1 Characteristics of the study and control groups

Sex (no of females)
(mean)

Age (years)
(mean (SD))

Distance deviation
(prism dioptres)
(mean (SD))

Near deviation
(prism dioptres)

Study group (n = 29) 13 6.7 (8.3) 19 (10) 35 (11)
range 3–17 range 0–40 range 10–55

Control group
(n = 37)

17 4.4 (9.0) 30 (11) 13 (11)
range 3–14 range 14–60 range 0–45

p Value 0.87 0.24

Table 2 Neurological diseases in study and control patients

Neurological diseases

Study group (n = 29) Control group (n = 37)

No of patients* No of patients*

Developmental delay 10 4
Cerebral palsy 4 2
Attention deficit disorder 4 1
History of intracranial haemorrhage 4 0
Periventricular leucomalacia 3 1
Seizure disorder 2 4
Cortical visual impairment 2 0
History of hydrocephalus 1 0
History of anoxic brain damage 1 0
History of encephalitis 1 0
Autism 1 1

*Most patients had more than one neurological abnormality
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or convergence amplitudes in most of our patients with
intermittent exotropia that increases with near fixation.
Our study confirms a high prevalence of neurological disease

in children who have intermittent exotropia that increases with
near fixation. However, no patient was subsequently found to
have a serious treatable neurological lesion. As such, neuroima-
ging is not warranted, and further diagnostic evaluation can be
guided by the clinical history. Although the determinants of
increased near disparity in intermittent exotropia have yet to be
defined, this form of strabismus appears to be a ‘‘soft’’ sign of
neurological disease in children.
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