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Abstract

Purpose To correlate the response of topical

dorzolamide (Trusopt; Merck) in patients with

X-linked retinoschisis (XLRS) with genotype.

Methods We carried out a retrospective

evaluation of four patients (seven eyes) with

XLRS, treated with topical dorzolamide. The

change in best-corrected visual acuity (VA)

and central macular thickness (CMT; central

1mm subfield thickness) from optical

coherence tomography (OCT) was analysed

over the follow-up period, using Student’s

t-test. Each patient also had genetic analysis

for mutations in the retinoschisis gene (RS1).

Results The mean age at the start of

treatment was 14.7±11 years, and mean

follow-up duration was 21.7±7.7 months.

Mean CMT at the final follow-up was

significantly better than at baseline (291±123

vs 352±119lm, P¼ 0.007); however, mean VA

was worse (0.38±0.25 vs 0.31±0.24 logMAR

score, P¼ 0.041). All four patients had a

mutation in the RS1 gene; there was no

apparent association between the type of

mutation and the response to topical

dorzolamide.

Conclusion Topical dorzolamide may have

some effect in reducing central macular

thickness in patients with XLRS, but this does

not necessarily correlate with improvement

in VA. In our case series, genotypic

information did not predict the response to

this treatment.

Eye (2011) 25, 922–928; doi:10.1038/eye.2011.91;

published online 29 April 2011

Keywords: dorzolamide; X-linked retinoschisis;

macular oedema

Introduction

X-linked retinoschisis (XLRS) is a relatively rare

retinal dystrophy, with a prevalence of up to

1 in 20 000.1,2 It is however the most common

cause of macular dystrophy in young males.3–6

It usually presents in young boys in the first

decade with reduced vision. Typical clinical

features include macular schisis and peripheral

bilateral infero-temporal retinoschsis.7 Vitreous

syneresis and veils may also be present.8,9

XLRS is associated with mutations in the

retinoschisin (RS1) gene in Xp22.2, which

encodes the protein retinoschisin.10

Retinoschisin is mainly secreted by the

photoreceptors and also by the bipolar cells.

It has a discoidin domain thought to have a role

in cell adhesion.5,11,12 Mutation in RS1 results in

schisis (splitting) of the neural retina within the

superficial retinal layers, the inner limiting

membrane, the nerve fibre layer, and the

ganglion cell layer, leading to reduced visual

acuity (VA) in affected males.13–16

Three main underlying pathological

mechanisms are presumed responsible for

retinoschisin protein dysfunction. These include

defective assembly of the disulphide-linked

subunit, abnormal folding of the discoidin

domain, and inability of retinoschisin to insert

into the endoplasmic reticulum membrane (part

of the protein secretion process).11,17 XLRS

mouse models have helped to explore

underlying retinal pathology, with murine gene

therapy studies showing promising results.6,18,19

As the nerve fibre layer splits at the macula,

cyst-like structures develop in a cartwheel-like

pattern (‘stellate’ or ‘bicycle-wheel’

maculopathy). This is the cardinal sign of

XLRS.7 Unlike typical cystoid macular oedema,
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no late leakage is present on fluorescein angiography.20

Previously, macular schisis was regarded as untreatable.

However, recent reports suggest that carbonic anhydrase

inhibitors administered topically or systemically can

treat maculopathy, improving vision in approximately

two-thirds of patients.3,21–24

Only one other study has correlated genotype with

response to topical carbonic anhydrase inhibitors in

XLRS.23 In this study we present our findings of

correlating phenotype (the response to therapy with

carbonic anhydrase inhibitors) with underlying genotype

(mutations in RS1) in this rare population group.

Materials and methods

Subjects were identified from the medical retina clinic of

AJL at the Southampton Eye Unit. All patients had

clinical X-linked retinoschisis with macular schisis,

associated with mutations in the RS1 gene.

