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Purpose: Topical carbonic anhydrase inhibitors (CAIs) can influence retinal fluid distri-
bution, but their role in treating central serous chorioretinopathy (CSCR) has not been
studied. We examined the efficacy of a topical CAI (dorzolamide) in treating chronic
CSCR.

Methods: Prospective, nonrandomized, controlled intervention study of patients with
chronic CSCR of at least 3 months duration. Observed controls (n = 15) were recruited
consecutively from 2016 to 2017; treated cases (n = 18) were recruited from 2018 to
2019. Controls were observed without active intervention, whereas treated cases were
treated with topical dorzolamide for 3 months. The study end points were change in
central macular thickness (CMT), change in best corrected visual acuity (BCVA), and
proportion of eyes achieving complete resolution of subretinal fluid (SRF). All end points
were at 3 months.

Results: Treated patients who received topical CAI had greater reduction in CMT
(−145.6 μm, 95% confidence interval [CI] −170.5 to −120.7) compared to observed
controls (−45.1 μm, 95% CI −65.3 to −25.1) at the main study end point of 3 months
(P = 0.015). A higher proportion of treated patients achieved complete resolution of
SRF compared to observed controls (77.8% vs. 40.0%, P = 0.04) at 3 months. However,
change in BCVA at 3 months was similar in both groups (P = 0.12).

Conclusions: Topical CAI resulted in more rapid reduction of CMT compared to obser-
vation. These results, if confirmed in other studies, suggest topical CAI may be a viable
treatment option for patients with chronic CSCR.

Translational Relevance: Topical CAI is used to treat a number of retinal disorders, and
may be a novel treatment option for chronic CSCR.

Introduction

Central serous chorioretinopathy (CSCR) is the
fourthmost common cause of retinal vision loss.1–3 It is
characterized by accumulation of fluid in the subretinal
space. Acute CSCR usually resolves within 3 months,
whereas chronic CSCR persists beyond 3 months and
can continue for years.1,2 Chronic CSCR can be a sight
threatening disease with legal blindness ensuing in over

10% of patients.4 The underlying pathophysiology is
believed to involve retinal pigment epithelium (RPE)
dysfunction resulting in reversal of normal fluid flow
across the retinal layers.2,3 This RPE dysfunction may
be precipitated by an increase in endogenous or exoge-
nous corticosteroids.5,6

A number of treatments have been proposed for
chronic CSCR.1,3 The best evidence is for indocya-
nine green angiography guided photodynamic therapy
(PDT), which is supported by randomized clinical trial
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evidence7–9 and results in fluid resolution in more
than half of patients by 6 to 8 weeks.10 PDT is
effective but requires specialized equipment, and there
is a small risk of complications.11 Other interven-
tions that have been studied include thermal laser,12
micropulse diode laser,10 mineralocorticosteroid recep-
tor antagonists,13–15 anti-vascular endothelial growth
factor (VEGF) intravitreal injections,16 and use of
other oral agents, such as rifampicin17 and mifepris-
tone.18 There is limited evidence for these and other
interventions.3

Carbonic anhydrase inhibitors (CAIs) may improve
subretinal fluid absorption through the RPE.19–21
Our group22 and others23 have previously shown that
topical CAIs are effective at managing subretinal
and intraretinal fluid accumulation in retinal diseases
with RPE dysfunction, such as retinitis pigmentosa
and x-linked retinoschisis.24 A small study of oral
CAIs,25 and another of combined topical CAI and
nonsteroidal anti-inflammatory agents,26 has shown
promising findings inmanaging acute CSCR.However,
the efficacy of CAIs in chronic CSCR is unknown.
Further, topical dorzolamide has greater CAI activ-
ity in eye tissues than oral acetazolamide,27 suggest-
ing it may have greater efficacy. We therefore hypoth-
esized that topical CAIs could be effective in treating
chronic CSCR and conducted a prospective, nonran-
domized, open-label, controlled study to investigate the
efficacy and safety of topical dorzolamide in treatment
of chronic CSCR.

