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Purrose. To determine the efficacy and prognostic factors associated with carbonic
anhydrase inhibitors (CAD in the treatment of cystoid macular edema (CME) in retinitis
pigmentosa (RP).

MerHoDSs. This was a cohort study of 81 subjects who were assessed before and after
treatment. Spectral-domain optical coherence tomography (SD-OCT) was used to quantify
CME. A reduction of at least 11% in central subfield (CSF) thickness was defined as objective
evidence of response.

Resurrs. In the 125 eyes that received topical dorzolamide, 40.0% demonstrated a response to
treatment with a mean reduction in OCT CSF thickness of 105 pm (95% confidence interval
[CI]: 82, 128). Mean starting visual acuity (VA) increased from 6/15 to 6/12 after a median
time on treatment of 3.0 months. In patients prescribed oral acetazolamide, 28.1% of eyes
(41.2% of patients) showed improvement in mean OCT CSF thickness of 115 um (95% CI: 52,
177) over a median treatment interval of 4.0 months. Visual acuity improved from 6/15 to 6/
12. Eyes that responded to topical dorzolamide were more likely to have autosomal recessive
than autosomal dominant RP (44.6% vs. 23.3%, P = 0.02), and a higher mean baseline OCT
CSF than eyes that did not respond (P = 0.02).

Concrusions. We report that 40.0% of eyes (53.1% of patients) showed an objective
improvement in CME after treatment with topical dorzolamide and 28.1% of eyes (41.2% of
patients) after treatment with oral acetazolamide. Autosomal recessive RP and greater initial
central retinal thickness predicted response to treatment with topical dorzolamide.
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Retinitis pigmentosa (RP, OMIM #26800) is the most
common group of inherited retinal disorders. It is
genetically heterogeneous and is often classified according to
the inheritance pattern, with autosomal dominant (AD),
autosomal recessive (AD), and X-linked (XL) forms recognized.
Over 100 genes/loci have been identified underlying RP.! Visual
loss occurs from progressive degeneration of photoreceptors
and the presence of complications such as cystoid macular
edema (CME), epiretinal membrane, and cataract. The preva-

growth factor agents'>'® may be of some benefit in treating
CME.2 In the largest case series to date, topical dorzolamide
was effective in reducing CME in 67% of patients'”; smaller
cases series suggest a higher response rate of up to 81%.!%1°
Areas of uncertainty include the magnitude of effect, effect on
visual acuity, and predictors of response. We therefore
conducted a retrospective cohort study of 81 patients with
RP and CME to determine the efficacy of treatment with topical
dorzolamide and oral acetazolamide, and to assess predictors of

lence of CME in patients with RP is not known with certainty,  response.

but clinic-based surveys report a range of between 11% and

20% detected by fluorescein angiography and ophthalmosco-

py,>> and 38% to 49% on optical coherence tomography METHODS

(OCT).2%7 Specific forms of RP such as those associated with .
Patients

autosomal dominant rhodopsin (RHO) mutations may be
associated with more severe and earlier onset of CME.8

A number of treatments have been reported to have some
success in managing CME in RP? However, there are no masked
randomized clinical trial data available to guide management.
Interventional case series suggest that topical and oral carbonic
anhydrase inhibitors (CAD such as dorzolamide and acetazol-
amide,? 10 intravitreal triamcinolone,!'2 intravitreal dexameth-
asone implants,B’“ and intravitreal antivascular endothelial

This retrospective cohort study included 81 patients seen in the
inherited retinal dystrophy clinics at Moorfields Eye Hospital
NHS Foundation Trust, London, United Kingdom, from January
2012 to December 2012 inclusive. Patients were included in
the study if they had CME secondary to RP and were started on
either topical dorzolamide or oral acetazolamide therapy.
Patients were excluded if they had CME secondary to other
causes such as epiretinal membrane, vitreous traction, diabetes,
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vascular occlusions or uveitis; if they did not have OCT
scanning performed on at least two visits to monitor for CME
changes; if they had cataract surgery in the preceding 2 years
as this may contribute to postoperative CME; and if they had
received any previous treatment for CME in the preceding year.
The study was approved by the Human Research Ethics
Committee of Moorfields Eye Hospital NHS Foundation Trust.