Baseline was defined as the clinic visit in which topical

dorzolamide (Trusopt; Merck, Whitehouse Station, NJ,

USA) was commenced. The follow-up period was

defined as the duration during which topical

dorzolamide was administered. Best corrected VA

measured by Snellen or logMAR charts was recorded at

baseline and at each follow-up visit. For purpose of

analysis, where used, Snellen VA was converted to an

equivalent logMAR score, where 0.00 was equivalent to

6/6 and 1.00 was equivalent to 6/60. Central macular

thickness (CMT) was measured at the majority of visits

with Optical Coherence Tomography (Stratus OCT; Carl

Zeiss Meditec, Dublin, CA, USA). OCT scans were all

taken in the morning between 0900 and 1300 hours. CMT

values were obtained from automated macular thickness

map analysis, based on the central 1 mm subfield

thickness.25

LogMAR VA and CMT at 3 months, 12 months, and

the final visit were compared with baseline values using

Student’s t-test (Microsoft Excel, Redmond, WA, USA).

Statistical significance was defined as Po0.05. Clinical

significance was defined as a change in logMAR score of

Z0.12, and CMT of Z19.6% (based on previously

reported normal variability between visits in nontreated

eyes).21,26

All patients underwent mutation scanning in the RS1

gene. This was performed by the East Anglian Medical

Genetics Service based at Addenbrooke’s Hospital,

Cambridge, UK. Fluorescent sequencing analysis of

exons 1–6 of the RS1 gene was performed and analysed

by Mutation Surveyor (Softgenetics, State College, PA,

USA). All mutation nomenclature was described

according to GenBank accession number AF014459

(where þ 1 is the A of the ATG translation initiation

codon). Treatment response based on genotype was then

investigated.

We certify that all applicable institutional and

governmental regulations concerning the ethical use of

human volunteers were followed during this research.

Results

A total of seven eyes (four patients) were included. Each

eye was treated with topical dorzolamide 2% three times

a day. The findings are summarised in Table 1. VA and

Table 1 Patient characteristics at baseline and over follow-up period

Patient Age at
start of
treatment

Eye Total duration
of treatment
(months)

Total
number
of visits

Initial
VA

VA at
3 months

VA at
12 months

VA at
final visit

Initial
CMT

CMT at
3 months

CMT at
12 months

CMT at
final visit

1 9.8 R 27 7 0.12 0.18 0.04 0.24 233 297 185 169
L 27 7 0.20 0.24 0.16 0.36 201 229 201 190

2 9.8 R 26 11 0.12 0.18 0.18 0.22 373 339 309 250
L 26 11 0.18 0.18 0.18 0.12 392 345 329 294

3 31.3 R F F F F
L 10 3 0.76 0.74 0.87 0.87 293 212 223 223

4 7.9 R 23 8 0.24 0.48 0.40 0.34 426 464 F 402
L 23 8 0.52 0.48 0.50 0.52 543 596 F 508

Mean 14.7 21.7 7.2 0.31 0.35 0.33 0.38 352 355 249 291

SD 11.1 7.7 3.3 0.24 0.22 0.28 0.25 119 135 65 123

P-value vs
baseline

F F F F 0.216 0.436 0.041 F 0.892 0.019 0.007

Abbreviations: VA, visual acuity (Snellen converted to equivalent logMAR scores); OCT CMT, optical coherence tomogram central macular thickness (mm).

Note that VA and OCT stated at 12 months refers to that measured at the visit closest to the 12-month point. OCT scans were not performed for patient 4

after the 6-month point.

The right eye of patient 3 was not treated with topical dorzolamide because of the presence of a retinal detachment. OCT scans not done at final follow-up

for patient 4Fvalues from last available OCT used for final follow-up (5 months post-baseline).
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OCT CMT changes over the follow-up period for each

eye are shown in Figure 1. All patients were treated

bilaterally, except for patient 3 (right eye not treated

because of irreversible macular damage from previous

scarring). The mean age at baseline was 14.7±11.1 years,

with a large range (7.9–31.2 years). Mean duration of

follow-up was 21.7±7.7 months.

For all eyes, mean VA at the 3- and 12-month point was

no different to baseline, although VA at the final visit was

actually significantly worse (0.38±0.25 vs 0.31±0.24

logMAR score, P¼ 0.041). No eyes demonstrated a

significant clinical improvement in VA at the final

visit, compared with baseline. One eye (patient 1, left

eye) had clinically significantly worse VA at the end of

follow-up.