Methods

Patients were prospectively recruited from a tertiary
retinal practice in Sydney, Australia, between June 2016
and December 2019. Observed controls were consec-
utively recruited between June 2016 and December
2017 and offered observation without any active inter-
vention, whereas cases were consecutively recruited
from January 2018 to December 2019 and offered
topical intervention with dorzolamide. Both observed
controls and treated patients were instructed to cease
any exogenous precipitating factors, such as steroid
use. Patients who declined the intervention during the
case recruitment period were eligible to be controls
if they consented for their data to be prospectively
collected. Patients and controls were age matched.
Patients provided signed informed consent and the
study was conducted according to the tenants of the
Declaration of Helsinki. Ethics approval was provided
by the University of Sydney human research ethics
committee.

Inclusion criteria for the study followed currently
accepted criteria for chronic CSCR2,3,5 and were
(1) consultant confirmed diagnosis of chronic CSCR
confirmed on fundus fluorescein angiography (FFA)
and indocyanine green angiography (ICGA). This
required the presence of one or more regions of active
leakage (focal or diffuse) at the level of the RPE on
FFA, which corresponded to one or more regions
of choroidal hyperfluorescence on ICGA; (2) subreti-
nal fluid (SRF) on spectral domain optical coherence
tomography (SD-OCT); (3) subjective visual symptoms
of reduced acuity, micropsia, metamorphopsia, or
other symptoms attributed to CSCR for at least
3 months (12 weeks) duration prior to entering the
study; (4) treatment naïve with no previous treatments
for CSCR; (4) absence of other ocular pathology, such
as choroidal neovascularization, polypoidal choroidal
vasculopathy, diabetic retinopathy, diabetic macular
edema, or retinal vein occlusion; and (5) no ocular
surgery in the last 6 months. If FFA/ICGA could not
be performed due to patient allergy or other contraindi-
cations, a typical CSCR appearance on SD-OCT with
enhanced depth imaging (EDI)28 and classic fundus
autofluorescence signs2 was accepted for diagnosing
chronic CSCR. Recurrent patients with CSCR were
eligible provided the current episode was over 3months
in duration. Acute CSCR was defined as onset of
symptoms and resolution of SRF within 3 months.

All treated patients and observed controls had
medical and ocular history documented, best corrected
visual acuity (BCVA) and intraocular pressure
(IOP) measured, and slit-lamp clinical examination
conducted at each visit. The mandatory visits were
at baseline, 1 month, and 3 months, with other visits
as per the consultants’ routine management. Color
fundus photographs, FFA, and ICGA were performed
on the Zeiss Visucam 524 (Zeiss, Switzerland).
SD-OCT with EDI and fundus autofluorescence
were performed on the Heidelberg Spectralis Scanning
Laser Ophthalmoscope (Heidelberg Engineering
GmbH, Heidelberg, Germany). The HRA2/Spectralis
Family Acquisition Module 5.4.7.0 was used.
Patients underwent the “fast macular” scan preset,
which uses a 25-line horizontal raster scan covering
20 degrees × 20 degrees centered on the fovea. The
raster scans comprised 25 B-scans with 768 A-scans
per B-scan. To ensure the same region was scanned
at each visit, a proprietary software algorithm was
used to align images (TruTrack Active Eye Tracking;
Heidelberg Engineering GmbH). Central macular
thickness (CMT) was read off the central subfield
thickness display, which covers the central 1mm2 of the
9 subfields early treatment diabetic retinopathy study
(ETDRS) grid macula map.
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Table 1. Baseline Characteristics of Patients With Central Serous Chorioretinopathy

Characteristics
Observed

Controls (N = 15)
Treated Patients

(N = 18) P Value

Age, y (±SD) 51.3 (±12.7) 47.0 (±13.4) 0.39
Male, % 87 72 0.31
Right eyes, % 53 44 0.99
FFA/ICGA confirmed 87% 89% 0.90
Mean duration of CSCR prior to enrollment, months (range) 8.8 (3–24) 5.8 (3–24) 0.19
Initial BCVA, mean (±SD) 77.9 (±11.3) 78.5 (±13.4) 0.91
Initial CMT, mean μm (SD) 370.5 (±97.4) 427.8 (±107.4) 0.07
Initial IOP, mm Hg (SD) 16.8 (±2.1) 16.7 (±1.9) 0.88
Initial choroidal thickness, mean μm (SD) 404.0 (±97.4) 437.5 (±88.3) 0.37

BCVA, best corrected visual acuity; CMT, central macular thickness; CSCR, central serous chorioretinopathy; FFA, fundus
fluorescein angiography; ICGA, indocyanine green angiography; IOP, intraocular pressure; SD, standard deviation.