The diagnosis of RP was based on a history of nyctalopia
and evidence of peripheral visual field constriction, character-
istic fundus findings on ophthalmoscopic examination, pres-
ence of fundus autofluorescence abnormalities such as
peripheral hypoautofluoresence and central perimacular hy-
perautofluorescent rings, and full field ERG testing suggestive
of rod-cone dystrophy. Electroretinogram testing was per-
formed according to the International Society for Clinical
Electrophysiology of Vision (ISCEV) standards.'?>-14 Pedigrees
were constructed for all patients and RP was categorized as
autosomal dominant (e.g., one affected parent or child, equal
gender distribution), autosomal recessive (e.g., no affected
parents, consanguinity) and X-linked RP (e.g., males only, no
male-to-male transmission, mothers may have signs). A limited
number of patients had a molecular diagnosis.

Snellen best-corrected visual acuities (BCVAs) at baseline
and subsequent visits were documented and converted into
logarithm of the minimal angle of resolution (IogMAR) values
for statistical analysis. The Spectralis HRA + OCT with viewing
module version 5.1.2.0 (Heidelberg Engineering, Heidelberg,
Germany) was used to acquire autofluorescence images as well
as SD-OCT images. The protocol for SD-OCT included a dense
horizontal linear scan centered on the fovea and the software
interface (HEYEX version 1.6.2.0; Heidelberg Engineering) was
used for registration of blood vessels to facilitate longitudinal
analysis of changes in central retinal subfield (CSF) thickness.
We defined response to therapy as reduction of 11% or greater
in CSF thickness after initiation of therapy to be comparable
with previous studies.!”2° This magnitude of reduction has
previously been reported as an objective outcome!”-2° and is
considered to be a significant change that cannot be accounted
for by intervisit variability in measurement.?°

Statistical Analyses

We used statistical software (SAS version 9.2; SAS Institute,
Cary, NC, USA) was used for analyses. Fishers’ exact test was
used for comparing categorical variables. Mean 1ogMAR visual
acuity and OCT CSF thickness were compared using the #test
with a two-tailed distribution. Other analyses were conducted
using the nonparametric Kruskal-Wallis test. Results were
considered significant if P < 0.05.

RESULTS

This study examined 64 patients (125 eyes) who were treated
with topical dorzolamide 2% and 17 patients (32 eyes) who
were treated with oral acetazolamide 250 mg slow release
twice a day or 500 mg once a day. Baseline characteristics of
the patients are presented in Table 1. The mean age of patients
started on dorzolamide was 45.4 (= 15.3) years while that of
patients started on acetazolamide was 36.0 (*11.3) years.
Females comprised 42.2% and 50.0% of patients started on
dorzolamide and acetazolamide, respectively. Of patients
receiving dorzolamide, 25.0% had autosomal dominant RP,
73.4% had autosomal recessive RP, and 1.6% had X-linked RP.
Of those receiving acetazolamide, 50% had autosomal domi-
nant RP and 50% had autosomal recessive RP.

In the 125 eyes that received topical dorzolamide, 40.0%
demonstrated a response to treatment with a mean reduction
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Tasie 1. Baseline Characteristics of Patients in Study
Dorzolamide 2% Acetazolamide
n =64 n=17

Age, y (SD) 45.4 (15.3) 36.0 (11.3)

Female, n (%) 27 (42.2) 9 (2.9

Retinitis pigmentosa, (%)

Autosomal dominant, 7 (%) 16 (25.0) 9 (52.9
RP1 3 1
PRPF31 2 2
RHO 3
IMPDH1 1
NRL 1 1
RP9 1
PRPF8 1
Unknown/not tested 6 3

Autosomal recessive, 7 (%) 47 (73.4) 8 (47.1)
USH2A 2 1
CRB1 1
Unknown/not tested 44 7

X-linked 1 (1.6%) 0
Unknown/not tested 1

Autosomal dominant, autosomal recessive, and X-linked were
determined clinically, with molecular confirmation in some patients.

in OCT CSF thickness of 105 pm (95% confidence interval [CI]:
82, 128; Table 2). Mean starting visual acuity increased from 6/
15 to 6/12 after a median time on treatment of 3.0 months. At a
patient level, 53.1% of patients showed an improvement in at
least one eye (Table 2). In the 60.0% of eyes (46.9% of patients)
that did not respond to treatment, OCT CSF was essentially
unchanged and VA remained unchanged at 6/15 before and
after treatment over a median of 3.0 months.