Mean CMT at the 3-month visit was no different to

baseline, but improved significantly by the 12-month

point. CMT at the final visit was also significantly better

compared with baseline (291±123 vs 352±119 mm,

P¼ 0.007). A clinically significant reduction in CMT

was demonstrated in four eyes at the final visit compared

with baseline (patient 1, left eye, patient 2, both eyes,

and patient 3, left eye).

A more pronounced improvement in vision was

noticed in two eyes at the first follow-up visit at month 1

(patient 4, both eyes). This was accompanied by a small

corresponding drop in CMT in the left eye (21 mm);

however, the right eye CMT worsened slightly (by

14 mm). Indeed, at month 3 this patient was advised to

stop treatment in the right eye because of worsening

of VA with associated increase in CMT. In the next

follow-up visits following cessation of topical

dorzolamide, VA and CMT appeared to recover.

Otherwise, there were no adverse events.

When considering mean VA and CMT at all follow-up

visits compared with baseline, VA was no different

(0.33±0.23 vs 0.31±0.24 logMAR score, P¼ 0.39); mean

CMT was better, but not quite statistically significant

(328±132 vs 352±119 mm, P¼ 0.072). Both VA and CMT

measurements demonstrated high levels of intervisit

variability (Figure 2). Only one eye showed consistent

reduction in CMT at all follow-up visits (patient 3,

left eye). This happened to be the oldest patient.

Figure 3 shows the OCT scan at baseline and final

visit for all eyes.

Genotype data are summarised in Table 2. One patient

(patient 2) harboured two mutations in the RS1 gene.

However, no obvious relationship was observed between

genotype and response to topical dorzolamide 2%

eye drops.

Discussion

In our group of patients with XLRS treated with topical

dorzolamide, there was statistically significant

improvement in OCT CMT over the follow-up period,

but this was not accompanied with a corresponding

Figure 1 Change in VA and OCT over time from baseline. The
graphs, from top to bottom, show the change in VA (logMAR),
OCT CMT (mm), and percent change in OCT CMT over time, for
each study eye. Asterisk indicates point at which patient 4
stopped taking topical dorzolamide in the right eye (month 3).
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improvement in vision. Indeed, VA at the final visit was

statistically significantly worse compared with baseline.

Using our definitions of clinical significant change, four

out of seven eyes demonstrated a clinically significant

reduction in CMT. However, no eyes demonstrated

clinically significant improvement in VA.

Several studies in the literature report the use of

topical dorzolamide in XLRS. Apushkin and Fishman21

treated eight patients aged 21–47 years old with XLRS for

up to 6 months. They found that seven had a noticeable

reduction in CMT; five also had improvement in VA by

Z7 letters in at least one eye. Genead et al24 treated 15

patients (29 eyes) with XLRS aged 18–53 over a longer

follow-up period (mean 16.5 months). They found that

17 eyes demonstrated a reduction of CMT, and 16 eyes

had an improvement of VA of at least 7 letters. They also

noticed that five eyes experienced a ‘rebound’

phenomenon, where CMT levels returned during the

treatment period to at least baseline levels. They

suggested patients receiving topical dorzolamide to be

observed closely for lack of response or potential

rebound. It is possible that patient 2 in our study

experienced a rebound phenomenon in CMT at the

2-year point in both eyes, which resolved at the next visit.

Figure 2 Mean change in VA and OCT CMT at all visits
compared with baseline. The upper graph shows mean change
in VA (logMAR), and the lower graph shows mean change in
OCT CMT, at all visits compared with baseline. The error bars
indicate 1 SD. *Clinically significant change.

Figure 3 OCT scans at baseline and final visit. OCT scans for all
eyes at baseline are shown on the left, and final follow-up (F/
Up) visit scans on the right. Note that OCT scans were not done
at final follow-up for patient 4Fscan from last available OCT is
shown (5 months post-baseline).
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Alternately, this may have been because of inconsis-

tencies in OCT measurement.