All outcomes were measured at 1 and 3months. The
primary outcome measure was change in CMT from
baseline to 3 months. The main secondary outcomes
measures were proportion of eyes with complete
resolution of SRF at 3 months, and change in BCVA
from baseline to 3 months. Data on adverse events was
also collected. Treated cases received the open label
intervention of topical dorzolamide applied 4 times
a day to the affected eye with punctal occlusion for
10 seconds. The dosing schedule was chosen based
on prior experience with using topical dorzolamide to
treat retinal conditions.22,23 Topical CAI therapy was
continued at a dose of 4 times a day for 3 months, after
which it was reduced to 3 times a day for 1 week, then
2 times a day for 1 week, then once a day for a week,
after which topical therapy was ceased. Observed
controls underwent close observation without
active intervention. Rescue treatment of PDT with
verteporfin was allowed if the patient’s visual acuity
worsened by 10 ETDRS letters or more due to the
CSCR, or if CMT increased by >50%. If rescue treat-
ment for chronic CSCR was required in either patients
or controls, the patient exited the study at the time
the standard treatment of PDT with verteporfin was
delivered.29

Statistical Analyses

Baseline characteristics of patients were compared
using the Student’s t-test and χ2 tests. Outcomes at
1 and 3 months were compared with mixed models.
Multivariable models adjusting for age and duration
of CSCR were constructed. Chi-square test was used
to compare the percentage of patients who achieved
complete resolution of SRF at 3 months. Statistical
analyses were performed using SAS version 9.1 (SAS

Institute, Cary, NC, USA). P values, adjusted means,
and 95% confidence intervals (CIs) are reported.

Results

This study recruited 18 patients who were treated
with dorzolamide in one eye, and 15 patients who
provided control data. At baseline, treated patients and
observed controls were similar in terms of age, gender
distribution, and underlying precipitant of CSCR
(Table 1). The average age of treated patients was
51.3 years (SD ±12.7 years) whereas that of observed
controls was 47.0 years (±13.4). The most common
underlying precipitant was work and/or personal stress,
whereas 20% of observed controls and 17% of treated
patients had exogenous steroid exposure, which was
ceased. Eighty-seven percent of observed controls and
89% of treated patients had FFA/ICGA confirmed
CSCR (P= 0.90).Mean duration of CSCRwas similar
in both groups prior to enrollment (8.8 ± 5.9 vs. 5.8 ±
5.7 months for observed controls and treated patients,
P = 0.19).

Initial baseline BCVA was similar in observed
controls and treated cases (77.9 ETDRS letters and
78.5, respectively, P = 0.91; Table 2). There was no
significant difference in change in BCVA in observed
controls and treated patients at 1 or 3months (Table 2).
Initial CMT at baseline was similar in treated controls
and observed patients (370.5 μm and 427.8 μm,
respectively, P = 0.07). At 1 and 3 months, treated
patients had a greater reduction in CMT compared to
observed controls (Table 2). At 3 months, patients who
received topical CAI had a greater reduction in CMT
(−145.6 μm, 95% CI −170.5 to −120.7) compared to
observed controls (−45.1 μm, 95% CI −65.3 to −25.1,
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Table 2. Change in Outcomes in Treated Cases and Observed Controls

Observed Controls
(95% Confidence

Intervals)
Treated Cases (95%
Confidence Intervals) P Value

Change in BCVA at:
1 mo −0.6 (−1.6 to 0.4) 1.2 (0.07 to 2.3) 0.15
3 mo −0.3 (−1.7 to 1.1) 2.2 (0.8 to 3.6) 0.12

Change in CMT at:
1 mo −24.1 (−34.0 to −14.2) −94.3 (−131.4 to −57.7) 0.008
3 mo −45.1 (−65.3 to −25.1) −145.6 (−170.5 to −120.7) 0.015
% achieved complete resolution at 3 mo 6 (40.0%) 14 (77.8%) 0.04

Change in IOP at:
1 mo 1.1 (0.2 to 1.9) −2.9 (−4.0 to −1.8) 0.0009
3 mo 0.9 (−0.06 to 1.9) −2.4 (−3.5 to −1.3) 0.003

Change in choroidal thickness at:
1 mo 0.8 (−4.4 to 6.0) −13.3 (−25.1 to −1.5) 0.20
3 mo −0.6 (−6.3 to 5.1) −13.4 (−25.1 to −1.7) 0.24

BCVA, best corrected visual acuity; CMT, central macular thickness; IOP, intraocular pressure; SD, standard deviation.