Oral acetazolamide treatment was prescribed to 17 patients
(32 eyes); 28.1% of eyes (41.2% of patients) showed an
improvement in mean OCT CSF thickness of 115 pum (95% CI:
52, 177) over a median treatment interval of 4.0 months (Table
2). Visual acuity improved over this period from 6/15 to 6/12.
Among nonresponders, there was no appreciable change in
mean OCT CSF thickness and VA remained the same at 6/12.

In Table 3, predictors of response to topical dorzolamide
were examined. It was found that 44.6% of eyes with
autosomal recessive RP showed a response, compared with
23.3% of eyes with autosomal dominant RP (P = 0.02). Both
eyes with X-linked RP showed a response. Eyes that responded
had a higher mean starting OCT CSF than eyes that did not
respond (P = 0.02). Mean age at treatment and length of
treatment did not predict response to dorzolamide. A similar
relationship was observed with oral acetazolamide whereby
more eyes with autosomal recessive RP (40.0%) than autosomal
dominant RP (17.7%) responded to treatment, although this
difference was not statistically significant (Table 3).

The Figure shows some examples of patients with
autosomal recessive RP and CME who responded well to CAI
therapy.

We performed sensitivity analyses where we defined
response as a 20% change in OCT CSF thickness and found
the same results. Autosomal recessive RP and greater initial
OCT CSF thickness remained the only predictors of response
to topical dorzolamide (P = 0.01 and P < 0.001, respectively).

We repeated analyses after excluding patients with follow
up less than 2 months (one patient each at 1 and 1.5 months’
follow-up) and found essentially the same results.
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Y N DISCUSSION
= =) n . .
> S S Cystoid macular edema is one of the few treatable causes of
& visual loss in RP. In this retrospective cohort study of 125 eyes
" in 64 patients treated with topical dorzolamide, we report that
g o 40% of eyes (53% of patients) showed an objective improve-
g %::: g ‘£ g g ment in CME after a median of 3 months of treatment (range,
g g % e L 1.5-12.0 months). This reduction in CME was associated with a
c & "y Ry modest improvement in mean VA from 6/15 to 6/12. A further
gsv Ss S< 32 eyes in 17 patients were treated with oral acetazolamide
= and 28% of eyes (41% of patients) showed an improvement
- after a median of 4 months of treatment (range, 2.0-12.0
] P AR A& months). Mean VA in responders improved from 6/15 to 6/12
g gbé S 5 S S but this difference was not statistically significant. Mean visual
2 2 S8 =3 acuity in nonresponders to topical dorzolamide or oral
§42 Tz IS acetazolamide remained unchanged after treatment.
s > Our findings suggest a somewhat lower efficacy for topical
dorzolamide than reported by other investigators (Table 4).
g ’g}b 55 2a Genead et al.!” in a retrospective case series of 64 eyes from 32
g 5 g SERRSRE patients with Usher syndrome or RP reported that 60% of eyes
ot 8 & T (67% of patients) showed an improvement in CME using the
g g g 2o oo same objective OCT criteria as in our study. Grover et al.?° in a
=S ‘§ co oo nonrandomized clinical trial of 15 patients, reported improve-
= DR ment in CME according to similar criteria in 87% of patients.
Ikeda et al.'® studied 16 eyes of 9 patients and reported that
s 81% of eyes had a reduction in retinal thickness, although in
o ] this study any absolute reduction was taken to signify a
S .% a 8 e A response. Possible reasons for the lower response rate in our
g = ‘;’ SIS study include the nonrandom allocation of patients and use of
T = 5\ N - objective OCT criteria to define response, as compared to
259D el ©llg previous studies, some of which used more subjective
BRI N o | S . . ) . .
g : i S — 2 angiographic evidence of response. Differences in age range
= Q E and duration of follow-up, and different degrees of initial
2 2 severity of CME among the different studies may also explain
s g some of the differences in response rates reported. In our
- s 4 study, nonresponders were continued on treatment for a
S g g median of 3.0 months (range, 2.0-16.0 months) and longer
~ NN . . .
RS Z @ oA g Eoow treatment duration may have resulted in a higher percentage of
é; o3 38 |8 g responders. Some studies have reported treatment for 1 month
S| fsrYo O | o is sufficient to determine if treatment should be discontin-
£ A - é £ ued.?®
R~ 3 -3 In the current study, a higher proportion of eyes responded
_ § TJ to topical dorzolamide (40%) than to oral acetazolamide (28%).
8 a\°, N88a~mR |8 £ These proportions are not directly comparable as the patients
GC) g Ry % @ T“ @ = = § were not assigned randomly to each treatment. There are few
S £ § i ggroan = 8 head to head studies comparing acetazolamide to dorzolamide.
O T e g ¢ Grover et al.?! reported results from a prospective, double
= g = 5 masked, cross-over study of five patients that all (100%)
S S _5‘ % _S showed angiographic improvement with oral acetazolamide,
w 5 o z 8 compared with two (40%) who improved with topical
> K é = £ dorzolamide. Again differences in patient age, initial severity
o g 5 z B of CME and methods of assessing CME may underlie
> < fg" & g differences reported in our cohort compared to other cohorts.
(o g g 8 s § We examined prognostic factors for response to treatment
% A " § oy 5 and found that autosomal recessive RP and greater initial
c *3 i gg E central retinal thickness predicted a favorable response to
= ‘g 5 3 @ § 3 topical dorzolamide. To our knowledge, no predictors of
c o) = = ) response have previously been reported in the literature.
z £ g 9 €5¢ Although autosomal recessive and autosomal dominant RP are
Q £ g g T 7 S genetically heterogeneous disorders, they have in general
o 3 8 @ g” e % L distinct clinical presentations with earlier onset and greater
G>J 2 g S P=R R z g severity in autosomal recessive RP2? Further, the most
= 2, ST9% ‘; g §~; = common cause of autosomal dominant RP is mutations in
% g:) 5 gy § = g v Z 3 rhodopsin (RHO), which accounts for approximately 30% of
= s E g =3 g g =% é % ‘; cases,?? and may in some cases be associated with more severe
8 S E < & 8 ,3 & & 2= and earlier onset of CME.® It is possible that response to
S g 8| SES gL S |Ht therapy may be similarly different. The observation that
= E gl a 2 patients with greater initial central retinal thickness have a
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TaBie 3. Predictors of Response to CAI