Walia et al23 treated 7 patients with XLRS aged 19–38

years with topical dorzolamide, for 2–26 months, and

correlated this with genotype. A clinically significant

improvement in CMT was observed in three of four

patients with absence of protein secretion, in two with a

lack of protein secretion, and in one patient with

nonfunctional protein secretion. They concluded that

response ‘to dorzolamide in patients with XLRS may be

observed independent of the mechanism responsible for

retinoschisin protein dysfunction’. However, the

observed mutations in these were different to the ones

observed in our patient group, with changes mainly

occurring in exons 4 and 5 of the RS1 gene. Our report

adds to the findings of Walia et al23 in this rare population

group. The age, however, of our study population was

noticeably younger than those previously reported.

A lack of relationship between improvement in VA

and macula thickness in our study suggests that an

anatomical improvement in macular thickness may not

necessarily translate into patient subjective benefit.

However, there may still be longer-term benefit in

restoring anatomical integrity, to preserve retinal

architecture, reduce permanent damage, and limit

progressive atrophy.27 This, together with the lack of

alternative options, was the rationale for continuing

treatment with topical dorzolamide throughout the

follow-up period, despite no obvious clinical benefit

in VA.

Of interest, the patient who had consistently clinically

significant improvement in macular thickness at each

visit was the only adult of our case series. This suggests

that compliance with daily drops three times a day in

children may be an issue. In particular, the midday

dose may be difficult to administer in the school

environment, especially if teachers are not comfortable

with eye drop installation. Compliance may be further

affected by the local side effects of topical dorzolamide,

which include localised burning, stinging, and redness.28

It may be preferable to use topical brinzolamide, an

alternative topical CAOI (Azopt, Alcon, Hünenberg,

Switzerland), which is administered twice a day, and

may have a better side-effect profile.29,30 Additionally,

compliance may have also been an issue with VA

measurements and OCT scanning, and this may have

caused the large intervisit variability seen.

There are several possible mechanisms of the action

that may explain any beneficial effect of topical

dorzolamide in patients with XLRS. CAOIs may decrease

the levels of subretinal fluid, either directly by active ion

transport or indirectly by an increase in acidification,

with secondary changes in ion and therefore fluid

transport.31–33 CAOIs may also act by enhancing

adhesiveness of the retina to the RPE, increasing

production of otherwise deficient retinoschisin, or by

stimulation of RPE removal of soluble retinoschisin

within the cystic spaces.21,32,34,35

In this case series, we did not notice any relationship

between genotype and observed response to topical

dorzolamide. However, it is difficult to draw any

substantial conclusions from a small case series. Larger

numbers with longer follow-up would be useful to

investigate the influence of specific mutations further,

especially as the exact effect of mutations on response to

topical CAOIs in XLRS is still unclear. Longer-term

follow-up would provide more detail on the long-term

benefits/side effects of topical dorzolamide in XLRS.

However, XLRS is a rare disease, and investigating a

large case series may be practically difficult to

carry out.

In conclusion, topical dorzolamide appears to have

some effect in reducing central macular thickness in

young patients with XLRS, but does not correlate with an

improvement in VA. Patients on treatment should be

observed for potential rebound phenomena. Compliance

with drops may be an issue, especially with the typically

young age of the patient population. There was no

relationship between genotype and response to treatment

in this study. However, this is only a small case series and

further studies would be useful to examine this

relationship.

Table 2 Genetic analysis of patients

Patient Mutation in RS1 gene Base change Effect on retinoschisin protein

1 Single-nucleotide duplication in exon 6 of RS1 579dupCa Frame shift: Ile194Hisfs
2 (a) Single-nucleotide substitution in exon 1 (a) 35T4Ab (a) Leu12His. Predicted to interfere with

protein trafficking
(b) Single-nucleotide substitution at exon

1/intron 1 splicing boundary
(b) 52þ 5G4Cb (b) Predicted to affect mRNA splicing.17

3 Single-nucleotide substitution in exon 6 of RS1 638G4Aa Arg213Glu
4 Single-nucleotide substitution in exon 6 of RS1 589C4Ta Arg197Cys

aPreviously reported.27,28

bPreviously reported to segregate together.28
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