Table 3. Multivariable Adjusted Change in Outcome Variables

Observed Controls
(95% Confidence Interval)

Treated Cases
(95% Confidence Interval) P Value

Change in BCVA at:
1 mo −0.8 (−1.1 to −0.5) 1.4 (1.1 to 1.7) 0.10
3 mo −0.4 (−0.8 to −0.03) 2.3 (1.8 to 2.7) 0.12

Change in CMT at:
1 mo −27.4 (−32.5 to −22.3) −90.6 (−96.2 to −85.0) 0.01
3 mo −51.7 (−60.2 to −43.2) −138.0 (−147.1 to −129.3) 0.03

Values are adjusted for age and duration of CSCR prior to enrolment.
BCVA, best corrected visual acuity; CMT, central macular thickness.

P = 0.015). A higher proportion of treated cases
achieved complete resolution of SRF compared to
observed controls (77.8% vs. 40.0%, P = 0.04). IOP
was significantly reduced in treated cases at 1 and
3 months compared to controls (3 month change in
IOP: −2.4 mm Hg vs. +0.9 mm Hg, respectively,
P = 0.003). There was no significant change in
choroidal thickness in either group at 1 or 3 months
(Table 2).

Table 3 shows the results of multivariable model-
ing of outcomes adjusted for age and duration of
CSCRprior to enrollment. After adjustment, there was
no difference in change in BCVA at 1 or 3 months
between treated patients and observed controls. The
reduction in CMT remained significantly greater in
treated patients than observed controls at both 1 and
3months after adjustment, with a reduction inCMTof

−138.0 μm (95% CI −147.1 to −129.3) in treated
patients, compared to −51.7 μm (95% CI −60.2 to
−43.2, P = 0.03) in observed controls at 3 months. No
clinically significant ocular or systemic adverse effects
were reported. No patients required rescue treatment
with PDT during the study period.

Figure 1 shows the response of a patient to topical
CAI therapy with a good response at month 1. The
patient ceased therapy and within 2 weeks (6 weeks
after baseline) the CSCR recurred. Treatment was
restarted and the CSCR mostly resolved by 3 months,
and treatment was weaned over the next month. The
CSCR was fully resolved by 4 months. Figure 2
shows the response of a patient to topical CAIs, with
reduced SRF at month 1 and resolution by month
3, following which the treatment was weaned over
month 4.
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Figure 1. OCT images from the right eye of a 38-year-old male
patient showing response of central serous chorioretinopathy to
topical carbonic anhydrase inhibitor (CAI) therapy. (A) Initial OCT
appearance at baseline with two small pigment epithelial detach-
ments and subretinal fluid. (B) Resolution of most of the subreti-
nal fluid after 1 month of CAI. (C) Recurrence of subretinal fluid at
6 weeks (1.5 months) after baseline when the patient stopped treat-
ment and represented with symptom recurrence. (D) CAI therapy
was reinstated and the subretinal fluid and pigment epithelial
detachment had almost fully resolved by 3 months. CAI treat-
ment was weaned. (E) At 4 months following presentation, the
subretinal fluid and pigment epithelial detachment had resolved
fully and CAI therapy was ceased. The patient had no further
recurrences.

Discussion

In this study, we show that a topical CAI (dorzo-
lamide) produced superior anatomic outcomes
compared to observation in treating chronic CSCR.
Patients who received topical dorzolamide had a larger
reduction in CMT and were more likely to achieve
complete resolution of SRF at 3 months. However,
there was no difference in BCVA gains compared to
observation in controls. The intervention was well-

Figure 2. OCT images from the left eye of a 43-year-old female
patient showing response of central serous chorioretinopathy to
topical carbonic anhydrase inhibitor (CAI) therapy. (A) Initial OCT
appearance at baseline with central subretinal fluid. (B) Reduc-
tion in subretinal fluid after 1 month on topical CAI therapy. (C)
Resolution of subretinal fluid after 3 months on topical CAI therapy.
The patient was weaned off CAI over the next month with no
recurrence.

tolerated with no ocular or systemic adverse effects
reported. To our knowledge, this is the first report
to show that topical CAI may be a potential new
treatment option for CSCR.