Topical Dorzolamide Oral Acetazolamide
Response Eyes No Response Eyes Response Eyes No Response Eyes
n = 46, n (%) n = 69, n (%) P Value* n=9, n(%) n = 23, n (%) P Value*
Retinitis pigmentosa
AD 7 (23.3) 23 (76.7) 3177 14 (82.49)
AR 37 (44.6) 46 (55.4) 6 (40.0) 9 (60.0)
XL 2 (100.0) 0 (0.0) 0.02 0 0 0.24
Median age at treatment, y (range) 46 (12-68) 49 (20-76) 0.13 39 (20-50) 35 (13-58) 0.30
Mean starting OCT CSFT thickness,
um (95% CD 413 (381, 446) 363 (335, 391) 0.02 452 (371, 532) 394 (352, 437) 0.16
Median length of treatment, mo
(range) 3.0 (1.5-12.0) 3.0 (2.0-16.0) 0.89 4.0 (2.0-12.0) 4.0 (1.0-16.0) 0.92

* Fishers’ exact test was used for comparing categorical variables (AD, AR, XL cases). Mean starting OCT CSFT was compared using #-test. Other
analyses were conducted using the nonparametric Kruskal-Wallis test.

better response to dorzolamide (mean starting CSF of 413 um The mechanism by which CAIs reduce CME remains
in responders compared to 363 um in nonresponders) is unclear.? Some authors have theorized there is an imbalance
consistent with the response to therapy in other conditions in the distribution of RPE membrane bound carbonic
where CME occurs, for example in retinal vein occlusions and anhydrase isozyme IV in CME, with greater density in the
diabetic macular edema.?* basolateral than apical domains.>?>2° Carbonic anhydrase

Ficure. Spectral-domain OCT of three patients with CME showing response to carbonic anhydrase inhibitors. (A) Near-infrared images of left eye
of 62-year-old female patient with autosomal recessive retinitis pigmentosa (USH2A-associated), visual acuity 1/60 prior to treatment. (B) Spectral-
domain OCT image showing central CME. (C) Same patient after 9 months of treatment with topical dorzolamide three times a day showing marked
improvement in cystoid macular edema but without any improvement in visual acuity. (D) Near-infrared image of Left eye of 20-year-old female
patient with autosomal recessive retinitis pigmentosa and a clinical diagnosis of Ushers syndrome type 1. Visual acuity prior to treatment was 6/18.
(BE) Spectral-domain OCT image showing central CME. (F) Same patient after 4 months of treatment with topical dorzolamide three times a day
showing improvement in cystoid macular edema. Visual acuity improved to 6/12. (G) Near-infrared image of Right eye of 38-year-old female with
autosomal recessive retinitis pigmentosa with vision of 6/36 prior to treatment. (H) Spectral-domain OCT image showing central CME. (I) Same eye
of patient after 7 months of treatment with 250 mg slow release oral acetazolamide twice a day and improved vision to 6/18.
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TaBie 4. Table of Studies With 5 Patients or More That Examined CAI in Treatment of CME in RP

Treatment Authors Year  Patients, n  Responders, % CME Definition
Oral acetazolamide Cox et al.? 1988 6 66% Fluorescein angiography
Fishman et al.'® 1989 12 50% Fluorescein angiography
Grover et al.?! 1997 5 100% Fluorescein angiography
Apushkin et al.>® 2007 6 100% OCT
Oral methazolamide Fishman et al.3! 1994 17 53% Fluorescein angiography
Shahidi et al.3? 1994 6 83% Fluorescein angiography and retinal thickness analyzer
Topical dorzolamide Grover et al.?! 1997 5 40% Fluorescein angiography
Grover et al.° 2006 15 87% OCT
Fishman et al.33 2007 8 100% oCT
Genead et al.!” 2010 32 63-67% OoCT
Ikeda et al.'® 2011 9 >81% OCT
inhibitors have a greater inhibitory effect on basolateral than Acknowledgments

apical isozymes, leading to a more normal distribution of
carbonic anhydrase activity and polarity of RPE cells and
subsequent fluid egress from the retina into the choroid.?® This
view is supported by a study showing reduced fluorescein
leakage from the RPE in CME following application of
azetazolamide.® Other studies have observed that carbonic
anhydrase inhibitors reduce fluorescein leakage primarily from
the perifoveal capillaries,!® suggesting a direct effect on the
retinal vasculature may be responsible for the improvement in
CME. This view is supported by work demonstrating that
carbonic anhydrase inhibitors directly improve retinal blood
flow and oxygenation,?’-2° potentially restoring the normal
mechanisms by which CME is resolved.

Strengths of this study include the largest cohort reported
to date and objective measurement of CME on SD-OCT.
Limitations of the study include the retrospective, observa-
tional design without a randomized control group, which
renders our estimates of efficacy less reliable than those from a
randomized controlled trial. To our knowledge, no such trial
exists nor are any planned. Differences in the response rates
from our study and others published in the literature may be
related to different patient mix (e.g., age, initial severity of
CME, methods of assessing CME) in the various studies.
Another limitation is that the majority of patients did not have a
molecular diagnosis. Such information would be important to
determine if response to carbonic anhydrase inhibitors is
dependent on genotype. Finally, there were only two eyes from
the same patient with X-linked RP in this study, and both eyes
showed an improvement in CME with topical dorzolamide.
These numbers are too small to draw meaningful conclusions
and further research regarding the efficacy of dorzolamide in
this group of patients is needed. Future research should focus
on the need for a multicentered randomized controlled trial to
address these issues, and to clarify if mutation type plays a role
in determining response to CAI. Rebound CME may occur,
usually within 3 months of treatment,?® and additional
monitoring with longer follow up would be useful to detect
this. This was not an aim of the current study and we are not
able to report on rates of rebound CME.

In conclusion, we report that 40% of eyes (53% of patients)
showed an objective improvement in CME after a median of 3
months of treatment with topical dorzolamide. Visual acuity in
these patients improved modestly from 6/15 to 6/12. In
patients treated with oral acetazolamide, 28% of eyes (41% of
patients) showed an improvement in CME after a median of 4
months of treatment. In patients treated with topical dorzola-
mide, those with autosomal recessive RP and with greater
initial central retinal thickness were more likely to respond to
treatment.
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