These results are consistent with the known effects
of CAI on subretinal fluid. Oral CAIs have been shown
in two studies to accelerate reduction of subretinal fluid
in CSCR.25,26 CAIs, both oral and topical, are also
effective in reducing cystoid macular edema in similar
conditions where there is a breakdown in outer blood-
retinal-barrier function of the RPE, such as in retinitis
pigmentosa22,23 and x-linked retinoschisis.24 The
mechanism through which CAIs exert their beneficial
effect is unclear but may be related to the restoration of
normal direction of fluid flow across the RPE.19,21,30
The underlying dysfunction in CSCR may be a local-
ized reversal of fluid transfer from the RPE into the
subretinal space rather than vice versa.1–3 We hypoth-
esize that topical CAIs inhibit the RPE-membrane
bound carbonic anhydrase enzyme IV, causing
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acidification and decreased pH in the subretinal
space.19 As RPE polarity is influenced by pH gradi-
ents, this restores the normal polarity of RPE and
the normal trans-RPE direction of fluid flow out of
the subretinal space and into the choroidal circula-
tion. This reduces the subretinal fluid in CSCR.21,30
The RPE dysfunction may be triggered by changes
in choroidal vessel permeability and CSCR is now
believed to be part of the spectrum of pachychoroid
disease.31 This is a newly described entity character-
ized by attenuation of the choriocapillaris and dilated
deep choroidal veins that are associated with progres-
sive dysfunction of the overlying RPE and occurs
in choroidal diseases, such as CSCR and polypoidal
choroidal vasculopathy.31

The anatomic improvement with topical CAI is
modest compared with PDT. Studies have shown PDT
treatment results in 91 to 100% complete SRF resolu-
tion after 6 months,8,32 compared to 77% in our study.
PDT also improves BCVA by 4 to 5 ETDRS letters,7,10
which was not observed with topical CAIs. Nonethe-
less, topical therapy with CAIs may be a noninvasive
and safe initial option for patients with CSCR that has
not resolved after 3 months, after which more invasive
options, such as PDT could be considered.

PDT works by causing occlusion of the chorio-
capillaris and reducing choroidal hyperpermeability
and extravascular leakage.7,10 In contrast, topical CAI
improves the pumping function of RPE leading to
increased egress of SRF into the choroidal circula-
tion. Although SRF resolved more rapidly with topical
CAIs in our study, BCVA was not significantly differ-
ent. This may be related to the small study sample,
which limited power to detect a difference. BCVA in
treated patients improved by+2.2 ETDRS letters (95%
CI 0.8 to 3.6) at 3 months, compared to a loss of −0.3
letters (95% CI −1.7 to 1.1) in observed controls (P =
0.12). Our study had 33.5% power to detect a differ-
ence of this magnitude, suggesting larger sample sizes
are needed to detect differences in BCVA.

A strength of this study is the availability of a
comparison group as there is a high rate of sponta-
neous resolution in CSCR. The results should be inter-
preted while considering a few limitations. The major
limitation is that treatment allocation was not random-
ized and there may be unknown confounders. We
attempted to control for confounders by age match-
ing and adjusting for age and duration of CSCR
prior to entering the study. We examined short-term
outcomes, so long-term outcomes (e.g. recurrence
rates), are unknown. Further follow-up of this cohort
may provide this additional data. The study sample size
is relatively small. Nonetheless, this sample was suffi-
ciently powered to detect an effect, so larger samples

may provide more accurate estimates but would not
change the overall conclusion of the study. The findings
in this study are thus best viewed as providing pilot data
for subsequent larger, prospective studies, and random-
ized controlled trials. Finally, the definition of chronic
CSCR3 is evolving and some of the patients may have
had acute CSCR, which has a higher likelihood of
spontaneous resolution. We followed existing guide-
lines on diagnosing chronic CSCR as duration of over
3 months and characteristic FFA and ICGA signs,2,3,5
but future studies may also consider including autoflu-
orescence changes to further tighten diagnostic criteria
for chronic CSCR.

In conclusion, use of topical CAIs resulted in
more rapid reduction of CMT and a higher propor-
tion of patients with complete resolution of SRF in
chronic CSCR compared to observation. These results,
if confirmed in other studies, suggest topical CAI may
be a viable, novel treatment option for patients with
chronic CSCR.
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